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Preface 

This National Research Council (NRC) study was sponsored by the Pipeline and Hazardous 
Materials Safety Administration (PHMSA) of the U.S. Department ofTransportation. 1 The 

study charge and origins are explained in Chapter 1. The contents and findings of the report 
represent the consensus effort of a committee of technical experts, who served uncompensated in 
the public interest. Drawn from multiple disciplines, the members brought expertise from 
chemistry and chemical engineering; corrosion and materials science; risk analysis; and pipeline 
operations, research, and safety regulation. Committee member biographical information is 
provided at the end of the report. 

The study committee convened five times over 10 months, including a visit by several 
members to a pipeline terminal and energy research laboratory in the Edmonton and Fort 
McMurray areas of Alberta, Canada. Data-gathering activities during and between meetings 
were extensive. All but the final meeting contained sessions open to the public. During meetings, 
the committee heard from speakers from the oil and pipeline industries, environmental interest 
groups, research and standards organizations, oil testing companies, and government agencies 
from the United States and Canada. The committee also provided a forum for private individuals 
to contribute information relevant to the study. In sum, more than 40 people spoke before the 
committee during public meetings and site visits. To obtain additional information on the 
practice of transpo1iing diluted bitumen by pipeline, the committee provided the Canadian 
Energy Pipeline Association with a questionnaire for distribution to pipeline operators with 
experience transporting diluted bitumen and other crude oils in No1ih America. The 
questionnaire responses and agendas for the public meetings are provided in appendices to this 
repo1i. 
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The committee thanks the many individuals who contributed to its work. 
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officials from PHMSA: Jeffrey Wiese, Associate Administrator; Linda Daugherty, Deputy 
Associate Administrator for Policy and Programs; Alan Mayberry, Deputy Associate 
Administrator for Field Operations; Blaine Keener, National Field Coordinator; and Jeffery 
Gilliam, Senior Engineer and Project Manager. The contributions of all were appreciated, 
especially those of Mr. Gilliam, who served as PHMSA's technical representative for the project. 

Several officials and researchers from government agencies and laboratories in Canada 
briefed the committee during meetings: Iain Colquhoun, National Energy Board; John Zhou, 
Alberta Innovates Energy and Environment Solutions; Haralampos Tsaprailis and Michael 
Mosher, Alberta Innovates Technology Futures; and Parviz Rahimi, Heather Dettman, and 
Sankara Papavinasam, Natural Resources Canada. The committee thanks them all, especially Dr. 
Papavinasam, who twice briefed the committee, and Dr. Tsaprailis, who arranged a tour of the 
Alberta Innovates and Natural Resources Canada energy laboratory in Devon, Albe1ia. 

1 The contract was awarded on March 12, 2012. 
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terminal in Albe1ia. 
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committee received valuable information from the following individuals and organizations: 
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Lemieux, Canadian Crude Quality Technical Association. The information received on the 
chemical and physical properties of diluted bitumen and other crude oils was critical to many of 
the analyses in the study. The committee thanks each of them and their organizations for this 
assistance. 

Finally, the committee thanks several individuals who briefed it or were otherwise 
helpful in identifying issues and providing relevant sources of data and other information. They 
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Research Board (TRB). Additional technical assistance and oversight were provided by James 
Zucchetto, Director of the Board on Energy and Environmental Systems, and Dorothy Zolandz, 
Director of the Board on Chemical Sciences and Technology. Norman Solomon edited the 
report, and Jennifer J. Weeks prepared the edited manuscript for prepublication web posting, 
under the supervision of Javy A wan, Director of Publications, TRB. Claudia Sauls provided 
extensive support to the committee in arranging its meetings and managing documents. 

The report has been reviewed in draft form by individuals chosen for their diverse 
perspectives and technical expertise in accordance with procedures approved by NRC's Repo1i 
Review Committee. The purpose of this independent review is to provide candid and critical 
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Executive Summary 

Legislation enacted in January 2012 called on the Secretary ofTranspmtation to determine 
whether any increase in the risk of a release exists for pipelines transporting diluted 

bitumen. 1 Bitumen is a dense and viscous form of petroleum that will flow in unheated pipelines 
only when it is diluted with lighter oils. The source of the diluted bitumen in North America is 
the oil sands region of Albe1ta, Canada. Diluted bitumen has been imported from Canada for 
more than 30 years and is currently transmitted through numerous pipelines in the United States. 
As imports of this and other Canadian crude oils have grown, new U.S. pipelines have been 
constructed, the flow directions of several existing pipelines have been reversed, and additional 
pipeline capacity is planned. 

Determination of the risk of a pipeline release requires an assessment of both the 
likelihood and the consequences of a release. To inform its review of the former, the U.S. 
Department of Transpmtation asked the National Research Council to convene an expert 
committee to study whether shipments of diluted bitumen differ sufficiently from shipments of 
other crude oils in such a way as to increase the likelihood of releases from transmission 
pipelines. A finding of increased likelihood would lead the committee to conduct a follow-up 
review of the adequacy of federal pipeline safety regulations. In the absence of such a finding, 
the committee was tasked with issuing this final report, which documents the study approach and 
results. 

STUDY APPROACH 

The committee analyzed information in a variety of forms. Early in its deliberations, the 
committee provided a public forum for individuals to contribute information relevant to the 
study. The committee reviewed pipeline incident statistics and investigations; examined data on 
the chemical and physical prope1ties of shipments of diluted bitumen and other crude oils; 
reviewed the technical literature; consulted experts in pipeline corrosion, cracking, and other 
causes of releases; and queried pipeline operators about their experience in transpmting diluted 
bitumen. 

The review of incident data revealed the ways in which transmission pipelines fail. Some 
failures can be affected by the properties of the transported crude oil, such as its water and 
sediment content, viscosity and density, and chemical composition. These properties were 
examined for diluted bitumen and a range of other crude oils to determine whether pipelines 
transporting diluted bitumen are more likely to experience releases. In addition, the committee 
considered whether pipeline operations and maintenance (O&M) practices, including internal 
and external corrosion control capabilities, are subject to changes that inadvertently increase the 
likelihood of release when pipelines transport diluted bitumen. 

1 
Public Law 112-90, enacted January 3, 2012. 
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2 Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

RESULTS 

Central Findings 

The committee does not find any causes of pipeline failure unique to the transportation of diluted 
bitumen. Furthermore, the committee does not find evidence of chemical or physical properties 
of diluted bitumen that are outside the range of other crude oils or any other aspect of its 
transportation by transmission pipeline that would make diluted bitumen more likely than other 
crude oils to cause releases. 

Specific Findings 

Diluted bitumen does not have unique or extreme properties that make it more likely than other 
crude oils to cause internal damage to transmission pipelines from corrosion or erosion. Diluted 
bitumen has density and viscosity ranges that are comparable with those of other crude oils. It is 
moved through pipelines in a manner similar to other crude oils with respect to flow rate, 
pressure, and operating temperature. The amount and size of solid particles in diluted bitumen 
are within the range of other crude oils and do not create an increased propensity for deposition 
or erosion. Shipments of diluted bitumen do not contain higher concentrations of water, 
sediment, dissolved gases, or other agents that cause or exacerbate internal corrosion, including 
microbiologically influenced corrosion. The organic acids in diluted bitumen are not corrosive to 
steel at pipeline operating temperatures. 

Diluted bitumen does not have properties that make it more likely than other crude oils to 
cause damage to transmission pipelines from external corrosion and cracking or from 
mechanical forces. The contents of a pipeline can contribute to external corrosion and cracking 
by causing or necessitating operations that raise the temperature of a pipeline, produce higher 
internal pressures, or bring about more fluctuation in pressure. There is no evidence that 
operating temperatures and pressures are higher or more likely to fluctuate when pipelines 
transport diluted bitumen than when they transport other crude oils of similar density and 
viscosity. Furthermore, the transportation of diluted bitumen does not differ from that of other 
crude oils in ways that can lead to conditions that cause mechanical damage to pipelines. 

Pipeline O&M practices are the same for shipments of diluted bitumen as for shipments 
of other crude oils. O&M practices are designed to accommodate the range of crude oils in 
transportation. The study did not find evidence indicating that pipeline operators change or 
would be expected to change their O&M practices in transporting diluted bitumen. 

In accordance with the study charge, these results focus on whether pipeline shipments of 
diluted bitumen have a likelihood of release greater than that of other crude oils. As indicated at 
the outset of this summary, the committee was not asked or constituted to study whether pipeline 
releases of diluted bitumen and other crude oils differ in consequences or to determine whether 
such a study is warranted. Accordingly, the report does not address these questions and should 
not be construed as having answered them. 
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1 

Introduction 

This chapter describes the study charge and scope, analytic approach, and report structure. 

STUDY CHARGE 

Section 16 of the Pipeline Safety, Regulatory Certainty, and Job Creation Act of2011 calls for 
the Secretary of Transportation to "complete a comprehensive review of hazardous liquid 
pipeline facility regulations to determine whether the regulations are sufficient to regulate 
pipeline facilities used for the transportation of diluted bitumen. In conducting the review, the 
Secretary shall conduct an analysis of whether any increase in the risk of a release exists for 
pipeline facilities transporting diluted bitumen."1 

Bitumen is a dense and viscous form of petroleum that will flow through unheated 
pipelines only when it is diluted with lighter oils. At present, the source of bitumen supplied to 
refineries in North America is the oil sands region of Alberta, Canada. Bitumen from Canada has 
been diluted for pipeline transportation to the United States for more than 30 years, primarily to 
refineries located along the Great Lakes and elsewhere in the Midwest. Bitumen production and 
imports from Canada have grown during the past decade, and this traditional U.S. oil-processing 
market no longer has the capacity to refine all of the supply. Meanwhile, refineries on the Gulf 
Coast, which have traditionally processed South American and Mexican crude oils with 
properties similar to bitumen, have sought access to the heavy crude oils from Canada. To 
accommodate the Canadian imports as well as the growth in domestic crude oil production, the 
flow directions of several existing pipelines have been reversed, new transmission pipelines have 
been constructed, and additional pipeline capacity is planned. 

Within the U.S. Department of Transportation (USDOT), the regulation of pipeline safety 
resides with the Pipeline and Hazardous Materials Safety Administration (PHMSA). USDOT has 
thus delegated to PHMSA the responsibility of determining whether pipelines transporting 
diluted bitumen have an increased risk of release. A determination of risk requires an assessment 
of both the likelihood and the consequences of a release. To inform its assessment of the former, 
PHMSA contracted with the National Research Council (NRC) to conduct the study documented 
in this report. Specifically, PHMSA asked NRC to convene a committee of experts in pipeline 
operations; risk analysis; safety regulation; and chemical, materials, and corrosion engineering to 
"analyze whether transportation of diluted bitumen by transmission pipeline has an increased 
likelihood of release compared with pipeline transpo1iation of other crude oils." PHMSA did not 
ask NRC to study the consequences of potential pipeline releases of diluted bitumen. 

The full statement of task (SOT) for the study is contained in Box 1-1. The SOT calls for 
a two-phase study, with the conduct of the second phase contingent on the outcome of the first. 
In the first phase, the study committee is asked to examine whether shipments of diluted bitumen 
can affect transmission pipelines and their operations so as to increase the likelihood of release 

1 Public Law 112-90, enacted January 3, 2012. 

3 
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4 Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

Box 1-1 

Statement of Task 

The committee will analyze whether transp01iation of diluted bitumen (dilbit) by 
transmission pipeline has an increased likelihood of release compared with pipeline 
transportation of other crude oils. Should the committee conclude that an increased 
likelihood of release exists, it will review the federal hazardous liquid pipeline facility 
regulations to determine whether they are sufficient to mitigate the increased likelihood 
of release. 

In the first phase of the project, the committee will examine whether dilbit can affect 
transmission pipelines and their operations so as to create an increased likelihood of 
release when compared with other crude oils transported through pipelines. Should the 
committee conclude there is no increased likelihood of release or find there is insufficient 
information to reach such a conclusion, a second phase of the project will not be required 
and the committee will prepare a final repo1i to the Office of Pipeline Safety (OPS) of the 
Pipeline and Hazardous Materials Safety Administration (PHMSA). This repo1i may 
include recommendations for improving information to assess the likelihood of failure. 

Should the committee conclude there is an increased likelihood of release on the basis 
of dilbit's effects on transmission pipelines and their operations, it will issue a brief Phase 
1 report of its findings and then proceed to the second phase of the project to determine 
whether hazardous liquids pipeline regulations are sufficient to mitigate the increased 
likelihood of release. The committee's final report following completion of this second 
phase will contain the complete set of findings, conclusions, and recommendations of 
both project phases. 

when compared with shipments of other crude oils transported by pipeline. In the potential 
second phase-to be undertaken only in case of a finding of increased likelihood-the 
committee is asked to review federal pipeline safety regulations to determine whether they are 
sufficient to mitigate an increased likelihood of release from diluted bitumen. If the committee 
does not find an increased likelihood of release or the information available is insufficient for a 
finding, the committee is expected to prepare a final report documenting the study approach and 
results. 

STUDY SCOPE 

The SOT makes reference to several terms that delineate the study scope and require explication. 
First, the SOT specifically requests an examination of "transmission" pipeline facilities. The 
pipelines in these facilities contain large-capacity pipe, usually 20 inches or more in diameter, 
and generally transport fluids over long distances under relatively high pressure ( 400 to 1,400 
pounds per square inch). Transmission facilities also contain storage tanks, pumping equipment, 
and piping within terminals. Gathering pipelines used for collecting crude oil from production 
fields do not transport diluted bitumen in the United States and are not part of this study. 
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As used in the SOT, the term "diluted bitumen" does not define a single product 
composition or specific set of product or shipment prope1ties. Blending bitumen with lighter oils 
to lower viscosity is the common method of transporting this form of petroleum by pipeline. The 
volume of bitumen in a pipeline shipment will vary with the diluent, as will the chemical and 
physical properties of the shipment. The Canadian diluted bitumen transported in transmission 
pipelines to the United States generally contains 50 to 75 percent bitumen by volume, with light 
oils constituting the remainder. These bitumen blends are the subject of this study. It is 
recognized that the source and composition of bitumen shipments may change depending on 
technological advances, diluent supplies, refinery demands, and other technical and economic 
developments. 

Finally, the SOT asks the committee to examine whether pipelines transporting diluted 
bitumen have a higher likelihood ofrelease than pipelines transporting "other crude oils." 
Accordingly, the aim of this study is to determine whether shipments of diluted bitumen have a 
release history or specific properties associated with pipeline failures that lie outside the range of 
experience and properties represented by the full spectrum of crude oils transported by pipeline 
in the United States. 

ANALYTIC APPROACH 

An assessment of release likelihood requires information on the potential sources of pipeline 
failure. PHMSA mandates the repo1ting ofreleases from U.S. transmission pipelines and 
categorizes each according to its immediate, or proximate, cause. Historically, about one-third of 
reported releases have involved corrosion damage (Figure 1-1 ). Other causes include outside 
force damage, such as an excavator striking a buried pipe, and faulty equipment, operator error, 
and deficiencies in welds and materials used in pipeline manufacturing and installation. 

The committee reviewed U.S. and Canadian data on reported pipeline releases. The 
review provided insight into the main causes of releases, but the incident statistics alone could 
not be used to determine whether pipelines are more likely to experience releases when they 
transport diluted bitumen than when they transport other crude oils. Few incident records contain 
information on the type of crude oil released in an incident or document the properties of the 
shipments moved through the pipeline over time. Causal details are also limited. Incidents 
categorized as corrosion damage, for example, do not specify whether the damage occurred as a 
result of the action of microorganisms, in combination with stress cracking, or at sites of 
previous mechanical damage. Such detailed information is important in determining the 
causative role of the crude oils being transported in the pipeline, particularly for failures arising 
from cumulative and time-dependent degradation mechanisms such as corrosion and cracking. 

Having identified the main causes of pipeline releases, the committee assessed each cause 
with respect to its potential to be affected by the chemical and physical properties of the 
transported crude oil. Consideration was given to specific shipment properties that can 
contribute to internal degradation, external degradation, and mechanical damage in pipelines. 
While the committee did not perform its own testing of crude oil shipments, information on 
many of the chemical and physical properties of diluted bitumen and other crude oils was 
obtained from public websites and assay sheets. Additional information was obtained from a 
review of government reports and technical literature, queries of oil producers and pipeline 
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Natural force 
damage 

5% 

Other outside 

External 
corrosion----: 

7% 

Internal corrosion 
16% 

Unspecified 
corrosion (mostly 
small incidents) 

11% 

Excavation 
damage 

5% 

Other causes 
6% 

Material, weld, 
and equipment 

failures 
39% 

Incorrect 
operations 

9% 

FIGURE 1-1 Causes of crude oil pipeline releases reported to PHMSA, 2002 to 2011. (Source: 
Incident data provided to committee by PHMSA Office of Pipeline Safety during presentations 
on October 23, 2012. http://onlinepubs.trb.org/onlinepubs/dilbit/Keenerl 02312.pdf.) 

operators, field visits, and inferences from secondary sources such as the maximum water and 
sediment content specified in pipeline tariffs. The committee then compared the relevant 
properties of diluted bitumen with the range of properties observed in other crude oils and looked 
for instances in which diluted bitumen fell outside or at an extreme end of the range. 

Recognizing the possibility that some pipeline operators may modify their operating and 
maintenance practices when they transport diluted bitumen, the committee asked operators about 
their procedures in transpo1iing diluted bitumen and other crude oils. The committee looked for 
evidence of changes in standard procedures, including corrosion monitoring and control 
practices, that could inadvertently make pipelines more susceptible to failure. 

REPORT ORGANIZATION 

The remainder of the report is organized into five chapters. Chapter 2 provides background on 
the transportation of crude oil by pipeline, including the main components of pipeline systems 
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and common aspects of their operations and maintenance. Chapter 3 describes the production, 
properties, and pipeline transpo1iation of diluted bitumen. Chapter 4 reviews pipeline incident 
data from the United States and Canada. The analyses of how the comparative properties of 
diluted bitumen and other crude oils pe1iain to sources of pipeline failure are carried out in 
Chapter 5. Chapter 6 summarizes the main discussion points from the preceding chapters and 
presents the study results. 

7 

Appendix A contains the questionnaire developed for pipeline operators and the 
responses. A brief description of the federal hazardous liquid pipeline regulations and PHMSA 
safety oversight is provided in Appendix B. Agendas from the information-gathering sessions of 
committee meetings are provided in Appendix C. 
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Crude Oil Pipelines in the United States 

This chapter provides background on the network of crude oil transmission pipelines in the 
United States; the main components of these systems; and common aspects of their 

operations, maintenance, and integrity management. The background was derived from several 
sources: National Petroleum Council 2011, Argonne National Laboratory 2008, Rabinow 2004, 
and a presentation to the committee by Thomas Miesner. 1 

NATIONAL PIPELINE NETWORK 

Crude oil is transported, both onshore and offshore, in gathering systems and transmission 
pipelines. The gathering systems are made up of low-capacity pipelines-typically less than 8 
inches in diameter-that move crude oil from wells to high-capacity transmission pipelines that 
are usually 8 to 48 inches in diameter. Before the crude oil leaves the production field, it is 
processed to remove excess water, gases, and sediments as necessary to meet the quality 
specifications of transmission pipelines and the refineries they access. 

Most of the estimated 55,000 miles of crude oil transmission pipeline in the United States 
are interconnected to form a national network that links oil production regions, storage hubs, and 
refineries.2 This extensive network accounts for more than 90 percent of the ton-mileage of crude 
oil transported within the United States.3 

Transmission pipelines are critical in providing refineries with a steady supply of 
feedstock consisting of various types of crude oil. About 140 refineries operate nationwide. 
Some are vast complexes that can process more than 500,000 barrels of crude oil per day, while 
others serve relatively small and specialized markets and process less than 50,000 barrels per 
day.4 

About 40 percent of U.S. refining capacity is located along the Gulf Coast, and the next 
largest center is in the Upper Midwest. Originally, the Gulf Coast refineries were supplied by 
domestic sources, primarily from Texas and Louisiana and from shallow waters in the Gulf of 
Mexico. As domestic production declined in the 1970s, the Gulf Coast refineries increasingly 
sourced their crude oil from Mexico, Venezuela, and the Middle East. Because the imports 
tended to be denser and higher in sulfur, refiners invested in facilities capable of processing such 
feedstock. In recent years, increased production from Canada, deep Gulf waters, and domestic 
shale fields has replaced waterborne imports. These supply shifts have had significant 
implications for the transmission pipelines that once moved crude oil from Gulf Coast ports to 
inland refineries as far north as Illinois and Ohio. Many of these systems have had their flow 
directions reversed and are now being used to transport Canadian crude oil to the Gulf Coast 

1 October 23, 2012 (http://onlinepubs.trb.org/onlinepubs/dilbit/Miesner l 02312.pdf). 
2 

The Pipeline and Hazardous Materials Safety Administration (PHMSA) has estimated that the crude oil transmission pipeline 
network extended for 55,330 miles as of201 l. 
3 "Ton-mile" is a measure of the weight of a substance carried multiplied by the distance over which it is carried. 
4 

One U.S. barrel of crude oil contains 42 gallons. 

8 
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refineries. The transition is under way, with major investments to add more north-to-south 
capacity by reversing more lines and building new ones. 

9 

For many decades, U.S. crude oil produced in the northern Rocky Mountains and Dakotas, as 
well as that produced in the western provinces of Canada, was transpmied to refining centers in 
Eastern Canada and the Upper Midwest. In recent years, as output from these oil-producing 
regions has grown significantly, crude oil supplies have exceeded refining capacity and are being 
transported south, where they are displacing crude oil traditionally sourced from Mexico, South 
America, and the Gulf of Mexico. 

Both the East and West Coasts have remained largely independent markets for crude oil 
supplies. The eastern states have little oil production and no significant crude oil transmission 
pipelines. While the recent development of shale resources in New York and Pennsylvania is 
adding production capacity, truck and rail remain the dominant regional modes of crude oil 
transportation. The main East Coast refining centers in northern New Jersey, Philadelphia, and 
coastal Virginia receive most of their supplies from tanker vessels. In comparison, California has 
an extensive network of crude oil transmission pipelines because of significant in-state oil 
production. These pipeline systems, some of which consist of heated lines to move the native 
viscous crude oils, do not connect to pipeline systems in other states. Refineries in Washington 
State receive crude oil by tanker and from Western Canada by pipeline. 

PIPELINE SYSTEM COMPONENTS 

The individual pipeline systems that make up the U.S. crude oil transmission network vary in 
specific design features and components. Nevertheless, the systems have many common 
elements. 

Line Pipe 

Pipelines are made of sections of line pipe that are welded together and generally buried 3 or 
more feet below grade. Vitiually all line pipe is made of mild carbon steel that is coated 
externally but not internally. Pipe sections are typically 40 feet long, manufactured with 
longitudinally welded seams and joined by circumferential gitih welds during installation. Pipe 
wall thickness depends on many factors, including planned capacity and operating pressure. 
Most line pipe in crude oil transmission systems is operated at pressures between 400 and 1,400 
pounds per square inch, is 20 or more inches in diameter, and has a nominal wall thickness 
ranging from 0.2 to 0.75 inches. Federal regulations in the United States require that pipeline 
operating pressures and other forces not generate stresses that exceed 72 percent of the specified 
minimum yield strength (SMYS) of the pipe, and therefore a higher operating pressure requires 
thicker pipe or pipe with higher yield strength.5 Depending on pipeline design and routing 
factors, thicker-walled pipe may also be used where the pipeline crosses a body of water or in 
areas that are densely populated, environmentally sensitive, or prone to additional external forces 
such as seismic activity. 

5 
Federal regulations concerning SMYS are contained in 49 CFR §195.406. The federal hazardous liquid pipeline safety 

regulations, as administered by PHMSA, are outlined in Box B-1, Appendix B. Some pipelines operate at 80 percent ofSMYS 
with permission of PHMSA. 
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Inlet Stations and Tank Farms 

Transmission pipelines originate at one or more inlet stations, or terminals, where custody of the 
shipment is transferred from the owner to the pipeline operator. Accordingly, inlet stations are 
access points for truck tankers, railroad tank cars, and tanker vessels as well as other pipelines, 
including gathering lines connecting production areas. Along with pumping stations, sampling 
and metering facilities are located at inlets to ensure that the crude oils injected into the pipeline 
meet the quality control requirements of the pipeline operator and intended recipients. Metering 
instruments usually include densitometers and may include viscometers, which are used to 
measure density and viscosity, respectively. 

Tanks at inlet stations are used to consolidate shipments into batches sized for main-line 
movement, blend crude oils to meet quality specifications, and schedule shipments according to 
the needs of refiners. Tanks can vary in capacity from tens of thousands to hundreds of 
thousands of barrels.6 All are made of steel and are unpressurized. They are usually designed 
with floating roofs that rise and fall with the liquid level to limit hydrocarbon loss from 
vaporization and minimize emissions of volatile organic compounds. Tanks usually have lined 
floors and are inspected and cleaned periodically to remove any water and sediment settling to 
the floor. 

Pump Stations 

To maintain desired flow rates, booster pumps are positioned at points along the pipeline at 
intervals of 20 to 100 miles depending on many factors, including topography, line 
configuration, pipe diameter, operating pressure, and the properties of the fluids being 
transported. Pump stations are often automated and are equipped with sensors, programmable 
logic controllers, switches, alarms, and other instrumentation allowing the continuous monitoring 
and control of the pipeline as well as its orderly shutdown if an alarm condition occurs or if 
established operating parameters are violated. 

Valves 

Shutoff valves are strategically located at pump stations, ce1iain road and water crossings, and 
other points to facilitate the stmiing and stopping of flow and to minimize the impact of leaks. 
These valves, many of which can be controlled remotely, ensure that portions of the line can be 
isolated in the event of a leak or the need for repair or maintenance. In addition, check valves 
that prevent backflows may be located at elevation changes and other intermediate points. The 
opening and closing of valves, along with pumping station operations, are sequenced to prevent 
flow reversals and problems associated with over- and underpressurization. Bypass lines, safety 
valves (e.g., pressure and thermal relief), and surge tanks may be sited at stations to relieve 
pressure. 

Intermediate and Terminal Facilities 

Depending on the scope of operations, a transmission pipeline system may have intermediate 
points, in addition to terminal facilities, that connect to other pipelines, other modes of transport, 

6 Larger underground caverns are used for storage at some pipeline terminals. 
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and refineries. These stations usually contain tanks and crude oil sampling and metering 
facilities. Smaller "breakout" tanks at intermediate points may also be used to support 
maintenance and emergency activities; for example, to relieve pressure or to allow for temporary 
draining of a pipeline segment. 

OPERATIONS AND CONTROL 

Batch Operations 

A transmission pipeline will rarely carry a single type of crude oil. At any given time, a large 
pipeline will usually be transpmting dozens of shipments, typically in batches of at least 50,000 
barrels and covering a variety of crude oil grades. Sometimes the batches are physically 
separated by plugs known as pigs, but most of the time they are not. To reduce undesirable 
mixing at interfaces, the batches are separated and sequenced according to characteristics such as 
density, viscosity, and sulfur content. Accordingly, batches are scheduled to permit the proper 
lineup of crude oils being moved into and out of storage tanks. Maintaining batch separation 
requires that operators closely monitor the flow characteristics of the pipeline, since reductions in 
flow velocity and loss of flow turbulence can lead to undesirable intermixing of batches. 

Flow Regime 

Most shipments flow through the pipeline at 1.5 to 3 meters per second (3 to 6 miles per hour), 
which equates to a delivery rate of 500,000 to 1,000,000 barrels of crude oil per day in a 36-inch 
transmission pi~eline.7 Flow conditions in the pipeline will remain turbulent within this range of 
flow velocities. Pipeline operators strive to maintain turbulent flow, characterized by chaotic 
motion and the formation of eddies, to reduce intermixing of batches and to keep impurities such 
as water and sediment suspended in the crude oil stream. Choosing a desired flow regime 
requires the balancing of many technical and economic factors. Increasing operating pressure 
will increase pipeline throughput, which is generally desired by an operator to increase revenue 
capacity. Higher operating pressures, however, require a larger investment in pipe materials and 
pumping capacity and will increase energy use and operating costs. 

The characteristics of the crude oil to be shipped are important considerations in 
establishing the flow regime. More energy is needed to pump dense, viscous crude oils than light 
crude oils with lower viscosity. Some crude oils are too viscous naturally to be pumped. The 
normal response when a highly viscous crude oil is transported is to dilute it with lighter oil. 
When a diluent is too costly or unavailable, an alternative approach is to transport the crude oil in 
a heated pipeline. However, heating a pipeline is an expensive option and presents construction 

7 
http://www.aopl.org/aboutPipelines/?fa=faqs. 

8 
Whether a flow is turbulent or nonturbulent (i.e., laminar) depends on the diameter of the pipeline, the velocity of the flow, and 

the viscosity of the crude oil. These parameters can be used to calculate the Reynolds number, which defines the flow regime as 
laminar to turbulent. As described later in Chapter 3, the kinematic viscosity of heavy crude oils can range up to about 250 
centistokes (0.00025 square meter per second) at room temperature. These oils will need to be transported at about 2 meters per 
second (6.5 feet per second or 4.4 miles per hour) in a pipe with a diameter of20 inches to achieve a Reynolds number higher 
than 4,000, which is at the transition from laminar to turbulent flow. In a larger pipe, lower velocities are required to maintain 
turbulence (e.g., 1 meter per second or 2 miles per hour for a 42-inch pipe). Further consideration is given to the beneficial effects 
of maintaining turbulent flow in Chapter 5. 
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and operating challenges that preclude its common use. Where the throughput capacity of a line 
needs to be increased without adding pumping capacity, an operator may inject drag-reducing 
agents to enhance flow. These chemicals, which consist of long-chain polymers, dampen 
turbulence at the interface between the crude oil and the pipe wall to reduce friction and enable 
increased flow velocity. 

Pipeline flows are usually monitored and controlled by operators from one or more 
central control centers, where supervisory control and data acquisition systems collect and 
analyze data signals from sensors and transmitters positioned at pumps, valves, tanks, and other 
points en route. Parameters other than flow rate, such as line pressure, pump discharge pressures, 
and temperatures, are also monitored for routine operational and maintenance decisions and for 
leak detection. 

Shipment Quality Control 

In the United States, the Federal Energy Regulatory Commission (FERC) oversees the tariffs that 
interstate pipeline operators are required to publish as common carriers. For intrastate 
transmission pipelines, state authorities such as the Texas Railroad Commission and the 
California Energy Commission function much like FERC in overseeing tariffs for in-state 
movements. 

Pipeline tariffs define the terms and conditions for the transportation service, including 
the quality specifications applicable to all shipments in the pipeline. The specifications are driven 
by both operational and commercial considerations. Measurements to ensure adherence to the 
specifications are usually taken at custody transfer points. It is common for these specifications 
to define the maximum allowable sediment and water content, viscosity, density, vapor pressure, 
and temperature of the shipment. Other shipment qualities, such as levels of sulfur, acid, and 
trace metals, are seldom delineated in published tariffs but may be specified in private 
agreements. Quality specifications are designed to protect the integrity of the pipeline and the 
ancillary facilities, ensure that the shipped crude oil meets the specifications of the refiner, and 
prevent valuable throughput capacity from being consumed by transporting sediment and water. 

MAINTENANCE 

Each operator tailors pipeline maintenance and integrity management practices within the 
parameters allowed by safety regulations and according to the demands of the specific system, 
including its age, construction materials, location, and stream of products transported. 
Nevertheless, many practices are standardized. Some of the most common cleaning, inspection, 
and mitigation practices are described below. Regulatory requirements that govern integrity 
management are outlined in Appendix B. 

Cleaning 

Periodic cleaning of crude oil pipelines and equipment is often performed to facilitate inspection 
as well as to maintain operational performance. Cleaning intervals, typically measured in weeks 
or months, will vary depending on operating conditions and crude oil properties. A variety of 
tools are used for cleaning the pipe and monitoring interior condition. Mechanical pigs equipped 
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with scrapers and brushes remove debris from the inner wall. The scraped deposits and scale are 
transported to clean-out traps. The scrapings may be tested for contaminants and corrosion by
products. 

Inspection and Monitoring 

A regular inspection regime that assesses the condition ofrights-of-way, pipes, pumps, valves, 
tanks, and other components is important to maintaining pipeline operational integrity and 
preventing unplanned shutdowns. Rights-of-way are routinely monitored by aerial patrols 
looking for threatening activities and encroachments and by field inspectors conducting detailed 
surveillance of line and equipment conditions. While visual inspection of buried pipe is not 
possible, pipes exposed for repair are usually inspected for evidence of mechanical damage or 
signs of degradation that may be indicative of problems elsewhere on the line. 

From time to time, instrumented, or "smart," pigs are run through the line to detect 
anomalies. The three primary instruments are geometry, metal loss, and crack tools. Geometry 
tools are normally equipped with mechanical arms that survey the pipe wall to detect dents and 
other geometry changes. Metal loss tools use either magnetic or ultrasonic technology. Crack 
tools are designed to detect cracks in the pipe body, especially those that are longitudinally 
oriented. The frequency of instrumented pig runs is determined by the risk management program 
of the operator, as influenced by government regulation. Some pipeline sections, mostly in older 
systems, are not configured to accept some instrumented pigs. 

Other techniques for monitoring conditions inside the pipe include the use of corrosion 
coupons and electrical resistance probes. Coupons are steel samples inserted into the pipeline and 
periodically removed for examination. Because the coupons are weighed before and after the 
exposure, the amount of corrosion can be determined by weight loss. Electrical resistance probes 
inserted into the pipe provide information on the corrosivity of the stream. External corrosion is 
monitored primarily through the use of pipe-to-soil potential surveys, whereby the voltage is 
measured with respect to a reference electrode to determine whether adequate cathodic 
protection levels are present along the length of the pipeline. Techniques are also used to 
measure the voltage gradients in the soil above a protected pipeline to determine the size and 
location of coating defects. Coupons buried in the soil can supplement this external corrosion 
monitoring. In addition, coatings are inspected whenever portions of the pipeline are uncovered. 

Corrosion Mitigation Practices 

It is standard practice for buried transmission pipelines to be coated externally to provide a 
physical barrier between the steel and the surrounding corrosive environment. Desired coating 
characteristics include low permeability to water and salts, strong adhesion to steel, and good 
abrasion resistance (Beavers and Thompson 2006). The coating also needs to be durable and 
resist chemical and thermal degradation at pipeline operating temperatures. 

Pipeline coatings have improved over the past several decades. Along with cold and hot 
applied tapes, field-applied coatings made from coal tar, asphalt, and grease were the dominant 
systems used through the 1950s (Michael Baker Jr., Inc. 2008; Beavers and Thompson 2006). 
Because of nonoptimal conditions for field applications, early coatings often had poor adhesion 
characteristics, with pinholes and other imperfections. Some also exhibited degradation of the 
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polymers. After time in service, the coatings tended to become porous or to detach from the pipe 
surface. 

During the 1960s and 1970s, fusion bonded epoxy (FBE) coatings were introduced. 
Unlike other coatings, FBE coatings are formed by heating a powder on the surface of the metal. 
The components of the powder melt and flow to initiate a cross-linking process. These heat
cured coatings exhibit good mechanical and physical properties, including adhesive strength and 
resistance to degradation, and they are widely used today. 

Even a well-coated pipe may have imperfections and develop small holes in the coating 
that can expose the pipe to corrosion attack. To counter this effect, pipelines are fitted with 
cathodic protection systems. In some systems, the electrochemical potential of the pipe is 
reduced by galvanically coupling to sacrificial anodes typically made of magnesium, aluminum, 
or zinc alloys that will preferentially corrode instead of the pipe. Other systems employ an 
impressed current applied to the pipeline with the use of a power supply to lower the pipeline 
potential. The cathodic protection system is designed to supply enough current to a pipe to 
prevent external corrosion at defects or holes that form in the coating where the external 
environment can come in contact with the steel surface. Defects in coatings are especially 
problematic when the dis bonded coating shields distribution of the cathodic current to the defect 
site. This shielding is most often associated with the impermeable tapes and shrink sleeves used 
on some older pipelines. An advantage of modern FBE systems is that they are permeable to 
ionic flow and thus do not shield the exposed sites from cathodic protection.9 

Preventing the internal corrosion of pipes starts with basic quality control and operational 
procedures that limit the entry and accumulation of water and other contaminants. As noted 
above, transmission pipelines are typically constructed of steel with no internal coatings, so the 
transported product is in contact with the steel. While oil is not corrosive, even small amounts of 
contaminants such as water and salts in the oil can be corrosive if they are allowed to accumulate 
on the steel surface. Certain gases dissolved in the product stream, especially oxygen, hydrogen 
sulfide, and carbon dioxide, can also increase the rate of corrosion. Actions to mitigate internal 
corrosion include controlling ingress of air at pumps and other entry points, limiting water and 
sediment content, and chemical treatment of the crude oil stream. 

The chemicals injected into the crude oil stream usually consist of a mixture of additives 
that inhibit corrosion by various means. The most common mixtures contain surfactant 
chemicals that adsorb onto the steel surface and provide a barrier between the corrosive water 
and pipe steel. Many surfactants confer additional benefits by reducing the surface tension at the 
oil-water interface, which keeps the water entrained in the flow rather than depositing on the 
pipe wall. Chemical additives may also have properties that repel the water from the pipe wall, 
neutralize acids, and act as biocides to help inhibit microbiologically influenced corrosion. 
The rates of flow in transmission pipelines are normally sufficient to prevent the deposition of 
contaminants and to sweep away deposits that settle to the pipe bottom. Areas of low flow, such 
as steep angles of elevation and sections of isolated piping (called dead legs), are vulnerable to 
water and sediment accumulation and subsequent internal corrosion. Because the hydrodynamic 
and chemical processes of water and sediment accumulation are well understood, models for 

9 
Inspections performed on gas gathering lines equipped with an early generation FBE coating (from the mid-1970s) revealed that 

less than 0.2 percent of pipeline sections exhibited blistering of the coating despite some operating in temperatures as high as 
76°C (l 70°F). Removal of the blistered coating revealed no underlying corrosion because of the permeability ofFBE to cathodic 
fields (Boerschel 2010; Batallas and Singh 2008). 
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analysis are available to guide pipeline construction and operating parameters to decrease the 
tendency for accumulations and to identify areas of greatest vulnerability to corrosion. 

Additional details on the mechanisms of pipeline damage and factors that contribute to 
them are discussed in Chapter 5. 

SUMMARY 

15 

The crude oil transmission network in the United States consists of an interconnected set of 
pipeline systems. Shipments traveling through the network often move from one pipeline system 
to another, sometimes being stored temporarily in holding tanks at terminals. Most operators of 
transmission systems are common carriers who do not own the crude oil they transport but 
provide transportation services for a fee. Few major transmission pipelines are dedicated to 
transpo1iing specific grades or varieties of crude oil. They usually move multiple batches of 
crude oil, which are often provided by different shippers and include a range of chemical and 
physical properties. Crude oil shipments are treated to meet the quality requirements of the 
pipeline operator as well as the content and quality demands of the refinery customer. 

Pipeline systems traverse different terrains and can vary in specific design features, 
components, and configurations. These differences require that each operator tailor operating and 
maintenance strategies to fit the circumstances of its systems in accordance with regulatory 
requirements. Nevertheless, the systems tend to share many of the same basic components and 
follow similar operating and maintenance procedures. Together, regulatory and industry 
standards, system connectivity, and economic demands compel both a commonality of practice 
and a shared capability of handling different crude oils. 
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3 

Bitumen Properties, Production, and Transportation by Pipeline 

This chapter describes the chemical composition and physical properties of bitumen, the 
methods used to produce it, and the properties of the bitumen shipments that are diluted for 

pipeline transportation to the United States. 

BITUMEN COMPOSITION AND PROPERTIES 

Like all forms of petroleum, bitumen is a by-product of decomposed organic materials rich in 
hydrocarbons. According to the World Energy Council, bitumen deposits exist in about 20 
countries, but the largest are in Canada, Kazakhstan, and Russia (WEC 2010, 123-150). Because 
only the Canadian bitumen is diluted for transportation by pipeline to the United States, it is the 
subject of the description in this chapter. 1 

Canadian bitumen deposits are concentrated in the Western Canadian Sedimentary Basin 
(WCSB), and particularly in the province of Alberta. Three regions in the WCSB have large 
reserves: the Athabasca, Peace River, and Cold Lake regions (Strausz and Lown 2003, 21 ). 
According to the government of Alberta, about two-thirds of the world reserves of recoverable 
bitumen are contained in the three regions, which total some 140,000 square kilometers (55,000 
square miles) (ERCB 2012a). In some locations in Alberta, surface deposits are easy to spot, 
since the black bitumen is impregnated in sandstone along the sides of lakes and rivers. Most of 
the bitumen is not visible because it is deposited below the surface. 

The bitumen-impregnated sands in the WCSB are referred to as bituminous sands, oil 
sands, and tar sands (Strausz and Lown 2003, 29). Canadians use the term oil sands, which is 
also used in this report. The typical composition of the WCSB oil sands is 85 percent sand and 
clay fines,2 10 percent bitumen, and 5 percent water by weight.3 Oil sands also contain salts, 
trace gases, and small amounts of nonpetroleum organic matter.4 These components exist 
together in a specific microstructure with a film of water that surrounds each sand and clay 
particle, and the bitumen surrounds the film, as shown in Figure 3-1. When freed from this 
microstructure, bitumen has a typical elemental composition of 81 to 84 percent carbon; 9 to 11 
percent hydrogen; 1 to 2 percent oxygen, nitrogen, and other elements; and 4 to 6 percent sulfur, 
most of which is bound in the bitumen in stable (e.g., heterocyclic rings) hydrocarbon structures 
(Dettman 2012; Strausz et al. 2011; Gogoi and Bezbaruah 2002; Strausz and Lown 2003). 

1 
Canada contains the vast majority of the natural bitumen in North America. According to the U.S. Geological Survey, bitumen 

deposits exist in the United States in several states, mainly in Utah, California, and Alabama. While commercial mining 
operations are being planned in Utah, many technical and economic challenges remain to exploit this resource (USGS 2006). 
2 The solid particles consist of sand grain minerals, mostly of quartz but also feldspar, mica, and chert. The solid particles also 
consist of clay minerals, mostly kaolinite and illites (Strausz and Lown 2003, 31-32). 
3 Up to 18 percent of the ore can be made up of bitumen (Strausz and Lown 2003, 62). 
4 The organic matter consists ofhumin, humic acids, fulvic acids, and chemiabsorbed aliphatic carboxylic acids (Strausz and 
Lown 2003, 29-32). 

16 
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Hydrocarbon molecules account for 92 to 95 percent of the weight of bitumen.5 These 
molecules range from light alkanes, such as ethane, to long-chain compounds with relatively 
high molecular weights and boiling points. The latter molecules are more common in bitumen 
than in the lighter, more paraffinic crude oils that have undergone less microbial degradation.6 

Bitumen contains relatively high concentrations of asphaltenes, which account for 14 to 17 
percent of the total weight of the material (Strausz and Lown 2003, 95; Rahimi and Gentzis 
2006, 151 ). Trace elements, such as vanadium and nickel, usually reside in the asphaltenes along 
with sulfur, nitrogen, and oxygen (Strausz and Lown 2003, 93-99, 495-498). The nitrogen in the 
bitumen is bonded with carbon in pyridinic structures, including quinolines and acridines 
(Rahimi and Gentzis 2006). The asphaltenes, as well as other nonparaffinic compounds such as 
naphthenes, give bitumen its high density and high viscosity (Strausz and Lown 2003, 99). 

Bitumen is usually distinguished from other forms of petroleum on the basis of physical 
properties that derive in pati from its relatively high asphaltene content. The U.S. Geological 
Survey (USGS) has used the following definition to distinguish bitumen from other heavy crude 
oils: 

5 
The ratio of hydrogen to carbon atoms is about 1.5 in bitumen, compared with 2.0 for very light oils (Strausz and Lown 2003, 

95-96). 
6 Bitumen has undergone more biodegradation than have other petroleum oils. Because straight-chain paraffinic hydrocarbons are 

more readily metabolized by microorganisms, these hydrocarbons are depleted in bitumen (Strausz and Lown 2003, 90). 
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Natural bitumen is defined as petroleum with a gas-free viscosity greater than 
10,000 centipoises (cp) at original reservoir temperature. Petroleum with a gas
free viscosity between 10,000 and 100 cp is generally termed heavy crude oil. In 
the absence of viscosity data, oil with API gravity less than 10 degrees is 
generally considered natural bitumen, whereas oil with API gravity ranging from 
10 degrees API to about 20 degrees API is considered heavy crude oil. The term 
extra-heavy crude oil is used for oil with a viscosity less than 10,000 cp but with 
API gravity less than 10 degrees. (USGS 2006) 

The American Petroleum Institute (API) gravity scale referenced by USGS is an inverse 
measure of the density of a liquid relative to that of water at room temperature. A liquid with 
API gravity greater than 10 degrees will float on water; if the API gravity is lower than I 0 
degrees, it will sink.7 Canadian bitumen (undiluted) typically has an API gravity between 7 and 
13 degrees, whereas most heavy crude oils have values that are 5 to 15 degrees higher (Strausz 
and Lown 2003, I 00). The viscosity of bitumen is also high compared with that of other crude 
oils across a range of temperatures. Figure 3-2 compares the effects of temperature on viscosity 
[in centipoise units (cp)] for bitumen derived from two WCSB reservoirs (Cold Lake and 
Athabasca), a Canadian heavy crude (Lloydminster), and typical light crude oils.8 At most 
pipeline operating temperatures [0°C to 40°C (32°F to I 00°F)], the lighter crude oils will behave 
as liquids, while the bitumen will remain in a semisolid state, having viscosities comparable with 
that of peanut butter. Although they are less viscous than bitumen, the heaviest conventionally 
drilled Canadian crude oils have relatively high viscosities as well.9 Several Canadian crude oils, 
including the Lloydminster crude oils shown in Figure 3-2, are routinely diluted with lighter oils 
to improve their flow in transmission pipelines. 10 

BITUMEN PRODUCTION 

The WCSB has long been a major oil-producing region of North America. Oil exploration 
commenced in the early 20th century, and by the 1960s hundreds of millions of barrels of 
Western Canadian crude oil were being exported each year through pipelines to the United 
States. Nearly all of this oil was produced with conventional drilling and well technology. By the 
1990s, Western Canadian exports of conventionally produced oil were declining just as new 
technologies were being introduced to recover the vast deposits of bitumen contained in oil 
sands. 

7 
API gravity values are referred to as "degrees." Most crude oils have API gravities in the range of20 to 40 degrees, but some 

range I 0 degrees higher or lower. 
8 

Centi poise is a measure of resistance to shear flow, or the dynamic viscosity of a fluid. A more common measure of resistance 
to flow by crude oils is the centistoke ( cSt), which is the ratio of dynamic viscosity to fluid density, also known as kinematic 
viscosity. At room temperature, the kinematic viscosity of bitumen will exceed 100,000 cSt, compared with about 25 cSt for a 
medium-density crude oil. Kinematic viscosity is referenced more often in this report. 
9 This Canadian heavy crude oil is usually diluted with lighter oils for pipeline transportation. 
10 

Lloydminster heavy crude oils have API gravities of 12 to 23 degrees (Strausz and Lown 2003, 26). 
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FIGURE 3-2 Response of crude oil viscosity to changes in temperature (Raicar and 
Procter 1984; WEC 2010, 126). 
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While natural bitumen had long been used as sealing material, Canadian entrepreneurs 
started mining deposits for refinery feed during the early 20th century. However, separating the 
bitumen from the mined ore required significant amounts of heated water, which made recovery 
expensive compared with the lighter crude oils that were less costly to drill elsewhere in Canada 
and the United States. Commercial ventures to mine bitumen began in the 1920s, but it took 
another 40 years of declining North American crude oil reserves, increasing consumer demand 
for gasoline and other refined petroleum, and advances in extraction and processing technologies 
to transform the mined bitumen into a commercially viable refinery feedstock. 11 

During the 1990s, thermally assisted in situ recovery methods were introduced in the 
WCSB to exploit the large reserves of bitumen located too deep for surface mining. After this 
development, the quantity of bitumen produced surpassed the quantity of conventionally 
produced oil from the basin. Today, bitumen accounts for more than 70 percent of the petroleum 
produced in Alberta, and in situ recovery methods account for nearly half of this bitumen 
production (ERCB 2012a). 

11 Oil Sands Discovery Centre. Facts About Alberta's Oil Sands and Its Industry. 
http://history.alberta.ca/oilsands/docs/facts _ sheets09. pdf. 
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One in situ method in particular-steam-assisted gravity drainage (SAGD)-led to the 
recent growth in Canadian bitumen production for export to the United States. Indeed, no 
significant quantities of mined bitumen are diluted for pipeline transportation to the United 
States, the main market for bitumen recovered by using the SAGO process. 12 

Bitumen Mining and Upgrading to Synthetic Crude Oil 

About 20 percent of the bitumen deposits in the WCSB are less than 60 meters (200 feet) deep 
and can be recovered by surface mining. Mining operations use diesel-powered shovels to 
excavate the ore, which is transported by truck to field facilities containing crushers. The crushed 
ore is mixed, or washed, with hot water to create a slurry that is piped a short distance, where it 
is agitated and filtered in separation vessels. The hot water heats and releases the water that 
surrounds the sand and clay particles. The agitation causes air bubbles to attach to bitumen 
droplets, which float in a froth to the top of the vessel. The froth is then deaerated with steam and 
diluted with a hydrocarbon solvent such as naphtha. The solvent coalesces and causes settlement 
of emulsified water and mineral solids. The suspended bitumen is then separated with a 
centrifuge and skimmer. 

The extraction process for mined bitumen yields a product that typically contains 0.5 
percent solids and 1 to 2 percent water by volume. This solid and water content is generally too 
high to be accepted by transmission pipelines. As a consequence, mined bitumen is nearly 
always upgraded, usually at nearby field plants, into synthetic crude oil. The field plants consist 
of refinery-type cokers that crack the bitumen into lighter products that are then processed in 
hydrotreating units to remove sulfur and nitrogen. 13 The processed streams are then mixed to 
produce a low-viscosity, low-sulfur synthetic crude oil that can be transported by transmission 
pipeline to refineries in Canada and the United States. The synthetic crude oils are also blended 
with other heavy Canadian crude oils, including in situ-produced bitumen, for pipeline 
transportation to the United States. 

Nearly all of the bitumen mined in the WCSB is upgraded to synthetic crude oil. 14 This 
situation is subject to change as alternative methods are introduced to yield mined bitumen with 
reduced viscosity and water and sediment content comparable with that of the bitumen produced 
in situ and transported in diluted form through transmission pipelines. One alternative is to 
deasphalt the mined bitumen partially to produce synthetic crude oil that retains some of the 
heavier hydrocarbon fraction by substituting a paraffinic solvent for the aromatic-rich naphtha 
solvent traditionally used during removal of water and solids (Rahimi et al. 1998). Composed 
largely of pentanes and hexanes, a paraffinic solvent is more effective than naphtha in promoting 
aggregation and settlement of asphaltenes and suspended water and solids. Removal of 
asphaltenes through paraffinic treatment yields a processed bitumen that is less viscous and has 
lower levels of water and solids than mined bitumen that is processed with a traditional naphtha 
solvent. 

12 The discussion focuses on surface mining and SAGO, which are the most common bitumen recovery methods. Other methods 
not discussed include cyclic steam stimulation, toe-to-heel air injection, vapor-assisted petroleum extraction, and cold heavy oil 
production with sand. More information on recovery methods can be found at http://www.oilsands.alberta.ca/. 
13 According to the Alberta Energy Ministry, the five upgraders operating in Alberta in 20I I had the capacity to process 
approximately l.3 million barrels of bitumen per day (ERCB 20I3). 
14 According to the Alberta Energy Ministry, in 20 I I about 57 percent of oil sands bitumen production was upgraded to synthetic 
crude oil in Alberta. Most upgraders produce synthetic crude oil, but some also produce refined products such as diesel (ERCB 
20I3). 
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Mined bitumen processed with paraffinic solvent can be transpo1ied by transmission 
pipeline, usually by retaining some of the solvent as diluent. 15 Mined bitumen treated in this 
manner is being piped several hundred miles from oil sands production regions to large, centrally 
based upgraders elsewhere in Alberta, where it is processed into synthetic crude oil. The mined 
bitumen, however, is not transp01ied through pipelines to the United States (except when 
upgraded to synthetic crude oil) because paraffinic solvents are too expensive to use as diluent 
for long-distance transportation. Instead, the solvent is recovered at the Canadian upgraders and 
piped back to bitumen production fields for reuse as a solvent. 

In Situ Recovery 

Because most Canadian bitumen is located dee~ underground, it can only be recovered in place. 
Although reaching the deposits is not difficult, 6 the challenge in recovering them is in separating 
and thinning the bitumen for pumping to the surface. A recovery method that is now common 
involves the injection of pressurized steam into the deposit. The steam thins the bitumen and 
separates it from the sand while the pressure helps to push the bitumen up the well. 

A number of thermally assisted recovery methods are used in the WCSB. The two main 
methods are cyclic steam stimulation (CSS) and SAGO. CSS involves injecting steam into the 
bitumen deposit and letting it soak for several weeks. This process causes the bitumen to separate 
from the sand and become sufficiently fluid for pumping. Over the past decade, SAGO has 
surpassed CSS as the preferred thermal recovery method because a higher prop01iion of the 
bitumen is recovered. SAGO involves drilling two horizontal wells, one located a few feet above 
the other as shown in Figure 3-3. Steam is injected into the upper well, which heats the bitumen 
and causes it and steam condensate to drain into the lower well for pumping to the surface. At 
the surface, condensed water is separated from the recovered bitumen and recycled to produce 
steam for subsequent applications. 

The high recovery ratio of SAGO is an important reason for the growth in Canadian 
bitumen production. SAGO now accounts for about half the bitumen recovered from the 
WCSB. 17 Compared with mining, SAGO has the advantage of eliminating the need to wash the 
ore with hot water because the bitumen is separated from the sand and clay underground. After 
further treatment (e.g., standard degassing, dewatering, and desalting), the recovered bitumen 
contains much lower levels of water and sediments (generally less than 0.5 percent by volume) 
than mined bitumen, and it is sufficiently stable for acceptance by long-distance pipelines. 
Whereas nearly all mined bitumen is upgraded into synthetic crude oil in Alberta, less than 10 
percent of the SAGO-derived bitumen is processed into synthetic crude oil (NEB 2009). Most 
SAGO-derived bitumen is diluted with lighter oils for transportation by pipeline to U.S. 
refineries. 

15 While asphaltene concentrations have significant implications for bitumen viscosity, the removal of all asphaltenes would not 

reduce viscosity enough for undiluted bitumen to meet pipeline specifications (Rahimi and Gentzis 2006). 
16 

The exploited deposits are generally less than 750 meters (2,500 feet) underground. 
17 

In 2011, about 1.7 million barrels per day of bitumen were produced, with surface mining accounting for 51 percent and in situ 
processes accounting for 49 percent of the production (ERCB 2013). 
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FIGURE 3-3 Bitumen recovered using SAGD (ERCB 2012b). 

PIPELINE TRANSPORTATION OF DILUTED BITUMEN 

According to the U.S. Depaiiment of Energy, imports of Canadian diluted bitumen and other 
crude oils have grown by more than one-third since 2000. 18 Partially as a result of Canadian 
supplies as well as newly exploited domestic oil shale, crude oil imports from other regions of 
the world are declining. In particular, the Canadian feedstock has supplanted heavy crude oils 
once imported in large volume from Venezuela and Mexico (Figure 3-4). While more than two
thirds of the Canadian crude oil is refined in the Midwest, refinery demand for this feedstock has 
been growing in other regions of the country, particularly at Gulf Coast refineries that are 
equipped to process heavy feed. 

U.S. Pipelines Transporting Diluted Bitumen 

Figure 3-5 shows U.S. refinery destinations for diluted bitumen and other Canadian crude oils, 
and Figure 3-6 shows the main pipeline corridors that access these refineries. Major export 
pipelines from Canada include the Enbridge Lakehead network, which serves several Great 
Lakes refineries; the TransCanada Keystone pipeline, which accesses the Cushing, Oklahoma, 
hub and refineries in southern and central Illinois; and the Kinder Morgan Express and Prairie 

18 http://www.eia.gov/countries/cab.cfm?fips=CA. 
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FIGURE 3-4 Annual U.S. crude oil imports by grade and origin. [Chart is derived from 
January 31, 2012, presentation to the committee by G. Houlton. Source data on crude oil imports 
were obtained from the Energy Information Administration, U.S. Department of Energy 
(http://www.eia.gov/countries/cab.cfm ?fips=CA).] 

pipelines, which transport Canadian crude oils to refineries in the Rocky Mountains and provide 
surplus to refineries farther east and south. These trunk lines are connected to pipelines that 
deliver feed to refineries as far east as Ohio and western Pennsylvania and as far south as the 
Texas Gulf Coast and New Mexico. Several connecting pipelines have recently undergone flow 
reversals, such as the 375-mile Occidental Centurion line, which now runs southwest from 
Cushing in the direction of El Paso, Texas; the 858-mile ExxonMobil Pegasus line, which runs 
south from Illinois to refineries on the Gulf Coast; and the 670-mile Enbridge Seaway line, 
which crosses East Texas and is expected to become fully operational during 2013. 

Properties of Diluted Bitumen Shipped by Pipeline 

In Canada, the National Energy Board (NEB) administers the tariffs, or terms and conditions, 
that govern the transportation of crude oil by transmission pipeline. For shipments entering the 
United States, pipeline operators must also file tariffs with the Federal Energy Regulatory 
Commission. As explained in Chapter 2, tariffs contain quality specifications for crude oil 
shipments that are intended to ensure compliance with the operational requirements of pipelines 
as well as possession of prope1iies required by refiners. At custody transfer points, pipeline 
operators sample shipments to confirm compliance with tariff specifications. 
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Density and Viscosity Levels 

To ensure pipeline transportability, NEB tariffs specify that the density of crude oil shipments 
not exceed 940 kilograms per cubic meter (kg/m3

) (about 20 degrees API gravity) and that 
viscosity not exceed 350 cSt19 when measured at the posted pipeline operating temperature.20 To 
meet the specifications, Canadian bitumen is diluted into either "dilbit" or "synbit." The 
Canadian Association of Petroleum Producers describes di lb it as a bitumen blend consisting of 
diluent that has a density of less than 800 kg/m3 

( 45 degrees API). If it has a density greater than 
or equal to 800 kg/m3

, the diluent is presumed to be synthetic crude oil, and the blend is called 
syn bit (CAPP 2013). 
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FIGURE 3-5 U.S. refinery destinations for Canadian heavy crude oil imports in 2011. 
[Source: National Energy Board fact sheet "Disposition of Heavy Crude Oil and Imports" 
(http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/sttstc/crdlndptrlmprdct/dspstnfdmstccrdlndmprts
eng.html#s I).] 

19 
Kinematic viscosity and the centistoke ( cSt) unit of viscosity measurement have been defined earlier in this chapter. 

20 
For an example, see Article I, page 3 (Definition for Heavy Crude) ofNEB TariffNumber 4, Keystone Pipeline System 

Petroleum Tariff (http://www.transcanada.com/docs/Key _Projects/06 _NEB_ Tariff_ No_ 4 _Rules_ and_ Regs_ CL.pdt). 
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FIGURE 3-6 Main pipeline corridors moving Canadian crude oil to U.S. refineries. 

In the case of dilbit, the most common diluents are naphtha-based oils, including natural gas 
condensate.21 The light oils that are used have low densities (<750 kg!m\ high API gravities 
(>60 degrees), and low viscosities (<l cSt at room temperature). Compared with condensate, 
synthetic crude oils have higher densities (825 to 875 kg!m\ lower API gravities (30 to 40 
degrees), and higher viscosities (5 to 20 cSt). Some bitumen shipments are diluted with both 
condensate and synthetic crude oil to produce "dilsynbit." 

25 

Dilution and blending activity is common in the petroleum industry, as distillates and 
light oils are regularly mixed with heavier oils to alter shipment density and viscosity 
characteristics. The chemical compatibility of the oils and distillates must be considered before 
blending, particularly to avoid precipitation of asphaltenes. Thick deposits of these components 
can foul pipelines, pumps, and other equipment to create an increased need for pig cleaning to 
prevent flow assurance problems (Cimino et al. 1995; Saniere et al. 2004; Leontaritis and 
Mansoori 1988). Dilution with distillates containing high concentrations of light hydrocarbons 
such as pentanes and hexanes can cause asphaltenes to precipitate from oils ifthe distillate 
makes up a majority of the volume of the blend (Maqbool et al. 2009). The acceptable types and 
ratios of distillates blended with bitumen have therefore been analyzed to ensure chemical 
compatibility as well as a transportable product that does not deposit asphaltenes during 
postproduction storage and transportation (Schermer et al. 2004). 

21 
Condensate liquid is produced from raw natural gas when the temperature is reduced below the boiling temperature of the gas. 
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As discussed earlier, distillates such as naphtha are usually mixed with bitumen at the 
production plant to facilitate water and sediment removal. Indeed, all or most of the diluent in 
diluted bitumen is blended during the processing stage before delivery of shipments for 
transmission by pipeline. In some cases, more diluent may be added after delivery to the 
transmission pipeline if further dilution is necessary to meet the density and viscosity levels 
required for long-distance transportation.22 Like all crude oil blending, the mixing of diluent and 
bitumen is designed to make the shipped product miscible, or fully mixed in all proportions. As 
discussed in Chapter 2, once in the pipeline, batch shipments of diluted bitumen and other heavy 
crude oils are sequenced to avoid contact with lighter crude oil and condensate shipments. 
Meters along the pipelines track the batched stream to detect any changes in shipment density 
and viscosity. 

After blending, diluted bitumen becomes a mixture of hydrocarbons with a range of 
molecular weights. As in the case of other crude oils, these hydrocarbons are separated by 
distillation at recipient refineries. Table 3-1 compares the distilled volume of light (low
molecular-weight) hydrocarbons in three diluted bitumen crude oils and five light, medium, and 
heavy crude oils imported from Canada. The light hydrocarbons in all crude oils are mainly 

TABLE 3-1 Percentage (by Volume) of Low-Molecular-Weight Hydrocarbons in Selected 
Diluted Bitumen Blends and Other Canadian Crude Oils 

Access 
Wabasca 

Borealis 
Koch 

Light 
Sour High Smiley- Lloyd 

Western 
Heavy 

Heavy 
Alberta 

Sour 
Edmonton Coleville Kerrobert 

Blend Blend Blend 

(Diluted (Diluted (Diluted (Light (Light (Medium 
(Heavy 

(Heavy 
Crude 

Bitumen) Bitumen) Bitumen) Crude Oil) Crude Oil) Crude Oil) 
Oil) 

Crude Oil) 

Butanes 0.72 1.93 0.38 4.50 2.43 2.43 0.54 

Pentanes 8.53 1.92 4.01 2.39 3.25 2.56 4.88 

Hexanes 7.06 3.00 5.75 4.54 6.13 4.59 3.95 

Heptanes 4.73 3.47 4.57 5.61 7.44 5.31 2.7 

Octanes 2.74 3.53 5.28 6.09 8.72 5.58 2.12 

Nonanes 1.43 2.64 4.04 4.97 7.18 4.60 2.05 

Decanes 0.70 1.21 1.49 2.49 3.46 2.46 l.10 

Total 25.91 17.7 25.52 30.59 38.61 27.53 17.34 

Mass 
Recovered Distillation Temperature °C (°F) 

5% 38 93 64 45 69 64 62 
(101) (200) (147) (114) (156) (147) (144) 

10% 70 152 93 92 87 93 114 
(158) (307) (200) (198) (188) (200) (237) 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?acr=SLD; http://www.crudemonitor.ca/crude.php?acr=SYN). 
Accessed March 1, 2013. 

22 Infomiation on production processes was obtained from briefings by and interviews with bitumen producers and pipeline 
operators. 

2.04 

6.00 

3.96 
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1.38 

1.36 

0.81 
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(276) 
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pentanes or heavier, with some measurable butanes and trace amounts of lighter molecules. 
Because of the diluent, the light fraction of diluted bitumen is comparable with that of medium 
and heavy crude oils and accounts for 17 to 27 percent of hydrocarbon volume. 

27 

The specific diluents used in blending are selected on the basis of many factors, including 
their availability in bitumen production regions. Table 3-2 shows the chemical and physical 
properties of the common diluent Southern Lights, a condensate produced in the United States 
and piped to Albe1ia. Because of its low viscosity, this condensate and others can be mixed with 
bitumen at a ratio of about 30:70 by volume.23 Table 3-2 also shows the chemical and physical 
properties of a Suncor synthetic crude oil. Because it has a higher density than condensate, this 
and other synthetic crude oils are usually blended in even (50:50) ratios with bitumen. 
lllustrative blending ratios and resulting density and viscosity values for synbit and dilbit are 
given in Table 3-3. 

TABLE3 2 S 1 - e ecte dP roperties o f T WO c ommon D"l 1 uents 

Property 
Southern Lights Condensate Suncor Synthetic Crude Oil 

Diluent Diluent 

Density (kg/m3
) 675 861 

API gravity (0
) 78 

,.,,., 
JJ 

Sulfur (weight percent) 0.03 0.17 

Viscosity at 20°C (68°F) (cSt) <0.5 6.3 

Sediment (parts per million by weight) 16 0 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?acr=SLD; http://www.crudemonitor.ca/crude.php?acr=SYN) and 
from Enbridge website 
(http://www.enbridge.com/DeliveringEnergy/Shippers/-/media/www/Site%20Documents/Delivering%20Energy/20 
12CrudeCharaceristics.ashx). Both accessed March 1, 2013. 

TABLE 3-3 Example Blending Ratios and Density and Viscosity Levels for 
s b"t d D"lb"t ;yn 1 an I I 

Viscosity 
Blend Component Volume Percent Density (kg/m3

) lcSt at 15°C (59°F)l 

Syn bit 

Bitumen 51.7 1,010 760,000 

Synthetic crude oil 48.3 865 5.9 

Total 100 940 128 

Dilbit 

Bitumen 74.6 1,010 760,000 

Condensate 25.4 720 0.6 

Total 100 936 350 

SOURCE: Illustrative blending ratios provided by R. Segato, Suncor Energy, October 23, 2012 
(http://onlinepubs.trb.org/onlinepubs/dilbit/Segato I 02312.pdf). 

23 
These blending ratios are nominal and will vary somewhat depending on seasonal temperatures and the flow regime of 

individual pipeline operators. 

 
011683



28 Special Report 3 I I: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

Once they are diluted for transportation, shipments of bitumen have physical properties 
comparable with those of other heavy crude oil shipments, and they can be stored and 
transported through the same pipeline facilities in a similar manner-that is, without a need to 
heat the crude oil to increase fluidity. API gravities for dilbit and synbit blends are generally in 
the low 20 degrees (a density of about 925 kglm\ and viscosities generally range between 75 
and 200 cSt at pipeline operating temperatures. 

Table 3-4 shows average density, API gravity, and viscosity values for six common 
diluted bitumen blends. The values are compared with those of six other heavy Canadian crude 
oils that are commonly piped to the United States. In some cases, these other heavy crude oils are 
also blended with lighter oils. As would be expected of commercial crude oils, the 12 sampled 
products have viscosities that conform to requisite pipeline tariff specifications. 

According to API, shipments of diluted bitumen enter transmission pipelines at the same 
temperatures as other Canadian crude oils, generally in the range of 4°C to 25°C (40°F to 75°F) 
(API 2013). Temperatures will increase as a result of friction as the crude oil flows through the 
pipeline and because of high ambient temperatures during summer months. Because more 
pumping energy is needed for viscous crude oils, the temperature will be elevated in pipeline 
segments downstream from pumps. The temperature gain from pumping, however, will be the 
same for diluted bitumen as for other crude oils with similar densities and viscosities. Increasing 
pumping energy to boost the flow rate will raise the temperature further, but this effect will 
remain the same for all crude oils with corresponding levels of density and viscosity. Within the 
constraints of the design and safety factors of a pipeline, an operator may elect to increase the 
flow rate of any crude oil type as a means of adding throughput capacity, but this is strictly an 
economic decision. 

TABLE 3-4 Comparison of Density, API Gravity, and Viscosity of Diluted Bitumen and 
Other Canadian Crude Oils 

Canadian Heavy Crude Oils 
Bow 

Fosterton 
Lloydminster Lloydminster Smiley- Western 

River Blend Kerrobert Coleville Canadian Blend 

Density (kg/m3
) 914 927 927 930 932 929 

API gravity (0
) 23 21 21 20 20 21 

Viscosity at 20°C 
(68°F) (cSt) 100 96 145 146 144 145 
Viscosity at 40°C 
(104°F) (cSt) 37 36 52 52 51 52 

Diluted Bitumen 

Access 
Cold Lake 

Peace River Christina Wabasca Surmount 
Western Heavy Lake Heavy Heavy (Synbit) 

Density (kg/m3
) 926 928 931 923 935 936 

API gravity (°) 21 21 20 22 20 19 
Viscosity at 20°C 
(68°F) (cSt) 150 153 113 178 134 131 
Viscosity at 40°C 
(104 °F) ( cSt) 53 54 44 62 49 47 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/tools/comp/crudecomparisons.php#results) and from Enbridge website 
(http://www.enbridge.com/DeliveringEnergy/Shippers/-/media/www/Site%20Documents/Delivering%20Energy 
/2012CrudeCharaceristics.ashx). Both websites accessed March 1, 2013. 
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Water and Sediment Content 

Refiners dislike crude oil feed containing excess water and sediment that requires filtration and 
added treatment for effluent disposal. Furthermore, they do not want to pay for the transportation 
of these impurities in crude oil shipments. Water and sediment are also undesirable from the 
standpoint of pipeline operators because of the potential for internal corrosion, as discussed in 
Chapter 5. Canadian pipeline tariffs specify that basic sediment and water (BS&W) in crude oil 
shipments not exceed 0.5 percent by volume. While U.S. tariffs tend to allow higher BS&W 
limits (1 percent in most cases), the lower Canadian threshold becomes the constraining factor 
for diluted bitumen and other crude oils piped into the United States from Canada. 

Data specifically on the water content of pipeline shipments are difficult to obtain (as 
distinguished from data on combined water and sediment volumes). Neve1iheless, because the 
Canadian tariffs are generally more restrictive than those in the United States, it can be inferred 
that shipments of Canadian crude oils, including diluted bitumen, do not contain more water than 
other crude oils transp01ied in U.S. transmission pipelines. In the case of sediment, any amounts 
measured in diluted bitumen are likely to derive from the bitumen, since the diluents are largely 
free of sediment (as shown in Table 3-2). Some sediment sampling data are available to compare 
diluted bitumen with other Canadian crude oils. Figure 3-7 shows the average sediment levels for 
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FIGURE 3-7 Average sediment content for nine diluted bitumen blends and 10 light, 
medium, and heavy Canadian crude oils. [Data obtained from CrudeMonitor.com by Crude 
Quality, Inc. (http://www.crudemonitor.ca/condensate.php?acr=SLD; 
http://www.crudemonitor.ca/crude.php?acr-SYN). Accessed March 1, 2013.] 
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nine diluted bitumen blends and 10 light, medium, and heavy Canadian crude oils. Average 
sediment levels range from 18 to 265 parts per million by weight C~pmw) for the diluted bitumen 
and from 98 to 322 ppmw for the selection of Canadian crude oils. Sediment quantities in this 
general range (<500 ppmw) will constitute less than 0.05 percent of the crude oil stream. The 
comparisons suggest that shipments of diluted bitumen contain sediment levels that are within 
the range of other crude oils piped into the United States. 

Other characteristics of entrained sediments, such as the size, shape, mass, and hardness 
of solid particles, are seldom measured in pipeline shipments or reported in standard crude oil 
assays. Particle size is a potentially important factor in the tendency of sediments to clog pumps 
and other pipeline equipment and settle to the pipe bottom to form sludge. The shape, mass, and 
hardness of solid particles in sediment can also affect the potential for internal erosion. 

While data on physical properties are limited, some values for patiicle size and other 
properties have been reported in laboratory studies of diluted bitumen and other crude oils. 
Figure 3-8 shows the particle size distribution of solids in diluted bitumen as measured by 
Mcintyre et al. (2012). Median patiicle size was 0.1 micron (µm) and rarely exceeded 1 µm. 
Other data indicate that the distribution of particle size observed by Mcintyre et al. (2012) is well 
within the range of other crude oils shipped by pipeline. The Canadian Crude Quality Technical 
Association (CCQTA) has spot sampled the desalter effluent from three refineries in Canada and 
the United States. The effluent was derived from crude oils other than diluted bitumen. The 
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FIGURE 3-8 Particle size distribution of solids in diluted bitumen. (Source: Mcintyre et al. 
2012.) 

24 Most contaminants are expressed as parts per million (ppm), which is 1 milligram per kilogram for weight (noted as 1 ppmw) 
or 1 milligram per liter for volume (noted as I ppmv). 1,000 ppmw = 0.1 percent of weight. 
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pmiicle size distributions from these samples are shown in Table 3-5. The median pmiicle sizes 
for the samples ranged from about 0.4 to 1.6 µm, higher than the median particle size reported 
for the diluted bitumen sampled by Mcintyre et al. (2012). 

31 

CCQTA data on the nature of solids filtered from five diluted bitumen and two heavy 
crude oil samples show median particle sizes that are comparable across the samples, ranging 
from 1.0 to 2.4 microns for four of the five diluted bitumen samples and from 1.9 to 2.3 microns 
for the two heavy crude oil samples.25 The fifth diluted bitumen sample had a median particle 
size of 5.6 microns. The maximum particle sizes in the five diluted bitumen samples ranged from 
11 to 92 microns, while the maximum value for the two heavy crude oils was 33 microns. 
Data are more limited for characterizing the shape, mass, and hardness of solids in diluted 
bitumen and other crude oils. As noted earlier, the sand grains in unprocessed bitumen contain 
hard silicate minerals such as quartz, feldspar, and mica, in addition to the softer minerals found 
in clay fines (Strausz and Lown 2003, 31-32). However, the in situ-produced bitumen that is 
processed and diluted for pipeline transportation does not contain the same high levels of sand, 
clay fines, and other sediments found in bitumen in its native state. Mcintyre et al. (2012) 
reported that about 1 percent of the solids in sampled diluted bitumen consisted of quartz, while 
clay materials (16 percent) and hydrocarbon and coke-like materials (83 percent) accounted for 
the remainder. X-ray diffraction analysis of the solids in the five diluted bitumen and two heavy 
oil samples taken by CCQTA indicate that silicate particles are more abundant in the solids of 
diluted bitumen (accounting for 13 to 45 percent of crystalline solids) than in the solids of other 
heavy crude oils sampled (accounting for 5 to 8 percent of crystalline solids).26 However, the 
five diluted bitumen samples did not contain high levels of sediment, with none exceeding 350 
ppmw (0.035 percent). 

TABLE 3-5 Size Distribution of Solid Particles Obtained from Refinery Effluent for Crude 
Oils Other Than Diluted Bitumen 

Refinery A Refinery B Refinery C 

Particle Sample Sample Sample Sample Sample Sample Sample Sample Sample 
Size (µm) 1 2 3 4 5 I 2 

,, 
1 .) 

Mean 0.85 1.1 1.13 0.74 1.14 2.67 1.23 0.82 0.98 

Mode 0.32 0.31 0.28 0.33 0.39 2.33 0.26 0.53 0.54 

Median 0.66 0.86 0.76 0.49 0.81 1.61 0.8 0.43 0.84 

Minimum 0.13 0.17 0.13 0.06 0.13 0.06 0.1 0.07 0.15 

Maximum 3.38 4.5 9.74 4.0 6.55 21.59 13.3 17.7 4.64 
Standard 
deviation 0.55 0.76 1.05 0.67 0.9 3.09 1.3 1.36 0.6 
SOURCE: Data provided by CCQT A and derived from Oil Sands Bitumen Processability Project. Presented to the 
committee on October 23, 2012 (http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimieux102312.pdt). 

25 
Data obtained from the CCQTA Oil Sands Bitumen Processability Project. Presented to the committee on October 23, 2012 

(http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimieux 1 023 12.pdf). 
26 

Data obtained from the CCQTA Oil Sands Bitumen Processability Project. Presented to the committee on October 23, 2012 
(http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimieuxl 02312.pdf). According to the CCQTA representative presenting the 
data, X-ray diffraction analysis does not measure the noncrystalline solids, which can account for 30 percent or more of the solids 
of sediment. 
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Other Properties 

Pipeline tariffs in Canada and the United States generally do not contain specifications for 
shipment properties apart from those discussed above, although crude oil producers and refiners 
may have private agreements that specify qualities such as acidity and sulfur content. Table 3-6 
shows the acidity and sulfur content for several sampled Canadian heavy crude oils and diluted 
bitumen blends. 

The acidity of crude oil is generally referenced by using total acid number (TAN), a 
measure of the amount (in milligrams) of potassium hydroxide (KOH) needed to neutralize the 
acid in a gram of oil. TAN usually increases with the extent of oil biodegradation and generally 
is in the range of 0.5 to 3.0 for heavy oils (Strausz and Lown 2003, 430). Although it overlaps 
with the range ofTANs found in heavy Canadian crude oils (as shown in Table 3-6), the range of 
acid content in diluted bitumen blends is generally higher than the range in other crude oils 
because of the greater bi ode gradation of the natural bitumen and resulting concentrations of 
high-molecular-weight organic acids. 

The type of acid in diluted bitumen is more imporiant to pipeline operators than total acid 
content. High-molecular-weight organic acids, such as naphthenic acids, are stable in the 

TABLE 3-6 Sulfur and Total Acid Content in Sampled Canadian Heavy Crude Oils and 
Diluted Bitumen Blends 

Total Sulfur 
(percentage by weight) TAN (mg KOH/g oil) 

Canadian Heavy Crude Oils 

Fosterton 3.26 0.2 

Lloydminster Blend 3.56 0.82 

Lloydminster Kerrobert 3.12 0.92 

Western Canadian Select 3.51 0.94 

Diluted Bitumen Blends 

Albian Heavy Synthetic 2.5 0.57 

Access Western Blend 3.93 1.72 

Black Rock Seal Heavy 4.32 1.72 

Cold Lake 3.75 0.99 

Christina Lake 3.79 1.53 

Peace River Heavy 5.02 2.5 

Smilev-Coleville Heavv 2.97 0.98 

Statoil Cheecham Blend 3.69 1.77 

Surmount Heavv Blend Svnbit 3.02 1.38 

Western Canadian Blend 3.1 0.82 
SOURCE: TAN data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?acr=SLD; http://www.crudemonitor.ca/crude.php?acr=SYN). Sulfur 
data obtained from Enbridge 
(http://www.enbridge.com/DeliveringEnergy/Shippers/-/media/www/Site%20Documents/Delivering%20Energy/20 
12CrudeCharaceristics.ashx). Accessed March 1, 2013. 

 
011688



Bitumen Properties, Production, and Transportation by Pipeline 33 

pipeline transpmiation environment. These acids have boiling points higher than water and do 
not react at pipeline operating temperatures. Although the organic acids can be corrosive to 
metals used in refineries processing crude oils at temperatures above 300°C (570°F), they are not 
corrosive to steels at pipeline temperatures (Nesic et al. 2012). This distinction is discussed 
further in Chapter 5. 

The Canadian heavy crude oils and diluted bitumen contain 2.5 to 5 percent sulfur by 
weight. Whereas condensate and synthetic crude oils are largely free of sulfur (as shown in Table 
3-2), natural bitumen contains 4 to 6 percent sulfur. As described earlier, most of the sulfur in 
bitumen is bound in stable hydrocarbon structures. Sulfur levels in the 2.5 to 5 percent range, as 
found in processed bitumen diluted for transportation, are high for light- and medium-density 
crude oils but not unusual for heavy crude oils. While high sulfur content in crude oil is generally 
undesirable for refining, it is problematic for transmission pipelines mainly if it exists in surface
active compounds and hydrogen sulfide (H2S). H2S is a weak acid that is corrosive to pipelines 
for reasons explained in Chapter 5. Available test data on the H2S content in crude oil indicate 
lower levels in diluted bitumen (less than 25 ppmw in liquid phase) than in other crude oils of 
various densities (Figure 3-9). 
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FIGURE 3-9 H2S content of diluted bitumen and other crude oils. (H2S is measured in 
liquid phase by using ASTM Test Method 5263. H2S remains in a liquid state in pipelines 
because the partial pressures of operating pipelines are below the bubble point.) (Data submitted 
to the committee on November 13, 2012, by the Pipeline Sour Service Project Group of 
CCQTA.) 
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Shipment Properties and Operating Parameters Reported by Operators 

For additional data on the transp01i properties of diluted bitumen, the committee prepared a 
questionnaire for the Canadian Energy Pipeline Association (CEPA). CEPA distributed the 
questionnaire to member companies that regularly transport diluted bitumen by transmission 
pipeline. The questionnaire and responses from five Canadian operators are provided in 
Appendix A. A summary of the operator responses on the properties of diluted bitumen is 
provided in Table 3-7. All of the reported values for BS&W, H2S, sulfur, density, TAN, and 
operating temperature are within the ranges provided in the preceding tables and figures. 

With respect to the pipeline flow regime, the surveyed pipeline operators reported 
average flow velocities of 0.75 to 2.5 meters per second (2.5 to 6.7 feet per second) in 
transmission pipelines that mostly range in diameter from 20 to 42 inches but that include some 
mileage consisting of pipe having smaller (8 inches) and larger (up to 48 inches) diameters. 
Without knowledge of the pipe diameter associated with each reported flow velocity, the 
resulting flow cannot be verified as turbulent. In general, flow velocities ranging between 0.75 
and 2.5 meters per second would be expected to maintain turbulent flow in pipelines ranging 
from 8 to 48 inches in diameter when they transp01i crude oils with the range of viscosities (I 13 
to 153 cSt at 20°C) rep01ied for the diluted bitumen and other heavy crude oils shown in 
Table 3-4. 

The committee asked pipeline operators for information on the content of oxygen and 
carbon dioxide in shipments because these dissolved gases can be an important factor in the 
corrosion of pipe steel, for reasons explained in Chapter 5. Pipeline operators do not routinely 
measure oxygen and carbon dioxide concentrations in crude oil shipments because of the 
difficulty associated with sampling and detecting these gases. Nevertheless, the operators 
rep01ied that because diluted bitumen and other crude oils enter the pipeline system deaerated, 
there should be no significant difference in the concentrations of oxygen and carbon dioxide gas 
in products transported in the same pipelines. Operators also repo1ied that as a general matter 
they aggressively seek to limit avenues for air entry into the pipeline at all times, including 
periods of storage and blending and pumping operations. 

TABLE 3-7 Properties and Operating Parameters of Diluted Bitumen Shipments 
R db F' C d' p· r 0 t eporte 'Y 1ve ana ian 1Pe me 'Pera ors 

Range of Lowest and Highest Highest 
Reported Values in Reported Reported 

Pronerty or Parameter Unit Avera2es Normal Ran2es Extremes 
BS&W Volume percent 0.18to0.35 0.05 to 0.40 0.50 

H2S ppmw <0.50 to 6.77 <0.50 to 11.0 11.0 

Sulfur Weight percent 3.10 to 4.00 2.45 to 4.97 5.20 

Density API gravity 19.8 to 22.l 19.0 to 23.3 23.3 

TAN mgKOH/g 1.00 to 1.30 0.85 to 2.49 3.75 

Operating temperature oc (of) 10 to 27 (50 to 81) 4 to 43 (39 to 109) 50 (122) 

Flow rate feet/second 2.5 to 6.7 0.5 to 8.2 8.2 

Pressure psi 430 to 930 43.5 to 1,440 1,440 

NOTE: Operators reported that oxygen and carbon dioxide concentrations are not routinely measured in shipments of 
crude oil. See Appendix A for complete survey results. 
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SUMMARY 

The bitumen imported into the United States is produced from Canadian oil sands. The bitumen 
is both mined or recovered in situ by using thermally assisted techniques. Because a large share 
of the bitumen deposits is too deep for mining, in situ recovery accounts for an increasing 
percentage of production. Because mined bitumen does not generally have qualities suitable for 
pipeline transportation and refinery feed, it is processed in Canada into synthetic crude oil. 
Bitumen recovered through use of thermally assisted methods has water and sediment content 
that is sufficiently low for long-distance pipeline transpo1iation. The bitumen imp01ied for 
refinery feed in the United States is recovered through in situ methods rather than mining. 

Like all forms of petroleum, Canadian bitumen is a by-product of decomposed organic 
materials and thus a mixture of many hydrocarbons. The bitumen contains a large concentration 
of asphaltenes and other complex hydrocarbons that give bitumen its high density and viscosity. 
At ambient temperatures, bitumen does not flow and must be diluted for transportation by 
unheated pipelines. The diluents consist of light oils, including natural gas condensate and light 
synthetic crude oils. Although the diluents consist of low-molecular-weight hydrocarbons, 
diluted bitumen does not contain a higher percentage of these light hydrocarbons than do other 
crude oils. The dilution process yields a stable and fully mixed product for shipping by pipeline 
with density and viscosity levels in the range of other crude oils transported by pipeline in the 
United States. 

Shipments of diluted bitumen are transpo1ied at operating temperatures, flow rates, and 
pressure settings typical of crude oils with similar density and viscosity. Water and sediment 
content conforms to the Canadian tariff limits, which are more restrictive than those in U.S. 
pipeline tariffs. Solids in the sediment of diluted bitumen are comparable in quantity and size 
with solids in other crude oils transported by pipeline. While the sulfur in diluted bitumen is at 
the high end of the range for crude oils, it is bound in stable hydrocarbon compounds and is not a 
source of corrosive hydrogen sulfide. Diluted bitumen has higher total acid content than many 
other crude oils because of relatively high concentrations of high-molecular-weight organic acids 
that are not reactive at pipeline temperatures. 

REFERENCES 

Abbreviations 
API 
CAPP 
ERCB 
NEB 
USGS 
WEC 

American Petroleum Institute 
Canadian Association of Petroleum Producers 
Energy Resources Conservation Board 
National Energy Board 
U.S. Geological Survey 
World Energy Council 

APL 2013. Diluted Bitumen. March 20. http://www.api.org/-/media/Files/Oil-and-Natural- CAPP. 2013. 
Technical Bulletin: Alberta Oil Sands Bitumen Valuation Methodology. Report 2013-9995 (updated 
monthly). Calgary, Alberta, Canada. http://www.capp.ca. 

Cimino, R., S. Correra, A. de! Bianco, and T. P. Lockhart. 1995. Solubility and Phase Behavior of 
Asphaltenes in Hydrocarbon Media. In Asphaltenes: Fundamentals and Applications (E. Y. Sheu and 
0. C. Mullins, eds.), Plenum Press, New York, pp. 97-130. 

 
011691



36 Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

Dettman, H. D. 2012. Characteristics of Oil Sands Products. Presentation to Center for Spills in the 
Environment, Oil Sands Products Training, Po1tland, Maine, Dec. 4-5. 

ERCB. 2012a. Alberta's Energy Reserves 2011 and Supply/Demand Outlook. Repo1t ST98-2012. 
Calgary, Alberta, Canada. 

ERCB. 2012b. In-Situ Process: Steam-Assisted Gravity Drainage. Calgary, Alberta, Canada. 
ERCB. 2013. Upgrading and Refining. Calgary, Albe1ta, Canada, March 31. 
Gogoi, B. K., and R. L. Bezbaruah. 2002. Microbial Degradation of Sulfur Compounds Present in Coal 

and Petroleum. In Biotransformations: Bioremediation Technology for Health and Environmental 
Protection (R. D. Stapleton and V. P. Singh, eds.), Elsevier, pp. 427-456. 

Leontaritis, K., and G. Mansoori. 1988. Asphaltene Deposition: A Survey of Field Experiences and 
Research Approaches. Journal of Petroleum Science and Engineering, Vol. 1, No. 3, pp. 229-239. 

Maqbool, T., A. T. Balgoa, and H. S. Fogler. 2009. Revisiting Asphaltene Precipitation from Crude Oils: 
A Case of Neglected Kinetic Effects. Energy and Fuels, Vol. 23, pp. 3681-3686. 

Mcintyre, D.R., M. Achour, M. E. Scribner, and P. K. Zimmerman. 2012. Laboratory Tests Comparing 
the Corrosivity ofDilbit and Synbit with Conventional Crudes Under Pipeline Conditions. Paper 
2012-05. Proc., 2012 Northern Area Eastern Conference: Corrosivity of Crude Oil Under Pipeline 
Operating Conditions, National Association of Corrosion Engineers International, Houston, Tex. 

NEB. 2009. Canada's Energy Future: lnfi·astructure Changes and Challenges to 2020. Calgary, Alberta, 
Canada. 

Nesic, S., S. Richter, W. Robbins, F. Ayello, P. Ajmera, and S. Yang. 2012. Crude Oil Chemistry on 
Inhibition of Corrosion and Phase Wetting. Paper 2012-16(c). Proc., 2012 Northern Area Eastern 
Conference: Corrosivity of Crude Oil Under Pipeline Operating Conditions, National Association of 
Corrosion Engineers International, Houston, Tex. 

Rahimi, P. M., R. E. Ellenwood, R. J. Parker, J.M. Kan, N. Andersen, and T. Dabros. 1998. Partial 
Upgrading of Athabasca Bitumen Froth by Asphaltene Removal. Paper 1998.074. Proc., 7th UN/TAR 
International Conference for Heavy Crude and Tar Sands, Beijing, Oct. 27-30. 
http://www.oildrop.org/Lib/Conf/7thtoc.html. 

Rahimi, P. M., and T. Gentzis. 2006. The Chemistry of Bitumen and Heavy Oil Processing. In Practical 
Advances in Petroleum Processing (C. S. Hsu and P.R. Robinson, eds.), Springer, pp. 148-186. 

Raicar, J., and R. M. Procter. 1984. Economic Considerations and Potential of Heavy Oil Supply from 
Lloydminster-Alberta, Canada. In Second UN/TAR International Conference on Heavy Crude and 
Tar Sands (R. F. Meyer, J.C. Wynn, and J.C. Olson, eds.), McGraw-Hill, New York, pp. 212-219. 

Saniere, A., I. Henaut, and J. Argiller. 2004. Pipeline Transportation of Heavy Oils: A Strategic, 
Economic and Technological Challenge. Oil and Gas Science and Technology-Revue d'IFP 
Energies nouvelles, Vol. 59, No. 5, pp. 455-466. 

Schermer, W. E. M., P. M. J. Melein, and F. G. A. van den Berg. 2004. Simple Techniques for 
Evaluation of Crude Oil Compatibility. Petroleum Science and Technology, Vol. 22, Nos. 7-8, pp. 
1045-1054. 

Strausz, 0. P., and E. M. Lown. 2003. The Chemist1y of Alberta Oil Sands, Bitumen, and Heavy Oils. 
Alberta Energy Research Institute, Calgary, Canada. 

Strausz, 0. P., E. M. Lown, A. Morales-Izquierdo, N. Kazmi, D.S. Montgomery, J. D. Payzant, and J. 
Murgich. 2011. Chemical Composition of Athabasca Bitumen: The Distillable Aromatic Fraction. 
Energy and Fuels, Vol. 25, No. 10, pp. 4552-4579. 

USGS. 2006. National Assessment of Oil and Gas Fact Sheet: Natural Bitumen Resources of the United 
States. Fact Sheet 2006-3133. U.S. Department of the Interior, Nov. 

WEC. 2010. 2010 Survey of Energy Resources. London. 
http://www.worldenergy.org/documents/ser_ 201O_report_1.pdf. 

 
011692
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Review of Pipeline Incident Data 

T his chapter reviews U.S. and Canadian pipeline incident statistics and investigations for 
insight into whether transmission pipelines experience more releases when they transport 

diluted bitumen than when they transport other crude oils. 

U.S. AND CANADIAN INCIDENT DATA 

The Pipeline and Hazardous Materials Safety Administration (PHMSA) requires that all 
regulated pipeline operators report unintended releases that meet certain thresholds of release 
quantities or impact severity. PHMSA tracks and analyzes these reports to inform its inspection, 
investigation, and enforcement activities. 1 PHMSA inspectors also conduct more in-depth 
investigations of selected incidents. Incidents involving especially severe consequences, such as 
deaths, injuries, evacuations, and environmental damage, may also be investigated by the 
National Transportation Safety Board (NTSB). Through field and forensic investigations, NTSB 
assesses both causal and contributing factors and recommends preventive and follow-up actions, 
including regulatory responses.2 The National Energy Board (NEB) and Transportation Safety 
Board (TSB) serve similar functions, respectively, for incidents involving pipelines in Canada. 
PHMSA and NEB incident statistics and investigations, as well as relevant investigations by 
NTSB and TSB, are reviewed next. 

PHMSA Incident Data and Investigations 

PHMSA regulations require that operators of hazardous liquid pipelines, which include crude oil 
pipelines, report any incident that involves a release of 5 gallons or more or explosion, fire, 
serious injury, or significant property damage.3 Incidents that involve any component of the 
pipeline facility, including line pipe, tanks, valves, manifolds, and pumps, must be reported. A 
short reporting form is required for notifying the agency of small releases, and a longer form is 
required for larger releases and any release into water exceeding 5 gallons. Before 2002 the 
threshold for reporting releases was 50 barrels. The reporting changes make comparisons of 
recent release data with historical performance difficult. A further complication of the reporting 
system is that while PHMSA reporting covers most crude oil pipelines, there are exceptions to 
coverage, such as some intrastate pipelines and gathering systems. 

The number of incidents reported for regulated crude oil pipelines during 2002 to 2011 is 
shown in Figure 4-1. During the 10-year period, the number of large incidents fluctuated from 
about 80 to 120 per year. Total releases trended downward from about 190 to 150 per year, with 
small releases accounting for between one-third and one-half of the total. System components 
involved in the releases are shown in Figure 4-2. Main-line pipe and tanks were involved in 

1 More discussion of PHMSA safety oversight programs can be found in Appendix B. 
2 NTSB recommendations pertaining to PHMSA's pipeline safety authorities can be found at 
http://www.phmsa.dot.gov/pipeline/regs/ntsb. 
3 

49 CFR 195.50. 
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about one-third of the incidents, while all other equipment, such as pumps, valves, and fittings, 
accounted for the rest. A generalization that can be made is that the larger releases tend to be 
associated with main-line pipe, and sometimes with tanks, whereas the other system components 
tend to experience smaller releases on average. For 2002 to 2012, the pattern ofreleases by 
system component and cause is shown in Figure 4-3 and Table 4-1. The causal distribution 
differed by component. For main-line pipe, internal corrosion was the cause of about one-third of 
releases, while external corrosion and outside force damage accounted for most of the remainder. 
For most other pipeline components, incorrect operation and malfunctioning equipment were the 
main causes of incidents. Most of the corrosion-related incidents reported to PHMSA occurred in 
pipes and pumps. Main-line pipe was the dominant location for external corrosion. Whereas 
main-line pipe also accounted for about one-third of incidents involving internal corrosion, more 
of these incidents occurred in pumps. 

Each year, PHMSA inspectors select as many as two dozen pipeline incidents for more 
thorough investigation on the basis of the severity of the consequences, the nature of the 
suspected failure modes, and the incident and compliance history of the pipeline system 
involved. The investigations normally consist of site visits, forensic tests, interviews with 
operating personnel, and reviews of operator records. Since 2005, PHMSA has conducted 63 
investigations of natural gas and hazardous liquid pipelines, including 14 incidents involving 
onshore crude oil transmission pipelines.4 The latter incidents are referenced in Table 4-2. In the 

200 

180 

160 

140 

100 

80 

60 

40 

20 

0 

Annual releases 

Large release (50 barrels or more) 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Year 

FIGURE 4-1 Crude oil pipeline incidents reported to PHMSA, 2002 to 2011. (Incident data 
were provided to the committee by PHMSA during the October 23, 2012, committee meeting.) 

4 
http://phmsa.dot.gov/pipeline/library/failure-reports. 
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Other equipment 
(e.g., pumps and 

gauges) 65% 

Mainline pipe with 
unknown diameter 
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diameter <16 in. 
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Mainline pipe 
diameter> 16 in. 

5% 

Tanks 7% 

FIGURE 4-2 Crude oil pipeline incidents reported to PHMSA by system component 
involved, 2002 to 2012. [Data were obtained from analysis of PHMSA data from the 
Environmental Impact Statement of TransCanada XL permit application (U.S. Department of 
State 2013, Volume IV, Appendix K).] 
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two cases found to have involved internal corrosion, factors other than the properties of the crude 
oils transported were cited as causes. In three other cases, investigators reported that internal 
pressure cycles and associated stress loadings may have contributed to the formation and growth 
of cracks initiated at sites of external corrosion. 

Apart from providing some examples of possible failures related to the transported 
product, the PHMSA investigations do not provide evidence that pipelines transporting diluted 
bitumen are more susceptible to release. In the next chapter, the chemical and physical prope1ties 
of diluted bitumen are examined to deduce possible susceptibilities to pipeline damage. 
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FIGURE 4-3 Crude oil pipeline incident reports to PHMSA by cause of release and system 
component involved, 2002 to 2012. (Source: U.S. Depaitment of State 2013, Volume IV, 
Appendix K.) 

TABLE 4-1 Crude Oil Pipeline Incident Reports to PHMSA by Cause of Release and 
S t C t I I d 2002 t 2012 •YS em omponen nvo ve , 0 

Reoorts of Pipeline Releases to PHMSA, 2002-2012 

Unspecified 
Pipe Tanks Valves Pumps Component Total 

Weather or natural force 10 10 0 29 20 69 

Incorrect operations 5 16 1 80 58 160 

Outside force 80 0 2 17 11 110 

Equipment malfunction 1 29 17 491 1 539 

Manufacture or construction 31 7 1 67 41 147 

Unspecified corrosion l l 0 0 191 193 

Internal corrosion 103 7 3 165 3 281 

External c01Tosion 82 7 0 23 0 112 

Unspecified cause 8 16 1 37 22 84 

Total 321 93 25 909 347 1,695 
SOURCE: U.S. Department of State 2013, Volume IV, Appendix K. 
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TABLE4 2 PHMSAC d 0·1p· r I .d ti - ru e I 1pe me llCl en f f nves 1~a mns, 2005 t 2012 0 

Date of Commodity System Attributed 
Failure Operator Location Released Component Cause Summary 

7-in. main- Sand and saltwater 

4/12/05 
Jayhawk Stevens, 

Crude oil line pipe 
Internal collected in a low point 

Pipeline Kansas 
section 

corrosion in the pipeline, resulting 
in corrosive conditions. 
Weld seams did not fuse 

Enbridge Clark 24-in. main-
during pipe manufacture. 

1/1/07 Energy County, 
Crude oil 

line pipe 
Defect in The defect grew to a 

Partners Wisconsin 
from Canada 

section 
manufacture critical size by fatigue 

from operating pressure 
cycles. 
Pipe was transported to 
the construction site on 

Enbridge 34-in. main-
rail cars, causing fatigue 

11/13/07 Energy 
Clearbrook, Crude oil 

line pipe 
Defect in cracks from cyclical 

Minnesota from Canada manufacture loading. Pressure cycling 
Partners section 

during operations may 
have caused the cracks to 
grow to failure. 
The combined loading of 

Mid-
12-in. the branch connection, 

2118/09 Valley 
Cygnet, 

Crude oil 
branch Material valve, 

Pipeline 
Ohio connection failure and flanging caused the 

to main line branch attachment to 
crack at the weld. 

Enbridge 26-in. main-
A sleeve installed 20 

Gowan, Crude oil Material years earlier to repair a 
619109 Energy 

Minnesota from Canada 
line pipe 

failure pipe split opened at a 
Partners section 

deficient weld. 
Cap screws on a stainless 

Crude oil Meter Material 
steel pressure switch 

12/23/09 
Enterprise Galveston, 

from station failure in a 
failed because of 

Products Texas 
offshore component fitting 

hydrogen-assisted 
cracking promoted by 
.galvanic corrosion. 
Internal corrosion 

Mid- Gregg Tank farm 
Internal 

occurred in a dead-leg 
3/1/10 Valley County, Crude oil manifold 

corrosion 
section of pipe with no 

Pipeline Texas piping flow during normal 
operations. 
An electric charge 

Chevron 
Salt Lake 10-in. main- Outside jumped from a metal 

6/11/10 
Pipe Line 

County, Crude oil line pipe force fence to the pipe, 
Utah section damage creating a 0.5-in. hole in 

the top of the pipe. 

Suncor 
Operating personnel did 

6/14/10 Energy 
Laramie, 

Crude oil 
Breakout Incorrect not respond to an alarm 

Pipeline 
Wyoming tank operation indicating tank capacity 

had been reached. 
(continued) 
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TABLE 4 2 ( - continue d) PHMSAC d 0·1p· r I .d ti ru e I 1pe me nCI en f f nves 1 ~a IOnS, 2005 2012 to 
Date of Commodity System 
Failure Operator Location Released Component 

Crude oil 22-in. main-
11/16/10 

Shell Vinton, 
from line pipe 

Pipeline Louisiana 
offshore section 

Salt Lake 
Valve used 

1211/10 
Chevron 

County, 
Crude oil for water 

Pipe Line 
Utah 

(condensate) injection in 
main line 

10-in. main-

Chevron 
Plaquemine Crude oil line pipe 

1/26111 
Pipe Line 

s Parish, from section at 
Louisiana offshore nver 

crossing 

8-in. pipe 
Enterprise Cushing, within 

2/21/11 Crude oil 
Products Oklahoma terminal 

area 

ExxonMo 
Laurel, 

12-in. main-
7/1/11 bi! 

Montana 
Crude oil line pipe 

Pipeline section 
SOURCE: PHMSA's pipeline failure investigation reports can be found at 
http://phmsa.dot.gov/pipeline/library/failure-reports. 

NEB Incident Statistics 

Attributed 
Cause Summary 

The coating disbonded at 
a bend in the pipe 
allowing the onset of 

Material corrosion. Cyclical 
failure loading due to normal 

batch operations may 
have contributed to crack 
growth. 
Water was not properly 
drained from the valve. 

Incorrect Internal pressure brought 
operation on by freezing water 

caused the valve 
connection to leak. 
The pipeline was being 
lowered while in service. 

Excavation 
Stress concentrations 

damage 
from the procedure 
caused fracturing in an 
area with preexisting 
dents. 
Personnel purging a pipe 
failed to shut down the 
pump, which resulted in 

Incorrect 
the delivery being 
pumped against a closed 

operation 
valve, causing a pipe 
with preexisting 
manufacturing defects to 
fail. 

Outside River flooding 
force caused debris to strike 

damage and rupture the line. 

NEB regulates interprovincial pipelines in Canada. The regulated network consists of 11,000 
miles of crude oil pipeline, nearly all of which are in transmission systems. Regulated operators 
must file an "accident" record if a pipeline facility experiences a fatal or serious injury, fire, or 
explosion due to a release; any other damage to the pipeline that causes a release; and any form 
of outside force damage, even if it does not lead to a release. In addition, operators are required 
to file an "incident" report in the event of an uncontrolled release, operations that exceed design 
limits, an abnormality that reduces structural integrity, or a shutdown for safety reasons. These 
repo1ied incidents do not necessarily involve releases. 
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From 2004 to 2011,5 NEB received 12 accident reports and 292 incident reports 
involving crude oil transmission pipelines (TSB 2012, Table 5). Of the 292 incidents involving 
pipeline integrity issues-such as internal and external degradation-cracks accounted for the 
largest share, almost 30 percent (see Figure 4-4). Metal loss, mainly from corrosion, was 
reported in 16 percent of incidents. Of the 12 accident reports, one involved combined corrosion 
and cracking (stress corrosion cracking), as discussed in more detail below. 

NTSB and TSB Investigations 

The main transportation safety investigative bodies in the United States and Canada are NTSB 
and TSB, respectively. Although their pipeline investigations are thorough, they are infrequent 
and selective. For example, over the past decade NTSB has investigated fewer than a dozen 

Outside 
interference 

8% 

Metal loss 
16% 

Other causes 
3% 

Material, 
manufacturing, 
or construction 

deficiency 
22% 

Cracks 
30% 

FIGURE 4-4 Causes of crude oil transmission pipeline incidents reported to NEB, 2004 to 
2011. (Source: TSB 2012, Table 5.) 

5 Before 2004, the definition of reportable incident used by NEB was different from that used today. The reporting change makes 
longer-term trend analysis less meaningful. 
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pipeline incidents, most involving pipelines carrying volatile commodities such as natural gas 
and refined products.6 The investigations are helpful in understanding factors that can interact to 
cause pipeline damage and failures, but they produce limited information useful in assessing the 
effect of specific crude oil types or crude oil properties on pipeline release probabilities. 

In 2012, NTSB completed an investigation of a pipeline failure in which diluted bitumen 
was reported to have been released. The incident involved a 30-inch transmission pipeline that 
ruptured and released 20,000 barrels of product into a river near Marshall, Michigan (NTSB 
2012). The investigators determined that the cause of the rupture was cracks that had formed in a 
corrosion pit on the outside of the pipe under a disbanded polyethylene tape coating. The cracks 
coalesced and grew as a result of stresses on the pipe, a process known as environmentally 
assisted cracking (EAC), which is described in more detail in Chapter 5. The Marshall release 
attracted considerable attention because of the consequences of the release and the actions of the 
operator. However, NTSB did not report that specific properties of the products transported 
through the pipeline at the time of the event or in the past had caused or contributed to the 
pipeline damage. 

As noted above, one of the 12 crude oil pipeline accidents rep01ted to NEB since 2004 
involved a corroded and cracked pipeline. This release, which occurred in 2007, was investigated 
by TSB.7 The release was from a 34-inch transmission pipeline originating in Alberta and 
transp01iing crude oil to the United States (TSB 2007). A forensic analysis of the ruptured pipe 
joint detected a shallow corrosion pit at a weld on the outside of the pipe that led to a stress 
corrosion crack, which eventually spread and fractured the pipe. TSB investigators determined 
that the polyethylene tape coating had tented over the weld, shielding the pipe from the 
beneficial effects of the cathodic protection current.8 The corrosion pit that developed because of 
the tape failure became a stress concentration site where cracks formed and grew. TSB noted that 
2 years earlier the operator had converted the pipeline to batch operations and surmised that this 
operational change may have contributed to crack growth as a result of more cyclic stress 
loadings from internal pressure fluctuations. Whether specific varieties of crude oil in the stream 
had properties that contributed to more severe pressure cycling was not repo1ied by TSB. 

A review of other NTSB and TSB investigations over the past decade did not indicate 
any cases in which specific crude oil types or shipment properties were associated with causes of 
pipeline damage or failure. 

Assessment of Information from Incident Reports 

The causes of pipeline incidents repo1ied to PHMSA are proximate and broadly categorized. 
Incidents categorized as corrosion damage, for example, do not distinguish among those 
occurring as a result of the action of microorganisms, in combination with stress cracking, or at 
sites of preexisting mechanical damage. Some types of damage, such as EAC, may be 
categorized alternatively as caused by corrosion, a manufacturing defect, or a material failure. 
Whereas NTSB and TSB investigations provide detailed information on factors causing and 

6 NTSB pipeline investigation reports are available at http://www.ntsb.gov/investigations/reports_pipeline.html. 
7 

NEB may conduct its own investigations ofa reported incident to ensure that safety regulations are being followed and to 
determine the need for remedial actions. 
8 When the tape disbands from the pipe steel, moisture can accumulate beneath the tape surface. Because the tape has fairly high 
electrical insulation properties, it can prevent cathodic protection current from reaching the exposed steel subject to corrosion. 
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contributing to pipeline releases, the investigations are too few in number to assess the causal 
effects of specific crude oil types and their properties. 

Because of the potentially large number of factors associated with a given release, it is 
often difficult to isolate the role of any single causative factor, such as the effect of the specific 
crude oil being transported on time-dependent mechanisms such as corrosion and cracking. 
Sources of pipeline damage affected by the crude oils transported, either at the time of the 
release or in earlier shipments, are most pertinent to this study. Neither PHMSA nor NEB 
incident data contain informationon the types of crude oils transported or the properties of past 
shipments in the affected pipeline. 

STATE AND PROVINCIAL INCIDENT DATA 

Some U.S. states and Canadian provinces maintain reporting systems for incidents in intrastate 
and intraprovincial pipeline systems, including gathering lines. The Energy Resources 
Conservation Board (ERCB) holds this responsibility in Alberta. In the United States, several 
state regulators have authority over intrastate pipelines, including the state fire marshal of 
California. Pipeline incident data and analyses derived from both of these jurisdictions were 
considered. 

Alberta ERCB Incident Data 

45 

The Alberta ERCB regulates and monitors the safe performance of oil pipelines in the province, 
with the exception of approximately 700 miles of NEB-regulated transmission pipeline crossing 
into other provinces and the United States.9 ERCB mandates reporting of all pipeline incidents 
involving a release or damage from an outside force. In 2007, the agency reviewed the causes of 
411 crude oil pipeline incidents reported from 1990 to 2005 (EUB 2007). The ERCB analysis 
showed that the largest single cause was internal corrosion, which the agency ascribed to the 
effects of the large percentage of gathering pipelines in the province. These small-diameter lines 
were described as susceptible to internal corrosion because of repeated low-flow conditions; 
frequent stopping and idling of movements; and the mixture of raw crude oil, gases, sediments, 
and waters carried from production fields (EUB 2007, 30). About 29 percent of the roughly 
11,000 miles ofERCB-regulated pipeline mileage consisted of pipe with a diameter of 4 inches 
or less, and 73 percent had a diameter of 12 inches or less. Only about 1 percent of the mileage 
consisted of pipelines having a diameter of more than 22 inches. 

Although ERCB release statistics have at times been cited as evidence of a corrosive 
effect of diluted bitumen on pipelines (Swift et al. 2011 ), the regulated systems represented by 
these incident statistics are not comparable with transmission pipelines in size, operations, or, 
most important, contents. As a result, the committee concluded that the ERCB data were not 
useful for the purposes of this study. 

California Pipeline Safety Study 

Pipeline operators in California have a long history of transporting crude oils with physical 
properties similar to those of Canadian crude oils and diluted bitumen. Most of the oil from the 

9 The Energy and Utilities Board regulated pipelines in Alberta until it was replaced in 2008 by ERCB. 
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San Joaquin Valley, for instance, has an American Petroleum Institute (API) gravity of 18 
degrees or less, with the Kern River field producing especially dense crude oil with an API 
gravity of about 13 degrees (Sheridan 2006). Like bitumen producers, California oil producers 
commonly use thermal recovery techniques, such as injecting steam through the wellbore, to 
reduce crude oil viscosity and facilitate pumping to the surface. Heavier California crude oils are 
often transported undiluted through heated pipelines. This is not the case for Canadian bitumen, 
which is diluted for transportation. 10 

California has nearly 3,300 miles of transmission pipelines subject to federal safety 
regulation. 11 In addition, the state contains 3,000 to 4,000 miles of state-regulated pipeline, most 
of it in gathering systems. Responsibility for regulating the safety of hazardous liquid pipelines 
in California is shared by PHMSA and the California State Fire Marshal (CSFM). 

In 1993, CSFM issued a report of the incident history of hazardous liquid pipelines in the 
state from 1981to1990 (CSFM 1993). The report examined releases from state and federally 
regulated lines, including those transpo1iing refined petroleum products. Operators were required 
to submit records of releases during the period regardless of release quantity or consequences, 
along with information on pipeline diameter, length, age, operating temperature, and external 
coating type. Although the report is now 20 years old, its results have been cited as indicative of 
the potential effects of diluted bitumen on pipeline integrity (NRDC 2011 ). 

The CSFM study documented 502 releases from hazardous liquid pipelines in California 
during the 10-year period. Analyses of the incident records indicated that external corrosion was 
the leading cause of releases, accounting for 59 percent, followed by third-party damage (20 
percent), equipment malfunctions (5 percent), and weld failures ( 4 percent). Internal corrosion 
accounted for 3 percent, while operator error accounted for 2 percent. 12 Crude oil pipelines 
generated 62 percent of total releases, including 70 percent of the releases attributed to external 
corrosion. 

While the CSFM study did not investigate each repo1ied incident in depth, statistical 
analyses of the 502 records presented some patterns of interest. The age of the pipeline was 
correlated with a higher release rate. For example, 62 percent of the releases occurred in 
pipelines constructed before 1950, even though these lines accounted for only 18 percent of 
pipeline mileage. CSFM noted that many of the pipelines built in California during the first half 
of the 20th century lacked cathodic protection for most of their service lives, which suggests that 
the lack of cathodic protection, coupled with the absence of coatings or use of older coating 
materials, may have led to the high incidence of external corrosion relative to other failure 
causes.13 The CSFM analysis revealed that 22 percent of the external corrosion incidents 
occmTed in pipelines that were uncoated, and another 53 percent occurred in pipelines coated or 
wrapped with certain materials, most often asphalt and tar. 

One finding that stood out among pipelines experiencing external corrosion was the 
disproportionate number of small-diameter pipelines that were operating at relatively high 
temperatures. Operating temperature was highly correlated with external corrosion-more than 
half the releases from external corrosion occurred in the 21 percent of pipeline mileage in which 

10 
As discussed in Chapter 2, California oil fields are served by transmission pipelines that connect to refineries elsewhere in the 

state. The transmission pipelines do not cross state borders. 
11 

Pipeline mileage by state is available at the following PHMSA website: 
http://primis.phmsa.dot.gov/comm/reports/safety /CA_ detail 1.html?nocache=9253# _ OuterPanel_ tab _5. 
12 

All other causes accounted for 7 percent of releases. 
13 As is discussed in Chapter 5, some older coating technologies shield cathodic protection currents. 
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the operating temperature regularly reached or exceeded 55°C (130°F). In addition, a large 
portion of the pipelines experiencing external corrosion consisted of small-diameter pipe. 
Although they accounted for only 13 percent of pipeline mileage, pipelines with diameters of 
less than 8 inches accounted for 21 percent of external corrosion incidents. Larger pipelines, with 
diameters of 16 inches or more, accounted for 23 percent of mileage but only 6 percent of the 
external corrosion incidents. 

The preponderance of external corrosion incidents in smaller-diameter pipe and pipelines 
with high operating temperatures does not indicate that transmission pipelines contributed to the 
high rate of pipeline releases in California during the 1980s. Instead, the results suggest that 
older lines, many of which lacked modern coatings and cathodic protection for much of their 
operating history, were the main source of the releases. The high operating temperatures of many 
of these pipelines can be attributed to the thermal recovery methods used for California crude oil 
production. While the California experience illustrates the problems that can arise when 
pipelines are not properly protected against external corrosion, it is not indicative of the 
protections afforded crude oil transmission pipelines today. 14 

SUMMARY 

A logical step in addressing the question of whether shipments of diluted have a greater 
propensity to causes pipeline releases than shipments of other crude oils is to examine historical 
release records. The incident statistics can be used to identify the general sources of pipeline 
failure. However, the information contained in the U.S. and Canadian incident records is 
insufficient to draw definitive conclusions. One reason is that the causal categories in the 
databases lack the specificity needed to assess the particular ways in which transporting diluted 
bitumen can affect the susceptibility of pipelines to failure. Another reason is that incident 
records do not contain information on the types of crude oil transported and the properties of past 
shipments in the affected pipeline. Because many pipeline releases involve cumulative and time
dependent damage, there is no practical way to trace the transp011ation history of a damaged 
pipeline to assess the role played by each type of crude oil and its properties in transport. 

Incident reporting systems in Canada and the United States do not have uniform repo11ing 
criteria and coverage. Given the relatively small number of pipeline incidents, even minor 
variations in reporting criteria can lead to significant differences in incident frequencies and 
causal patterns. Some reporting systems combine incident reports from oil gathering and 
transmission systems, while others do not. Variation in repo11ing coverage is problematic 
because gathering pipelines are fundamentally different from transmission pipelines in design, 
maintenance, and operations and in the quality and quantity of the liquids they carry. 
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Assessing the Effects of Diluted Bitumen on Pipelines 

This chapter examines the main causes of pipeline failure and the physical and chemical 
properties of the transported crude oils that can affect each. The relevant properties of 

diluted bitumen and other crude oil shipments are compared to make judgments about whether 
transporting diluted bitumen increases the likelihood that a pipeline will fail. Consideration is 
then given to whether pipeline operators, in transporting diluted bitumen, alter their operating 
and maintenance procedures in ways that can inadvertently make pipelines more prone to failure. 

The following sections examine the potential sources of failure in pipelines from (a) 
internal degradation, (b) external degradation, and (c) mechanical forces. Because it is exposed 
to the shipped liquid, the inside of the pipe is the most obvious location to look for possible 
sources of damage from shipments. Corrosion is the main cause of internal degradation in crude 
oil transmission pipelines, followed to a lesser extent by erosion. Although the outside of the 
pipeline is not in contact with the shipped liquid, pipeline operating conditions associated with 
the shipment can affect the exterior of a transmission pipeline. Corrosion and cracking are the 
main sources of external degradation that can be affected by these conditions. Mechanical 
damage to the pipeline from overpressurization and outside forces also can be affected indirectly 
by the liquid in the pipeline. 

SOURCES OF INTERNAL DEGRADATION 

Pipelines sustain internal damage primarily as a result of progressive deterioration caused by 
corrosion and erosion of the mild steel used to manufacture line pipe. Internal corrosion is an 
electrochemical process that typically causes damage to the bottom of the pipe when water is 
present. Erosion is a mechanical process that causes metal loss along the interior wall of the pipe 
because of the repeated impact of solid particles, particularly at bends and other areas of flow 
disturbance. Both forms of attack reduce pipe wall thickness and can penetrate the wall fully to 
cause leaks or decrease the strength of the metal remaining in the wall to produce a rupture. 
Internal corrosion is more prevalent than erosion in crude oil transmission pipelines. Both 
sources of internal pipeline damage are reviewed next, and the potential for diluted bitumen to 
affect their occurrence in crude oil transmission pipelines is assessed. 

Internal Corrosion 

The electrochemical process that causes iron in steel to corrode involves anodic and cathodic 
reactions. The main anodic reaction is the oxidative dissolution of iron. The main cathodic 
reaction is reductive evolution of hydrogen. The main species that contribute to a higher rate of 
corrosion are dissolved acid gases such as carbon dioxide (C02) and hydrogen sulfide (H2S) as 
well as organic acids. For the electrochemical reactions to occur, an ionizing solvent must be 
present, which in the pipeline environment is usually water. Salts, acids, and bases dissolved in 
the water create the necessary electrolyte. 

49 
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To prevent external corrosion, pipes are coated on the outside surface and cathodic 
protection is applied. In the case of internal corrosion, protecting the steel through the use of a 
coating or cathodic protection is impractical for various reasons. To prevent internal corrosion, 
therefore, pipeline operators try to keep water and other contaminants out of the crude oil stream 
and to design their systems so as to reduce places where any residual quantities can accumulate 
on the pipe bottom. They also use operational means to limit deposition, including maintenance 
of turbulent flow; periodic cleaning with pigs; and the injection of chemicals, called corrosion 
inhibitors, that disperse and suspend water in the crude oil and form a protective barrier on the 
pipe surface. 

When crude oil is pumped from the ground, it is accompanied by some water and varying 
amounts of C02 and H2S as well as certain organic acids. Crude oil producers try to minimize 
these impurities in delivering a stabilized product to the transmission pipeline, but eliminating 
them is prohibitively expensive. Transmission pipelines carrying crude oil therefore typically 
have some small amount of water and sediment (usually less than 1 percent by volume), and 
dissolved C02 and H2S will exist in even smaller quantities. Of interest to this study is whether 
diluted bitumen contains any more of these corrosive contaminants than do other crude oils or 
whether these contaminants are more likely to settle and accumulate on the bottom surface of 
pipelines transporting diluted bitumen. 

The various means by which water, sediment, dissolved gases, and other materials can 
cause internal corrosion of crude oil transmission pipelines are reviewed next. 

Water Deposition and Wetting 

Oil by itself is not corrosive to mild steel pipe in the temperature range in which transmission 
pipelines operate, which is typically well below 100°C. Water contact with the inside pipe wall is 
an essential precondition for internal corrosion. Pure water is not a significant source of 
corrosion when it acts alone. As discussed in more detail below, however, water in the presence 
of ce1iain dissolved contaminants, such as C02, H2S, and oxygen (02), will cause corrosion if the 
water is allowed to contact and wet the steel surface of the pipe. In theory, a pipeline carrying oil 
and a small amount of water will not experience internal corrosion if the water is dispersed and 
suspended in the oil rather than flowing as a separate phase in contact with the bottom of the 
pipe. The following factors can affect whether water falls out of the oil flow to cause water 
wetting of the steel surface: 

• Flow rate: When oil and water move through a horizontal pipeline at low flow rates, 
gravitational force will dominate turbulent forces and cause the water to flow as a separate layer. 
As the rate of flow increases, the turbulence energy of the flow will increase, causing the water 
to become gradually more dispersed and entrained in the oil. The turbulence will cause water to 
break up into smaller droplets, and it will keep these finer droplets suspended. 

• Water content: The more water present in the flow, the harder it becomes for the 
flowing oil to suspend all water droplets. Thus, water settles more readily when there is more of 
it in the pipeline stream. 

• Pipe diameter and inclination: Water is more difficult to keep entrained as the 
diameter of the pipeline increases as long as other parameters remain the same, including the 
flow rate and physical properties of the crude oil. Pipe inclination has a comparatively small 
effect on the ability of oil to entrain water if the inclination is less than 45 degrees. 
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• Physical properties of the oil and water: The density and viscosity of water and oil 
play an important role in water entrainment and settling. In general, oils that have high density 
and viscosity are better able to entrain water than are lighter oils, in part because the density of a 
heavy oil will be close to that of water. Another important physical property is the oil and water 
interfacial tension, or tendency of the water and oil to mix or separate. Interfacial tension is 
affected by the presence of surface-active substances naturally found in the crude oil as well as 
by surfactant chemicals that may be injected into the flow by the pipeline operator. 

• Chemical additives: Chemicals injected into the flow stream can significantly 
influence water entrainment, primarily by affecting interfacial tension. As explained in Chapter 
2, pipeline operators add corrosion-inhibiting chemicals to the oil stream to adsorb onto the steel 
surface and provide a protective layer against corrosion and water wetting. Another benefit of 
these additives is that they usually contain surface-active compounds that decrease oil and water 
interfacial tension so as to make it more difficult for water to separate from the oil flow. 
Conversely, chemical demulsifiers that are added to oil to remove water during processing before 
delivery to the pipeline can have the undesired effect of increasing the interfacial tension and 
thus causing easier separation of oil and water in the pipeline flow. Finally, the drag-reducing 
agents that are sometimes added by pipeline operators to enhance throughput can lower the 
ability of flowing oil to entrain water by dampening turbulence. 

Solids Deposition 

Solids in the crude oil stream settle to the pipe bottom for the same hydrodynamic reasons 
described above for water dropout. Typically the settled solids consist of a mix of inorganic and 
organic components. Sand, clay, detached scale, and corrosion products (such as carbonates and 
sulfides) are usually the main inorganic components of settled solids. Organic components 
commonly consist of asphaltenic and paraffinic compounds as well as other organic material 
formed by the action of microorganisms (Mosher et al. 2012; Friesen et al. 2012). The corrosive 
effect of microorganisms in pipeline deposits is discussed in more detail later in the section. 

When the flow rate and associated turbulence are low, solids can settle and accumulate, 
particularly at the bottom of horizontal lines. When no water is present, the deposition of solids 
can impede flow to create a flow assurance problem. When the solids settle with water, the mix 
is often referred to as sludge. A porous layer of settled solids can retard corrosion by water 
containing aggressive species, because the solids will cover paii of the steel surface and make it 
harder for those species to reach the surface. However, a porous layer of solids can also impede 
access to the steel surface by corrosion-inhibiting chemicals. In this case, the internal surface of 
the pipe that is covered by a layer of solids may corrode faster than the rest of the surface not 
covered by solids but protected by the chemical inhibitors. This adverse effect can be 
compounded by an unfavorable galvanic coupling between the unprotected area covered by the 
solids and the surrounding areas that are chemically inhibited. 

The basic sediment and water (BS& W) content of a crude oil shipment, as described in 
the previous chapters, is a common measure of the amount of solids and water carried and can be 
used to predict the likelihood of deposit formation. Even when BS&W is very low (less than 0.5 
percent by volume) and the fluid velocity is relatively high (> 1 meter per second or >2 miles per 
hour), some accumulated solids and water may be found in low spots in the pipeline and in dead 
legs, where the flow rate is low or stagnant. Sludge deposits holding water containing the 
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dissolved gases, acids, and microorganisms discussed next are the source of a common form of 
localized internal corrosion commonly referred to as underdeposit corrosion. 

Corrosive Effect ofC02 

C02 dissolved in water can have a particularly corrosive effect in pipelines, as evidenced by the 
series ofreactions that ensue (De Waard and Milliams 1975). Water containing dissolved C02 
that forms carbonic acid (H2C03) and wets the pipe surface leads to the dissolution of iron (Fe) 
from the pipe steel and the evolution of hydrogen (H2) from the water. This weak acid partially 
dissociates in water to produce the bicarbonate ion (HC03-) and protons (H); in water the protons 
are present as hydronium ions (H30+). Bicarbonate ions dissociate further to produce more 
hydronium ions and carbonate ions (CO/-). The hydronium ion is highly reactive as it seeks to 
obtain a missing electron from nearby species. In giving up electrons to hydronium ions, the iron 
atoms on the pipe surface are destabilized, and they dissolve in the water to form iron ions 
(Fe2+). By obtaining the resulting electrons, the hydronium ions are converted to dissolved 
hydrogen gas (H2). The corrosion by-product is iron carbonate (FeC03), which may deposit on 
the steel surface and be protective in some cases. 

Keeping C02 out of the crude oil stream is paiiicularly impo1iant because the ensuing 
corrosion process can occur rapidly. The reason is that as the hydronium ions are consumed by 
the corrosion reaction, the carbonic acid dissociates fmiher to replenish the reactive ions, which 
allows the corrosion process to continue at a fast rate. As long as there is sufficient C02 to 
produce the carbonic acid, the iron in pipe steel that is water wet will continue to corrode. The 
full series of chemical reactions involved in C02 corrosion is detailed in Box 5-1. 

Corrosive Effect of H2S 

H2S is another gas that may be present in the crude oil stream to create corrosive conditions 
inside pipelines when it is dissolved in water. Crude oil is often extracted with some amount of 
H2S. The concentrations in crude oil can be small [less than 100 parts per million (ppm) in the 
gas phase] or substantially larger. Other sulfur compounds in crude oil are less common, and 
they are typically soluble in oil rather than water, requiring high temperatures (>300°C) to 
become reactive (Nesic et al. 2012). Thus, their concentrations do not present a corrosion 
problem in transmission pipelines. 

The reactions that cause H2S to corrode pipe steel are generally similar to those described 
for C02. Like C02, H2S gas is soluble in water. As a weak acid, the dissolved H2S behaves in a 
manner similar to carbonic acid (H2C03) by providing a reservoir of reactive hydronium ions. 
An imp01iant difference is that the layer of protective iron sulfide (FeS) always forms on the 
steel surface as a result of the reactions involving H2S. Experimental evidence indicates that H2S 
corrosion initially proceeds by adsorption of the H2S to the steel surface. This adsorption is 
followed by a fast surface reaction at the steel and water interface to form a thin (about 1 micron) 
film of the iron sulfide mackinawite (Wikjord et al. 1980). The formation of mackinawite is an 
important factor governing the corrosion rate because the surface film can create a barrier that 
impedes the ability of other species to reach the steel. Accordingly, corrosion due to other 
contaminants such as C02 can be reduced when small amounts of H2S (in the low ppm range in 
the gas phase) are present in crude oil. 
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Box 5-1 

C02 Corrosion of Mild Pipe Steel 

C02 gas dissolved in water forms a weak carbonic acid (H2C03): 

C02 + H2 0 ~ H2 C03 

Carbonic acid partially dissociates in water to produce acidity [i.e., hydronium ions (H+); 
water is omitted for simplicity]: 

H2 C03 ~ H+ + HC03 

Further dissociation occurs in the bicarbonate ion (HC03-) to produce more H+ and form 
carbonate ions (CO{): 

HC03 ~ H+ + co~-
The surface atoms of iron (Fe) in the steel will readily give up electrons to hydronium 
ions and dissolve into the water in the form of iron ions (Fe2+): 

Fe ~ Fe2+ + 2e-
In obtaining the additional electron, the hydronium ion will form hydrogen gas (H2), and 
the reaction is complete. 

When the concentrations of the corrosion products in water (Fe2+ and C032
- ions) exceed 

the solubility limit (typically at neutral and alkaline pH), they form solid iron carbonate 
on the surface of the steel: 

Fe2 + +co~-~ FeC03 (s) 

The layer of iron carbonate can become fairly protective and reduce the rate of 
underlying steel corrosion by blocking the surface and preventing the corrosive species 
from reaching it. 
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The rapid kinetics of mackinawite formation favor it as the initial product of H2S 
reactions. However, with time, and as HzS concentrations increase, mackinawite is less 
prevalent, and other forms of iron sulfide are seen, such as pyrrhotite. At high H2S 
concentrations, pyrite and elemental sulfur are formed. While layers of any iron sulfide will offer 
some corrosion protection, there is no well-defined relationship between the type of iron sulfide 
layer and the ensuing rate of corrosion. It is well understood that high H2S levels accompanied 
by elemental sulfur can lead to high rates of localized corrosion. However, elemental sulfur is 
usually associated with the production of natural gas with a high H2S content. For a crude oil to 
have similarly high H2S and elemental sulfur content would be unusual. 

Corrosive Effect of Oxygen 

Oxygen dissolved in water is undesirable in pipelines because it is highly reactive with iron. 
Corrosion generally becomes a problem when levels of dissolved oxygen reach those found in 
aerated surface water (typically about 8 ppm). Smaller amounts of oxygen (below I ppm) can 
become a problem when the oxygen reacts and impairs protective iron carbonate and iron sulfide 
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layers. In general, the water associated with oil production does not contain oxygen, and 
therefore such high concentrations are seldom observed in shipments of stabilized crude oil 
transported in pressurized pipelines with controlled air entry points. Oxygen may become 
elevated when air is introduced into the pipeline inadvertently. Air may be introduced during 
shutdowns for inspections and repairs. Chronic sources of air ingress, such as during injection of 
chemicals and in storage tanks holding liquids at atmospheric pressure, are potentially more 
problematic. Nevertheless, how and why these air entry points would differ from one crude oil 
shipment to the next in the same pipeline facility are not evident. 

Corrosive Effect of Organic Acids 

Organic acids with low molecular weights are water soluble and thus present a significant 
corrosion threat when they are found in settled water that wets the steel surface of crude oil 
pipelines. A common representative of the family of water-soluble organic acids is acetic acid 
(CH3COOH). 1 Other low-molecular-weight organic acids that can lead to corrosion of mild steel 
include propionic and formic acids. These weak acids create a corrosion scenario similar to the 
one described for C02 attack, with the organic acid taking the place of carbonic acid. Much like 
carbonic acid, organic acids provide a reservoir of hydronium ions. Their corrosive effect is 
particularly pronounced at low pH and higher temperatures, when their abundance can increase 
corrosion rates dramatically. At a higher pH (>6), the corrosive effect of organic acids on mild 
steel is negligible, regardless of concentrations. 

Other organic acids found in crude oil-and notably in bitumen-are compounds with 
high molecular weight, which are often referred to as naphthenic acids. While these organic acids 
can be a significant corrosion threat at the high temperatures (>300°C) reached in refineries, they 
are not a threat to pipe steel because they are not soluble in water but are rather dissolved in the 
oil phase (Nesic et al. 2012). Accordingly, high-molecular-weight organic acids do not pose a 
corrosion threat to steel at pipeline temperatures. In some crude oils these acids may even have 
moderately inhibitive prope1ties (Nesic et al. 2012). 

Effect of Microbiologically Influenced Corrosion 

The term microbiologically influenced corrosion (MIC) is used to designate the localized 
corrosion affected by the presence and actions of microorganisms (Little and Lee 2007). The 
types of damage that can be caused by these microorganisms are not unique, which means that 
MIC cannot be identified by visual inspection of the damage. Although MIC is discussed here 
with respect to internal corrosion, it can also contribute to corrosion on the outside of the pipe, as 
noted later. 

Microorganisms that cause MIC are bacteria, archaea, and fungi. Some occur naturally in 
crude oils, while others may be introduced as contaminants from air, sediment, and water. The 
temperature range in which these organisms can grow is that in which liquid water can exist, 
approximately 0°C to 100°C (32°F to 212°F) (Little and Lee 2007). However, individual groups 
of microorganisms have temperature optima, including sometimes narrow ranges, for growth. 
The temperature range over which transmission pipelines operate will therefore select for 
specific microorganisms, but it will not prevent microbial growth. 

1 A household name for acetic acid is vinegar, which consists of2 to 3 percent acetic acid dissolved in water. 
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For microorganisms to grow and proliferate, they require not only liquid water but also 
nutrients and electron acceptors for respiration. Accordingly, how microorganisms use water, 
nutrients, and electron acceptors to grow and how they influence c01rnsion is explained, and 
consideration is then given to whether levels of any of these essentials are likely to be affected 
by diluted bitumen. 

Water Availability Microbial growth is limited by the availability of liquid water. Growth is 
therefore concentrated at oil-water interfaces and in the aqueous phase, including the water in 
deposits of sludge in pipelines. The volume of water required for microbial growth in 
hydrocarbon liquids is extremely small (Little and Lee 2007). Because water is a product of the 
microbial mineralization of organic substrates, microbial mineralization of hydrocarbon can 
generate the additional water needed for proliferation. 
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Nutrient Availability Microorganisms need suitable forms of carbon, nitrogen, phosphorus, and 
sulfur as nutrients (Little and Lee 2007).2 In oil pipelines, hydrocarbons can be degraded by 
aerobic or anaerobic processes to yield assimilable carbon. Aerobic degradation of hydrocarbons 
is faster than anaerobic degradation, with the rate depending on the specific electron acceptors 
used in the process. In general, the susceptibility of hydrocarbon compounds to degradation can 
be ranked as follows: linear alkanes, branched alkanes, small aromatics, and cyclic alkanes 
(Atlas 1981; Das and Chandran 2011; Perry 1984). As the chain length of alkanes increases, 
bacteria show decreasing ability to degrade these compounds (Walker and Colwell 1975). Some 
high-molecular-weight polycyclic aromatics may not be degraded at all (Atlas 1981). As a 
practical matter, however, carbon availability is often not the main constraint for crude oil 
biodegradation. Both nitrogen and phosphorus are required for microbial growth. Low 
concentrations of assimilable forms of these elements can limit biodegradation.3 

Electron Acceptors Microorganisms can use a variety of electron acceptors for respiration. In 
aerobic respiration, energy is derived when electrons are transferred to oxygen, which is the 
terminal electron acceptor. In anaerobic respiration, a variety of organic and inorganic 
compounds may be used as the terminal electron acceptor, including sulfate, nitrate, nitrite, iron 
(III), manganese (IV), and chromium (VI) (Little and Lee 2007). Anaerobic bacteria can 
therefore be grouped on the basis of the terminal electron acceptor, such as sulfate-, nitrate-, and 
metal-reducing bacteria.4 In petroleum environments, the bacteria most often associated with 
MIC are sulfate reducers. In anaerobic environments, sulfate reducers produce H2S when they 
use the sulfate as an electron acceptor.5 In addition, many archaea can produce sulfides, and 
therefore the inclusive term for this group of anaerobes is sulfide-producing prokaryotes (SPP). 

SPP-related corrosion of metals used in oil exploration and production has been reported 
around the world (Mora-Mendoza et al. 2001; Ciaraldi et al. 1999; El-Raghy et al. 1998; 
Jenneman et al. 1998). A main concern is that these microorganisms produce H2S. As discussed 

2 A representation of the major elements required for a typical microorganism composition is C169(H2800 80)N30P2S. 
3 Atlas (1981) reported that when a major oil spill occurred in marine and freshwater environments, the supply of carbon was 
significantly increased and the availability of nitrogen and phosphorus generally became the limiting factor for oil degradation. 
4 There is specificity among anaerobes for particular electron acceptors. Facultative anaerobic bacteria can use oxygen or other 
electron acceptors. Obligate anaerobic microorganisms cannot tolerate oxygen for growth and survival. Obligate anaerobic 
bacteria are, however, routinely isolated from oxygenated environments associated with particles and crevices and, most 
important, are in association with other bacteria that effectively remove oxygen from the immediate vicinity of the anaerobe. 
5 Some anaerobes can also reduce nitrate, sulfite, thiosulfate, or fumarate (Little and Lee 2007). 
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earlier, H2S reacts with the iron ions to form a thin layer of the iron sulfide mackinawite that 
adheres to the steel surface. In the absence of oxygen, and if the concentration of iron ions in the 
solution is low, this mineral layer will protect the iron in the steel pipe surface from dissolution 
(Wikjord et al. 1980). However, if oxygen is introduced, the iron sulfide can be converted to an 
iron oxide and elemental sulfur, which will cause the rate of corrosion to increase substantially 
for reasons already given.6 Pipelines operators, therefore, seek to prevent the formation of 
colonies of SPP and other microorganisms in pipelines through design, operations, maintenance, 
and chemical means. 

Internal Erosion 

Solid particles flowing in the crude oil stream can cause erosion of pipe wall, particularly at flow 
disturbances such as pipe bends. The propensity for erosion is affected by the pipe material; 
angles of flow impact; flow velocity; and the amount, shape, mass, and hardness of solid 
particles in the stream. While pipeline erosion is common in the oil production industry, it occurs 
to a greater extent in production (field) pipelines that contain fluids with high levels of sand and 
minerals. For example, slurry flow in the pipelines used to move oil sands ore before bitumen 
extraction can be highly abrasive (Zhang et al. 2012). Because processed crude oils do not 
contain similarly high concentrations of solids, erosion is not observed to a significant degree in 
transmission pipelines. Of interest to this study is whether the diluted bitumen delivered to 
transmission pipelines contains significantly higher concentrations of abrasive solids than do 
other crude oils and whether it is transported at higher flow rates conducive to erosion. 

Assessment of Effects of Diluted Bitumen on Sources of Internal Degradation 

The properties of diluted bitumen as they pe1iain to the identified factors affecting susceptibility 
to internal degradation from corrosion and erosion are examined next. 

Internal Corrosion 

Water Wetting and Solids Deposition An important factor in water dropout and wetting is the 
total water content of the crude oil stream, which is measured by pipeline operators as part of 
shipment BS&W sampling. As reported earlier, Canadian transmission pipelines require that 
crude oil shipments not have a BS&W exceeding 0.5 percent. These levels are comparable with, 
and more often lower than, the levels commonly required by U.S. transmission pipelines. 
Accordingly, the level of water contained in shipments of diluted bitumen and other crude oils 
imported by pipeline from Canada will not be higher than that contained in shipments of other 
crude oils piped in the United States. 

Even relatively small amounts of water in crude oil can settle to the pipe bottom. In 
considering the propensity of water to drop out of the oil stream, important factors include the 
viscosity, density, and surface tension of the oil and whether it is transported in a flow that is 
sufficiently turbulent to disperse and suspend water droplets. Shipments of diluted bitumen are 

6 The impact of oxygen on corrosion from anaerobic SPP was examined by Hardy and Bown (1984) by using mild steel and 
weight loss measurements. Successive aeration-<leaeration shifts caused variations in the corrosion rate. The highest corrosion 
rates were observed during periods of aeration. Hamilton (2003) concluded that oxygen was the terminal electron acceptor in all 
MIC reactions. In laboratory seawater and fuel incubations, Aktas et al. (2013) demonstrated that there was no biodegradation of 
hydrocarbon fuels, little sulfate reduction, and no corrosion of carbon steel in the absence of oxygen. 
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transported at the same pressures and under the same turbulent flow regimes as shipments of 
other heavy crude oils. The repo1t has demonstrated that diluted bitumen is more viscous than 
light and medium-density crude oils and is comparable in viscosity with heavy crude oils. A 
stream of diluted bitumen in turbulent flow should therefore confer the beneficial effect, relative 
to lighter crude oils, of dispersing and suspending any free water that may exist in the pipeline 
stream. 

A low likelihood that a shipment of diluted bitumen contains water that will settle and 
wet the bottom of the pipeline will lead to a low likelihood of internal corrosion regardless of the 
corrosion mechanism or the presence of other contaminants that can contribute to corrosion. All 
crude oil shipments can carry particles consisting of sand, clay, organic materials, and 
hydrocarbons that have the potential to drop out of the stream at vulnerable locations in the 
pipelines. Given its high viscosity, diluted bitumen will suspend the very fine particles that may 
be contained in its sediment. The solids contained in diluted bitumen are not unusual in quantity 
or particle size but are within the range of other heavy crude oils, as established in the earlier 
comparisons. Whether any of the sediments that settle to the pipe bottom threaten underdeposit 
corrosion will depend critically on associated water, as well as the presence of corrosive gases, 
acids, and microorganisms. 

Corrosive Gases (C02, H2S, and Oxygen) If water does settle and wet the bottom of a pipeline 
carrying diluted bitumen, such as at low spots and dead legs, consideration of whether shipments 
of this type of crude oil contain comparatively high levels of dissolved gases that will increase 
the potential for corrosion is warranted. Data on the C02 contained in crude oil lines, including 
those carrying diluted bitumen, are not readily available. Nevertheless, concentrations can be 
inferred from the C02 levels present at the last point of gas-liquid separation upstream of 
delivery to the transmission pipeline. As is the case for shipments of other crude oils, various 
tanks will hold shipments of diluted bitumen before they are delivered to the transmission 
pipeline facility. This upstream storage, which occurs at atmospheric pressure, will provide the 
same opportunity for shipments of diluted bitumen as it does for shipments of other crude oils to 
degas C02 before entry to transmission pipelines. Such a comparable upstream environment will 
produce similarly low C02 concentrations and corrosion rates. 

Likewise, the quantities of H2S rep01ted for diluted bitumen (>25 paits per million by 
weight in liquid phase), as reported in Chapter 3, are lower than in many other crude oils and do 
not pose a c01Tosion threat. Even if other corrosive agents are present, the small concentrations 
of H2S would contribute little to the corrosive effect, except perhaps to provide a mildly 
mitigative impact because of the formation of protective iron sulfide layers. The conclusion is 
that concentrations of dissolved C02 and H2S in diluted bitumen shipments are likely to be low 
and not greater than those found in other crude oil shipments that are stored and transported 
similarly. 

Transmission pipeline operators restrict air entry points to prevent ingress of oxygen. 
There are no data on the oxygen content in crude oil pipelines to assess the effectiveness of these 
restrictions. However, diluted bitumen is transported in the same pipelines as other crude oils, 
and the number of air entry points can be assumed the same and purposefully restricted. Because 
crude oils are stored by pipeline operators in large atmospheric pressure tanks, the possibility of 
air ingress cannot be eliminated, but the ingress will be as low for shipments of diluted bitumen 
as it is for shipments of other crude oils stored similarly. Even if some free water is assumed to 
settle to the bottom of a pipeline carrying shipments of diluted bitumen, low levels of oxygen 
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(e.g., below 1 ppm) will not constitute a serious corrosion threat or one that differs from that of a 
pipeline carrying shipments of other crude oils. 

Acids In reviewing the chemistry of diluted bitumen in Chapter 3, no evidence emerged that it 
contains relatively high levels of low-molecular-weight organic acids such as acetic acid. The 
high total acid number of diluted bitumen derives from the presence of high-molecular-weight 
organic acids. These oil-soluble naphthenic acids do not pose an internal corrosion threat under 
pipeline conditions and may have mitigative effects on corrosion. The acid contained in diluted 
bitumen is therefore not a threat to internal corrosion of transmission pipelines. 

Microbiologically Influenced Corrosion To understand whether diluted bitumen is more likely 
than other crude oils to cause MIC, it is helpful to examine whether this crude oil is more prone 
to providing the essential resources required for microbial growth. The water content of diluted 
bitumen shipments is comparable with that of other crude oil shipments, and diluted bitumen 
does not have constituents or operating requirements that make pipelines more prone to forming 
sludge that can harbor microorganisms. The other essential resources that deserve consideration 
are the availability of critical nutrients (especially carbon and nitrogen) and electron acceptors 
(especially oxidized sulfur compounds). 

While microbial growth requires carbon, it may be limited more by the scarcity of 
nitrogen in petroleum. As repo1ied earlier, most of the nitrogen in bitumen is bound in carbon 
structures and unavailable.7 Lighter oils provide a more readily available source of degradable 
carbon than do heavy oils, including bitumen. The percentage of low-molecular-weight 
hydrocarbons is similar in diluted bitumen and other heavy crude oils and lower than the 
percentages in lighter crude oils. More of the carbon in diluted bitumen is contained in relatively 
high concentrations of asphaltenes. The molecular weight and structure of asphaltenes vary, but 
biodegradation of these compounds is an extremely slow process that does not provide a readily 
available source of carbon for microorganisms (Pineda-Flores and Mesta-Howard 2001). 

With regard to the availability of electron acceptors, it was reported earlier that sulfur 
content is higher in diluted bitumen than in many other crude oils, but the sulfur is not in 
oxidized forms available for sustained sulfate reduction by SPP. Furthermore, the high sulfur 
content of bitumen is not correlated with high H2S content. Most of the sulfur in bitumen is 
organic sulfur bonded to carbon in heterocyclic rings, which are not easily degraded by 
microorganisms and thus largely unavailable for metabolism. 

In sum, the chemistry of diluted bitumen is not more favorable for microbial growth and 
activity than is that of other crude oils. 

Erosion 

The propensity for erosion is affected by the presence and physical properties of the solid 
particles in the stream, pipe material, angles of particle impact, and impact velocity. Pipe 
materials and impact angles are the same for diluted bitumen as for other crude oils transpo1ied 
through the same pipelines. Chapter 3 indicated that the velocity of diluted bitumen flowing 
through pipelines is not higher than the velocity of other crude oil flows. Furthermore, the 
diluted bitumen imported by pipeline into the United States is produced by using in situ methods 
that limit the amount of sand, minerals, and other solid particles recovered with the bitumen. The 

7 See Chapter 3. 
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extracted bitumen is processed to remove water and solids to achieve the requisite BS&W for 
pipeline transportation to yield solids levels that are similar to those of other crude oil shipments. 
While limited data are available on the specific physical properties of the solid patiicles in 
diluted bitumen, the generally low levels of solids (less than 0.05 percent) do not suggest that 
shipments of diluted bitumen increase the already low potential for erosion in crude oil 
transmission pipelines. 

Summary of Effects on Sources of Internal Degradation 

A review of product properties relevant to internal pipeline corrosion and erosion does not 
indicate that diluted bitumen is more likely than other crude oils to lead to these failure 
mechanisms. Shipments of diluted bitumen do not contain unusually high levels of water, 
sediment, dissolved gases, or other agents that can cause internal corrosion. The organic acids 
contained in diluted bitumen are not corrosive to steel at pipeline temperatures. Diluted bitumen 
has density and viscosity levels comparable with those of other crude oils, and it flows through 
pipelines with velocity and turbulence comparable with other crude oils so as to limit the 
accumulation of corrosive deposits. On the basis of an examination of the factors influencing 
microbial growth and activity, shipments of this crude oil do not have a higher likelihood than 
other crude oil shipments of causing MIC in pipelines. Because it has solids content and flow 
regimes comparable with those of other crude oils, diluted bitumen does not have a higher to 
propensity to cause erosion of transmission pipelines. 

SOURCES OF EXTERNAL DEGRADATION 

External Corrosion 

External corrosion of pipelines is usually characterized by uneven metal loss over localized areas 
covering a few to several hundred square centimeters of the outside steel surface of the pipe 
(Beavers and Thompson 2006). The electrochemical reactions that are involved usually occur at 
physically separate locations on the surface. While the anodic reaction is primarily oxidation of 
iron, the cathodic reaction can be either the hydrogen evolution that occurs in the anaerobic 
electrolyte trapped under an impermeable pipe coating or the reduction of oxygen under a 
permeable coating. The water and soluble compounds needed to create the electrolyte can be 
present in the soil surrounding the buried pipe or in the atmosphere when a pipe is above grade. 
In addition, a portion of external corrosion incidents involve MIC (Koch et al. 2002; Beavers and 
Thompson 2006). As discussed later in the section, external c01rnsion pits can also be sites for 
the formation and growth of stress corrosion cracks. 

External corrosion is thus affected by the pipe material, the corrosivity of the 
environment, and the performance of coatings and cathodic protection systems. For mild grades 
of carbon steel commonly used in transmission pipelines, the main concern is the corrosivity of 
the surrounding environment and the performance of coatings and cathodic protection systems. 
Although the transported product does not come in contact with either the coating or the 
environment surrounding the pipeline, it can influence both factors by affecting the operating 
pressure and temperature of the pipeline. 
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Because pipeline segments are located below and above ground, they can be exposed to 
corrosive conditions in the soil and atmosphere. Many factors affect soil corrosivity, including 
moisture and oxygen content, electrical resistivity, pH, temperature, porosity, microbial activity, 
and the presence of dissolved salts (Uhlig and Revie 1985; Escalante 1989; Beavers and 
Thompson 2006). For pipeline segments exposed to the atmosphere, the primary environmental 
factors influencing corrosion are relative humidity, salt deposition, pollution, and temperature. 
Operating pressure does not affect these corrosive conditions, but elevated pipeline temperatures 
and resulting heat flux to the air or soil medium can increase corrosion rates. 

Pipeline temperature and pressure can both affect the condition and performance of 
coatings and cathodic protection systems. As discussed in Chapter 2, coatings provide a barrier 
between the pipe and the corrosive environment. Coatings can fail in a variety of ways including 
disbonding from the steel surface. In pipelines using some older coating technologies, such as 
asphalt mastic systems, elevated temperatures can cause the coating material to deform and 
potentially reduce surface coverage. Elevated pipeline temperatures can also result in 
degradation of adhesive properties and increase the diffusion of moisture through the coating in 
the direction of the steel surface. Moisture diffusion can cause swelling of the coating relative to 
the steel and bring about increased surface stresses that lead to disbandment. Fluctuating line 
pressures can cause interfacial strain between the coating and the pipe surface to produce 
mechanical disbandment of the coating. 

An intact coating that prevents contact between the corrosive environment and the steel 
surface will generally prevent external corrosion. However, all coatings contain some defects 
that expose the steel. Accordingly, a critical defense against external corrosion is the application 
of cathodic protection. As discussed in Chapter 2, many cathodic protection systems use an 
electric current to prevent corrosion where coating coverage is imperfect. Temperature and 
pressure conditions that cause coating disbondment, therefore, can be more problematic if they 
impede, or shield, the distribution of cathodic current to sites where steel is exposed. An 
advantage of modern coating systems, such as fusion bonded epoxy, is that they are compatible 
with cathodic protection. Shielding is nevertheless a problem observed in some older pipelines 
wrapped with impermeable tapes and at girth welds treated with field applied shrink sleeves. 

Cracking 

The potential for transpo1ied products to affect the two main forms of cracking in pipelines is 
reviewed. Consideration is given to the mechanical process of fatigue cracking and forms of 
environmentally assisted cracking (EAC) that involve interactions of mechanical and corrosion 
processes. 

Fatigue Cracking 

Fatigue is characterized by the formation and growth of microscopic cracks on one or both sides 
of the pipe wall.8 The first stage in the fatigue process is crack initiation, or nucleation. 
Nucleated cracks do not cause a fracture, but some may coalesce into a dominant crack as the 
variable amplitude loading continues. In the second stage, the dominant crack grows in a more 
stable manner and may eventually reach the thickness of the wall to produce a leak. 
Alternatively, the dominant crack may grow to a critical length and depth that the pipe steel can 

8 See Beavers and Thompson (2006) for additional description of stress cracking processes. 

 
011716



Assessing the Effects of Diluted Bitumen on Pipelines 61 

no longer endure, leading to a rupture. Pipeline internal and external surface conditions caused 
by factors other than fatigue can lead to initial cracks or enhance crack fatigue crack growth from 
stress concentration. These factors can include preexisting dents, weld defects, corrosion pits, 
manufacturing flaws, and damage incurred during pipe transportation to the installation site. 

Fatigue cracking can ensue as a result ofrepetitive, or cyclic, stress loadings on a pipe. 
Cyclic stresses can be axial (parallel to the axis of pipeline), circumferential (stress in the 
tangential direction), or radial (perpendicular to the axis). Circumferential, or hoop, stress is 
usually the most impo1iant source of cyclic loadings because the stress created by internal 
pressure is normally the largest stress on the pipeline. 

Because viscous crude oils create more friction, they will require a higher operating 
pressure than do less viscous crude oils to achieve the same flow rate. In practice, pipeline 
operators reduce the flow rate when they transport viscous crude oils rather than increase 
operating pressure. Operating pressure cannot be increased if the pipeline is at the stress limit 
prescribed in regulations. Thus, only when a pipeline is operating below its stress limit can 
operating pressure be raised to increase the flow rate of a viscous crude oil. 

The pipe segments vulnerable to cracking are those with preexisting flaws or dents and 
other surface deformities caused by mechanical forces during installation or while in service. 
Stresses can concentrate at these damage sites, enabling cracks to form and grow after a 
relatively small number of load cycles, a phenomenon known as low-cycle fatigue.9 Other 
locations on the pipe susceptible to stress concentrations include discontinuities at longitudinal 
and girth welds and at voids formed during pipe manufacturing (Zhang and Cheng 2009). 

Pressure cycling is reported to have contributed to fatigue failures in crude oil 
transmission pipelines. An example is the July 2002 rupture of a 34-inch crude oil pipeline near 
Cohasset, Minnesota (NTSB 2004). In that incident, the originating crack formed at the seam of 
the longitudinal weld as a result of vibrations experienced during railroad transportation of the 
pipe to the installation site. According to the National Transpo1iation Safety Board report, the 
preexisting crack grew to reach a critical size in response to pressure cycling stresses associated 
with normal in-service operations. 

Environmentally Assisted Cracking 

EAC results from the combined action of a corrosive environment and a cyclic or sustained 
stress loading. In general, EAC emerges in three basic forms: corrosion fatigue, stress corrosion 
cracking (SCC), and hydrogen-assisted cracking. EAC requires both a sufficient stress and a 
corrosive environment specific to the metal and thus is rare in crude oil transmission pipelines. 
However, when EAC failures do occur, they can be destructive; for example, the 2010 failure of 
a pipeline near Marshall, Michigan, was caused by EAC (NTSB 2012). 

Corrosion fatigue cracking arises from a combination of corrosion and the same pressure
related cyclic stresses that produce fatigue cracking. In corrosion fatigue, the stresses sufficient 
to cause failure can be less severe because of the corrosion reaction and resulting damage. For 
example, corrosion pits can become stress concentrators that allow normal in-service pressure 
cycling to cause the formation and growth of cracks in the pit. In the case of pipeline SCC, the 
same corrosive factors may exist, but the main acting stress is the sustained hoop forces 
generated by the operating pressure as well as its cycling. The acting stress may also be residual 

9 Conversely, high-cycle fatigue occurs under a low-amplitude loading in which a large number of load cycles is required to 
produce failure. 
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in nature, introduced during bending and welding in manufacturing, or it may arise from external 
soil pressure or differential settlement. The same locations on the pipe that concentrate cyclic 
stresses, such as dents, scrapes, and other surface discontinuities, can concentrate static stresses. 
Fmihermore, breaks in the surface film may occur at these discontinuities to make the area more 
prone to electrochemical corrosion. 10 

The factors that create corrosive environments enabling EAC, such as soil prope1iies and 
the performance of coatings and cathodic protection, have already been discussed with respect to 
external corrosion. As with external corrosion, the maintenance of coating performance and 
cathodic protection is critical in controlling EAC (CEPA 2007). In the case of SCC, limiting the 
introduction of residual stresses during pipe manufacturing, transportation, and installation is 
also important in reducing susceptibility. Operating pressure is the major in-service source of 
static hoop stress. Lowering the operating pressure of a pipeline would be expected to reduce the 
potential for SCC. However, the specific relationship between SCC and hoop stress is not well 
established. For example, SCC failures have occurred in pipelines experiencing hoop stresses 
that have varied from 46 to 77 percent of the specified minimum yield strength of the pipeline. 11 

Accordingly, adjusting operating pressures as a way to prevent SCC can be difficult. 
EAC can be caused or exacerbated by hydrogen-assisted cracking. For example, when 

sources of hydrogen are present-such as from agents in the crude oil stream (e.g., H2S) or from 
external sources (e.g., excessive cathodic protection voltage)-cracking potential may increase. 
Although hydrogen-assisted cracking is rare in crude oil transmission pipelines, it can occur as a 
result of the diffusion and concentration of atomic hydrogen at the crack tip or other 
microstructural trap site in a metal. The ingress of hydrogen into a metal is enhanced in the 
presence of sulfur species. The trapped hydrogen can cause internal stresses within the 
metallurgical structure favorable to enhanced cracking or act to reduce local roughness in the 
region of the crack tip. Hydrogen can also adsorb to the metal surface to reduce surface energy 
and migrate into the microstructure, thereby reducing interatomic bond strength and providing 
nucleation sites for cracks. Hydrogen-assisted cracking can occur on the inside or outside of the 
pipe, depending on the source of the hydrogen and its ability to reach the pipe surface. 

Assessment of Effects of Diluted Bitumen on Sources of External Degradation 

Because diluted bitumen only contacts the inside of a pipeline, it can contribute to external 
degradation only indirectly. In the case of external corrosion and EAC, one concern is that 
elevated operating temperatures can adversely affect the performance of the coating as a barrier 
to corrosion. The relevant question with respect to both external cmrnsion and EAC is whether 
diluted bitumen creates operating temperatures and pressures that are sufficiently different from 
those of other crude oils to increase coating disbondment. As has been reported, diluted bitumen 
and other heavy crude oils have similar densities and viscosities and flow through pipelines at 
the same rate and within comparable pressure and temperature ranges (see Chapter 3, Tables 3-4 
and 3-7). For this reason, the likelihood of coating degradation and any associated external 
damage resulting from the operating parameters of diluted bitumen should be equivalent to that 
of other crude oils with comparable density and viscosity. 

10 
At sites of surface damage, such as dents and corrosion pits, stress levels in the circumferential and axial directions are higher 

than on undamaged portions of the pipe surface. 
11 National Energy Board, notes from January 12, 1996, meeting between National Energy Board SCC Inquiry Panel and 
Camrose Pipe Company Ltd., Exhibit No. A-58. 
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Pipelines transporting diluted bitumen and other heavy crude oils should not differ in the 
stress loadings generated by their transportation because operating pressures are comparable. 
Other sources of static stress, such as residual stresses from pipe fabrication and installation, 
would not be affected by the product in the pipeline. Transmission pipelines, therefore, should 
not experience more stress cracking from transporting diluted bitumen than from transporting 
other crude oils of similar density and viscosity. 

Finally, if the exterior coating of the pipe disbands, hydrogen may diffuse into the surface 
metal with a rate of uptake and subsequent potential for embrittlement that will depend on a 
number of factors, including pH and temperature. However, the operating parameters of diluted 
bitumen should not increase the potential for coating disbandment. With respect to the interior of 
the pipeline, the availability of H2S and free sulfur to form hydrogen in diluted bitumen is 
relatively low. Thus, transp01iing diluted bitumen is not likely to increase the potential for 
hydrogen-assisted cracking. 

SOURCES OF MECHANICAL DAMAGE 

Mechanical damage to the pipeline and its components can occur as a result of 
overpressurization or outside forces. Mechanical forces can cause an immediate, and sometimes 
catastrophic, breach and release or make the pipeline more susceptible to releases by 
destabilizing support structures and damaging other components such as valves, joints, and other 
fittings. Damage from mechanical forces can also weaken the resistance of the pipeline to other 
failure mechanisms. Sites on the pipeline that sustain even light damage, such as scrapes, are 
vulnerable to corrosion attacks and stress-related cracking. Accordingly, consideration of 
whether the transportation of diluted bitumen creates an elevated potential for phenomena that 
can lead to mechanical damage is warranted. 

Overpressurization 

Various events can generate excessive pressure in a pipeline, including surges, thermal 
overpressure, column collapse, and human error. If the pipe is already weakened by corrosion, 
cracking, or deformities from earlier mechanical damage, overpressure events can increase the 
potential for damage and failure. 

Pipeline operators prevent overpressure events through personnel training; standardized 
procedures; system design; and safety systems such as pressure relief valves, pressure switches, 
surge tanks, and bypass systems. Nevertheless, excessive pressure in a pipeline can occur as a 
result of operator error, thermal overpressure, and column separation. A transported fluid that 
increases the likelihood of any of these outcomes could increase the potential for mechanical 
damage. 

Surge 

Any action in a pipeline system that causes a rapid reduction in the velocity of the transported 
fluid could cause a pressure surge. Transient, high-amplitude pressure waves, or surges, are not 
normal and can cause mechanical damage to pipes, components (e.g., valves, seals, joints), 
instrumentation (e.g., meters and gauges), and support structures. Because all crude oils have 
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relatively high bulk modulus (incompressibility), they have a comparable propensity for energy 
to be transferred in high-pressure waves when events trigger abrupt reductions in flow velocity. 

Operator Error 

Overpressurization can be caused by direct human error. Unintentional pumping of fluids against 
a closed valve with coincidental failure of pressure switches, pressure relief valves, and other 
protective devices is an example of a rare-event overpressurization scenario. Most pipelines are 
equipped with safeguards such as pressure switches and relief devices to avoid damage from 
these scenarios. If a transported liquid adds complexity to operational requirements, operator 
errors could increase. 

Column Collapse 

Pressure surges can arise from pressure differentials, or slack conditions, in the pipeline. A slack 
line can occur when the liquid being transported develops a vapor void at a point in the pipeline 
where line pressure drops below the vapor pressure of the liquid. The void will temporarily 
restrict the flow of liquid. When the void collapses, a pressure wave comparable with that of a 
rapid valve closure can be produced. The transformation of the liquid into a vapor phase is 
known as column separation. To prevent the occurrence of column separation, pipeline operators 
strive to maintain line pressure above the vapor pressure of the liquid. Locations vulnerable to 
pressure differentials are elevation peaks and the downstream side of slopes. A liquid that has 
certain properties, such as a relatively high fraction of hydrocarbons with high vapor pressure, 
can theoretically increase the potential for column separation. 

Thermal Ove1pressure 

A pipe segment that is full of liquid will experience a rapid pressure increase when it is exposed 
to a heat source and when volume expansion is restricted. Special procedures and thermal relief 
valves are used to prevent this occurrence in aboveground pipe segments where the flow may be 
impeded or blocked and the segment may be subsequently exposed to a heat source such as 
sunlight or fire. Because the chemistry of the trapped fluid determines the amount of pressure 
increase corresponding to an incremental increase in temperature, some transported liquids could 
have greater potential for thermal overpressure. 

Outside Force Damage 

Pipelines can sustain external mechanical damage from both natural forces and human activity. 
Natural forces include seismic movements and other ground shifts, such as those from landslides 
and subsidence. Examples of damage from human activity include accidental strikes from 
vehicles, earth moving activity, and surface loading by farm equipment. Intentional damage to a 
pipeline, or sabotage, is a potential source of mechanical damage, although it is rare. 

There are ways in which the contents of a pipeline can affect or interact with an outside 
force failure mechanism. One possibility is that a denser, heavier fluid adds weight to a pipe that 
is free-spanning (i.e., unsupported) or traverses a terrain susceptible to inadequate support. 
Another possibility is that the heat flux from a fluid transported at an elevated operating 
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temperature reduces the stability of a pipeline in a frost zone. Similar interactions with the 
outside environment related to pipe vibrations, expansion, and contraction may be postulated as 
potential sources of mechanical damage. 

Assessment of Effects of Diluted Bitumen on Sources of Mechanical Damage 

Mechanical damage to the pipeline and its components can occur as a result of outside forces and 
overpressurization events. Several causes of outside force damage that could be affected to some 
degree by the properties of the transported liquid have been postulated. The most relevant 
properties of the transported liquid are density, viscosity, and operating temperatures. However, 
because these properties are the same for diluted bitumen as many other crude oils, there is no 
reason to believe their interactions with outside forces will differ. The same conclusion can be 
reached concerning the potential for mechanical damage due to chemical or physical prope1iies 
that can affect the propensity for surge, column separation, or thermal expansion. The potential 
for these sources of mechanical damage should be indistinguishable from that of other crude oils. 
Diluted bitumen is blended like many other crude oils to remain fully mixed in the pipeline 
environment and it does not contain a high percentage of light (high vapor pressure) 
hydrocarbons. 

EFFECTS ON OPERATIONS AND MAINTENANCE PROCEDURES 

The preceding analysis has consistently found that the prope1iies of diluted bitumen are within 
the range of other crude oils. These findings do not indicate a need for operations and 
maintenance (O&M) procedures that are customized to diluted bitumen, nor do they suggest that 
pipeline operators apply O&M procedures in transporting diluted bitumen that are different from 
those applied in transpo1iing other crude oils with similar prope1iies. Of course, if operators who 
traditionally carry only light crude oils do not make appropriate adjustments to line pressure and 
flow rates when they transpo1i diluted bitumen or any other similarly dense and viscous crude 
oil, a greater potential for some of the failure mechanisms examined above could result. 

Because most pipeline operators transport many varieties of crude oil, they routinely 
make adjustments to operational parameters to accommodate different crude oil grades. There is 
no reason to believe that operators fail to make these adjustments when they transport heavy 
crude oils generally or, more specifically, when they transport diluted bitumen. Nevertheless, to 
be comprehensive, a search was unde1iaken for evidence of O&M practices being altered in 
inadvertent ways that could be detrimental to pipeline integrity. 

Operational Procedures 

As discussed in Chapter 2, the operation of most pipelines is monitored and controlled by a 
combination of local and remote systems by using a centralized supervisory control and data 
acquisition system. Instrumentation at pump stations, tank farms, and other facilities includes 
sensors, programmable logic controllers, switches, and alarms. Remote systems allow for 
monitoring and coordination at centralized locations distant from the pipeline facilities. 
Together, these local and remote capabilities provide protection against abnormal operations
for example, by allowing for the orderly shutdown of pumps and cessation of flow if an alarm 
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condition occurs or if certain operating parameters are violated. Maintaining the integrity of 
control systems is essential in ensuring safe pipeline operations. 

Therefore, whether there are any characteristics of diluted bitumen that could introduce 
more complexity into or otherwise compromise the satisfactory functioning of pipeline control 
systems and their components is worth investigating. As previously noted, none of the chemical 
and physical properties of diluted bitumen suggests that such an effect could be expected, 
because the properties fall within the range of other crude oils commonly transported by 
pipeline. Nevertheless, the committee undertook a search of any instances in which operators 
modified or were advised to modify their standard control and monitoring activities in 
transporting diluted bitumen. A search of published documents did not reveal any noteworthy 
reports, special standards, or guidance documentation. In consulting Canadian pipeline operators 
(see Appendix A), the committee asked whether the transportation of diluted bitumen required 
changes to set points for safety and control instrumentation. The response was as follows: "There 
are no differences. Standards and procedures are in place for control that are generic for all crude 
oil commodities shipped. The standards and procedures are structured to ensure safe operation 
regardless of the commodity." Likewise, all pipeline operators interviewed in public meetings 
convened by the committee stated that transporting diluted bitumen did not require different 
control or monitoring procedures. 12 

In its investigation of the July 25, 2010, EAC-related rupture near Marshall, Michigan, 
the National Transpmiation Safety Board found that the control center made repeated errors by 
increasing the delivery rate of the pipeline under the impression that low-pressure readings 
caused by the undetected rupture were indicative of slack line conditions caused by column 
separation (NTSB 2012). The product released in the incident, discussed in Chapter 4, was 
diluted bitumen. The phenomenon of column separation has already been reviewed, and no 
evidence that diluted bitumen has properties associated with it was found. Furthermore, the 
National Transportation Safety Board did not indicate that the shipment of diluted bitumen that 
was being delivered through the ruptured pipeline had actually experienced column separation or 
that any of the properties of the shipment had any other specific effect on the actions of the 
control center. 

Maintenance Procedures 

As described in Chapter 2, pipeline operators use various methods for preventing, detecting, and 
mitigating damage in pipelines. Methods for preventing external cracking and corrosion include 
use of coatings and cathodic protection. Methods for preventing internal corrosion include 
chemical treatments, flow maintenance, and in-line cleaning. Operators also monitor pipeline 
conditions by using various inspection tools, probes, and surveys. If transpo1iing diluted bitumen 
compromises the ability of operators to carry out any of these activities, more adverse conditions 
could arise and persist and thereby increase the potential for failures. 

12 
Representatives from Enbridge, Inc., and TransCanada Pipeline Company were invited to make presentations to the committee 

during its first meeting on July 23, 2012. During the public meeting, the representatives were asked to identify any special 
operational or maintenance demands associated with transporting diluted bitumen. None was identified. On October 9-10, 2012, 
committee members convened a public meeting in Edmonton, Alberta, in which representatives of several pipeline companies 
that transport diluted bitumen were interviewed. In conjunction with the meeting, committee members also visited a transmission 
pipeline terminal in Fort McMurray, Alberta, where representatives from the pipeline company explained operational and control 
procedures associated with diluted bitumen transportation. They also responded to questions from committee members. None of 
the interviews and information obtained from the site visit suggested that operators use different procedures for system control 
and monitoring when they transpo1t diluted bitumen. 
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As with other potential issues, the absence of significant differences in the chemical and 
physical properties of diluted bitumen compared with other heavy crude oils suggests that no 
changes are required in pipeline maintenance and inspection regimes. Nevertheless, the 
committee searched for reports of operators experiencing difficulties in carrying out standard 
maintenance, mitigation, and inspection activities while transporting diluted bitumen. The 
committee also searched for standards and other guidance documentation alerting operators to 
issues associated with maintenance and inspection, such as advisories on the use of in-line 
inspection tools, chemical inhibitors, and coupons and probes for corrosion monitoring. The 
search did not uncover any issues or added complexities. 

In addition, in its questionnaire to Canadian pipeline operators (see Appendix A), the 
committee asked whether the transportation of diluted bitumen required changes in pipeline 
cleaning intervals or predictive and preventive maintenance programs. No differences in cleaning 
intervals or predictive and preventive maintenance programs were reported. Pipeline operators 
who met with the committee during public meetings (as noted above) were asked similar 
questions, and all stated that no special maintenance and inspection issues arose in transpo1ting 
diluted bitumen. They did not repo1t any adverse affects on their ability to carry out their normal 
maintenance and inspection activities. 

Assessment of Effects of Diluted Bitumen on O&M Procedures 

As common carriers, operators of transmission pipelines generally have the ability to transpo1t 
the wide range of crude oil varieties that are in the commercial stream. Accordingly, operations 
and maintenance procedures are designed to be robust, capable of ensuring operational reliability 
and safety without the need for significant procedural modifications from one crude oil shipment 
to the next. The chemical and physical properties of diluted bitumen do not suggest that 
transporting this product by pipeline requires O&M procedures that differ from those of other 
crude oils having similar properties. Likewise, inquiries with operators and searches of industry 
guidelines and advisories did not indicate any specific issues associated with transp01ting diluted 
bitumen that would negatively affect operators as they carry out their standard O&M programs, 
including their corrosion detection and control capabilities. 

SUMMARY 

The chemical and physical prope1ties of diluted bitumen shipments have been examined to 
determine whether there are any differences from those of other crude oil shipments that increase 
the likelihood of pipeline failures from internal degradation, external degradation, or mechanical 
damage. Any differences that could affect either the frequency or the severity of a failure 
mechanism or the ability to mitigate it would suggest a difference in failure likelihood. The 
chemical and physical properties of diluted bitumen shipments were not found to differ in ways 
that would be expected to create a likelihood of release that is higher for a transmission pipeline 
transporting diluted bitumen than one transporting other crude oils. An assessment was also 
made with regard to whether pipeline operators transporting diluted bitumen alter their O&M 
procedures in ways that can inadvertently make pipelines more prone to the sources of failure. 
No differences were found in these procedures. The assessment results are summarized in the 
next chapter. 
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6 

Summary of Results 

The study charge and approach and the main points from the preceding chapters are 
summarized in this chapter. The discussion summaries provide the basis for the findings 

presented at the end of the chapter. 

RECAP OF STUDY CHARGE AND APPROACH 

Section 16 of the Pipeline Safety, Regulatory Ce1iainty, and Job Creation Act of 2011 calls for 
the Secretary of Transportation to "complete a comprehensive review of hazardous liquid 
pipeline facility regulations to determine whether the regulations are sufficient to regulate 
pipeline facilities used for the transportation of diluted bitumen. In conducting the review, the 
Secretary shall conduct an analysis of whether any increase in the risk of a release exists for 
pipeline facilities transporting diluted bitumen." 1 A determination of release risk requires an 
assessment of both the likelihood and the consequences of a release. To inform its assessment of 
the former, the U.S. Department of Transportation contracted with the National Research 
Council to convene an expert committee to "analyze whether transportation of diluted bitumen 
by transmission pipeline has an increased likelihood of release compared with pipeline 
transportation of other crude oils." 

As detailed in Chapter 1, the project statement of task calls for a two-phase study, with 
the conduct of the second phase contingent on the outcome of the first. In the first phase, the 
study committee was asked to examine whether shipments of diluted bitumen can affect 
transmission pipelines and their operations so as to increase the likelihood of release when 
compared with shipments of other crude oils transported by pipeline. In the potential second 
phase-to be undertaken only if a finding of increased likelihood of release is made in the first
the committee was asked to review federal pipeline safety regulations to determine whether they 
are sufficient to mitigate an increased likelihood of release from diluted bitumen. If the 
committee did not find an increased likelihood of release, or the information available was 
insufficient to make a finding, the committee was expected to prepare a final report documenting 
the study approach and results. 

The committee reviewed data on repmied pipeline releases. The review provided insight 
into the general causes of pipeline failures, but the incident records alone could not be used to 
determine whether pipelines are more likely to fail when they transport diluted bitumen than 
when they transport other crude oils. Having examined the general causes of failures, the 
committee focused on the specific sources of pipeline damage that can be influenced by the 
transported crude oil. Specifically, it identified the chemical and physical prope1iies of crude oil 
that can cause or contribute to sources of pipeline failure from damage sustained internally or 
externally or as a result of mechanical forces. 

The committee did not perform its own testing of pipelines or crude oil shipments. 
Information on the properties of shipments of diluted bitumen and other crude oils was obtained 
from public websites and assay sheets. Additional information was obtained from a review of 

1 
Public Law 112-90, enacted January 3, 2012. 
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government reports and technical literature, queries of oil producers and pipeline operators, field 
visits, and inferences from secondary sources such as the maximum water and sediment content 
for pipeline shipments as specified in pipeline tariffs. The committee then compared the relevant 
properties of shipments of diluted bitumen with the range of prope1iies observed in other crude 
oil shipments to identify instances in which diluted bitumen fell outside or at an extreme end of 
the range. 

In view of the possibility that some pipeline operators may modify their operating and 
maintenance practices in transp01iing diluted bitumen, the committee first posited potential 
differences and then sought evidence. Operators were questioned about their practices. The 
committee looked for indications of changes in standard procedures, including corrosion control 
practices, that could inadvertently make pipelines more susceptible to sources of failure. 

MAIN POINTS FROM CHAPTER DISCUSSIONS 

Crude Oil Pipeline Transportation in the United States 

As described in Chapter 2, the crude oil transmission network in the United States consists of an 
interconnected set of pipeline systems. Crude oil shipments traveling through the network often 
move from one pipeline system to another and are sometimes stored at terminals. Most operators 
of transmission systems are common carriers who do not own the crude oil they transport but 
provide transportation services for a fee. Few major transmission pipelines are dedicated to 
transporting specific grades or varieties of crude oil. They usually move multiple batches of 
crude oil, often provided by different shippers and encompassing a range of chemical and 
physical properties. Crude oil shipments are treated to meet the quality requirements of the 
pipeline operator as well as the content and quality demands of the refinery customer. 

Pipeline systems traverse different terrains and can vary in specific design features, 
components, and configurations. The differences require that each operator tailor operating and 
maintenance strategies to fit the circumstances of its systems in accordance with the federal 
pipeline safety regulations. Nevertheless, the systems tend to share many of the same basic 
components and follow similar operating and maintenance procedures. Together, regulatory and 
industry standards, system connectivity, and economic demands compel both a commonality of 
practice and a shared capability of handling different crude oils. 

Bitumen Properties, Production, and Pipeline Transportation 

As discussed in Chapter 3, the bitumen imported into the United States is derived from Canadian 
oil sands. Canadian bitumen is both mined and recovered in situ using thermally assisted 
techniques. A large share of the bitumen deposits is too deep for mining, so in situ recovery 
accounts for an increasing percentage of bitumen production. Because mined bitumen does not 
generally have qualities suitable for pipeline transportation and refinery feed, it is processed into 
synthetic crude oil in Canada. Bitumen recovered in situ with thermally assisted methods has 
lower water and sediment content and is thus better suited to long-distance transportation by 
pipeline than is mined bitumen. Bitumen imported into the United States is produced in situ 
through thermally assisted methods rather than by mining. 

Like all forms of petroleum, Canadian bitumen is a by-product of decomposed organic 
materials and thus a mixture of many hydrocarbons. The bitumen contains a relatively large 
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concentration of asphaltenes that contribute to its high density and viscosity. At ambient 
temperatures, bitumen does not flow and must be diluted for transpo1iation by unheated 
pipelines. Diluents consist of light oils, including natural gas condensate and light synthetic 
crude oils created from bitumen. Although the diluents consist of low-molecular-weight 
hydrocarbons, shipments of diluted bitumen do not contain a higher percentage of these light 
hydrocarbons than do other crude oil shipments. The dilution process yields a stable and fully 
mixed product for shipment by pipeline with density and viscosity levels in the range of other 
crude oils transpo1ied by pipeline in the United States. 

Shipments of diluted bitumen are piped at operating temperatures, flow rates, and 
pressure settings typical of crude oils with similar density and viscosity levels. Shipment water 
and sediment content conforms to the Canadian tariff limits, which are more restrictive than 
those in U.S. pipeline tariffs. Solids in diluted bitumen shipments are comparable in quantity and 
size with solids in other crude oil shipments transported by pipeline. While the sulfur in diluted 
bitumen is at the high end of the range for crude oils, it is bound with hydrocarbons and not a 
source of corrosive hydrogen sulfide. Diluted bitumen has higher acid content than many other 
crude oils, but the stable organic acids that raise acidity levels are not corrosive at pipeline 
temperatures. 

Review of Pipeline Incident Data 

A logical step in addressing the question of whether shipments of diluted have a greater 
propensity to cause pipeline releases than shipments of other crude oils is to examine historical 
release records. The incident statistics can be used to identify the general sources of pipeline 
failure. However, the information contained in the U.S. and Canadian incident records is 
insufficient to draw definitive conclusions. As explained in Chapter 4, one reason is that the 
causal categories in the databases lack the specificity needed to assess the paiticular ways in 
which transporting diluted bitumen can affect the susceptibility of pipelines to failure. Another 
reason is that incident records do not contain information on the types of crude oil transpmted 
and the properties of past shipments in the affected pipeline. Because many pipeline releases 
involve cumulative and time-dependent damage, there is no practical way to trace the 
transportation history of a damaged pipeline to assess the role played by each type of crude oil 
and its properties in transport. 

Incident repmiing systems in Canada and the United States do not have uniform reporting 
criteria and coverage. Given the relatively small number of pipeline incidents, even minor 
variations in reporting criteria can lead to significant differences in incident frequencies and 
causal patterns. Some repo1ting systems combine incident reports from oil gathering and 
transmission systems, while others do not. Variation in reporting coverage is problematic 
because gathering pipelines are fundamentally different from transmission pipelines in design, 
maintenance, and operations and in the quality and quantity of the liquids they carry. 

Effects of Diluted Bitumen on Sources of Pipeline Damage 

The chemical and physical properties of diluted bitumen were examined in Chapter 5 to 
determine whether any differ sufficiently from those of other crude oils to increase the likelihood 
of pipeline failures from sources of damage internally or externally or from mechanical forces. 
Any differences that could affect either the frequency or severity of the failure mechanism or the 
ability to mitigate a potential failure mechanism would suggest a difference in failure likelihood. 
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No properties were found to differ in any way that may change the likelihood of pipeline damage 
and failure. An assessment was also made with regard to whether pipeline operators transporting 
diluted bitumen alter their operating and maintenance procedures in ways that can make 
pipelines more prone to the causes of failure the procedures are intended to prevent. No 
differences were found in these procedures. Summaries of the assessments are presented in 
Box 6-1. 

Box 6-1 

Summary of Assessments of the Effects of Diluted Bitumen on 
Causes of Pipeline Damage 

Internal Degradation 
A review of product properties pe1iaining to internal pipeline corrosion and erosion did 
not find that shipments of diluted bitumen are any more likely than shipments of other 
crude oils to cause these failure mechanisms. Shipments of diluted bitumen do not 
contain unusually high levels of water, sediment, dissolved gases, or other agents that can 
cause internal corrosion. The organic acids contained in diluted bitumen are not corrosive 
to steel at pipeline temperatures. The densities and viscosities of diluted bitumen 
shipments are within the range of other crude oils, and the velocity and turbulence with 
which shipments flow through pipelines are comparable and limit the formation of 
corrosive deposits. On the basis of an examination of the factors that influence microbial 
growth, diluted bitumen does not have a higher likelihood than other crude oils of 
causing micro biologically influenced corrosion. Because shipments of diluted bitumen 
have solids content and flow regimes comparable with those of other crude oil shipments, 
they do not differ in their propensity to cause erosion of transmission pipelines. 

External Degradation 
Pipelines can sustain external damage from corrosion and cracking. Because diluted 
bitumen only contacts the inside of a pipeline, it can contribute to external degradation 
only as a result of changes in pipeline operational parameters, specifically pipeline 
temperature and pressure levels. Elevated operating temperatures can increase the 
likelihood of external corrosion and cracking by causing or contributing to the 
degradation of protective coatings and by accelerating rates of certain degradation 
mechanisms. Elevated operating pressures can cause stress loadings and concentrations 
that lead to stress-related cracking, particularly at sites of corrosion and preexisting 
damage. Because the densities and viscosities of diluted bitumen are comparable with 
those of other crude oils, it is transpo1ied at comparable operating pressures and 
temperatures. For this reason, the likelihood of temperature- and pressure-related effects 
is indistinguishable for diluted bitumen and other crude oils of similar density and 
viscosity. Consequently, diluted bitumen will not create a higher propensity for external 
corrosion and cracking in transmission pipelines. 

(continued) 
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Box 6-1 (continued) 

Mechanical Damage 
Mechanical damage to the pipeline and its components can occur as a result of 
overpressurization or outside forces. Mechanical forces can cause an immediate release 
or make the pipeline more susceptible to release by destabilizing support structures; 
damaging other components such as valves and joints; and weakening resistance to other 
failure mechanisms, such as corrosion attack. The study examined several possible 
causes of an increased potential for mechanical damage due to the properties of the 
transported liquid, including the potential for shipments of diluted bitumen to cause 
pressure surges or to interact with outside forces that can cause damage in pipelines. 
None of the properties or operating parameters of diluted bitumen shipments was found 
to be sufficiently different from those of other crude oils to suggest a higher potential to 
cause or exacerbate mechanical damage in pipelines. 

Effects on Operations and Maintenance Procedures 
As common carriers, operators of transmission pipelines generally have the ability to 
transport the wide range of crude oil varieties that are in the commercial stream. 
Accordingly, operations and maintenance procedures are designed to be robust, capable 
of ensuring operational reliability and safety without the need for procedural 
modifications from one crude oil shipment to the next. The chemical and physical 
properties of diluted bitumen shipments do not suggest that transporting them by pipeline 
requires operations and maintenance procedures that differ from those of other crude oil 
shipments having similar prope1iies. Likewise, inquiries with operators and searches of 
industry guidelines and advisories did not indicate any specific issues associated with 
transpmiing diluted bitumen that would negatively affect operators as they carry out their 
standard operations and maintenance programs, including their corrosion detection and 
control capabilities. 

STUDY RESULTS 

Central Findings 

The committee does not find any causes of pipeline failure unique to the transportation of diluted 
bitumen. Furthermore, the committee does not find evidence of chemical or physical properties 
of diluted bitumen that are outside the range of other crude oils or any other aspect of its 
transportation by transmission pipeline that would make diluted bitumen more likely than other 
crude oils to cause releases. 

Specific Findings 

Diluted bitumen does not have unique or extreme properties that make it more likely than other 
crude oils to cause internal damage to transmission pipelines from corrosion or erosion. Diluted 
bitumen has density and viscosity ranges comparable with those of other crude oils. It is moved 
through pipelines in a manner similar to other crude oils with respect to flow rate, pressure, and 
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operating temperature. The amount and size of solid paiiicles in diluted bitumen are within the 
range of other crude oils so as not to create an increased propensity for deposition or erosion. 
Shipments of diluted bitumen do not contain higher concentrations of water, sediment, dissolved 
gases, or other agents that cause or exacerbate internal corrosion, including microbiologically 
influenced corrosion. The organic acids in diluted bitumen are not corrosive to steel at pipeline 
operating temperatures. 

Diluted bitumen does not have properties that make it more likely than other crude oils to 
cause damage to transmission pipelines from external corrosion and cracking or from 
mechanical forces. The contents of a pipeline can contribute to external corrosion and cracking 
by causing or necessitating operations that raise the temperature of a pipeline, produce higher 
internal pressures, or cause more fluctuation in pressure. There is no evidence that operating 
temperatures and pressures are higher or more likely to fluctuate when pipelines transp01i diluted 
bitumen than when they transport other crude oils of similar density and viscosity. Furthermore, 
the transportation of diluted bitumen does not differ from that of other crude oils in ways that can 
lead to conditions that cause mechanical damage to pipelines. 

Pipeline operating and maintenance practices are the same for shipments of diluted 
bitumen and shipments of other crude oils. Operating and maintenance practices are designed to 
accommodate the range of crude oils in transp01iation. The study did not find evidence 
indicating that pipeline operators change or would be expected to change such practices while 
transporting diluted bitumen. 

These study results do not suggest that diluted bitumen will experience pipeline releases 
at a rate that is higher than its propo1iion of the crude oil stream. Future pipeline releases can be 
expected to occur, and some will involve diluted bitumen. All pipeline releases can be 
consequential. As explained at the outset of this report, the committee was not asked or 
constituted to study whether pipeline releases of diluted bitumen and other crude oils differ in 
their consequences or to determine whether such a study is warranted. Accordingly, the repo1i 
does not address these questions and should not be construed as having answered them. 
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APPENDIX A 

Questionnaire to Pipeline Operators on 
Transporting Diluted Bitumen 

The following questions were developed by the committee and given to the Canadian Energy 
Pipeline Association (CEPA) in Janumy 2013. CEPA distributed the questionnaire to member 
pipeline companies and returned the results in March 2013. Operator responses are indicated in 
bold text. 1 

1. Please provide the following information: 
a. Total amount of transmission crude oil pipeline mileage: Approximately 24,000 
b. Mileage dedicated to dilbit service: Approximately 890 
c. Mileage in batch service: Approximately 20,530 
d. Percentage of barrels transported per day consisting of diluted bitumen: 

Operator A: 82 percent 
Operator B: 15 to 65 percent 
Operator C: 65 percent 
Operator D: 65 percent 
Operator E: 28 percent dilbit; 3 percent synbit 

2. Please provide the following parameters on the properties of diluted bitumen measured at 
points of custody transfer or in-line (as appropriate and available): 
Table A-1 includes information gathered on a best-effort basis. One operator also 
reported some data for synbit, and these data were included for reference. In 
addition, H2S data for a large number of crude oils are available from a study 
performed by Omnicon supported by several pipeline operators. These data were 
collected by using ASTM D5263 and have been included below for reference (see 
Figure A-1). 

3. How often (e.g., percentage of barrels transported) is specified basic water and sediment 
(BS&W) exceeded at diluted bitumen initial custody transfer? 
For dilbit batches, between 0 and 0.6 percent of the barrels transported exceeded 
specified limits. 

4. Is BS& W exceeded more often for diluted bitumen compared with other crude oils 
transported? 
Three operators reported no differences. In two cases, dilbit batches did exceed 
specified limits more often than other crude oils by a small margin of between 0.1 
and 0.3 percent. 

1 API =American Petroleum Institute; C02 =carbon dioxide; H2S =hydrogen sulfide; KOH= potassium hydroxide; 0 2 = 
oxygen; ppm= parts per million; ppmw =parts per million by weight; psi= pounds per square inch; TAN= total acid number. 
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TABLE A 1 0 t R - 1pera or t Q f 2 esponses o ues ion 

Parameter Operator Average Normal Range Extreme High 

A 0.35 0.25 to 0.40 0.5 

B 0.21 0.05 to 0.36 0.36 

Total BS&W (volume c 0.18 0.11to0.25 0.5 
percentage) D 0.26 0.05 to 0.5 0.5 

E (dilbit) 0.28 0.1 to 0.38 0.5 

E (svnbit) 0.31 0.28 to 0.34 0.5 

Water share ofBS&W c 50 percent 40 to 60 percent 100 percent 

Sediment share ofBS&W c 50 percent 40 to 60 percent 100 percent 

Solid content (ppmw) B 0 to 0.01 
Solids particle size 
(microns) Not routine) v measured in crude oil 

B 6.77 0.1 to 11.1 11.1 

H2S (ppmw) c <0.5 10 

E <0.5 <0.5 

Carbon dioxide (ppm) Not routinely measured in crude oil 

Oxygen (ppm) Not routine Iv measured in crude oil 

A 3.8 3.62 to 3.85 

B 3.3 2.45 to 4.76 4.8 

Sulfur (weight c 3.8 3.79 to 3.89 4.0 
percentage) D 3.7 3.0 to 4.1 4.1 

E (dilbit) 4.0 3.46 to 4.97 5.2 

E (svnbit) 3.1 3.04 to 3.21 3.5 

A 21.5 19.0 to 23.l 

B 20.6 19.3 to 21.3 

API gravity 
c 22.1 21.4 to 22.2 

D 21 19.0 to 23.3 

E (dilbit) 21.5 20.3 t 21.9 

E (synbit) 19.8 19.5 to 20.1 

B 5.1 2.54 to 7.58 7.58 

c 7 

Reid vapor pressure (psi) D 8 3 to 11.8 11.8 

E (dilbit) 7.3 5.85 to 7.79 14.9 

E (synbit) 3.1 2.4 to 3.0 14.9 

A 1 0.85 to 1.05 

B 1.6 1.0 to 2.17 3.34 

TAN (mg KOH/g) 
c 1.6 1.52 to 1.64 1.82 

D 1.06 0.6 to 1.9 1.9 

E (dilbit) 1.3 0.92 to 2.49 3.75 

E (svnbit) 1.6 1.4 to 2.22 2.5 
(continued) 
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TABLE A-1 (continued) Operator Responses to Question 2 
Parameter Operator Average Normal Range Extreme Hie:h 

A 30 26 to 34 40 

Transport temperature 
10 (winter); 22 

B (summer) 4 to 29 32 
(

0 C), transmission c 15 5 to 35 50 pipelines 
D 27 13 to 43 43 

E 17 9.5 to 22.7 25.4 

A 4 2.0 to 6.0 

B 6.56 4.5 to 7.2 8.2 
Flow rate (ft/s) in c 2.5 0.5 to 4.7 5.0 transmission pipelines 

D 6.7 4.8 to 8.2 8.2 

E 3.63 3.63 4.04 

A 930 700 to 1,200 1,300 

B 600 43.5 to 1,160 1,440 
Pressure (psi) in c 500 175 to 1,350 1,440 transmission pipelines 

D 430 50 to 1,440 1,440 

E 750 750 1,095 

5. Do tank storage methods for diluted bitumen differ from those of other crudes to possibly 
affect level of 0 2, C02, water, and other contaminants? 
No, the storage method is the same as for all crude oil commodities. Dilbits are 
generally stored in their own commodity group to reduce downgrading. 

6. Note any differences in set points for safety and control instrumentation for pipelines in 
diluted bitumen service as opposed to lines in other service: 
There are no differences. Standards and procedures are in place for control that are 
generic for all crude oil commodities shipped. The standards and procedures are 
structured to ensure safe operation regardless of the commodity. 

7. Note any differences in the frequency of shutdowns, low-flow, and non-turbulent flow 
conditions while in diluted bitumen service: 
There are typically no differences that are related to dilbit service. One operator 
reported a small increase of shutdown frequency due to BS& W exceedance. 

8. Note any special surge control equipment and/or vibration monitors on pipelines that 
carry diluted bitumen: 
No special equipment has been installed specifically to accommodate dilbit. 

9. Are drag reducing agents used for diluted bitumen transportation? 
If so, does their use differ (more or less?) compared with other crude types? 
Three of five operators are currently not using drag-reducing agents for dilbit 
transportation. The use of drag-reducing agents is not specific to dilbit 
transportation. Their use is based on the operational requirements of a particular 
pipeline segment and throughput required. 
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I 0. Do pipelines undergo more pressure cycling when in diluted bitumen service? 
The operating philosophy and function of a pipeline drive pressure cycling, not the 
type of product transported. Batching between heavy and light products in the same 
pipeline may cause additional cycling; however, this is related to the switch in 
products rather than the products themselves. One operator reported that dilbit 
service lines cycle less frequently than those in conventional crude oil service. 

I I. Are pressure cycles measured and monitored for use in fatigue calculations? 
Three of five operators currently monitor and use pressure cycles in fatigue 
calculations, and one operator is planning to complete this activity in the future. 
One operator does not currently complete this activity. 

I2. Are corrosion inhibitors, including biocides, used for diluted bitumen shipments? 
If so, do quantities differ from those used for other crude types? 
Three of the operators use chemical treatment for bacteria or corrosion control in at 
least some of their pipelines. Chemical treatment requirement is determined by the 
flow conditions and pipeline condition. When such treatments are required, the 
volume and quantities are the same as for other crude oil pipelines. 

I3. Is cleaning required at different intervals for pipelines in diluted bitumen service versus 
pipelines in other service? 
The requirement for a cleaning program and cleaning intervals are primarily 
determined by consideration of flow conditions and the potential for water and 
sediment deposition for all crude oil types. No differences in cleaning intervals were 
reported by any operator. 

I4. Is the debris from pig cleaning analyzed? 
If so, note any differences in composition for pipelines in diluted bitumen service? 
Four of five operators complete testing of debris from pig cleaning, and no 
differences in composition have been reported for pipelines in dilbit service versus 
other heavy commodity pipelines. For pipelines in batch service with multiple 
products including dilbit, it is not possible to differentiate the sediment collected. 

IS. Is there any evidence from in-line inspection and/or other corrosion monitoring activities 
indicating unusual or unexpected corrosion locations for lines in diluted bitumen service? 
Corrosion in heavy-oil pipelines can occur in areas where water or sediment 
accumulates-including low areas, critical inclines, and overbends. The latter 
location was unexpected when it was identified in 2005, but this does not appear to 
be unique to dilbit pipelines and is common to heavy commodities in general. No 
unusual or unexpected corrosion locations have been attributed to dilbit service. 

16. Note any difference in clogging or wear of equipment, such as pumps, for lines in diluted 
bitumen service: 
No clogging or unusual wear has been identified for lines in dilbit service. 
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17. Note any differences in predictive/preventive maintenance practices for lines in dilbit 
service: 
No special predictive or preventive maintenance practices are required for dilbit 
pipelines. 

18. More generally, do you have integrity management programs specific to lines in dilbit 
service? 

E 
a. 
a. 
.! 
Vl 

N ::c: 

No, dilbit lines are incorporated into overall integrity management programs. In 
more than 25 years of diluted bitumen service on some pipelines, no unique or more 
severe threats specific to diluted bitumen service have been observed. 
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FIGURE A-1 Supplemental information on H2S content. 
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Federal Pipeline Safety Regulatory Framework 

ORIGINS OF HAZARDOUS LIQUIDS PIPELINE SAFETY REGULATION 

The Hazardous Liquid Pipeline Safety Act (HLPSA) of 1979, as amended, provides the statutory 
authority for the U.S. Depaiiment of Transportation (US DOT) to establish regulatory standards 
for the transportation of hazardous liquid by pipelines, including those transporting crude oil. 1 

Within the department, authority to carry out the act is delegated to the Pipeline and Hazardous 
Materials Safety Administration (PHMSA), which implements its authority through the Office of 
Pipeline Safety (OPS). OPS promulgates rules governing the design, construction, testing, 
inspection, maintenance, and operations of hazardous liquid pipelines. The regulations are 
intended to establish minimum safety standards applicable to all hazardous liquid pipeline 
facilities, thereby setting a safety floor that all operators must meet across the spectrum of 
pipeline systems. The regulations cover pipelines that transport crude as well as refined products. 

A review of past OPS rulemaking notices reveals that as the regulatory program evolved 
and matured, USDOT and Congress began to question whether the regulatory program was 
having sufficient effect in reducing the risk of transporting hazardous liquid by pipeline. A 
central concern was that individual pipeline operators could be complying with each of the 
actions prescribed in the federal rules in a procedural, or "checklist," manner without really 
knowing whether these actions were collectively producing the desired safety assurance. Because 
pipeline facilities vary in their designs, construction, environments, and operating histories, 
specific safety assurance methods-including those not prescribed in federal rules-might be 
more suitable for one facility than for another. Moreover, OPS had long been concerned that it 
could not identify all facility-specific risks, which made a strictly prescriptive approach to safety 
regulation impractical. The changes made in response to these concerns have led to changes in 
the role of OPS and to new expectations for safety assurance by the pipeline industry. 

PRESCRIPTIVE AND PERFORMANCE-BASED STANDARDS 

After several major pipeline releases during the late 1980s and early 1990s, OPS staiied 
experimenting with other regulatory approaches to accompany its rules, which prescribed such 
specific actions as maintaining operating pressure at levels not to exceed 72 percent of specified 
minimum yield strength (SMYS).2 The agency sponsored a series of demonstration projects that 
gave operators the incentive and flexibility to tailor their safety assurance methods to their 
specific circumstances. OPS reasoned that because pipeline operators have the most 
comprehensive and detailed knowledge of their systems, they are in the best position to devise 
their safety assurance programs, as long as they are given the motivation, tools, and regulatory 
flexibility to make effective choices.3 

1 
Rulemaking to begin implementation ofHLPSA began in 1981 (Federal Register, Vol. 46, No. 143, July 27, 1981) and can be 

found at http://phmsa.dot.gov/staticfiles/PHMSA/hrmpdfs/l 98 l %20hist%20rulemakings/46%20FR %203 8357. pdf. 
2 

§195.406. 
3 

See Federal Register, Vol. 65, No. 237, Dec. 8, 2000. 
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In 2000, OPS issued a landmark rulemaking titled Pipeline Integrity Management in High 
Consequence Areas.4 Rather than prescribing specific operations and maintenance procedures, 
new rules laid out the key steps to be followed in developing and implementing a rationalized 
integrity management program based on principles of risk management. The regulations defined 
the core elements of the required program, such as the development of a written plan explaining 
how risks are to be identified; the logic used in choosing the tools, methods, and schedules 
employed for detecting and assessing risks; and the timetable for completing risk assessments 
and correcting deficiencies. The rules were written in performance-based language that does not 
tell operators exactly how they must conduct the risk assessments or precisely how they must act 
to mitigate identified risks. For example, if internal corrosion is identified as a threat in a 
particular pipeline segment, the operator is held responsible for selecting the best means to 
mitigate it-by using corrosion inhibitors, increasing the frequency of line cleaning, shortening 
inspection intervals, or selecting other defensible options. 

Although performance-based rules have the advantage of allowing customized responses 
to specific circumstances, they can at times lack the clarity of a specific measure prescribed in 
rules applicable to all.5 Accordingly, OPS has retained many of its prescriptive rules and 
continues to adopt new ones, depending on the safety concern. Box B-1 outlines the basic set of 
rules governing the transpmtation of hazardous liquids by pipeline, as contained in the Code of 
Federal Regulations, Title 49, Part 195. Examples of prescriptive rules, in addition to the 
aforementioned standard for maximum operating pressure, are those concerning pipeline design 
and construction features, such as the requirement for shutoff valves located at each side of a 
water crossing.6 Nevertheless, in instances where alternatives to prescribed measures have safety 
merit, the operator can seek a waiver, or special permit, from OPS by demonstrating that the 
alternative measures will yield the same or higher levels of safety than the prescribed ones.7 

An example of a special permit application is the original plan of TransCanada 
Corporation to construct the Keystone XL pipeline. When the pipeline was first proposed in 
2008, the company petitioned OPS to allow for maximum operating pressures of 80 percent of 
SMYS. OPS agreed to the special permit conditioned on TransCanada Corporation implementing 
57 measures not currently delineated in the regulations and on adding a degree of rigor not 
currently required. The conditions covered, among other things, quality control checks during the 
manufacture and coating of the pipe, tighter valve spacing, remote control valves, monitoring 
and control of operating temperatures, more frequent pig cleaning, and specific limits on the 
levels of water and sediment contained in the products transported. Although TransCanada 
Corporation eventually withdrew the special permit application, it agreed to comply with the 57 
conditions as part of its separate presidential application to build and operate a pipeline that 
crosses a national border.8 

4 See Federal Register, Vol. 65, No. 237, Dec. 8, 2000. 
5 For example, the National Transportation Safety Board recently urged PHMSA to revise the integrity management-high 
consequence area rule to better define when an assessment of environmental cracks must be performed, acceptable engineering 
methods for such assessments, and specific treatments that must be applied when cracks are found. http://www.ecfr.gov/cgi
bin/text-idx?c=ecfr&SID=4c83a26cf5fcbaf90e350dddcff30 l 66&rgn=div8&view=text&node=49:3. l. l. l. l l .6.22.28&idno=49. 
6 

§195.260. 
7 

These are general regulations also pertaining to natural gas pipelines and are thus contained in 49 CFR Part 190. 
8 In 2008, TransCanada Corporation proposed the addition of a new hazardous liquid transmission pipeline, called the Keystone 
XL, which would originate in Alberta and terminate in Steele City, Nebraska. Because the pipeline crossed the U.S. border, it 
required presidential approval. Public Law 112-78 required the president to act on the application within 60 days of the law's 
enactment on December 23, 2011. In early 2012, President Barack Obama denied the application, citing a review by the U.S. 
Department of State that expressed the need for more information to consider relevant environmental issues and the 
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Finally, in addition to having special permit authority, OPS has broad authority in the 
name of public safety to demand that pipeline operators take certain actions not specifically 
called for in regulations. For example, if the agency discovers a hazardous condition, it can issue 
orders requiring operators to take certain responsive or precautionary measures.9 On discovering 
a condition that may be of concern to multiple pipelines, OPS can issue advisory bulletins that 
notify operators about the condition and how it should be corrected. 

SUPPORTIVE PROGRAMS 

The emphasis on risk- and performance-based standards has not only affected OPS rulemaking 
activity but also changed other aspects of its safety oversight program. Where it does not 
prescribe specific safety actions or practices, OPS seeks to ensure that operators are in 
compliance with the performance-oriented demands outlined in the regulations. Aided by its 
inspection and enforcement capabilities, OPS will verify that pipeline operators are developing 
and implementing risk management programs that have a rigorous and technically sound basis. A 
checklist compliance inspection approach is not considered adequate. Inspecting for compliance 
under these circumstances requires an approach more akin to a quality assurance audit to ensure 
that operators are following a well-defined set of actions. In addition, the advent of performance
based regulations has meant that OPS safety researchers now have responsibility for providing 
technical guidance to aid operators in developing rigorous risk management programs, including 
development of the requisite analytic tools. 

About half of the 200-person OPS staff is responsible for inspecting pipeline facilities, 
with assistance from more than 300 state inspectors. Inspectors are authorized to review the 
manual for operations and maintenance required of each operator. Inspectors also review records 
documenting the evaluations that have been performed to identify and prioritize risk factors, 
devise integrity management strategies, and prioritize the preventive and mitigative measures. If 
OPS has reason to believe that a specific risk factor is escaping the scrutiny of a pipeline 
operator, it can review company records to determine whether and how the risk is being treated. 
As described in Chapter 4, PHMSA also requires operators to report incidents involving releases 
from pipelines. The agency uses the reports to guide its regulatory, inspection, and enforcement 
priorities. 

Tprough its research and engineering capacity, OPS can assist pipeline operators in 
complying with both prescriptive and performance-based rules. In 2012, the agency funded about 
$7 million in research, with most projects conducted in collaboration with industry through 
cooperative programs such as the Pipeline Research Council International, Inc. Much of the 
research is designed to help operators comply with regulatory demands; for example, by 
developing tools and methodologies to detect and map pipeline leaks, locate and diagnose faults 
in cathodic protection systems, inspect lines that cannot be pigged, and conduct risk analyses. 
Research projects are also designed to provide technical support for industry standard-setting 
activities; for example, by evaluating new test methods being considered by standards 
development committees. 

consequences of the project on energy security, the economy, and foreign policy (Federal Register, Vol. 77, No. 23, Feb. 3, 2012, 
p. 5614). 
9 

49 CFR §190. 
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Box B-1 

Summary of Coverage of Federal Hazardous 
Liquid Pipeline Safety Regulations 

Title 49, Part 195-Transportation of Hazardous Liquids by Pipeline 

Subpart A-General 

§195.0 to 
§195.12 

Subpart B-Reporting 

§195.48to 
§ 195.64 

Subpart C-Design 

§ 195.100 to 
§195.134 

Subpart D-Construction 

§195.200 to 
§ 195.266 

Regulation coverage, definitions, incorporations by 
reference of consensus standards, and compliance 
responsibility. 

Includes reporting requirements for accidents and 
safety-related conditions as well as requirements for 
operators to provide assistance during investigations. 

Includes pipe and component design requirements 
governing design temperature, internal design 
pressure, external pressure and loads, valves and 
fittings, closures and connections, and station pipe 
and breakout tanks. 

Includes construction-related requirements governing 
material inspection, transportation of pipe, location of 
pipe, installation and coverage of pipe, welding 
procedures and welder qualifications, weld testing and 
inspection, valve location, pumping stations, and 
crossings of railroads and highways. 

Subpart E-Pressure Testing 

§ 195.300 to 
§195.310 

Includes requirements governing pressure testing of 
pipe, components, tie-ins, and breakout tanks. Also 
contains requirements for risk-based alternatives to 
pressure testing of older pipelines. 

Subpart F-Operations and Maintenance 

§195.400 to Includes requirements for an operations, maintenance, 
§195.452 and emergency response manual; maximum operating 

pressure; inspections of breakout tanks and rights-of
way; valve maintenance; pipe repairs; line markers 
and signs; public awareness and damage prevention 
programs; leak detection and control room 
management; and integrity management in high-
consequence areas. 

(continued) 
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Box B-1 (continued) 

Subpart G-Qualification of Pipeline Personnel 

§195.501 to Requirements for qualification programs and record 
§195.509 keeping. 

Subpart H-Corrosion Control 

§ 195 .551 to Includes regulations on coatings for external 
§ 195 .589 corrosion control, coating inspection, cathodic 

protection and test leads, inspection of exposed pipe, 
protections from internal corrosion, protections 
against atmospheric corrosion, and assessment of 
corroded pipe. 

Appendix A 

Appendix B 

Appendix C 

Delineates federal and state jurisdiction. 

Risk-based alternative to pressure testing older 
pipelines. 

Guidance for integrity management program 
implementation. 
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July 23 

9:45 a.m. 

11:30 a.m. 

1:00 p.m. 
Crude 

1:45 p.m. 

2:30 p.m. 

3:30 p.m. 

4:15 p.m. 

APPENDIXC 

Data-Gathering Sessions 

Committee for a Study of Pipeline Transportation of Diluted Bitumen 

First Meeting 
July 23-24, 2012 
Washington, D.C. 

Briefing by study sponsor, Pipeline and Hazardous Materials Safety 
Administration (PHMSA) 

Linda Daugherty, Deputy Associate Administrator for Policy and Programs 
Alan Mayberry, Deputy Associate Administrator of Field Operations 
Jeffery Gilliam, Senior Engineer and Project Manager 

• Origins and scope of study 
• Overview of PHMSA's regulatory program 
• Agency data sources and technical reports 
• Additional background 

Overview ofrelevant industry consensus standards and state of the practice in 
detecting, preventing, and mitigating internal corrosion of oil pipelines 

Oliver Moghissi, President, National Association of Corrosion Engineers 
(NACE), and Director, DNV Columbus, Inc 

Alberta Innovates report, Comparison of Corrosivity of Dilbit and Conventional 

John Zhou, Alberta Innovates Energy and Environment Solutions 
Harry Tsaprailis, Alberta Innovates Technology Futures 

Industry associations 
Peter Lidiak, Director, Pipelines, American Petroleum Institute 

Operator experiences-Enbridge Pipelines, Inc. 
Scott Ironside, Director, Integrity Programs 

Operator experiences-TransCanada Corporation 
Bruce Dupuis, Program Manager, Liquid Pipeline Integrity 
Jenny Been, Corrosion Specialist, Pipe Integrity 

Concerns raised in Natural Resources Defense Council (NRDC) report 
Anthony Swift, Attorney, International Program, NRDC 
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Appendix C 

5:00 p.m. 

5:45 

July 24 

9:35 a.m. 

10:15 a.m. 

11 :00 a.m. 

12:15 p.m. 

8:40 a.m. 

9:30 a.m. 

10:45 a.m. 

12:30 p.m. 

1:30 p.m. 

3:00 p.m. 

General discussion 

Adjournment 

National Energy Board (NEB)-Overview of Regulatory, Data, and Technical 
Activities 

Iain Colquhoun, Chief Engineer, NEB 

Standard and Non-Standard Methodologies to Evaluate Crude Oil Co1rnsivity 
Under Pipeline Operating Conditions 

Sankara Papavinasam, Senior Research Scientist, CanmetMA TERIALS 

Public forum 

Adjournment 

Subcommittee Meeting 
October 9, 2012 

Edmonton, Alberta 

Introductions: Enbridge Pipelines, Inc.; TransCanada; Inter Pipeline; Kinder 
Morgan; Crude Quality, Inc. 

Experience with diluted bitumen quality and cleanliness when entering the 
pipeline system 

Pipeline control and operations: diluted bitumen versus conventional crude oils 

Integrity knowledge of pipelines 
Findings from inspecting pipelines in high consequence areas for anomalies 

Other presentations 

Tour of Natural Resources Canada, CanmetENERGY laboratory 
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88 

10:50 a.m. 

1:30 p.m. 

2:30 p.m. 

3:30 p.m. 

4:30 p.m. 

5:00 p.m. 

10:30 a.m. 

11:15 a.m. 

1:00 p.m. 

2:00 p.m. 

3:00 p.m. 

Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

Second Committee Meeting 
October 23, 2012 
Washington, D.C. 

Overview of pipeline equipment, field operations, control center, leak detection, 
maintenance, regulation, and economics 

Thomas Miesner, Pipeline Knowledge and Development 

Background on crude oils and diluted bitumen 
Harry Giles, Executive Director, Crude Oil Quality Association 
Randy Segato, Suncor Energy 
Andre Lemieux, Canadian Crude Quality Technical Association 

Diluted bitumen: chemical and physical prope1ties 
Heather Dettman, Natural Resources Canada, CanmetENERGY 

Evidence from pipeline incident repmting systems 
PHMSA data: Jeffery Gilliam and Blaine Keener, PHMSA 
Pipeline Performance Tracking System: Peter Lidiak, American Petroleum 
Institute, and Cheryl Trench, Allegro Energy Consulting 

Overview of PHMSA supplemental regulatory authorities to mitigate risk 
Jeffery Gilliam, PHMSA 

Adjournment 

Third Committee Meeting 
January 31, 2013 
Washington, D.C. 

Summary of NACE conference proceedings on heavy oil and corrosion 
Sankara Papavinasam, Senior Research Scientist, Natural Resources Canada, 
CanmetMA TERIALS 

Operational experience transporting heavy crude oils by pipeline in California 
Art Diefenbach, Vice President of Engineering, Westpac Energy 

Overview of federal hazardous liquid pipeline regulatory approach 
Jeffrey Wiese and Jeffery Gilliam, PHMSA 

Changing patterns of crude oil supply and demand 
Geoffrey Houlton, Senior Director, Global Crude Oil Market Analysis, IHS 

Adjournment 
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Review Paper/ 

Crude Oil at the Bemidji Site: 25 Years of 
Monitoring, Modeling, and Understanding 
by Hedeff I. Essaid1•2, Barbara A. Bekins2, William N. Herkelrath2, and Geoffrey N. Delin3 

Abstract 
The fate of hydrocarbons in the subsurface near Bemidji, Minnesota, has been investigated by a 

multidisciplinary group of scientists for over a quarter century. Research at Bemidji has involved extensive 
investigations of multiphase flow and transport, volatilization, dissolution, geochemical interactions, microbial 
populations, and biodegradation with the goal of providing an improved understanding of the natural processes 
limiting the extent of hydrocarbon contamination. A considerable volume of oil remains in the subsurface today 
despite 30 years of natural attenuation and 5 years of pump-and-skim remediation. Studies at Bemidji were 
among the first to document the importance of anaerobic biodegradation processes for hydrocarbon removal and 
remediation by natural attenuation. Spatial variability of hydraulic properties was observed to influence subsurface 
oil and water flow, vapor diffusion, and the progression of biodegradation. Pore-scale capillary pressure-saturation 
hysteresis and the presence of fine-grained sediments impeded oil flow, causing entrapment and relatively large 
residual oil saturations. Hydrocarbon attenuation and plume extent was a function of groundwater flow, compound
specific volatilization, dissolution and biodegradation rates, and availability of electron acceptors. Simulation of 
hydrocarbon fate and transport affirmed concepts developed from field observations, and provided estimates of 
field-scale reaction rates and hydrocarbon mass balance. Long-term field studies at Bemidji have illustrated that 
the fate of hydrocarbons evolves with time, and a snap-shot study of a hydrocarbon plume may not provide 
information that is of relevance to the long-term behavior of the plume during natural attenuation. 

Introduction 
It has long been recognized that spills of crude oil, 

gasoline, aviation fuel, diesel fuel, heating oil, and other 
petroleum hydrocarbon fuels all pose a risk of ground
water contamination by benzene, toluene, ethylbenzene, 
and xylenes (BTEX) (Council on Environmental Quality 
1981). Significant research efforts initiated in the 1980s 

1 Corresponding author: U.S. Geological Survey, 345 Middlefield 
Rd., Menlo Park, CA 94025; (650) 329-4581; fax: (650) 329-4463; 
hiessaid@usgs.gov 
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(summarized by Mercer and Cohen 1990; Chapelle 1999; 
Cozzarelli and Baehr 2003; Oostrom et al. 2006) were 
devoted to understanding the processes controlling the 
subsurface flow, dissolution, volatilization, and biodegra
dation of nonaqueous phase liquid (NAPL) hydrocarbon 
mixtures so that effective remediation strategies could be 
designed. These studies ranged from laboratory experi
ments to field studies, and involved the development and 
application of complex numerical models. 

By the mid-1990s, considerable evidence suggested 
that the extent of subsurface hydrocarbon plumes was 
limited by natural attenuation processes, mainly biodegra
dation of hydrocarbons by naturally occurring bacteria 
(National Research Council 1993, 2000; Wiedemeier et al. 
1999). The high costs of hydrocarbon source removal and 
groundwater cleanup, as well as recognition of the lim
ited effectiveness of pump and treat systems (National 
Research Council 1994 ), led the Environmental Protec
tion Agency (EPA) to adopt guidelines for risk-based site 
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Figure 1. Aerial view of the Bemidji, Minnesota, crude-oil spill research site showing the site of the pipeline break, surface 
area impacted by oil spill, approximate extent of north, middle, and south oil pools floating on the water table, general 
direction of groundwater flow, and locations of cross sections shown in subsequent figures (modified from Delin et al. 1998; 
approximate extent of subsurface oil, August 1998, modified from Lakehead Pipe Line Co., written communication 1998). 

assessments (EPA 1995) and the application of natural 
attenuation for petroleum hydrocarbons in groundwater 
(EPA 1997). In some cases, regulatory decisions of "no 
further action" (also known as site closure) were imple
mented at sites where groundwater benzene concentra
tions were dropping but did not yet meet state cleanup 
standards. The expectation was that natural attenuation 
would result in a continuing decrease in concentrations 
(Pelayo et al. 2008). However, a recent survey of 10 
closed hydrocarbon contaminated sites in Wisconsin has 
shown that benzene concentrations exceed those measured 
at the time of site closure at five of the sites (Pelayo 
et al. 2008). The Wisconsin results indicate that natural 
attenuation of petroleum hydrocarbons can take longer 
than expected and that attenuation rates can change with 
time. Understanding the progression and evolution of 
natural attenuation processes, and determining the fac
tors that control the spatial and temporal extent of a 
subsurface hydrocarbon plume, has been the subject of 
over 25 years of research at the crude-oil spill site near 
Bemidji, Minnesota. 

On August 20, 1979, approximately 16 km north
west of Bemidji, an 86-cm diameter crude-oil pipeline 
burst along a seam weld, spilling about 1.7 x 106 L 
(10,700 barrels) of crude oil onto glacial outwash deposits 
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(Figure 1) (Pfannkuch 1979; Hult 1984; Enbridge Energy 
2008). The oil sprayed over an area of about 6500 m2 

(the spray zone) and collected in a wetland and topo
graphic depressions where crude oil infiltrated through 
the unsaturated zone to the water table resulting in three 
subsurface oil bodies (termed the north, middle, and south 
oil pools, Figure 1). An estimated 1.1 x 106 L (6800 bar
rels) of the spilled oil was removed by pumping from 
surface pools and trenches, and an additional 0.2 x 106 

L (1300 barrels) was removed by burning and excava
tion of soil. After cleanup efforts were completed in 1979 
to 1980, about 0.4 x 106 L (2600 barrels) of crude oil 
remained in the subsurface. The NAPL oil trapped in the 
unsaturated zone and floating on the water table has pro
vided a continuous source of hydrocarbon contamination. 
Hydrocarbon compounds have volatilized and dissolved 
from the oil at varying rates, changing the source compo
sition and forming a soil vapor and groundwater plume 
within physically and chemically heterogeneous subsur
face sediments (Figure 2). The compounds have been 
transported mainly by diffusion (with some advection) in 
the unsaturated zone, and by advection and dispersion 
in the saturated zone. Reactions and biodegradation have 
transformed the hydrocarbons to less toxic compounds, 
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Figure 2. Generalized vertical cross section illustrating the 
fate and transport of spilled hydrocarbons in the subsurface 
(modified from Delin et al. 1998). Hydrocarbons infiltrate the 
subsurface as a separate oil phase, resulting in a residual oil 
source in the unsaturated zone and an oil body floating on the 
water table. Volatilization and dissolution of hydrocarbons 
from the oil phase produce vapor and groundwater plumes. 
The extent of these plumes is moderated by biodegradation 
and geochemical reactions that take place in a heterogeneous 
porous medium. 

modified the subsurface redox conditions, and resulted in 
changes in mineral characteristics. 

A long-term, interdisciplinary research project spon
sored by the U.S. Geological Survey Toxic Substances 
Hydrology Program was established at the Bemidji site in 
1983 in response to the research community's need for 
in situ field-scale studies of hydrocarbon fate to comple
ment ongoing experimental and modeling efforts (Delin 
et al. 1998). An overview of the project with site maps and 
data is available at http://toxics.usgs.gov/sites/bemidji_ 
page.html and http://mn.water.usgs.gov/projects/bemidji/. 
Research at this site has been oriented toward characteriz
ing and quantifying the physical, chemical, and biological 
processes controlling the fate of hydrocarbons in the sub
surface. From 1983 to 1999, scientists working at the site 
were able to study and document the extent and progres
sion of hydrocarbon contamination under natural, undis
turbed conditions. In 1999, a 5-year remediation effort 
focused on removing the NAPL oil source was initiated 
by the pipeline company in response to a mandate from 
the Minnesota Pollution Control Agency. 

Twenty-five years of comprehensive, interdisciplinary 
research has made Bemidji one of the best charac
terized hydrocarbon spill sites in the world and has 
resulted in over 200 publications (complete list available 
at http://toxics.usgs.gov/bib/bib-bemidji.html). Research 
efforts at Bemidji have focused on developing and apply
ing methods for measuring and investigating in situ prop
erties and processes. Work at the site has ranged from 
characterization of microscopic-scale water-mineral inter
actions to plume-scale geochemical and microbial evo
lution, and has included testing of complex models of 
multiphase flow, reactive transport, and biodegradation. 
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Investigations have involved the collection and analy
sis of more than 5000 samples of crude oil, water, soil, 
vapor, sediment, and microbes. The NAPL oil distribution 
and composition have been characterized and modeled 
to provide an understanding of the nature of the contin
uous hydrocarbon source. Monitoring and modeling of 
the geochemistry of the contaminated aquifer have eluci
dated the chemical and biological processes controlling 
the evolution and extent of the groundwater and soil 
vapor hydrocarbon plumes. Simulation has been used to 
test conceptual models, quantify properties and rates, and 
evaluate hydrocarbon mass balance. This paper presents 
an overview of Bemidji studies that have contributed to 
understanding the fate of hydrocarbons in the natural field 
setting. The approaches developed and processes studied 
at Bemidji are universal and can be adapted and used to 
evaluate other hydrocarbon spill sites. 

Site Hydrogeology 
The Bemidji oil spill is located in a pitted and dis

sected outwash plain comprised of moderately calcareous, 
moderately to poorly sorted sandy gravel, gravelly sand 
and sand with thin interbeds of silt (Franzi 1988). The 
average organic carbon content of these sediments was 
0.09% (Baedecker et al. 1993), and the mean porosity was 
0.38 (Dillard et al. 1997). At a depth of 18 to 27 m the 
outwash sediments are underlain by a low-permeability till 
layer. Local groundwater flow is to the northeast and dis
charges to an unnamed lake 300-m downgra~ient from the 
point of the pipeline rupture (Figure 1). Depth to the water 
table ranges between 0 (near the wetland) and 11 m, and 
water levels fluctuate as much as 0.5 m seasonally. The 
observed average water-table gradient was 0.0035 m/m 
(Essaid et al. 2003). Estimates of mean hydraulic con
ductivity at the north oil pool site ranged from 5.6 x 
10-6 mis (estimated from particle-size distributions, Dil
lard et al. 1997) to 7 .0 x I 0-5 mis (calibrated model 
estimate, Essaid et al. 2003). Mean porosity, conductivity, 
and gradient estimates yield average velocity estimates 
that range between 0.004 and 0.056 m/day. A small-scale 
natural-gradient bromide tracer test conducted within the 
hydrocarbon plume, along a 1.6-m long flow path 57-m 
downgradient from the center of the oil body, yielded a 
mean flow velocity of 0.06 mlday and longitudinal dis
persivity of 0.15 m (Essaid et al. 2003). 

Mean annual temperature and precipitation at the 
site are 3°C and 0.58 m, respectively (National Oceanic 
and Atmospheric Administration 1983). Recharge rates 
at the site have been estimated using a water-table fluc
tuation method and an unsaturated zone water balance 
method based on time-domain-reflectometry measured 
soil moisture (Delin and Herkelrath 1999, 2005; Herkel
rath and Delin 2001). Estimated values range from 0.1 
to 0.3 m/year. The greatest recharge rates have been 
observed below areas of topographic lows, primarily 
as a result of accumulation of surface runoff in these 
depressions-the same depressions where spilled crude 
oil infiltrated to the water table. 
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The Oil Phase Hydrocarbon Source 
Crude oil is a complex mixture of hydrocarbon 

compounds that volatilize into the gas phase, dissolve 
in water, and biodegrade at different rates. The NAPL 
oil distribution in the subsurface affects its contact with 
the water and gas phases and consequently the rates of 
volatilization and dissolution of hydrocarbons. Increased 
oil in the pore space decreases the ease with which water 
and air can flow past the oil and reduces the oil surface 
area in contact with air and water phases, reducing the 
transfer of hydrocarbons. Furthermore, as mass transfer of 
hydrocarbon components from the oil to soil gas and water 
progresses, and biodegradation occurs, the composition 
of the hydrocarbon mixture in the oil changes. These 
processes can be individually isolated and studied in 
laboratory experiments, however, in the field they occur 
simultaneously with complex interactions. 

Oil Phase Distribution 
Characterizing the subsurface oil-phase distribution 

is a necessary step for understanding the influence of the 
NAPL oil source on the vapor and groundwater plumes. 
Often, the only information available at a field site is 
the thickness of oil floating on water in an observation 
well, a measurement that does not correlate well with the 
thickness of oil in the adjacent sediments (Kemblowski 
and Chiang 1990). Methods to determine the subsurface 
distribution of oil saturation, the fraction of the pore 
space occupied by oil (volume of oil/volume of pore 
space), were developed and applied at the Bemidji site. 
In 1989 and 1990, cores were collected at the south and 
north oil pools (Figure 3) using a sampling technique 
that could recover relatively undisturbed core samples 
from both the unsaturated and saturated zones while 
maintaining the in situ pore-fluid distribution (Hess et al. 
1992). Cores were immediately frozen and cut into 78-
mm long sections. Oil and water saturations, porosity, 
and particle-size distribution were determined for 146 core 
sections aligned along a 120-m transect at the south pool 
(Hess et al. 1992), and 269 core sections aligned along a 
90-m transect at the north pool (Dillard et al. 1997). Both 
transects were approximately parallel to the direction of 
groundwater flow. 

The observed south pool oil body (Figure 3A) was 
more than 70 m long with, the greatest oil saturation 
(0.62) measured near its center in a localized zone of 
high oil saturations. Outside this zone there was a large 
area with oil saturations less than 0.20. The oil body was 
asymmetric and it appeared that there may have been 
some downgradient lateral migration of oil below the 
water table, possibly through zones of high permeability. 
The thickness of oil measured in three wells at the time 
of core collection did not cmTespond to the oil-saturation 
distribution in the adjacent sediments (Hess et al. 1992), 
illustrating that accumulated thickness in wells is a poor 
indicator of the actual distribution of oil in the subsurface. 

The distribution of oil at the north pool site was more 
complex than that at the south pool site (Figure 3B). A 
considerable amount of oil remained in the unsaturated 
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Figure 3. Oil-phase distribution at the Bemidji site (mod
ified from Essaid et al. 1993; Dillard et al. 1997): (A) oil 
saturation (volume of oil/volume of pore space) distribution 
at the south pool; (B) oil-saturation distribution at the north 
pool; (C) oil saturation and percent grain size smaller than 
0.1 mm at borehole 9016 showing the influence of hetero
geneity on oil-phase distribution; (D) photograph of an oil 
core crossing the water table showing oil exclusion from a 
finer grained horizon. 

NGWA.org 
 

011754



zone where oil infiltrated following the spill. The body of 
oil floating on the water table was not lens shaped, but 
rather consisted of zones of high and low oil saturation 
distributed along the general direction of groundwater 
flow. The maximum oil saturation of 0.74 was measured 
in the downgradient part of the oil body. Figure 3C shows 
profiles of oil saturation and particle size for borehole 
9016 and illustrates the influence of fine-grained layers on 
oil-saturation distribution. A layer containing almost 80% 
fines occurred in the unsaturated zone at an elevation of 
about 426 m. Oil saturations above this layer were greater 
than 0.3, even though it was more than 2 m above the 
water table. Apparently the fine-grained layers impeded 
the infiltration and redistribution of oil. The peak oil 
saturation was below the water table within a zone that 
was lacking in fines, rather than at or above the water 
table as buoyancy would predict. Fine-grained layers 
occurred above and below the zone of high oil saturation, 
suggesting that migration of oil near the water table 
was controlled by heterogeneous layering. Figure 3D is 
a photograph of a core collected at the water table that 
illustrates the effect of grain size on oil saturation. The 
gray zone in the center is of slightly smaller grain size 
and is free of oil, whereas the coarser overlying and 
underlying zones are heavily saturated with oil. These 
field data illustrate the importance of heterogeneity and 
capillary effects on the distribution and movement of the 
oil phase. 

By 1990, many modeling approaches had been devel
oped to simulate the flow of NAPL oil, however, their 
field applicability was untested because of a lack of 
field-scale and site-specific knowledge of multiphase dis
tributions and hydraulic properties (Mercer and Cohen 
1990). Observed fluid saturation and particle-size dis
tributions at Bemidji were used in conjunction with a 
multiphase cross-sectional flow model of the unsaturated 
and saturated zone to simulate the movement of oil and 
water at the spill site (Essaid et al. 1993; Dillard et al. 
1997). Comparisons between observed and simulated oil
saturation distributions were used as indicators of the 
appropriateness of using prevalent multiphase flow mod
eling approaches, and the relative importance of factors 
controlling oil flow. Spatially variable sediment hydraulic 
properties and constitutive relations (capillary pressure
saturation and relative permeability-saturation) were esti
mated from particle-size data. At the south oil pool, the 
general asymmetrical shape of the observed oil body 
was reproduced only when hysteretic capillary pressure
saturation curves with oil entrapment and representations 
of spatial variability of hydraulic properties were incorpo
rated into the model (Essaid et al. 1993). The small-scale 
details of the observed subsurface oil distribution were 
not reproduced in the simulations due to uncertainty in 
spatial correlations, hydraulic properties, and constitutive 
relations estimated from particle-size distributions. 

Analysis of the permeability distribution estimated 
from particle-size data from the north oil pool site 
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suggested that fine-grained layers were more predomi
nant than at the south pool site. Permeability was dis
tributed bimodal lognormally with two population distri
butions corresponding to two predominant lithologies: a 
coarse glacial outwash deposit and fine-grained interbed
ded lenses. A two-step geostatistical approach was used to 
generate a conditioned realization of permeability repre
senting the observed bimodal heterogeneity (Dillard et al. 
1997). This permeability distribution was used to simu
late flow of oil and water in the presence of air along the 
north pool transect for the 1979 to 1990 period. Inclusion 
of bimodal aquifer heterogeneity was needed to reproduce 
the observed entrapment of oil in the unsaturated zone 
and the irregular shape of the oil body. When bimodal 
heterogeneity was included, pore-scale capillary pressure
saturation hysteresis did not have to be incorporated into 
the model because a large-scale hysteretic effect was pro
duced by the presence of low-permeability fine-grained 
lenses that impeded oil flow. 

The field observations and modeling indicate that 
subsurface oil-phase flow is very sensitive to porous 
media heterogeneity. Oil tends to occur at higher 
saturations and to be more mobile in the coarser-grained 
higher-permeability sediments. Pore-scale capillary 
pressure-saturation hysteresis and the presence of fine
grained sediments can impede oil flow, causing entrap
ment and relatively large residual oil saturations. Realistic 
simulated oil distributions were obtained only when the 
effects of heterogeneity on capillary pressure-saturation 
and relative permeability-saturation constitutive relations 
were represented. However, there is still considerable 
uncertainty in estimating these constitutive relations for 
NAPLs, especially in the case of three-phase oil rela
tive permeability (Dillard et al. 1997). Inclusion of the 
observed 0.5-m water-table fluctuations in the south and 
north pool models did not significantly improve the corre
spondence between simulated and observed oil-saturation 
distributions, suggesting that spatial variability was a 
stronger influence on oil flow and/or there was limited 
oil-phase mobility. 

Remediation at oil spill sites often targets removal of 
the NAPL oil phase in order to minimize the hydrocarbon 
source. The Bemidji remediation effort initiated in 1999 
focused on removing sufficient NAPL oil so that it would 
only occur as a sheen on the water-table surface. Oil 
was recovered by inducing depressions in the water table 
by pumping from beneath the north, middle, and south 
oil pools, with removal of inflowing oil by skimming. 
Efficacy of oil removal by pump-and-skim remediation 
depends on oil mobility and flow to the pumped well. 
Herkelrath (1999) made a prediction of oil removal at the 
north pool based on oil saturations measured in cores. 
This analysis indicated that about 25% of the oil was 
recoverable assuming a residual oil saturation of 0.2 based 
on observed oil-saturation distributions (Figure 3). The 
remediation from 1999 to 2004 resulted in the removal 
of about 1.14 x 105 L of crude oil from the north, 
middle, and south oil pools (Enbridge Energy 2008), 
or about 27% of the oil that remained following the 
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initial remediation in 1979 to 1980. Although the renewed 
remediation decreased oil thickness in the immediate 
vicinity of remediation wells, average oil thicknesses 
measured in wells at the north pool (0.6 m) and south 
pool (0.3 m) were unaffected. In one observation well 
located about 5 m from a remediation well at the north 
pool, oil thickness decreased twice briefly but rebounded 
to preremediation levels shortly thereafter. These results, 
together with ongoing analyses, suggest that oil-phase 
recovery is challenging, and that considerable volumes 
of mobile and entrapped oil may still remain in the 
subsurface at spill sites in spite of significant remediation 
efforts. 

Oil Phase Composition 
The composition of subsurface oil at the Bemidji 

site has changed over time due to volatilization, dis
solution, and biodegradation. In 1987, Eganhouse et al. 
(1993) measured the molecular composition of oil sam
ples obtained from the pipeline and locations spanning the 
length of the north pool oil body. The composition of the 
oil body samples was dominated by saturated hydrocar
bons (58% to 61 %), with aromatics representing most of 
the remainder (33% to 36% of total oil). The dominant 
hydrocarbons were normal alkanes (C6-32). Eganhouse 
et al. (1996) showed that the oil near the upgradient edge 
of the oil body was depleted of the more soluble aromatic 
hydrocarbons such as benzene and toluene as compared 
with the downgradient edge of the oil body. Eganhouse 
et al. (1996) also observed that concentrations of hydro
carbons in groundwater flowing beneath the oil increased 
as the water flowed from the upgradient to the downgra
dient edge of the oil, approaching the effective solubility 
limit. These results suggested that the upgradient por
tion of the oil body had undergone more hydrocarbon 
dissolution than the downgradient portion because of the 
continuous inflow of groundwater with low hydrocarbon 
concentrations from the area upgradient of the oil body. 
As this water flowed past the oil body and hydrocar
bon concentrations increased, the mass transfer of soluble 
components from the oil to the water phase decreased. 

Landon and Hult (1996) collected 31 oil samples 
from wells at various locations within the oil body 
during 1988 to 1989. They characterized the physical 
and chemical characteristics of the oil samples, compared 
them to relatively unaltered oil (Landon 1993), and 
determined the mass loss from the oil phase. Changes 
in physical properties of the oil samples indicated that 
the rate of mass loss ranged from 0% to 1.25% per 
year. In the oil samples with the greatest mass loss, 
the alkanes accounted for about 80% of the loss and 
aromatic compounds accounted for the other 20%. In the 
less altered oil samples, aromatic compounds accounted 
for nearly all of the loss of mass. Landon and Hult 
(1996) concluded that oil mass was being lost primarily 
by volatilization of low chain-length alkanes in the highly 
altered oil samples, and dissolution of aromatics in the 
least altered samples. 
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Bekins et al. (2005a) examined the composition of 
the NAPL oil present in core samples 25 years after 
the spill. They observed that substantial biodegradation 
of the 11-alkane fraction in the oil had occurred under 
methanogenic conditions and that methanogenic biodegra
dation first depleted the :::C18 11-alkanes (Figure 4A), the 
reverse of the aerobic biodegradation progression (Peters 
and Moldowan, 1993). The degree of alkane depletion 
(degradation state) varied with position in the oil body 
(Figure 4B). The least degraded oil occurred near the land 
surface, because of extremely low moisture conditions, 
and at the downgradient end of the oil body. Enhanced 
methanogenic biodegradation occurred where there was 
increased groundwater recharge. Recharge rates over 
twice the average value occur in a topographic low above 
the upgradient end of the oil body (Delin and Herkel
rath 2005). The increased biodegradation below the high 
recharge zone could not be explained by recharge trans
port of favorable anaerobic electron acceptors because 
it was observed that all electron acceptors, except car
bon dioxide (C02), were consumed in the vadose zone 
before the recharge reached the floating oil (Bekins et al. 
2005a). Moreover, enhanced dissolution could not be the 
cause, because the degradation affected highly insoluble 
alkanes and was not correlated with oil saturation and 
water relative permeability. Bekins et al. (2005a) con
cluded that the most likely explanation for the variation 
in alkane degradation states was enhanced methanogenic 
biodegradation caused by recharge-facilitated transport of 
microbial growth nutrients from the land surface, in par
ticular dissolved phosphate, believed to be the nutrient 
limiting microbial growth (Rogers et al. 1998). 

These studies of the NAPL oil source at Bemidji 
have shown that the oil phase is slowly evolving with 
time as hydrocarbon components are lost through mass 
transfer to water and soil gas, and biodegradation. The 
oil-phase loss of relatively soluble components (e.g., 
BTEX) is sensitive to factors controlling dissolution, 
such as water concentrations and flow rates. Relatively 
volatile components (e.g., short chain-length alkanes) can 
be rapidly lost through volatilization under favorable 
conditions. Alkanes are also lost from the oil body by 
methanogenic degradation. Bekins et al. (2005a) pointed 
out that hydrologic conditions at a site can control 
oil degradation rates, and that techniques for dating a 
spill on the basis of the degree of degradation may 
yield very different results depending on where the 
sample was collected. In addition, techniques to identify 
spilled product based on fingerprinting may provide 
misleading results when methanogenic conditions are 
present, because the fingerprint of the degraded product in 
such cases differs from the expected pattern under aerobic 
conditions (Hostettler et al. 2007, 2008). 

The Groundwater Hydrocarbon Plume 
By the mid-1980s it was recognized that hydrocar

bons could be effectively degraded by naturally occurring 
indigenous microbial populations (Wilson et al. 1986). 
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Figure 4. Evaluation of oil-phase degradation (from Bekins 
et al. 2005a): (A) ion chromatograms for oil samples with 
varying degrees of degradation (open circles are 11-alkanes, 
black circles are isoprenoids) (a) relative undegraded sam
ple with n-alkane concentrations greater than isoprenoids, 
(b) somewhat degraded sample showing selective removal of 
higher order 11-alkanes and (c) highly degraded sample with 
11-alkanes completely degraded; (B) vertical cross section 
through north pool oil body showing relative degree of oil 
degradation for samples collected from 1999 to 2003. 
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Aerobic degradation of BTEX was accepted as an effec
tive biodegradation process, and the potential of anaerobic 
degradation was just being documented (Wilson and Rees 
1985). Studies initiated at Bemidji since 1984 have pro
vided concrete evidence of the importance of anaerobic 
degradation for limiting the extent of hydrocarbon plumes, 
and significant insight into the succession of redox pro
cesses, microbial populations, and geochemical interac
tions. Hydrocarbon components dissolving from the oil 
phase have undergone different rates of transport and 
biodegradation. Within the plume, biologically mediated 
geochemical reactions have resulted in mineral alteration. 

Geochemical Evolution of the Plume 
Early characterization of the groundwater hydrocar

bon plume (Baedecker et al. 1989, 1993; Bennett et al. 
1993) identified five distinct geochemical zones below the 
water table (Figure 5). Zone 1 consisted of oxygenated 
uncontaminated native groundwater very low in nitrate, 
ammonia, and sulfate. Zone 2, below the spray zone, was 
characterized by reduced oxygen concentrations and the 
presence of refractory high-molecular-weight hydrocar
bons transported from oil residues on the land surface. 
Zone 3, beneath and immediately downgradient from the 
separate phase oil body, was anoxic with high concen
trations of hydrocarbons, dissolved manganese and iron, 
and methane. In addition, nitrate and ammonia concen
trations were slightly higher than in background water 
possibly because of nitrogen-containing compounds in 
the oil and/or infiltration of fertilizer used at the land 
surface to promote tree growth following the spill. In 
Zone 4, there was a transition from anoxic conditions to 
fully oxygenated conditions, with a corresponding rapid 
decrease in hydrocarbon concentrations as a result of aero
bic biodegradation. Zone 5 consisted of oxygenated water 
downgradient from the oil body with slightly elevated 
concentrations of dissolved inorganic and organic con
stituents. The relatively stable extent of the plume, when 
compared to groundwater flow rates, led to the conclu
sion that migration of the plume was being limited by 
natural attenuation processes, including both aerobic and 
anaerobic biodegradation. 

Temporal changes in the plume were observed by 
measuring dissolved organic carbon (DOC), dissolved 
oxygen (DO), dissolved manganese (Mn2+) and dissolved 
ferrous iron (Fe2+), and methane (CH4) concentrations in 
samples collected from water-table wells from 1986 to 
1992 (Baedecker et al. 1993; Bennett et al. 1993; Egan
house et al. 1993). DOC was split into two operationally 
defined fractions (Baedecker et al. 1993): volatile dis
solved organic carbon (VDOC) and nonvolatile dissolved 
organic carbon (NVDOC). VDOC is composed primar
ily of benzene, alkylbenzenes, and low-molecular-weight 
alkanes and alicyclics, excluding methane. NVDOC is 
composed mainly of polysaccharides, humic and fulvic 
acids, low-molecular-weight organic acids, minor C1s-2s 
alkanes, and polyaromatic hydrocarbons (Eganhouse et al. 
1993). Figure 6 shows the temporal evolution of concen
trations at a well located in the anoxic zone about 40-m 
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trations approximately 40-m downgradient from the center 
of the oil body, in the anoxic zone of the groundwater 
plume showing progression of terminal electron-accepting 
processes from aerobic degradation to manganese reduc
tion, iron reduction, and methanogenesis: (A) volatile and 
nonvolatile dissolved organic carbon (VDOC and NVDOC, 
respectively); (B) dissolved oxygen, manganese (Mn2+), iron 
(Fe2+), and methane (modified from Essaid et al. 1995). 

downgradient from the center of the oil body. VDOC and 
NVDOC concentrations reached relatively steady con
centrations. Mn2+ increased, peaking in 1987, and then 
decreased, suggesting that the manganese available for 
reduction was being depleted. Fe2+ concentrations began 
to increase following the drop in Mn2+ and peaked in 
1990. Methane concentration began to increase at about 
the same time as Fe2+ and leveled off in 1987. This 
sequence suggested that anaerobic (in addition to aerobic) 
biodegradation processes were limiting plume migration 
and expansion with sequential use of terminal electron 
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acceptors that progressed from manganese reduction, to 
iron reduction, to methanogenesis. The trends in Fe2+, 
Mn2+, and CH4 concentrations, and the isotopically heav
ier inorganic carbon, indicated that part of the plume 
became more reducing with time, and that the processes 
attenuating organic material were continuously evolving 
(Baedecker et al. 1993). 

Further evidence of the importance of anaerobic 
biodegradation was obtained from anoxic laboratory 
microcosm experiments that showed benzene and alkyl
benzene degradation concurrent with increased aqueous 
Fe2+ and Mn2+ concentrations indicating hydrocarbon 
biodegradation coupled with Fe and Mn reduction 
(Baedecker et al. 1993). In addition, Cozzarelli et al. 
(1994) investigated the geochemical evolution of low
molecular-weight organic acids in groundwater downgra
dient from the oil body over a 5-year period (1986 to 
1990). Organic acids represent metabolic intermediates 
of crude-oil biodegradation and are structurally related 
to hydrocarbon precursors (Cozzarelli et al. 1990, 1994; 
Thom and Aiken 1998). The concentrations of organic 
acids increased as microbial alteration of hydrocarbons 
progressed. The organic-acid pool changed in composi
tion and concentration as biodegradation processes shifted 
from iron reduction to methanogenesis. Laboratory micro
cosm experiments conducted by Cozzarelli et al. (1994) 
supported the hypothesis that organic acids observed in 
the groundwater originated from microbial biodegradation 
of aromatic hydrocarbons under anoxic conditions. 

Additional geochemical evidence of anaerobic bio
degradation of hydrocarbons was provided by methane 
isotopic composition and sediment-associated iron. Revesz 
et al. (1995) found that carbon and hydrogen isotopic 
ratios of CH4, and carbon isotopic fractionation between 
CH4 and DOC, supported the hypothesis of CH4 produc
tion by anaerobic breakdown of acetate (fermentation) as 
opposed to production by C02 reduction. Furthermore, 
there appeared to be minimal oxidation of dissolved CH4 
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along the flow path downgradient from the oil body. Tuc
cillo et al. (1999) found that the average HCI-extractable 
ferric iron (Fe3+)concentration in the sediments closest to 
the oil body was up to 30% less than background values 
as a result of Fe3+ reduction to Fe2+. Fe2+ concentra
tions in sediments within the anoxic zone were as much 
as four times those in the background sediments, suggest
ing mineral incorporation of Fe2+. This hypothesis was 
also supported by scanning electron microscopy (SEM) 
detection of authigenic ferroan calcite. At the transition 
zone from anoxic to oxic conditions there was a 70% 
increase in total extractable Fe, indicating reoxidation and 
precipitation of Fe mobilized from sediment in the anoxic 
plume. SEM confirmed abundant Fe3+ oxyhydroxides at 
the anoxic/oxic boundary. Zachara et al. (2004), however, 
identified significant ion-exchangeable Fe2+ in the sedi
ments but relatively thin Fe-containing particle coatings 
on carbonate fragments suggesting minor precipitation of 
ferroan calcite in regions of the aquifer with elevated dis
solved Fe2+ concentrations. Further work is needed to 
elucidate the processes causing the complex cycling of 
iron driven by biodegradation and redox conditions. 

As anaerobic biodegradation of DOC in the Bemidji 
plume became well documented, researchers began to 
compare and contrast the behavior of individual hydro
carbon components in the anoxic zone. Eganhouse et al. 
(1996) compared concentrations of a range of monoaro
matic hydrocarbons in oil and groundwater samples col
lected within the north pool anoxic zone. Immediately 
downgradient from the oil body, certain aromatic hydro
carbons (such as benzene) were at aqueous concentrations 
near those expected of an oil-water system at equilib
rium, and these concentrations exhibited relatively little 
variation over a 9-month period (8% to 20% ). Other 
compounds (such as toluene) had aqueous concentrations 
significantly below the equilibrium-predicted value, and 
their concentrations showed considerably more temporal 
variation (20% to 130%). As the dissolved hydrocar
bons moved through the anoxic zone of the groundwa
ter plume, concentrations of more persistent compounds, 
such as benzene, decreased slowly, whereas concentra
tions of readily biodegradable compounds such as toluene 
decreased rapidly (Figure 7). This suggested that the 
volatile hydrocarbon composition of anoxic groundwater 
near the oil body was controlled by a balance between dis
solution and removal rates, with only the most persistent 
compounds reaching equilibrium with the oil phase. The 
extent of downgradient transport of individual dissolved 
hydrocarbons through the anoxic zone was not due to 
differences in sorption, but was controlled by structure
specific biodegradation rates. Compounds more resistant 
to anaerobic biodegradation extended farther downgradi
ent from the oil body. 

Early work at Bemidji (Baedecker et al. 1993) con
cluded that the hydrocarbon plume had reached a rela
tively steady state. However, continued monitoring has 
documented changes in the extent of the anoxic plume 
caused by evolving redox conditions. In the mid-1990s, 
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Figure 7. Groundwater concentrations of selected alkylben
zene compounds at the north pool, showing the effect of 
selective structure-dependent biodegradation of hydrocar
bon compounds on persistence in the plume (modified from 
Eganhouse et al. 1996). 

Murphy and Herkelrath ( 1996) developed a sample
freezing drive shoe designed to operate with a wire-line 
piston core barrel. This technique improved the ability to 
obtain cores with intact fluid and sediment distributions, 
facilitating centimeter-scale sampling of hydrocarbon con
centrations (Cozzarelli et al. 2001) and microbial popula
tion distributions (Bekins et al. 2001). Cozzarelli et al. 
(2001) compared concentration distributions obtained 
from detailed sampling of porewater drained from aquifer 
cores with plume-scale concentrations determined by sam
pling from an observation well network along the center
line of the plume. The small-scale data showed that the 
hydrocarbon plume was growing slowly as sediment iron 
oxides were depleted and the aquifer evolved from iron 
reducing to methanogenic conditions. Some hydrocar
bons, such as ortho-xylene, did not appear to be moving 
downgradient on the basis of observation well data, but 
actually were migrating in thin layers of the aquifer where 
iron oxides were depleted and methanogenic conditions 
existed. The plume-scale observation well data showed 
that the downgradient extent of the benzene plume did 
not change between 1992 and 1995 as shown by the loca
tion of the 0.05 mg/L BTEX concentration contours in 
Figure 8. However, during this period the zone of maxi
mum concentrations of benzene spread within the anoxic 
plume. Thus, subtle concentration changes in the anoxic 
zone may indicate depletion of electron acceptors and the 
potential for future plume growth. 

The slow growth of the Bemidji plume contrasts 
markedly with the rapid growth of another well-studied 
BTEX plume at Laurel Bay Exchange field site, Beaufort, 
South Carolina (Landmeyer et al. 1996). Chapelle et al. 
(2002) noted that the Laurel Bay aquifer sediments 
contained low concentrations of Fe3+ and that the redox 
state of the contaminated aquifer evolved rapidly to 
methanogenic conditions. At both the Bemidji and Laurel 
Bay sites, biodegradation of benzene and ethylbenzene 
under methanogenic conditions was limited, resulting in 
migration of those compounds once sediment Fe3+ was 
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Figure 8. BTEX concentrations measured in wells (screened 
intervals shown as bars) in the groundwater plume for 1992 
and 1995 showing that the extent of BTEX has remained 
relatively constant. However, the high concentration area in 
the core of the plume expanded as Fe3+ became depleted 
and conditions changed from iron reducing to methanogenic 
(from Cozzarelli et al. 2001). 

depleted. However, the Bemidji benzene plume grew at 
only one sixth the rate of the Laurel Bay plume, due 
mainly to greater Fe3+ availability. Using data from the 
two sites, Bekins et al. (2005b) derived a method to relate 
expansion rates of benzene and ethylbenzene plumes to 
variations in sediment Fe3+ concentrations. Benzene front 
migration is retarded relative to groundwater velocity by a 
factor that depends on the concentrations of hydrocarbon 
and bioavailable sediment Fe3+. 

Long-term monitoring of plume-scale hydrocarbon 
concentrations and aqueous geochemistry has provided 
a well-documented field example of the evolution of 
natural attenuation processes. The Bemidji findings have 
influenced recommended approaches and protocols for 
evaluating natural attenuation at hydrocarbon spill sites 
(National Research Council 2000). Approaches developed 
at Bemidji for characterization of small-scale variations 
in chemistry have shown that shifts in biodegradation 
processes that impact the future extent of the plume may 
occur before changes can be detected in observation well 
concentrations. 

Microbiology of the Plume 
Concurrent with studies documenting geochemical 

evidence of biodegradation were efforts to characterize 
the microbial populations and processes responsible for 
aerobic and anaerobic biodegradation of hydrocarbons, as 
well as enhanced mineral-water interactions. Studies at 
Bemidji have documented bacterial colonization on rock 
surfaces resulting in enhanced quartz (Si02) dissolution, 
identified bacteria responsible for iron reduction, and 
characterized the spatial and temporal distributions of 
microbial populations. 
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Early studies of the inorganic geochemistry of the 
anoxic zone (Bennett and Siegel 1987; Bennett 1991; 
Hiebert and Bennett 1992; Bennett et al. 1993) observed 
Si02 concentrations that were an order of magnitude 
greater than expected equilibrium concentration with 
respect to quartz. This suggested that organic acid-Si02 

complexes in the organic-rich anoxic zone were enhanc
ing the dissolution of quartz and silicate minerals. SEM 
studies of sand grain surfaces in this zone showed etching 
of quartz and feldspar surfaces not observed on grain sur
faces in the adjacent aerobic and uncontaminated zones. 
Hiebert and Bennett (1992) conducted in situ microcosm 
experiments in the anoxic plume to examine the effect 
of bacterial biodegradation processes on rock alteration. 
Their results suggested that the rate of dissolution of 
quartz and aluminosilicate minerals was greatly acceler
ated in the contaminated waters beneath the oil, proba
bly due to the presence of surface-adhering bacteria and 
high concentrations of organic acids formed by the bacte
ria during hydrocarbon metabolism (Hiebert and Bennett 
1992; Bennett et al. 1993). Expanded in situ microcosm 
studies of mineral surface colonization have shown that 
microorganisms tend to colonize surfaces that provide 
required electron acceptors and growth nutrients, such as 
iron present in goethite and phosphorous present in apatite 
(Bennett et al. 2000; Roberts 2004; Rogers and Bennett 
2004; Mauck and Roberts 2007). 

Studies at Bemidji were among the first field 
efforts that documented microbial evidence of anaero
bic degradation of hydrocarbon compounds (Chapelle 
1999; Cozzarelli and Baehr 2003). Lovley et al. (1989) 
demonstrated that Fe3+ could be an important electron 
acceptor for microbial oxidation of aromatic compounds 
in anaerobic groundwater by isolating a pure culture of 
the Fe3+ -reducing bacterium Geobacter metallireducens 
capable of obtaining energy for growth by oxidizing ben
zoate, toluene, phenol, or p-cresol, with Fe3+ as the sole 
electron acceptor. Culturing studies and molecular tech
niques for analyzing Fe3+ -reducing populations in the 
anaerobic groundwater plume have shown that Geobac
ter species were enriched in sediments where poorly 
crystalline Fe3+ was available and biodegradation was 
fastest (Anderson et al. 1998; Rooney-Varga et al. 1999; 
Anderson and Lovley 1999; Lovley and Anderson 2000). 
Anderson and Lovley (2000) also showed that the alkane 
hexadecane was degraded under methanogenic conditions 
in Bemidji sediments. 

Bekins et al. (1999) used the most probable num
ber (MPN) method to characterize the spatial distribution 
(in water and sediment) of six physiologic types in the 
anaerobic portion of the hydrocarbon plume: aerobes, den
itrifiers, iron reducers, heterotrophic fermenters, sulfate
reducers, and methanogens (Figure 9A). Iron reducers 
formed the bulk of the microbial population in the anoxic 
zone of the plume. Areas evolving from iron reducing 
to methanogenic conditions were clearly delineated based 
on microbial populations, and generally occupied 25% 
to 50% of the plume thickness. Lower microbial num
bers were observed below the water table than in the 
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Figure 9. The influence of subsurface hydrologic and geochemical conditions on microbial populations in the hydrocarbon 
plume: (A) distributions of aerobes, iron reducers, methanogens, and heterotrophic fermenters in water and sediment within 
the north pool anaerobic plume (from Bekins et al. 1999); (B) conceptual model illustrating the complex interactions of 
recharge, water-table fluctuations, sediment heterogeneity, and geochemistry that influence microbial population growth 
(from Haack and Bekins 2000). 

unsaturated zone, suggesting that nutrient limitations may 
be limiting growth in the saturated zone. Finally, the data 
indicated that an average of 15% of the total population 
was suspended, rather than attached to the solid substrate. 

Haack and Bekins (2000) emphasized the importance 
of hydrogeological conditions on the evolution of terminal 
electron-accepting process (TEAP) zones and microbial 
populations (Figure 9B). Bekins et al. (2001) analyzed the 
microbial populations together with permeability, pore
water chemistry, NAPL oil content, and extractable sed
iment iron in the anoxic plume. Microbial data defined 
zones that had progressed from iron-reduction to methano
genesis as Fe3+ was depleted. These zones contained 
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lower numbers of iron reducers, increased numbers of 
fermenters, and detectable methanogens. Methanogenic 
conditions existed both in the zone containing NAPL oil, 
and below the oil body in high permeability zones. High 
contaminant flux, either through local dissolution from 
the oil phase or increased advective transport through 
high permeability layers, played a key role in control
ling first occurrence of methanogenic conditions. Other 
factors included the sediment iron content and proximity 
to the water table. Twenty years after the oil spill, a later
ally continuous methanogenic zone had developed along 
a narrow horizon extending from the source area to 50 to 
60 m downgradient of the oil body. 
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The studies of microbial populations at Bemidji 
helped confirm that microbially mediated reactions and 
anaerobic biodegradation were responsible for the natural 
attenuation of hydrocarbons and observed plume geo
chemistry. The distribution and evolution of populations 
in a hydrocarbon plume are influenced by sediment prop
erties, hydrologic conditions, and availability of electron 
acceptors and growth nutrients. 

The Unsaturated Zone Vapor Plume 
Volatile hydrocarbon compounds and biodegradation 

end-products are transferred from the NAPL oil and 
groundwater plume to the gas phase in the unsaturated 
zone. Understanding the factors controlling gas phase 
hydrocarbon transport is important for evaluating mass 
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loss during natural attenuation and has relevance to 
the use of soil gas analysis as a field screening tool 
for NAPL contamination. Many techniques have been 
used to characterize unsaturated zone gas transport and 
biodegradation at the Bemidji site. 

Mercer and Cohen (1990) cautioned that soil gas 
analysis could provide misleading results because unsatu
rated zone hydrocarbon gas concentrations were very sen
sitive to subsurface heterogeneity. Baehr and Hult ( 1991) 
documented the influence of heterogeneity when conduct
ing pneumatic pump tests at Bemidji to estimate air-phase 
permeability, air-filled porosity and diffusion constants. 
They were able to characterize a thin silt horizon that 
separated the unsaturated zone into an upper and lower 
zone, with a sharp contrast in air permeability and mois
ture content above and below the silt lens. They illustrated 
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that there was little air flow (and consequently little gas 
transport) across this interface. 

Observation of unsaturated zone gas concentrations 
(hydrocarbon, oxygen [02], C02, and CH4) at the north 
oil pool in 1997 was used to identify three geochemical 
zones shown in Figure 5 (Delin et al. 1998). The outer 
Zone 6 had near atmospheric concentrations of 0 2. Zone 
7, a transition zone, was defined by lower concentra
tions of 0 2 (10% to 20%), hydrocarbon concentrations 
less than 1 part per million (ppm), and higher concen
trations of C02 (0% to 10%) and CH4 (0% to 10%). 
The inner Zone 8, immediately above the oil body, had 
the lowest concentrations of 0 2 (0% to 2%) and con
tained the highest concentrations of C02 ( > 10% ), CH4 
(>10%), and hydrocarbon (>l ppm). Thus, the unsat
urated zone vapor plume mirrored the saturated zone 
groundwater plume, suggesting a similar core of anaerobic 
degradation near the NAPL oil source. Hult and Grabbe 
(1988), Chaplin et al. (2002), and Amos et al. (2005) 
measured unsaturated zone C~, C02, and 0 2 gas concen
trations in 1985, 1997, and 2003, respectively. Their work 
showed that the vapor-phase plume above the oil body 
and adjacent to the oil trapped in the unsaturated zone 
has progressively become more anaerobic, with increasing 
methane concentrations (Figure 10), affirming the concep
tual model of a vapor plume evolving from iron reducing 
to methanogenic conditions. In addition, Chaplin et al. 
(2002) observed that the hydrocarbon gases detected in the 
unsaturated zone in 1985 consisted mainly of Cz-5 alka
nes and smaller concentrations of aromatic compounds 
(benzene, cyclohexane, toluene, and methyl-cyclohexane). 
By 1997, hydrocarbon gas concentrations had decreased 
considerably and consisted mainly of C2_5 alkanes and 
methane with smaller concentrations of aromatic com
pounds (benzene, alylbenzenes, and toluene), suggesting 
that hydrocarbon loss by volatilization was decreasing 
with time, and that methanogenesis was increasing with 
time. 

In addition to the volatilization of hydrocarbons from 
the oil phase, there is exchange of gases between the 
groundwater plume and the unsaturated zone. Revesz 
et al. (1995) observed that argon (Ar) and dissolved nitro
gen (N2) concentrations in the hydrocarbon plume were 
25 times lower than background values and concluded that 
gas exsolution was removing dissolved C~ and gases 
from the groundwater. Isotopic evidence indicated that 
CH4 was partly oxidized to C02 as it diffused upward 
through the unsaturated zone. Amos et al. (2005) used 
dissolved and vapor-phase gas data to study the pro
cesses controlling production, consumption and transport 
of methane in the subsurface. They found that regions 
of Ar and N2 depletion and enrichment in the unsaturated 
zone were indicative of methanogenic and methanotrophic 
zones, respectively, and that reaction-induced advection, 
in addition to gas phase diffusion, was an important gas 
transport process at the site. In the saturated zone, the 
concentrations of dissolved Ar and N2 were significantly 
lower in the methanogenic source region, implying that 
methane gas bubble formation and ebullition also removed 
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the nonreactive Ar and Nz gases. The Ar, N2, and CH4 gas 
concentrations returned to near background levels approx
imately 100-m downgradient of the oil source, signifi
cantly less than the distance predicted by advection rates, 
suggesting that the physical processes acting to attenuate 
the Ar and Nz plumes must also be acting to attenuate 
the CH4 plume. Finally, Amos et al. (2005) observed a 
slight depletion of Nz relative to Ar near the oil body, 
suggesting nitrogen fixation by microbial activity. 

Vapor concentrations in the unsaturated zone above 
the oil body have evolved with time due to volatile hydro
carbon depletion and TEAP progression to methanogene
sis. Isotopes and inert gases have been shown to be useful 
markers for understanding the processes controlling gas 
transport and fate in the unsaturated zone. 

Hydrocarbon Fate Modeling 
Geochemical and transport models are effective tools 

for integrating field observations, testing hypotheses, 
determining the relative importance of simultaneously 
occurring processes, as well as quantifying reaction rates 
and system mass balance. The comprehensive, long-term 
field data set collected at Bemidji has provided an oppor
tunity to test and refine modeling approaches. Efforts to 
model the fate of hydrocarbons in the Bemidji plume have 
become progressively more complex, providing increased 
insight into processes affecting the long-term fate of the 
groundwater and vapor plumes. 

In the first modeling effort at the Bemidji site, 
Baedecker et al. (1993) used the geochemical mass
balance model NETPATH (Plummer et al. 1991) to 
deduce geochemical reactions occurring as groundwater 
flowed along a 40-m path in the anaerobic zone. The 
major reactions needed to reproduce the observed field 
geochemistry were dissolution of manganese and iron 
oxides, precipitation of siderite and a ferroan calcite, oxi
dation and reduction of total dissolved organic carbon 
(TDOC), and outgassing of CH4 and C02. These results 
confirmed the conceptual model developed for the anaer
obic Bemidji plume and described in the section above 
on geochemical evolution of the plume. 

Essaid et al. (1995) modeled the evolution of the 
groundwater hydrocarbon plume and sequential use of 
terminal electron acceptors using the multispecies solute
transport and biodegradation model BIOMOC (Essaid 
and Bekins 1997). Relatively complex representations 
of sequential biodegradation processes, including aerobic 
biodegradation, manganese reduction, iron reduction, and 
methanogenesis with microbial growth and decay of three 
populations (aerobes, Mn/Fe reducers, and methanogens), 
were represented by multiple Monod kinetics with nutri
ent limitation. Simultaneous growth of Mn/Fe reducers 
and methanogens had to be allowed in the model to match 
observed concentrations. The source of hydrocarbon was 
represented by two operationally defined degradable dis
solved fractions, VDOC and NVDOC, which entered the 
aquifer with recharge in the vicinity of the oil body. 
Model parameter estimates were constrained by published 
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Monad kinetic parameters, theoretical cell yield estimates, 
and field biomass measurements and reaction stoichiome
tries. Despite considerable uncertainty in model parameter 
estimates, the simulations reproduced the general features 
of the observed groundwater concentrations (Figure 6) 
and the measured bacterial concentrations. Simulating the 
hydrocarbon plume made it possible to quantify the fate of 
the hydrocarbons. Model results indicated that 46% of the 
TDOC introduced into the aquifer was degraded: 66% of 
the VDOC and 39% of the NVDOC. Aerobic biodegrada
tion accounted for 40% of the TDOC degraded and anaer
obic processes accounted for the remaining 60%. Thus, 
the model results confirmed that anaerobic biodegrada
tion was a very important process for natural attenuation 
of hydrocarbons. 

In a subsequent modeling study, Essaid et al. (2003) 
considered dissolution from the oil body, transport, and 
biodegradation of BTEX compounds in the saturated 
zone. The studies of Eganhouse et al. (1993, 1996) had 
illustrated that individual hydrocarbon compounds dis
solved and degraded at different rates (Figure 7). The 
goal of this modeling study was to estimate compound
specific BTEX field anaerobic biodegradation rates, the 
field-scale dissolution rate, BTEX removal from the oil 
body by dissolution, BTEX removal from the groundwa
ter plume by aerobic and anaerobic biodegradation, and 
the influence of biodegradation on dissolution. The basic 
conceptual model included rate-controlled dissolution of 
BTEX from a stationary oil phase, first-order anaerobic 
degradation of dissolved BTEX, and a fixed rapid first
order rate of aerobic degradation of dissolved BTEX. 
Simplified representations of biodegradation and disso
lution processes, involving as few parameters as possible, 
were used to facilitate inverse modeling. BIOMOC was 
used in conjunction with the universal inverse modeling 
code UCODE (Poeter and Hill 1998) to fit the exten
sive historical data from 1986 to 1997. BTEX concen
trations in the oil and BTEX and DO concentrations in 
groundwater were simulated (Figure 1 lA). The estimated 
field-scale anaerobic biodegradation rates for toluene and 
a-xylene (0.2 and 0.03 d- 1, respectively) were greater 
than the dissolution rate coefficient (0.007 d- 1) resulting 
in limited plume extent. However, the estimated anaero
bic biodegradation rates for benzene, ethylbenzene, and 
m, p-xylene (0.0007 d- 1, 0.0007 d- 1, and 0.002 d- 1, 

respectively) were less than the dissolution rate coeffi
cient resulting in plumes that extended into the aerobic 
zone of the aquifer. The calibrated model was used to 
determine the BTEX mass balance in the groundwater 
plume (Figure 1 IB). Anaerobic biodegradation removed 
77% of the total BTEX that dissolved into the water phase 
and aerobic biodegradation removed 17% (Figure 1 IB). 
However, estimated anaerobic biodegradation of individ
ual dissolved hydrocarbon compounds ranged from a low 
of 51 % for ethylbenzene to a high of 98% for toluene. 
Compounds that underwent less anaerobic degradation 
migrated downgradient to the oxic zone of the aquifer 
and consequently underwent greater aerobic degradation. 
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These results were in good agreement with the mass
balance predictions of Essaid et al. (1995) confirming the 
importance of anaerobic biodegradation during natural 
attenuation, and illustrating that the relative importance 
of anaerobic processes was compound specific. 

The model of Essaid et al. (2003) was also used to 
examine evolution of BTEX composition in the NAPL 
oil source. The degree of removal of BTEX from oil 
was influenced by oil saturation and rates of dissolu
tion and biodegradation. BTEX removal was greatest in 
the low oil saturation fringes of the oil body where the 
interaction between flowing water and oil was the great
est (Figure 12). As expected, dissolution from the oil 
was greater for compounds with large effective solubility, 
such as benzene. However, toluene, with less than half 
of the effective solubility of benzene, experienced almost 
the same amount of dissolution from the oil (Figure 12). 
The rapid biodegradation of dissolved of toluene reduced 
water-phase toluene concentrations in contact with the oil, 
increasing the concentration gradient and enhancing dis
solution. Loss from the oil body was minor for compounds 
having low solubility and small biodegradation rate (such 
as ethylbenzene). All BTEX compounds still had signifi
cant fractions remaining in the oil body after a simulation 
of 18 years of dissolution, potentially providing a long
term source of contamination. 

Essaid et al. (2003) also explored an alternative 
iron-reduction conceptual model that modified the first
order anaerobic biodegradation process for benzene to be 
dependent on solid phase Fe3+ concentration, decreasing 
as ferric iron was depleted. The iron-reduction model 
produced plume behavior that was similar to that observed 
by Cozzarelli et al. (2001) and Bekins et al. (2001). The 
overall extent of the benzene plume was similar for both 
the basic (described above) and iron-reduction models 
(Figure 13). However, the simulated high concentration 
zone in the center of the plume (near the oil body) 
migrated downgradient in the iron-reduction case, as was 
observed in the groundwater plume (Figure 8), illustrating 
that depletion of Fe3+ in the anoxic zone could result in 
an increase in concentration with time. 

Curtis (2003) developed a thermodynamically based 
reactive transport model with mineral dissolution and 
precipitation for geochemical conditions similar to those 
observed at Bemidji. He compared the common approach 
of simulating reactions of multiple TEAPs with an irre
versible Monad rate law to reactive transport simula
tions where reactions were subject to the requirement 
that the Gibbs free energy of reaction (.6.G) be less than 
zero (or a threshold value). The order of preference of 
TEAPs is commonly assumed to be aerobic biodegrada
tion, denitrification, Mn reduction, Fe reduction, sulfate 
reduction, and finally methanogenesis. This order of pref
erence is based on standard geochemical conditions that 
may be very different from field conditions. The Monad 
method involves use of empirical inhibition constants to 
achieve sequential TEAPs and estimation of many param
eters. Curtis (2003) performed simulations using a single 
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Figure 11. (A) The 1993 distribution of observed (boxes) and simulated (contours) BTEX and oxygen normalized concen
trations showing that hydrocarbons with anaerobic degradation rates greater than their dissolution rate have limited plume 
extent (toluene and o-xylene), whereas compounds with anaerobic degradation rates less than their dissolution rate have 
plumes that extend to the aerobic zone (benzene and ethylbenzene); (B) model-predicted removal of dissolved BTEX by 
anaerobic and aerobic biodegradation (modified from Essaid et al. 2003). 

organic substrate that was slowly and completely fer
mented to C02 and Hz. The hydrogen was then oxi
dized by the TEAPs with 02, FeOOH, S04, and C02 
as the terminal electron acceptors. Simulations using the 
Monod approach forced reduction of both FeOOH and 
C02 to proceed even when t.G was positive, violat
ing thermodynamics. This resulted in over prediction of 
FeOOH reduced to Fe2+ and large errors in pH. Curtis' 
(2003) alternate approach required a minimum number 
of reaction parameters and honored the governing ther
modynamic constraints. Using H2 as an intermediate was 
effective and efficient, allowing a fit to be obtained with 
only three reaction parameters. Applying this approach to 
Bemidji (Curtis et al. 1999) reproduced the observed pH 
buffering by methanogenesis, precipitation of authigenic 
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mineral phases, parallel terminal electron acceptor use, 
and methane gas bubble formation. 

Chaplin et al. (2002) determined unsaturated zone 
biodegradation mass removal rates by calibrating the gas 
transport model R-UNSAT (Lahvis and Bear 1997), using 
UCODE (Poeter and Hill 1998), to the observed 0 2, C02, 
and CRi gas-concentration data. Reaction stoichiometry 
was used to convert 02 and C02 gas-flux estimates to 
rates of aerobic biodegradation and convert CRi gas
flux estimates to rates of methanogenesis. Model results 
indicated that 3% of total volatile hydrocarbons diffusing 
upward from the floating oil were biodegraded in the bot
tom meter of the unsaturated zone in 1985. This increased 
to 52% by 1997, with methanogenesis responsible for 
approximately half of the removal. Chaplin et al. (2002) 
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amount in the oil body) after 18 years of dissolution and 
biodegradation. Dashed contours represent oil saturation 
and gray lines represent flow paths (from Essaid et al. 2003). 

concluded that volatilization was the primary mechanism 
for hydrocarbon removal in early stages of plume evo
lution, but that biodegradation became dominant in later 
stages as concentrations of volatile hydrocarbons in the 
oil decreased and microbial populations evolved. 

Amos et al. (2005) provided field evidence that CH4 
and C02 production in the hydrocarbon plume formed 
gas bubbles, affecting groundwater chemistry and poten
tially solute transport. Amos and Mayer (2006) modi
fied the unsaturated/saturated zone reactive transport code 
MIN3P (Mayer et al. 2002) to include the formation and 
collapse of gas bubbles in addition to kinetically con
trolled redox and mineral dissolution/precipitation reac
tions, equilibrium hydrolysis, aqueous complexation, ion 
exchange and surface complexation reactions. They exam
ined processes related to gas bubbles and gas transport 
in the methanogenic hydrocarbon plume. Their simula
tions reproduced the observed depletion of the nonreac
tive gases N2 and Ar where gas bubbles formed. They 
concluded that reduced permeability in the hydrocarbon 
source zone, caused by the formation of methane gas 
bubbles, and dissolution of low methane concentration 
bubbles entrapped during water-table fluctuations com
bine to reduce dissolved CH4 concentrations in the anoxic 
plume. 
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Figure 13. Predicted groundwater benzene concentration 
50 years after the spill for the case of (A) a first-order 
anaerobic benzene biodegradation rate that is uniform in 
time and (B) a first-order anaerobic biodegradation rate 
that becomes zero when Fe3+ is depleted (from Essaid et al. 
2003). The latter case reproduces the observed downgradient 
migration of the central high hydrocarbon concentration 
zone (see Figure 8). 

Model development and application has been an 
important complement to the field analysis at Bemidji, 
affirming conceptual models developed from field and 
experimental observations. Models have progressively 
incorporated more complex processes and have provided a 
means to quantify mass removal and biodegradation rates. 
These modeling approaches have universal application to 
studies at other hydrocarbon contaminated sites. 

Conclusions and Lessons Learned 
In summarizing the status of NAPL knowledge 

at the end of the 1980s, Mercer and Cohen (1990) 
identified many limitations in the research commu
nity's understanding of subsurface NAPL behavior. Their 
recommendations for future research included: improved 
methods to measure in situ saturation; improved under
standing of field constitutive relations (such as relative 
permeability functions); improved understanding of in 
situ volatilization and dissolution; studies of the influence 
of spatial variability on NAPL migration and recovery; 
and ongoing research at field sites to assess remedia
tion strategies. They also pointed out that although many 
sophisticated models were available to simulate the flow 
of NAPL, they were mainly used in a conceptual mode 
because of the lack of chemical and site-specific data. 
Twenty-five years of study at the Bemidji crude-oil spill 
site has contributed significant knowledge in all of these 
areas. 

Research at Bemidji has involved extensive investiga
tions of multiphase flow and transport, volatilization, dis
solution, geochemical interactions, microbial populations, 
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and biodegradation. The challenge of understanding and 
predicting the fate of hydrocarbons in the field is that these 
processes occur simultaneously, interact with one another, 
and are influenced by subsurface flow rates. For example, 
oil present in the pore space reduces water flow and con
sequently reduces hydrocarbon dissolution. The feedback 
between groundwater flow, dissolution, and biodegrada
tion influences the hydrocarbon plume extent. Also, the 
amount of nutrient rich recharge can impact biodegra
dation rates. Research at the Bemidji site has involved 
detailed monitoring and interpretation of field observa
tions coupled with laboratory experiments and numerical 
process-oriented models of varying complexity. This com
bined approach has been used to synthesize and integrate 
field observations and develop a comprehensive under
standing of the long-term fate of oil in the subsurface. 

Early observations of groundwater geochemistry at 
Bemidji were among the first to document the impor
tance of anaerobic processes for hydrocarbon removal and 
plume migration control (Baedecker et al. 1993; Egan
house et al. 1993; Bennett et al. 1993). Aerobic biodegra
dation was known to be an effective hydrocarbon removal 
process. However, detailed characterization (Cozzarelli 
et al. 1990, 1994) and modeling (Essaid et al. 1995, 
2003) of the Bemidji hydrocarbon plume illustrated that 
significant removal of hydrocarbons was also occurring 
in the central anaerobic core of the plume. Sequen
tial use of terminal electron acceptors was observed 
(Baedecker et al. 1993; Bekins et al. 1999), coupled with 
selective structure-dependent biodegradation of hydro
carbon compounds (Eganhouse et al. 1996). Anaerobic 
biodegradation evolved from manganese reduction to iron 
reduction as manganese oxides were depleted. Iron 
reduction was shown to be very effective at hydrocarbon 
removal. When Fe+3 became depleted, methanogenesis 
became the predominant anaerobic biodegradation pro
cess. Methanogenic biodegradation was not as effective 
at removing hydrocarbon compounds as iron reduction, 
and consequent increases in hydrocarbon concentrations 
were observed in the core of the plume (Bekins et al. 
2001; Cozzarelli et al. 2001). Certain BTEX compounds 
(such as toluene and a-xylene) were readily biodegraded 
and were not transported great distances in the plume. 
Benzene and ethylbenzene were more persistent. These 
findings illustrated that removal processes evolve with 
time, and estimates of removal rates made early in the 
life of a hydrocarbon plume may not be representative 
of future removal rates due to exhaustion of electron 
acceptors and/or nutrients. This must be kept in mind 
when evaluating the efficacy of natural attenuation as 
a remediation alternative at contaminated sites (Bekins 
et al. 2005b ). 

Spatial variability of hydraulic properties was found 
to be an important control on NAPL fate. The glacial 
outwash deposits at the Bemidji site consist primarily of 
moderately to poorly sorted sandy gravel, gravely sand, 
and sand with thin interbeds of fine sand and silt (Franzi 
1988). The finer grained layers, although a small frac
tion of the subsurface deposits, have exerted an important 
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influence on oil-phase flow. Observed and simulated oil
saturation distributions have illustrated that oil infiltration 
and redistribution are often controlled by grain-size het
erogeneity due to its effect on pore size distributions 
and capillary phenomena (Hess et al. 1992; Essaid et al. 
1993; Dillard et al. 1997). Where oil was entrapped above 
fine-grained layers that impeded downward movement, 
unsaturated zone oil saturations were still nearly 30% 
20 years after the spill. Oil distributions in the saturated 
zone showed that the shape of the oil body floating on the 
water table was complex, and not lens shaped as would be 
expected in a uniform porous medium. Multiphase model
ing studies showed that heterogeneity had to be included 
to reproduce this complexity (Essaid et al. 1993; Dillard 
et al. 1997). Modeling studies also showed that the oil 
flow was hysteretic, with infiltration and drainage fol
lowing different characteristic curves. However, when the 
presence of the fine-grained layers was well characterized 
and explicitly represented in the multiphase flow model, 
hysteretic behavior could be reproduced simply through 
the effect of heterogeneity, without hysteretic characteris
tic curves. 

Heterogeneity in hydraulic conductivity also influ
enced subsurface vapor diffusion, water flow, and the 
progression of biodegradation. Unsaturated zone air pump 
tests in an uncontaminated area showed that a thin 
low-permeability horizon could isolate air flow above 
and below it (Baehr and Hult 1991). Further studies of 
vapor-phase concentration above the oil body revealed a 
fine-grained horizon above which oxygen concentrations 
increased rapidly and below which there was a sharp gra
dient in methane concentrations (Amos et al. 2005). In the 
saturated zone, increased flow and mass transport rates in 
more conductive zones led to more rapid depletion of 
Fe2+ and more rapid evolution to methanogenic condi
tions (Haack and Bekins 2000; Bekins et al. 2001). Sub
sequently, BTEX compounds that degraded more slowly 
under methanogenic conditions were observed to increase 
in concentration and advance downgradient (Cozzarelli 
et al. 2001). 

Considerable volumes of NAPL oil still remain in the 
subsurface despite 30 years of volatilization, dissolution, 
and biodegradation, and 5 years of pump-and-skim reme
diation (Herkelrath 1999; Enbridge Energy 2008). Con
current with hydrocarbon plume evolution, the crude-oil 
source was evolving as hydrocarbon compounds degraded 
and dissolved at different rates (Landon 1993; Landon and 
Hult 1996; Eganhouse et al. 1996). Changes in the oil 
source are best described by examining two categories of 
hydrocarbon compounds: the relatively soluble aromatic 
fraction (including BTEX) and the relatively insoluble 
fraction (alkanes). For the soluble aromatic fraction, field 
data indicated that the upgradient part of the oil body 
underwent more dissolution than the downgradient end 
(Eganhouse et al. 1996). The inflow of relatively low 
hydrocarbon concentration groundwater created a con
centration gradient across the oil-water interface driv
ing dissolution of the soluble hydrocarbons. As water 

H.I. Essaid et al. GROUND WATER 17 

 
011767



flowed downgradient past the oil body, hydrocarbon con
centration increased and dissolution decreased. Modeling 
of dissolution and biodegradation processes has illus
trated that dissolution is greatest where oil saturations 
are lower because of the greater flow of water through 
these zones (Essaid et al. 2003). Models results also have 
also shown that compounds with high effective solubili
ties (such as benzene) and/or large biodegradation rates 
(such as toluene) were depleted in the oil body more 
than other hydrocarbon compounds. Biodegradation in the 
water phase reduced hydrocarbon concentrations adjacent 
to the oil body, and consequently enhanced dissolution. 
The model results suggested that considerable BTEX still 
remained in the oil body 18 years after the spill. 

The degree of depletion of the insoluble alkane 
fraction in the oil body (degradation state) did not depend 
on oil saturation, indicating that it was not caused by 
dissolution but instead was a result of methanogenic oil 
biodegradation (Bekins et al. 2005a). Alkane depletion 
was much higher in the area below a local topographic low 
where focused flow (Delin and Herkelrath 1999, 2005) has 
resulted in increased groundwater recharge and nutrient 
transport. Vastly different observed degradation states for 
the same starting oil composition from a single spill event 
invalidates use of degradation state to estimate the timing 
of a spill (Bekins et al. 2005a). Vapor-phase data indicate 
that methanogenic biodegradation was occurring in the 
oil body by 1987 and is the dominant degradation process 
today (Hult and Grabbe 1988; Revesz et al. 1995; Chaplin 
et al. 2002; Amos et al. 2005). Under methanogenic 
conditions the longer chain 11-alkanes and alkyl side 
chains are depleted first, creating a fingerprint which 
can mimic a lighter fuel. This phenomenon was also 
observed at a diesel spill site in Mandan, North Dakota 
(Hostettler et al. 2007, 2008). Fingerprinting techniques 
used to identify the starting composition of spilled product 
must account for this degradation pattern and be based on 
other components of hydrocarbon fuels. 

Detailed information from the Bemidji site has 
made it possible to develop increasingly complex mod
els of the fate and transport of hydrocarbons in the 
groundwater plume. Geochemical mass-balance model
ing (Baedecker et al. 1993) supported the hypothesis of 
anaerobic biodegradation of hydrocarbons in conjunction 
with dissolution of manganese and iron oxides, and out
gassing of CH4 and C02. Modeling of multispecies trans
port with sequential biodegradation represented by Monod 
kinetics showed that anaerobic processes removed more 
than half of the dissolved BTEX, and that iron reduction 
and methanogenesis had to occur concurrently to match 
observed plume concentrations (Essaid et al. 1995). Sub
sequent modeling based on thermodynamic constraints 
proved that this could be happening in the field (Curtis 
2003). Inverse modeling with simple first-order biodegra
dation rates reproduced the general features of the plume, 
but failed to capture the subtle changes in the plume as 
it evolved from primarily iron reducing to methanogenic 
conditions (Essaid et al. 2003). Incorporating a switch 
from iron reducing to methanogenic conditions after the 
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depletion of Fe3+ produced a simulated plume that repro
duced the observed downgradient migration of the central 
high hydrocarbon concentration zone (Essaid et al. 2003). 
Reactive transport modeling including the effects of gas 
bubble formation and collapse has shown that outgassing 
and oxidation of methane has been an important process, 
and that bubble formation has impeded water flow (Amos 
and Mayer 2006). 

Natural attenuation has been demonstrated to be an 
effective remediation strategy for many spills (Wiede
meier et al. 1999). However, transport and fate of hydro
carbons in the subsurface is a spatially and temporally 
complex problem. The persistent nature of the oil-phase 
hydrocarbon source and the long time frame for natural 
attenuation observed at Bemidji is not unique. Long-term 
field monitoring and process-oriented modeling at Bemidji 
has illustrated that hydrocarbon fate is compound specific 
and continually evolving with time. Thus, a snap-shot 
study of a hydrocarbon plume may not provide infor
mation that is of relevance to the long-term behavior of 
the plume under natural attenuation. Natural and induced 
changes in the oil source, redox conditions, microbial pop
ulations, recharge and flow rates will result in changes 
in plume extent. Ongoing research at the Bemidji crude
oil spill site continues to focus on providing insights and 
methods that will help us to understand and predict the 
evolution and fate of subsurface hydrocarbon plumes. 
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Use of Long-Term Monitoring Data to Evaluate Benzene, 
MTBE, and TBA Plume Behavior in Groundwater 

at Retail Gasoline Sites 
R. Kamath1

; J. A. Connor2; T. E. McHugh3
; A. Nemir4

; M. P. Le5
; and A. J. Ryan6 

Abstract: Long-term groundwater monitoring data for 48 retail gasoline sites were analyzed to define the characteristics of affected ground
water plumes containing benzene, methyl tert-butyl ether (MTBE), and tert-butyl alcohol (TBA). Results of this analysis were used to de
termine the observed range and statistical distribution of current plume lengths, plume stability conditions, constituent concentration trends 
and attenuation rates, and the remediation timeframe for this population of sites. The goal of this evaluation was to characterize plume 
behavior as observed across a variety of hydrogeologic settings, on the basis of detailed groundwater monitoring records, rather than to 
define the site-specific factors controlling plume behavior. The results indicate that MTBE plumes in groundwater underlying a majority 
of these underground storage tank sites that were monitored for five years orlonger (1) have significantly diminished in concentration over 
time, (2) are comparable in length to benzene plumes, (3) are, like benzene plumes, principally stable or shrinking in size and concentration, 
and (4) are on track to achieve remedial goals within a timeframe comparable to or faster than that of benzene plumes. At these same sites, 
TBA plumes were found to be comparable to benzene and MTBE plumes in terms of plume length. However, whereas most TBA plumes are 
also stable or shrinking, the percentage of TBA plumes that are currently stable or shrinking (68%) is less than that for benzene plumes (95%) 
or MTBE plumes (90% ), likely reflecting the temporary build-up of TBA concentrations in groundwater attributable to methyl tert-butyl ether 
(MTBE) biodegradation. Nevertheless, overall trends for TBA concentrations in groundwater indicate that TBA is attenuating at rates 
comparable to benzene and MTBE and can be expected to meet applicable remediation goals in a similar timeframe as the other gasoline 
constituents. DOI: 10.1061/(ASCE)EE.1943-7870.0000488. © 2012 America11 Society of Civil E11gineers. 

CE Database subject headings: Groundwater pollution; Benzene; Plumes; Remediation; Gasoline. 

Author keywords: MTBE; Benzene; TBA; Reformulated gasoline; RFG; UST; Groundwater plume behavior; Plume length; Attenuation 
rate decay rate; Remediation timeframe; Plume stability. 

Introduction 

In the 1990s, detections of methyl tert-butyl ether (MTBE) in the 
groundwater at petroleum storage tank sites and water supply wells 
generated considerable scientific and regulatory concern regarding 
the potential effect of this relatively new gasoline fuel additive on 
groundwater resources [USGS 1995; California Environmental 
Protection Agency (CEPA) 1999; USGS 2001]. In contrast to 
non-oxygenated gasoline fuel constituents, MTBE was known to 
be highly soluble in water, with low sorption coefficients, and 
was understood to be relatively recalcitrant to natural biological 
activity (Yeh and Novak 1991; Suflita and Mormile 1993; Hubbard 
et al. 1994; Mormile et al. 1994; Neilson 1994). As a result, some 
scientists predicted that, in comparison with non-MTBE gasoline, 
releases of MTBE-containing gasoline from underground storage 
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viro11111e11tal E11gi11eeri11g, Vol. 138, No. 4, April 1, 2012. ©ASCE, ISSN 
0733-9372/2012/4-458-469/$25 .00. 

tank (UST) sites would result in relatively long plumes of affected 
groundwater that would cause much longer-term effects on ground
water resources and drinking water supplies (Fogg et al. 1998; 
Odencrantz 1998; Weaver and Small 2002). These predictions were 
supported by the discovery of a few exceptionally long MTBE 
plumes extending thousands of feet down-gradient of the release 
point, such as in Long Island, New York (Weaver et al. 1996; 
Weaver et al. 1999). 

However, studies evaluating actual field measurements of hun
dreds of MTBE plumes across the United States and abroad have 
found the true extent and duration of MTBE effects on groundwater 
to be much less than previously anticipated. Specifically, monitor
ing data for groundwater plumes at nearly 400 gasoline release sites 
in California (Happel et al. 1998; Shih et al. 2004), Texas (Mace 
and Choi 1998; Shorr and Rifai 2002; Rifai et al. 2003), South 
Carolina (Wilson et al. 2003), and Florida (Reid et al. 1999; 
Reisinger et al. 2000) show that MTBE plumes typically stabilize 
at relatively short lengths ( < 200 ft), which are comparable to those 
of benzene plumes. Additionally, groundwater monitoring results 
from a total of 81 sites evaluated in Texas in 2002 (Shorr and Rifai 
2002) and in Florida in 1999 (Reid et al. 1999) indicate that the 
majority ofMTBE plumes (75%) are stable or decreasing in length. 
Furthermore, with regard to MTBE concentrations in individual 
monitoring wells, data from a total of 1628 monitoring wells in 
Texas (Rifai et al. 2003) and Connecticut (Stevens et al. 2006) in
dicate that MTBE concentrations in the groundwater are stable or 
decreasing over time in 74% of the wells evaluated. Research out
side of the United States similarly reported the effects of MTBE 
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on potable groundwater sources to be relatively limited on a 
regional scale. For example, in England and Wales, modeling 
analyses based on 3,000 groundwater samples from over 800 sites 
found that the potential plume dimensions for ether oxygenates, 
such as MTBE, did not pose a major threat to public water 
supplies (Environment Agency 2000). Additionally, a review of 
groundwater conditions at a number of sites with exceptionally 
large MTBE plumes discovered in the 1990s (Fogg et al. 1998; 
Odencrantz 1998; Weaver and Small 2002) indicate that the MTBE 
plume length and concentrations have diminished significantly 
over time [Environmental Assessment & Remediations (EAR) 
2005; EAR 2011; New York State Department of Environmental 
Conservation (NYSDEC) 2011]. 

Nevertheless, some of these studies indicate that their conclu
sions may be of limited applicability or certainty owing to the short 
duration of groundwater monitoring history analyzed for individual 
sites ( < 1 to 3 years) and/or insufficient evaluation of the plume 
stability condition (Happel et al. 1998; Shih et al. 2004). Employ
ing short-term data to predict long-term plume trends can entail 
uncertainty because (1) short-term groundwater monitoring data 
are more vulnerable to seasonal fluctuations and sampling variabil
ity; and (2) employing short-term monitoring records could under
estimate the true rate of attenuation of compounds, such as MTBE, 
that require longer acclimation periods to undergo biodegradation. 
Similarly, characterization of the plume stability condition is im
portant for understanding whether the cun-ent plume length repre
sents the maximum area of effect or if further plume expansion 
could occur. 

In addition, recent reports on complex groundwater plumes 
(e.g., detached and/or diving plumes), such as those located in 
the Long Island, New York area (Weaver and Wilson 2000; Nichols 
and Roth 2006), in California (Wilson et al. 2004), in Illinois 
(Wilson et al. 2005), and in dual-porosity aquifers such as the 
Cretaceous Chalk in the United Kingdom (Thornton et al. 2006), 
note the importance of adequate monitoring networks to achieve 
detailed horizontal and vertical delineation of groundwater plumes 
at typical UST sites. In the absence of adequate horizontal and ver
tical delineation, failure to identify detached plumes or diving 
plume conditions could result in misinterpretation of the ground
water conditions at UST sites, such as underestimation of actual 
plume lengths. This study evaluates hydrogeologic conditions at 
each site to identify those sites at which diving plumes may be 
of concern because of elevated recharge rates, vertical flow gra
dients, and/or absence of stratigraphic features serving to impede 
downward plume migration. 

The present study attempts to improve the understanding of 
MTBE plume behavior by (1) evaluating a database of geographi
cally diverse sites with long-term groundwater monitoring records 
and (2) employing a comprehensive analytical approach that in
cludes evaluation of cun-ent plume stability (including the potential 
for detached and diving plume conditions), cun-ent plume length, 
temporal concentration trends in groundwater, and attenuation rates 
for MTBE at these sites. In addition to MTBE, the behavior of 
benzene and tert-butyl alcohol (TBA) plumes in groundwater are 
evaluated and the long-term behavior of these three constituents in 
groundwater at these sites are compared. Benzene is used in this 
study as a representative component of non-MTBE fuel, for which 
the fate and transport characteristics in groundwater were well de
fined in prior studies, such as Weidemeier et al. 1999. TBA, an 
intermediate biodegradation product of MTBE, was shown to bio
degrade in both aerobic and anaerobic environments (Zeeb and 
Weidemeier 2007). Evaluation of these three chemicals in ground
water at petroleum release sites is intended to characterize the 

behavior of MTBE relative to that of benzene, and the MTBE 
degradation product, TBA. 

Methodology 

This study was conducted using monitoring records from a data
base of 48 retail gasoline sites with historical detections of benzene 
and MTBE in groundwater. For this purpose, long-term monitoring 
records for UST sites, con-esponding to sites with complete records 
for at least six monitoring wells for five years or more, were soli
cited from regulatory agencies, energy companies, and environ
mental consultants. Of an initial population of 54 sites, the 
number of sites found to meet the screening criteria was 48 for 
benzene, 48 for MTBE, and 38 for TBA. At each site meeting 
the minimum data requirements, plume behavior for each constitu
ent was characterized by evaluating the cun-ent length, the current 
stability condition, the temporal concentration trends, the observed 
attenuation rates, and the timeframe necessary to achieve applicable 
remediation goals. 

The groundwater remediation goals used to define the length of 
the affected groundwater plumes and evaluate the timeframe to 
achieve remediation endpoints are as follows: 5 µg/L for benzene, 
10 p,g/L for MTBE, and 12 p.g/L for TBA. For benzene, the 
remediation goal corresponds to the federal maximum contaminant 
level (MCL) for drinking water (5 µg/L), (EPA 2009). For MTBE, 
the value corresponds to the New York State Department of Envi
ronmental Conservation (NYSDEC) groundwater standard for 
MTBE (10 µg/L), (NYSDEC 2008) and for TBA, the value cor
responds to the California drinking water action goal (12 µg/L) 
(RWQCB 2004). The reported laboratory detection limits for 
groundwater analyses at the 48 sites evaluated in this study were 
rarely above the concentration limits (benzene = 6%; MTBE = 9%; 
TBA = 14% ), providing an appropriate level of sensitivity to evalu
ate current compliance with remediation goals. 

The following section describes the site database used in this 
study and the methodology used to evaluate plume behavior at each 
site. 

Database of Long-Term Groundwater Monitoring 
Records for UST Sites 

Key characteristics of the groundwater monitoring database for the 
48 sites included in this study are as follows: 
• Geographic location: The sites are located in various states in 

the United States with different histories of MTBE use; speci
fically, 63% of the sites are in California, 19% in New Jersey 
10% in Alaska, 6% in Oregon, and 2% in Nevada. A majority of 
the sites (82%) are located in California and New Jersey, two 
states that together, represented 45% of the total MTBE con
sumption in the United States in 2001 (Lidderdale 2003). 

• Cun-ent site use: Of the 48 UST sites, 30 are active service sta
tions and 18 are inactive stations or vacant lots with no further 
potential for releases of gasoline. 

• Release history: Available information indicates that under
ground fuel storage tanks and dispenser islands were principal 
sources of release of leaded and/or unleaded gasoline at the 48 
sites evaluated. More than 70% of the 48 sites have records of 
releases occun-ing after 1992 or are active service stations that 
handled MTBE reformulated gasoline (RFG) after 1992. 

• Environmental effects: Non-aqueous phase liquid (NAPL) or 
sheen was reported in monitoring wells at 34 of the 48 sites. 
Groundwater impacts were reported to be limited to a shallow 
aquifer unit at a majority of the sites, with only 6% of the sites 
reporting effects to more than one aquifer zone. 
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• Groundwater monitoring program: For the 48 sites included 
in this study, the median number of groundwater monitoring 
wells per site is 17, with a median of four wells located in the 
source area ("source wells"), seven wells located within the 
plume downgradient of the source ("plume wells"), and six wells 
located outside of the affected groundwater plume ("delineation 
wells"). In this study, only wells designated as either source wells 
or plume wells were used to evaluate plume concentration trends. 
The median length of time that groundwater monitoring was un
derway at the 48 sites is 15 years for benzene, 11 years for 
MTBE, and eight years for TBA. Additionally, for the purpose 
of calculation of point attenuation rates, only those wells with 
more than eight years of monitoring data were used. 

• Remediation history: For 44 of the 48 sites evaluated in this study, 
information was available regarding past or on going remedial 
actions for affected groundwater. In sum, seven sites (16%) were 
managed only by monitored natural attenuation (MNA); nine 
sites (20%) were addressed only with NAPL recovery; 13 sites 
(30%) received some form of active groundwater remediation 
(e.g., pump and treat, air sparging) without NAPL recovery; 
and 15 sites (34%) received some form of active groundwater 
remediation in combination with NAPL recovery. 
As indicated by the relatively extensive monitoring well net

works, the long groundwater monitoring periods, the past presence 
of NAPL, and the implementation of active remedies at a majority 
of the sites in this study, this database is more representative of sites 
with larger fuel releases and more extensive groundwater impacts 
as opposed to sites with only minor MTBE effects on groundwater 
(e.g., with a few monitoring wells showing low-µg/L concentra
tions of MTBE in groundwater). Consequently, the findings of this 
study should be understood to pertain to plumes at sites with rel
atively significant fuel releases and not to sites with de minimis 
releases of MTBE at which much shorter plume lengths and dura
tions may be observed. 

Evaluation of Groundwater Plume Behavior 

For each of the 48 sites in this study, the behavior of the affected 
groundwater plume was evaluated as follows: 

1. Plume stability: The current plume stability condition was 
characterized by two methods: (1) comparing the maximum 
spatial extent of the groundwater plume observed historically 
with the spatial extent observed during the most recent sam
pling event at the site and (2) evaluating long-term concentra
tion trends in the wells located at the downgradient edge of 
the plume using the Mann-Kendall statistical method, as de
scribed in the MAROS software system [Air Force Center 
for Environmental Excellence (AFCEE) 2000]. For each con
stituent, the plumes were then classified as shrinking, stable, 
expanding, no trend, or detached. Plume concentration trends 
were characterized using the Mann-Kendall statistical method, 
as described in Aziz et al. (2003), as follows: (1) an increasing 
trend refers to a Mann-Kendall result of increasing with a sig
nificance level > 90%; (2) a decreasing trend refers to a Mann
Kendall result of decreasing with a significance level > 90%; 
(3) a stable condition refers to a Mann Kendall result of no 
trend at a significance level > 90% and with a coefficient of 
variation (COY) < 1 (indicating low degree of variability); and 
(4) no trend refers to a Mann-Kendall result of no trend but 
with a significance level < 90% and a high degree of variabil
ity (COV > 1). Using this approach, plume stability was eval
uated for benzene at 42 sites, for MTBE at 41 sites, and for 
TBA at 34 sites. 

2. Current measured and estimated plume length: Current plume 
lengths were determined either by (1) measuring the distance 
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Fig. 1. Correlation between estimated ersus measured plume lengths at 
30 UST sites with well-delineated MTBE, benzene, and TBA plumes 

from the source location to the downgradient location meeting 
the remediation goal (i.e., a clean location), for those sites in 
which the existing monitoring well network included at least 
one clean downgradient well (designated as well-delineated 
plumes in this study); or (2) estimating the distance from the 
source to a clean downgradient location, using an empirical 
estimation method on the basis of the observed bulk attenuation 
rate (Newell et al. 2002), for those sites at which the current mon
itoring well network did not include a clean downgradient well. 
Plumes for which the lengths could not be either directly mea
sured or estimated were designated as indeterminate. 

The available data were sufficient to provide measurements 
of plume length for 26 benzene plumes, 28 MTBE plumes, and 
19 TBA plumes. These well-delineated plumes were consid
ered the more reliable measure of plume length and were con
sequently used to check the plume length estimation method 
used for plumes with less complete delineation. As shown in 
Fig. 1, the estimated plume lengths for the well-delineated 
plumes, derived using the bulk attenuation rate, show a reason
able correlation to the tme measured plume lengths at these 
sites (slope = 1.2, R2 = 0.43), with the error tending toward 
overestimation of the true plume length in most cases. On this 
basis, this calculation method was considered a conservative 
method for estimating the plume length for those sites with 
less complete delineation. Using this methodology, estimated 
plume lengths were derived for an additional eight sites for 
benzene, seven sites for MTBE, and three sites for TBA. 

Indeterminate plume lengths were found at 19% of the ben
zene sites, 15% of the MTBE sites, and 35% of the TBA sites 
in this study. To account for the effect of these indeterminate 
lengths on the plume population statistics (specifically, the 
median plume length), as a highly conservative measure the 
indeterminate plumes were assumed to be equal to or longer 
than the longest measured or estimated plume length deter
mined for each constituent. 

Additionally, to ensure that the available monitoring data 
provided a reliable measure of true plume dimensions, at each 
site and for each constituent the possible occurrence of a diving 
plume was evaluated on the basis of available data for vertical 
delineation of the plume. This entailed review of groundwater 
test results from the deeper monitoring wells on each site to con
firm that the plume did not extend downward beyond the depth 
of the monitoring network, resulting in possible mischaracteri
zation of the true plume length. Furthermore, each site was 
evaluated using the EPA plume dive calculator (Weaver and 
Wilson 2000) to determine whether site-specific hydrogeologic 
conditions could result in downward displacement of the plume 
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sufficient to extend beyond the depth of the monitoring well net
work. Results of this analysis found none of the sites to pose a 
concern with regard to diving plumes. Stratigraphic features at 
each site may have played an important role in limiting plume 
dive in the groundwater underlying these sites (Wilson 
et al. 2005). 

3. Current plume concentration trends: To evaluate the long-term 
temporal trends of constituent concentrations in groundwater 
at the 48 sites, monitoring data from individual wells that was 
sampled during eight or more sampling events, with detectable 
concentrations reported in four or more of these sampling 
events, were evaluated as follows: 

(I) Concentration trends in individual wells: To assess the 
trend of concentration versus time within each well, mon
itoring data from individual wells were statistically eval
uated using the Mann-Kendall method, as described in 
the MAROS software system (AFCEE 2000). Addition
ally, to minimize the effect of analytical variability and 
data censoring attributable to the detection limit, only 
wells in which individual constituents had historically 
been detected above 20 ~ig/L were evaluated for concen
tration trends. Of the 589 source wells and plume wells 
installed at the 48 sites, 288 wells (43 sites), 306 wells 
(42 sites), and 241 wells (34 sites) met these minimum 
criteria for benzene, MTBE, and TBA, respectively. 

(2) Current versus historical compliance with applicable reme
diation goals: Monitoring data from individual wells that 
were sampled during at least one event after 2007 were 
evaluated for past and current compliance with the applic
able remediation goals. In total, 218 wells (33 sites), 279 
wells (34 sites), and 134 wells (22 sites) met these selec
tion criteria for benzene, MTBE, and TBA, respectively. 

(3) Changes in maximum groundwater concentrations at 
individual sites over time: Additionally, as a simple mea
sure of the change in plume concentrations over time on 
a site-wide basis, the maximum historical concentration 
of each gasoline constituent detected in any well during 
the initial 20% of the monitoring history at a site was 
compared with the maximum concentration reported at 
any well during the most recent sampling event conducted 
at the site after 2007. At the 48 sites, maximum concen
trations of gasoline constituents measured in groundwater 
ranged between 45 µg/L and 120,000 µg/L for benzene, 
between 23 µ,g/L and 1, 700,000 1ig/L for MTBE, and 
between 68 µ,g/L and 700,000 µ.g/L for TBA. Reduction 
in maximum groundwater concentrations over time were 
evaluated at 42 sites for benzene, 41 sites for MTBE, 
and 34 sites for TBA. 

4. Point attenuation rates in individual wells and at sites: A first
order rate of attenuation of chemical concentrations in the 
groundwater aquifer was calculated for each source well and 
plume well that exhibited a stable or decreasing concentration 
trend by estimating the slope of the lognormal plot of concen
tration versus time [lnC versus t; point attenuation rate, as de
fined in Newell et al. (2002)] for benzene, MTBE, and TBA at 
each well. 

5. Additional and total remediation timeframe: For the purpose of 
this study, the additional remediation timeframe corresponds to 
the estimated future period required from the date of the last 
monitoring episode for each site (typically 2009) until the max
imum constituent concentration measured at the site is reduced 
to the applicable remediation goal. This additional timeframe 

for each site was calculated using the site-specific average 
point attenuation rates (see point 4 above) and the most recent 
maximum concentration for each constituent (Newell et al. 
2002). The total remediation timeframe for each compound 
was calculated as the sum of (l) the duration of groundwater 
monitoring period following the first detection of the constitu
ent at the site and (2) the maximum estimated additional reme
diation timeframe necessary to meet the applicable remediation 
goal for that constituent. Using this approach, additional and 
total remediation timeframes were evaluated at 37 sites for 
benzene, 31 sites for MTBE, and 15 sites for TBA. 

MTBE-degrading microbes are understood to require longer ac
climation periods than the microbes that degrade benzene, toluene, 
ethylbenzene, and xylene (BTEX) constituents (Shah et al. 2009). 
Consequently, to avoid underestimating the true rate of biodegra
dation of MTBE in the groundwater, this evaluation included only 
those wells with long-term monitoring records (> 8 years) with de
tectable concentrations of gasoline constituents measured above the 
detection limit during four or more sampling events. Additionally, 
to ensure that the observed changes in the concentration were 
attributable to attenuation rather than an artifact of variable labo
ratory results or detection limits between sampling events, only 
those wells that exhibited concentrations above 200 µg/L for each 
gasoline constituent during the initial 20% of its monitoring history 
were used to calculate the point attenuation rate for that constituent. 
Using this approach, point attenuation rates were calculated for 187 
wells (38 sites), 165 wells (30 sites), and 62 wells (16 sites) for 
benzene, MTBE, and TBA, respectively. 

The "total remediation timeframe" for each compound was cal
culated as the sum of (1) the duration of groundwater monitoring 
period following the first detection of the constituent at the site and 
(2) the maximum estimated additional remediation timeframe nec
essary to meet the applicable remediation goal for that constituent. 
Using this approach, additional and total remediation timeframes 
were evaluated at 37 sites for benzene, 31 sites for MTBE, and 
15 sites for TBA. 

Results of Data Evaluation 

Plume Stability 

The results show that the vast majority of the benzene plumes 
(95%) and the MTBE plumes (90%) evaluated in this study are 
stable or diminishing in size (see Fig. 2). Less than 5% of benzene 
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Fig. 2. Results of groundwater plume stability evaluation at individual 
sites 
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plumes (2 of 42 sites) and MTBE plumes (2 of 41 sites) were 
observed to be expanding in size over time. MTBE plumes showed 
evidence of being detached from the original release area at a small 
number of sites (2 of 41 sites); however, comparison of the past and 
current dimensions of these detached MTBE plumes shows that the 
spatial extent of on-site and off-site groundwater impacts for these 
detached plumes is also diminishing in size. None of the 42 ben
zene plumes exhibited detached conditions. 

For TBA, 68% of the plumes evaluated (23 of 34 sites) are 
currently stable or shrinking in size, whereas 26% (9 of 34 sites) 
were observed to be expanding in size over time. At the remaining 
two sites (6%), TBA was detected at higher concentrations in the 
plume wells than in the source wells, indicating a detached plume 
condition. The higher percentage of expanding TBA plumes (26%) 
compared with that of its parent compound MTBE (approx. 5%) 
suggests that, at some sites, biodegradation of MTBE has contrib
uted to increased concentrations of TBA in the areas downgradient 
of the plume source area. 

In summary, in terms of plume stability, MTBE plumes closely 
match the behavior of benzene plumes, with the vast majority of the 
MTBE plumes investigated (> 903) being in a stable or diminish
ing condition. Additionally, preliminary evaluation of the MTBE 
footprint at the few sites with detached plumes shows that on-site 
and off-site groundwater impacts are now much smaller in size than 
in the past, thus suggesting that, similar to normal groundwater 
plumes, detached plumes also stabilize and attenuate over time 
and distance. Although a majority of the observed TBA plumes 
are also stable or diminishing (68%), the lower percentage relative 
to MTBE and benzene plumes likely reflects the temporary build
up of TBA concentrations in groundwater attributable to MTBE 
biodegradation. In general, TBA may persist within the portion 
of the plume where biodegradation of benzene, MTBE, and other 
gasoline constituents has depleted available electron acceptors, and 
then preferentially biodegrade in the downgradient portions of the 
plume, where higher concentrations of suitable electron acceptors 
are encountered. 

Current Measured and Estimated Plume Lengths 

For the purpose of this evaluation, plumes lengths were (1) mea
sured directly for well-delineated plumes, (2) estimated using 
a conservative empirical relationship, or (3) characterized as 

Benzene 
(n = 26) 
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(n =28) 

TBA 
(n = 19) 
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(a) Plume Length (ft) 

indeterminate on the basis of available data (see the discussion 
in the Methodology section above). Results of the plume length 
evaluation for each category of plume are provided below and 
in Fig. 3. 
(1) Measured plume lengths for well-delineated plumes: For sites 

with well-delineated plumes, the current median plume 
lengths, as measured by the monitoring well network, are 
105 feet for benzene (26 sites), 75 feet for MTBE (28 sites), 
and 118 feet for TBA (19 sites) [see Fig. 3(a)]. The 90th per
centile plume lengths for benzene, MTBE, and TBA at these 
same sites were 208 ft, 210 ft, and 226 ft, respectively. As a 
population, no statistically significant difference existed be
tween MTBE plume lengths and benzene plume lengths at the 
same sites, as determined using the Student's t-test (p = 0.69). 
The two MTBE plumes found to be detached from the source 
area exhibited plume lengths of 550 ft (with a maximum down
gradient extent 700 ft from the original source zone) and 510 ft 
(with a maximum downgradient extent 885 ft from the original 
source zone). 

(2) Estimated plume lengths: For sites with stable or shrinking 
plumes at which the existing well network was not adequate 
to delineate the plume length but for which a bulk attenuation 
rate could be calculated (on the basis of a lnC versus distance 
plot), plume lengths were estimated using the method de
scribed in Newell et al. (2002) (see the discussion in the Meth
odology section above). For this population of sites, the current 
median estimated plume lengths are 354 feet for benzene (eight 
sites), 379 feet for MTBE (seven sites), and 371 feet for TBA 
(three sites) [see Fig. 3(b)]. 

(3) Measured and estimated plume lengths: In combination, the 
ctment median plume lengths were measured or were esti
mated to be 125 feet for benzene (34 of 42 sites), 110 feet 
for MTBE (35 of 41 sites), and 145 feet for TBA (22 of 34 
sites) [see Fig. 3(c)]. For this data set, the 90th percentile plume 
lengths for benzene, MTBE, and TBA are 356 ft, 454 ft, and 
366 ft, respectively [see Fig. 3(b)]. 

( 4) Measured, estimated and indeterminate plume lengths: The 
plume length values presented above do not include inde
terminate plumes, for which the plume lengths could not be 
measured or estimated on the basis of available data, corre
sponding to 19% of the benzene plumes (8 of 42), 15% of 
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Fig. 3. Distribution of (a) measured plume lengths for well-delineated plumes; (b) measured and estimated plume lengths for all plumes 
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Fig. 4. Comparison of measured or estimated plume lengths for ben
zene versus MTBE 

MTBE plumes (6 of 41), and 35% of TBA plumes (12 of34) in 
our data set. 

Given that these indeterminate plumes extended beyond the 
extent of the existing monitoring well networks, expecting that 
the average length of these plumes would exceed the average 
length of the plumes whose lengths were delineated or esti
mated is reasonable. Therefore, as a conservative measure, 
the median lengths of the full plume population, including 
the indeterminate plumes, were estimated using highly 
conservative assumption that all of the indeterminate plumes 
are equal to or longer than the longest measured or estimated 
plume length. Given this assumption, the adjusted median 
plume lengths for the full population of measured, estimated, 
and indeterminate plumes are 171 feet for benzene, 140 feet for 
MTBE, and 235 feet for TBA. These values correspond to a 
very conservative high-end estimate of median plume lengths 
and may significantly over estimate the tme median 
plume length for this population. 

(5) Comparison of MTBE and benzene plume lengths: On a site
by site basis, at the 33 sites at which both MTBE and 
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benzene plumes were measured or estimated, the MTBE 
and benzene plumes are not statistically different on the basis 
of a Student's t-test analysis (assuming two-tail distribution and 
unequal variances between populations; p = 0.23). Fig. 4 pro
vides a comparison of the MTBE and benzene plume lengths 
determined for these 33 sites. As shown, 70% of the MTBE and 
benzene plumes (23 of 33) are within + / - 100 feet in length, 
whereas only 12% of sites (4 of 33) contained plumes that dif
fered by more than 200 ft (see Fig. 4). 

In summary, for the sites in this study, the lengths of MTBE 
plumes are comparable to those of benzene plumes (adjusted 
median values of 140 feet for MTBE versus 171 feet for benzene 
for all plumes, and unadjusted 90 percentile plume lengths of 
454 feet for MTBE versus 356 feet for benzene for measured 
and estimated plumes). TBA plume lengths are also comparable 
to those of MTBE plumes (adjusted medians of 235 feet for 
TBA versus 140 feet for MTBE for all plumes, and unadjusted 
90 percentile plume lengths of 366 feet for TBA versus 454 feet 
for MTBE for measured and estimated plumes). 

Note that the applicable MTBE remediation goal employed 
in this study (i.e., 10 µg/L) is more stringent than groundwater 
standards applied in some states in the United States, including 
California (primary MCL = 13 µg/L) [California Department of 
Public Health (CDPH) 2009] and New Jersey (MCL = 70 µg/L) 
[New Jersey Department of Environmental Protection (NJDEP) 
1997]. Consequently, the plume lengths presented in this paper re
present a conservative overestimate of MTBE plume lengths sub
ject to remedial action goals in those states. 

Current Groundwater Concentrations and 
Concentration Trends 

(1) Reductions in the maximum plume concentrations observed at 
each site: The monitoring records show that the maximum plume 
concentrations recorded within the initial 20% of the monitoring 
period decreased over time for 93, 90, and 74% of the benzene 
(40 sites), MTBE (38 sites), and TBA (26 sites) plumes evaluated 
in this study. Among these sites, the median reductions over time 
in the maximum historical groundwater concentration were 90% 
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Fig. 5. Concentration Trends: (a) Median percent reduction in maximum groundwater concentration at all sites; (b) distribution of groundwater 
concentrations trends versus time in individual wells (Both stable plumes and no trend plumes have a Mann-Kendall result of "no trend." However, 
for our evaluation, consistent with the MAROS guidelines (Aziz et al. 2003), "stable" is used for "no trend" results for which the level of significance 
is > 90% and COV < 1, whereas no trend refers to no trend results with level of significance < 90% and/or COV > I) 
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for benzene, 99% for MTBE, and 69% for TBA [see Fig. 5(a). For 
those sites with shrinking or stable plumes, the percentage 
reductions in the maximum historical concentrations were slightly 
higher than for the full plume population, at 92% for benzene 
(40 sites), 99% for MTBE (37 sites), and 88% for TBA (23 sites). 
At sites with detached MTBE plumes (two sites) or TBA plumes 
(two sites), the concentration reduction was observed to be approx
imately 92% for MTBE and 81 % for TBA. 

(2) Concentration Trends in Individual Monitoring Wells: 
Evaluation of the concentration trends in individual monitoring 
wells found concentrations to be stable or diminishing over time 
for 90% of wells with detectable benzene and for 86% of wells 
with detectable MTBE [see Fig. 5(b)]. Less than 2% of the wells 
containing benzene and less than 4% of the wells containing MTBE 
exhibit increasing concentration trends. For TBA, 58% of individ
ual wells show stable or diminishing concentration trends over 
time, whereas 13% of the wells exhibit increasing trends. 

(3) Current versus histolical compliance with applicable 
remediation goals: 

All wells: The number of monitoring wells that meet the 
remediation goals for benzene and MTBE increased significantly 
over the monitoring periods [see Fig. 7(a)]. Specifically, the per
centage of individual monitoring wells that meet the selected 
remediation goals (i.e., 5 µg/L for benzene and 10 µg/L for 
MTBE) increased from 10 to 48% for benzene and from 11 to 
57% for MTBE, representing an approximate five-fold increase 
in compliance for each constituent. The percent of individual mon
itoring wells for which TBA meets the selected remediation goal 
(12 µg/L) also increased, but by a lesser margin than the other two 
constituents, increasing to 25% in the most recent sampling epi
sodes compared with 16% historically, an approximate 60% in
crease. In general, the percentage of plume wells in compliance 
with the remediation goal is greater than those located in the source 
area, which is consistent with the commonly observed pattern of 
concentrations diminishing more rapidly in the downgradient por
tion of the plume, with measurable concentrations persisting for a 
longer period in the source area. 

Site-wide evaluation: On a site-wide basis (i.e., in 100% of 
monitoring wells), 12% of the 43 sites affected by benzene, 
24% of the 42 sites affected by MTBE, and 14% of the 35 sites 
affected with TBA presently meet the applicable remediation goal 
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for all monitoring wells [see Fig. 6(b)]. Historically, none of these 
sites met the remediation goal on a site-wide basis for all monitor
ing wells. 

In summary, during the monitoring period, the majority of sites 
investigated in this study experienced significant reductions in 
maximum plume concentrations for benzene, MTBE, and TBA 
(i.e., > 69% of sites for all three compounds). The median reduc
tion observed in the maximum concentration in MTBE plumes 
(99%) exceeds that of benzene plumes (90%) for the full plume 
populations [see Fig. 5(a)]. Within individual monitoring wells, 
MTBE exhibits concentration trends comparable to those of ben
zene, with 86 to 90% of wells showing stable or diminishing con
centrations over time. As a result, a much larger percentage of wells 
now comply with these remediation goals than was observed at the 
beginning of the monitoring period. Relative to benzene and MTBE 
plumes, a smaller percentage of TBA wells (58%) exhibit stable or 
diminishing concentrations, whereas a larger percentage indicate 
increasing concentrations (13%), which may reflect the temporary 
increase in TBA concentrations attributable to biodegradation 
ofMTBE. 

Detached MTBE and TBA plumes exhibit concentration reduc
tions (MTBE: 85 to 99% reduction; TBA: 71 to 91 % reduction) 
similar to those of non-detached plumes (MTBE: 29 to 100% re
duction; TBA: 11 to 100% reduction). The median concentration 
reduction exhibited by all TBA plumes (69%) is less than that of 
MTBE (99%) and benzene plumes (90%), possibly reflecting the 
temporary build-up of TBA concentrations attributable to biodeg
radation of MTBE. 

Point Attenuation Rates in Individual Wells 

For wells exhibiting a trend of stable or diminishing concentrations 
over time, the data are amenable to calculation of a point attenu
ation rate (i.e., on the basis of C versus t) using the standard meth
ods described in Newell et al. (2002). (Note that, in this paper, 
when concentrations are declining over time, the rate constant has 
a negative value; when concentrations are increasing over time, the 
rate constant is positive). The concentration attenuation rates ob
served in individual wells for the three gasoline constituents under 
study are as follows. 

(1) Point attenuation rates in individual wells: First-order point 
attenuation rates estimated for benzene in 188 wells (39 sites) 
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Fig. 7. Comparison of point attenuation rates for benzene, MTBE, and TBA at sites with stable or shrinking plumes 

ranged from -5.8 per year to 0.52 per year, with a median 
value of -0.59 per year [see Fig. 7(a)]. For MTBE, first-order 
attenuation rates were estimated for 175 wells (33 sites) and 
were observed to range from -3.6 per year to 0.29 per year, 
with a median value of -0.63 per year. TBA degradation rates 
were estimated for 110 wells (21 sites) and ranged from -4.9 
per year to 1.71 per year, with a median value of -0.52 
per year. 

(2) Median point attenuation rates in wells at each site: Site-wide 
attenuation rates obtained by calculating the median attenua
tion rate for individual wells at each site are shown in 
Fig. 8(b). Attenuation rates ranged between -0.12 and 
-2.9 per year (median = -0.65 per year) for benzene, 
-2.7 and 0.01 per year (median= -0.69 per year) for 
MTBE, and -2.94 and 0.025 per year (median = -0.63 
per year) for TBA. These median attenuation values are com
parable, but slightly faster (i.e., more negative), than the va
lues determined for each chemical on the basis the full well 
population [see Fig. 7(a)]. 

In summary, concentration trends in individual wells and on a 
site-wide basis indicate that the point attenuation rates of benzene, 
MTBE, and TBA are similar 
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As an alternative measure of the relative behavior of benzene, 
MTBE, and TBA in groundwater, the overall concentration trend 
for each constituent among the full population of sites was char
acterized as the change in the median and maximum concentrations 
versus time among all sites, as shown on Figs. 9(a) and 9(b) and 
discussed below. 

(1) Reduction in overall median concentration versus time for 
full site population: The median concentrations of benzene, 
MTBE, and TBA in groundwater for the full site population 
all decreased significantly over the past 10 years. As indicated 
in Fig. 8(a), the overall attenuation rates (C versus t) exhibited 
by these median concentration values over the past 10 years 
are -0.20 per year, -0.47 per year, and -0.27 per year for 
benzene, MTBE, and TBA, respectively, corresponding to half 
lives of 3.4, 1.5, and 2.5 years. 

(2) Reduction in maximum concentration versus time for full 
site population: Similar to the median values, the maximum con
centrations of benzene, MTBE, and TBA in groundwater for this 
site population also decreased significantly over the past 10 years. 

overall Maximum Site Cone. vs. Time 

(b) Year 

Fig. 8. Trend in site-wide median and maximum plume Concentrations versus time 
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Fig. 9. Time to Remediation for Sites with Stable or Shrinking Plumes ("Benzene Only" refers to those sites where only benzene, not MTBE or TBA, 
exceeded the applicable remediation goal.) 

As indicated in Fig. 8(b), the overall attenuation rates (C versus t) 
exhibited by these maximum concentration values over the past 
10 years are -0.20 per year, -0.43 per year, and -0.29 per year 
for benzene, MTBE, and TBA, respectively, corresponding to half 
lives of 3.5, 1.6, and 2.4 years. 

In summary, when evaluated on the basis of the full site pop
ulation, both the median and maximum MTBE concentrations mea
sured in groundwater are observed to decrease at a faster rate than 
the median and maximum concentrations of benzene. The faster 
attenuation rate observed for MTBE relative to benzene may reflect 
the effect of (1) the discontinued use of MTBE in the past decade, 
as a result of which unlike benzene, additional releases of MTBE 
cannot occur at active UST sites and/or (2) the much higher solu
bility of MTBE, compared with benzene, which can result in a 
more rapid rate of dissolution and depletion of MTBE from the 
source, eventually resulting in lower contributions of MTBE from 
the source to the plume, relative to benzene. 

The median and maximum TBA concentrations observed for 
this site population are generally higher than either MTBE or ben
zene. In addition, TBA exhibits an overall average attenuation rate 
that is slower than MTBE. These observations are consistent with a 
temporary build-up of TBA, as a biodegradation product ofMTBE, 
and limited biodegradation of TBA within the more concentrated 
portions of the plume in which electron acceptors were depleted 
by preferential biodegradation of BTEX and MTBE. 

Effect of Active Groundwater Remediation on Plume 
Attenuation Rates 

To evaluate the influence of active remediation on plume concen
tration trends, attenuation rates at sites at which active groundwater 
remediation and/or LNAPL recovery were conducted were com
pared with attenuation rates at those sites that were managed by 
MNA only. Table I summarizes the median attenuation rates de
termined for sites classified as: (1) MNA only, (2) NAPL recovery 
only, (3) groundwater remedy only, or (4) groundwater remedy plus 
NAPL recovery, on the basis of whether such actions were con
ducted for any period of time in the site history. 

Student's t-tests (two-sided) comparing these four groups found 
that, for all three plume constituents, no statistically significant dif
ference existed between the attenuation rates observed between 
(1) MNA-only sites versus groundwater remedy only sites (groups I 
and 3 in Table I; p-value range for the three compounds = 0.10-
0.43) or between (2) the combined population of MNA-only plus 
NAPL recovery only sites (groups 1 and 2 in Table 1) versus the 
combined population of groundwater remedy only and ground
water remedy with NAPL recovery sites (groups 3 and 4 in Table 1) 
(p-value range for the three compounds = 0.33-0.62). This analysis 
indicates that, for this set of sites, active groundwater remedies did 
not serve to measurably alter the rate of attenuation of plume con
centrations versus time for the benzene, MTBE, or TBA. Rather, 
the fact that groundwater remedy only sites display attenuation 
rates comparable with those of MNA-only sites suggests that 

Table 1. Comparison of Attenuation Rates of Median Plume Concentration versus Time for Different Remedial Action Conditions 

Benzene MTBE TBA 

No. of Median attenuation No. of Median attenuation No. of Median attenuation 
Groundwater remediation method Sites rate (1/yr) sites rate (1/yr) sites rate (1/yr) 

1) MNA only 7 -0.20 6 -0.56 3 -0.23 
2) NAPL recovery only 9 -0.13 9 -0.42 7 -0.18 
3) Groundwater remedy only 13 -0.27 14 -0.47 12 -0.24 
4) Groundwater remedy with NAPL recovery 13 -0.09 13 -0.46 11 -0.06 
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natural attenuation is likely the dominant attenuation mechanism 
for this population of sites. This observation is supported by the 
overall trend of TBA and MTBE concentrations across the full pop
ulation of sites (see point 5 above). The presence of TBA in ground
water at concentrations greater than MTBE similarly indicates that 
biodegradation of MTBE (i.e., conversion to TBA) is the dominant 
mass removal mechanism for MTBE and that this natural attenu
ation process is more significant than active remediation for this site 
population. 

The finding that groundwater plumes at sites managed by MNA 
only versus sites managed by active groundwater remediation are 
comparable is consistent with prior investigations of large popula
tions of BTEX plumes (benzene, ethylbenzene, toluene, and 
xylene), as reported in Newell and Connor (1998). Specifically, 
studies by Rice et al. (1995) of 208 BTEX plumes in California 
and by Mace et al. (1997) of 93 BTEX plumes in Texas found 
no statistical difference in plume lengths between active ground
water remediation sites and MNA only sites. 

In summary, the attenuation rates of the median concentrations 
of the three plume constituents are equivalent for sites in which 
active groundwater remediation was conducted versus sites in 
which only MNA was applied. In the absence of more detailed in
formation regarding the remediation activities at each of the sites in 
this study, particularly with regard to the mass of constituents re
moved or destroyed, and a comparison of plume conditions before 
and after the remedy, a degree of uncertainty in this analysis is rec
ognized with respect to the effect of remediation on plume condi
tions. For example, remediation efforts that remove a significant 
portion of the source mass from the groundwater can certainly serve 
to reduce the maximum plume size and increase the rate of plume 
shrinkage. However, at face value, the similarity of the attenuation 
rates observed at actively remediated versus nonactively remedi
ated sites suggests that natural attenuation of benzene, MTBE, 
and TBA may be the principal mechanism of mass removal for this 
population of plumes. 

Additional and Total Remediation Timeframe 

For sites with stable or shrinking plumes, which are amenable to 
calculation of point attenuation rates (C versus t), the average at
tenuation rates calculated for each site (see item 4b above) were 
used to calculate the additional time necessary for the site to meet 
the applicable groundwater remediation goal [see Fig. 9(a)]. The 
additional remediation timeframe was estimated to range from 0 
to 43 years for benzene (median = 6.4 years for 36 sites), 0 to 
28 years for MTBE (median =4 years for 31 sites), and 2 to 18 years 
for TBA (median = 4.5 years for 15 sites). 

For this same population of sites, the total remediation time
frame was determined as the sum of the additional remediation 
timeframe plus the number of years since monitoring first began 
on the site. The total remediation timeframe was estimated to range 
from 12 to 52 years for benzene (median= 24 years for 36 sites), 7 
to 41 years for MTBE (median= 15 years for 31 sites), and 9 to 
29 years forTBA [median= 17 years for 15 sites; see Fig. 9(b)]. For 
sites with MTBE and/or benzene plumes, the combined total time
frame to reach applicable remediation goals is within the range 16 
to 53 years, with a median timeframe of28 years. For sites at which 
only benzene ever exceeded the applicable remediation goal (i.e., no 
exceedance for either MTBE or TBA), the total remediation time
frame was estimated to be from 14 to 52 years (median= 24 years; 
7 sites). 

In summary, evaluation of the additional and total timeframe 
required to achieve remediation goals again shows benzene and 
MTBE plumes to exhibit similar behavior. Note that the total 
remediation timeframes for benzene and/or MTBE plumes 

combined (range of 16 to 53 years, with a median timeframe of 
28 years) are comparable to the total remediation timeframes for 
sites at which groundwater impacts are limited to the presence 
of benzene only, with no MTBE effects above the applicable 
remediation goal (range of 14 to 52 years, with a median of 
24 years). These results indicate that MTBE plumes are not 
recalcitrant in comparison to benzene plumes; in contrast, they 
can be expected to attenuate within the same general timeframe. 
Indeed, as suggested by the data in this study, at many sites, MTBE 
plumes may be observed to reach remediation goals more quickly 
than the benzene plume. 

Comparison to Previous Studies 

Earlier studies predicted that, in comparison to non-MTBE gaso
line, releases of MTBE-containing gasoline from UST sites would 
result in relatively long plumes and much longer-term effects on 
groundwater resources (Fogg et al. 1998; Odencrantz 1998; Weaver 
and Small 2002). However, the results of the evaluation of gasoline 
plume behavior at 48 sites located in diverse hydrogeologic settings 
across the nation indicate that at a majority of UST sites that were 
monitored for five or more years: (1) the MTBE concentrations in 
groundwater significantly diminished over time, (2) MTBE plume 
lengths and stability conditions are comparable to benzene plumes, 
and (3) MTBE plume attenuation is on track to achieve remedial 
goals within a timeframe comparable to or less than that of benzene 
plumes. These findings are consistent with other studies that exam
ined monitoring data for large populations of UST sites across the 
nation and found that the spatial extent and duration of MTBE ef
fects on groundwater resources is much less than previously antici
pated (Mace and Choi 1998; Reid et al. 1999; Shorr and Rifai 2002; 
Rifai et al. 2003; Wilson et al. 2003; Shih et al. 2004; Stevens et al. 
2006). Review of our specific findings with regard to those of pre
vious studies is summarized in Table 2 and discussed in further 
detail below. 
1. Plume stability: The percentage of stable or shrinking MTBE 

plumes at the 41 sites evaluated in this study (90%) is toward 
the upper end of the range of values (50 to 96%) published in 
previous studies for a total of 81 sites evaluated in Texas in 2002 
(Shorr and Rifai 2002) and in Florida in 1999 (Reid et al. 1999). 
These results suggest that, given the longer monitoring periods 
that were the focus of the current study and the greater passage 
of time since the release, a larger percentage of MTBE plumes 
will attenuate to a stable or shrinking condition. 

2. Plume length: The median MTBE plume length determined in 
this study (adjusted upper-end median of 140 feet) is on the low
er end of the range of median lengths (140 feet to 178 feet) re
ported in earlier studies (Mace and Choi 1998; Wilson et al. 
2003; Reid et al. 1999). Again, this shorter median plume length 
may reflect the longer monitoring periods for the sites included 
in this study, which is consistent with continued attenuation of 
MTBE plume lengths over time. 

3. Point attenuation rate: The median attenuation rate for MTBE in 
groundwater (-0.63 per year) reported for the sites include in 
this study is faster than the attenuation rate values published 
in previous studies (median of --0.35 per year) for MTBE
affected sites undergoing natural attenuation only (Schirmer 
et al. 1999; Wilson and Kolhatkar 2002; Hansen et al. 2003; 
Rifai et al. 2003; EPA 2005). The faster MTBE attenuation rates 
observed in this study may reflect the effect of the longer mon
itoring period, which may provide a more accurate estimate for 
attenuation rates for compounds, such as MTBE, that entail 
longer periods for acclimation of the in situ bacterial population. 
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Table 2. MTBE Plume Characteristics Reported in the Current Study versus that Reported in Literature 

Results for MTBE plumes 

Current study Prior studies of data for multiple plumes 

MTBE plume No. of No. of 
characteristic sites Value sites Value Reference Comments 

Percent of stable or 41 90% 81 50% to 96% (Shorr and Rifai 2002; Reid Results fit within the range 
shrinking plume et al. 1999) of previous findings, but 

indicate higher % of stable/ 

shrinking plumes. 
Plume length (feet) 35 Median = 140 ft" 356 Median= 140-178 ft (Mace and Choi 1998; The study finds median 

Wilson et al. 2003; Reid MTBE plume length to be at 
et al. 1999) lower end of range in prior 

studies. 
Point attenuation 33 -3.6to0.29 lOOb -1.2 to - 0.15 (Schiimer et al. 1999; The study finds MTBE 
rate (per year) (Median = -0.63) (Median = -0.35) Wilson and Kolhatkar 2002; attenuation rates to be faster 

Hansen et al. 2003; EPA than previous studies. 
2005; Rifai et al. 2003) 

"Table shows the adjusted median plume length for sites at which plume lengths were either measured, estimated, or considered indetenninate. 
bResults reported from MNA-only sites. 

In addition, given the discontinued use of MTBE as a fuel addi
tive, additional releases of MTBE can no longer occur at active 
UST sites; therefore, in the absence of such additional source con
tributions, faster attenuation rates are likely to be observed within 
the population of existing MTBE plumes (Stevens 2006). 
Furthermore, the higher solubility of MTBE compared with ben
zene may contribute to more rapid dissolution and depletion of 
MTBE from the source, resulting in larger reductions in source 
contributions of MTBE to the plume over the long term. 

Conclusions 

This study addresses the characteristics of benzene, MTBE, and 
TBA plumes in groundwater for a population of 48 retail service 
station sites, specifically in terms of plume length, plume stability 
condition, concentration reduction trends over time, attenuation 
rates, and the timeframe within which natural attenuation achieved 
remedial goals for each constituent. The goal of this evaluation was 
to characteiize plume behavior as observed across a variety of hy
drogeologic settings on the basis of detailed groundwater monitor
ing records, rather than to define the site-specific factors controlling 
plume behavior. The groundwater monitoring data analyzed in this 
study confirm that, over the long term for this site population, the 
behavior of MTBE plumes in groundwater is similar to that of 
benzene plumes with respect to current plume lengths and plume 
stability trends. However, overall MTBE concentrations are de
creasing more quickly than benzene, and may, on average, reach 
the applicable remediation goals more quickly than benzene 
plumes. The faster attenuation of MTBE plumes compared with 
benzene is consistent with the discontinued use of MTBE as a fuel 
additive. 

TBA plumes were also found to be comparable to benzene and 
MTBE plumes in terms of plume length. However, whereas most 
TBA plumes are stable or shrinking, the percentage of TBA plumes 
currently stable or shiinking (68%) is less than that for benzene 
plumes (95%) and MTBE plumes (90%), likely reflecting the tem
porary build-up of TBA concentrations in groundwater attributable 
to MTBE biodegradation. Nevertheless, overall trends for the 
median and maximum concentrations of TBA in groundwater at 
these sites indicate that TBA is attenuating at rates somewhat faster 

than benzene and can therefore be expected diminish to applicable 
remediation goals in a similar timeframe as the other gasoline 
constituents. 
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Review of Quantitative Surveys of the Length 
and Stability of MTBE, TBA, and Benzene Plumes 
in Groundwater at UST Sites 
by John A. Connor1, Roopa Kamath2, Kenneth L. Walker2, and Thomas E. McHugh2 

Abstract 
Quantitative information regarding the length and stability condition of groundwater plumes of benzene, 

methyl tert-butyl ether (MTBE), and tert-butyl alcohol (TBA) has been compiled from thousands of underground 
storage tank (UST) sites in the United States where gasoline fuel releases have occurred. This paper presents 
a review and summary of 13 published scientific surveys, of which 10 address benzene and/or MTBE plumes 
only, and 3 address benzene, MTBE, and TBA plumes. These data show the observed lengths of benzene and 
MTBE plumes to be relatively consistent among various regions and hydrogeologic settings, with median lengths 
at a delineation limit of 10 µg/L falling into relatively narrow ranges from 101 to 185 feet for benzene and 
110 to 178 feet for MTBE. The observed statistical distributions of MTBE and benzene plumes show the two 
plume types to be of comparable lengths, with 90th percentile MTBE plume lengths moderately exceeding 
benzene plume lengths by 16% at a 10-µg/L delineation limit (400 feet vs. 345 feet) and 25% at a 5-µg/L 
delineation limit (530 feet vs. 425 feet). Stability analyses for benzene and MTBE plumes found 94 and 93% 
of these plumes, respectively, to be in a nonexpanding condition, and over 91 % of individual monitoring wells 
to exhibit nonincreasing concentration trends. Three published studies addressing TBA found TBA plumes to be 
of comparable length to MTBE and benzene plumes, with 86% of wells in one study showing nonincreasing 
concentration trends. 

Introduction 
Over the past two decades, thousands of underground 

storage tank (UST) sites across the United States have 
been investigated to assess the potential impacts of gaso
line fuel leaks on the underlying soil and groundwa
ter. This experience has generated extensive information 
regarding the nature and extent of groundwater plumes 
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containing benzene, methyl tert-butyl ether (MTBE), and 
tert-butyl alcohol (TBA). In the 1990s, when regulations 
required that gasolines be blended with oxygenate addi
tives like MTBE for more efficient combustion, some 
researchers predicted that, in the event of a gasoline 
release to groundwater, MTBE would form much longer 
groundwater plumes compared to benzene (Fogg et al. 
1998; Odencrantz 1998; Weaver and Small 2002). These 
authors based their predictions upon considerations that 
(1) MTBE is more soluble and less sorptive than ben
zene and could therefore travel farther than benzene in 
groundwater, in the absence of other attenuation mech
anisms; and (2) MTBE, unlike benzene, was suspected 
to be relatively resistant to biodegradation by native soil 
bacteria (Yeh and Novak 1991; Suflita and Mormile 1993; 
Mormile et al. 1994). 

These predictions were initially supported by the 
discovery of a few exceptionally long MTBE plumes 
extending thousands of feet downgradient of the release 
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point, such as in Long Island, New York (Weaver et al. 
1996, 1999). In contrast to these few exceptionally long 
plumes, several studies conducted in the mid-1990s that 
compiled information from numerous UST sites found the 
measured lengths of benzene and MTBE plumes to be 
comparable (Happel et al. 1998; Mace and Choi 1998). 
However, some authors questioned whether these results 
were reliable, postulating that younger MTBE plumes 
could be continuing to expand while older benzene plumes 
might be stable or diminishing in size, and/or noting that 
proper delineation of plume lengths could be hampered 
by diving plume conditions or other limitations (Happel 
et al. 1998; Mace and Choi 1998; Shih et al. 2004). 

Subsequent scientific studies have improved our 
understanding of the lifecycle of contaminant plumes 
and the behavior of gasoline additives in groundwater. 
Specifically, field and laboratory investigations have 
found MTBE to biodegrade in groundwater under both 
aerobic and anaerobic conditions (Mackay et al. 2001, 
2007; Wilson et al. 2002; Gray et al. 2002; McKelvie 
et al. 2007a). Published studies conducted from 1995 
to 2013 have compiled field data from thousands of 
UST sites across the country, providing information on 
the measured lengths of MTBE and benzene plumes in 
groundwater and/or the observed plume stability condition 
(Rice et al. 1995; Buscheck et al. 1996; Mace et al. 1997; 
Happel et al. 1998; Reid et al. 1999; Reisinger et al. 2000; 
Shorr and Rifai 2002; Wilson 2003; Rifai and Rixey 
2004; Shih et al. 2004; Stevens et al. 2006; Tarr and 
Galonski 2007; Karnath et al. 2012). In addition, three 
studies have addressed the behavior of TBA plumes found 
in conjunction with MTBE gasoline releases (Shih et al. 
2004; Karnath et al. 2012; McHugh et al. 2013). 

Purpose of Review 
In this paper, we have reviewed the results of 13 

published studies of multiple plumes to characterize the 
statistical distribution of plume lengths, plume stability 
conditions, and concentration trends for benzene, MTBE, 
and TBA plumes at UST sites. These studies have 
applied a variety of technical criteria and methodologies 
to achieve a representative measurement of plume lengths 
and stability conditions at retail gasoline sites. In total, 
the studies provide quantitative data on over 550 MTBE 
plumes and over 1300 benzene plumes at retail gasoline 
sites in a variety of hydrogeologic settings. 

This review paper updates prior publications that 
compiled information on large populations of benzene 
and MTBE plumes (Newell and Connor 1998) by 
incorporating the results of additional multi-plume studies 
conducted over the past 15 years. In addition, this 
study incorporates the results of three studies that 
have addressed TBA plume behavior in addition to 
benzene and MTBE (Shih et al. 2004; Karnath et al. 
2012; McHugh et al. 2013). This paper describes the 
methodology employed to review and compile these data, 
presents statistical summaries of benzene, MTBE, and 
TBA plume characteristics, and addresses the significance 
and limitations of these data. 
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Compilation of the data from these 13 separate studies 
is intended to provide a more complete understanding 
of plume behavior across multiple regions, as well as 
summary statistics on the observed length and stability 
condition of these plumes. This review serves to compile 
information generated over two decades of scientific 
investigation so as to provide the reader the benefit of the 
accumulated knowledge and weight of evidence that could 
not be obtained from the individual studies on their own. 

Compilation of Data from Published Studies 
We have surveyed the published literature to iden

tify prior studies that have compiled quantitative data on 
groundwater plume conditions at multiple UST sites in the 
United States. Table 1 lists 13 studies that provide quan
titative information and statistical summaries regarding 
the lengths and/or stability conditions of benzene, MTBE, 
and/or TBA groundwater plumes. Appendix Sl includes 
summary data from each paper tabulated as the basis for 
this paper. 

Technical Specifications of Quantitative Surveys 
of Plume Characteristics 

Each of the studies compiled in this paper has 
employed one or more technical criteria to obtain a 
representative sampling of plume characteristics from 
among existing groundwater monitoring records at UST 
sites. Key considerations include the following: 

1. Nature of Release. These studies provide information 
on plume conditions associated with gasoline fuel 
releases from UST systems, principally retail fuel 
marketing facilities. Plumes associated with other 
potential sources of release (pipelines, refineries, tank 
farms, truck spills, etc.) or materials (diesel fuel, bulk 
additives, etc.) were not included in these databases. 

2. Survey of Multiple Site Locations. Each of the studies 
provides quantitative data on multiple benzene, MTBE, 
and/or TBA plumes. Individual studies on plume 
lengths include 22 to 289 sites per study. Studies on 
plume stability conditions include 34 to 271 sites per 
study, with one study addressing the overall plume 
concentration trends observed at over 4000 UST sites 
in California (McHugh et al. 2013). 

3. Duration of Groundwater Monitoring History. A num
ber of the studies selected sites with longer-term 
monitoring periods so as establish plume trends with 
less uncertainty associated with seasonal fluctuations, 
sampling variability, and attenuation rates for com
pounds, such as MTBE, which have been observed 
to require longer acclimation periods for biodegrada
tion. For those studies that specified minimum monitor
ing periods, the minimum monitoring periods required 
exceeded one year in duration, with most of the studies 
requiring three or more years. 

4. Number of Groundwater Monitoring Points. For most 
of the studies reviewed, plume characterization was 
based upon a minimum number of three to eight 
monitoring points per site to define the plume length or 

NGWA.org 

 
011786



z 
G) 

~ 
0 

'° 

'---

~ 
n 
0 
:::s 
:::s 
0 ..... 
l1l ...... 

"' :--

G) 

0 
c 
:::s 
c.. 
::E 
"' ...... 
l1l ..... 
U1 
w 
:::s 
!'.:l 
N 

(.0 
U1 
I 

N 
0 
en 

(.0 
'-.J 

Table 1 
Summary of Studies on Plume Length and Plume Stability Conditions Based upon Data from Multiple UST Sites 

No. of Sites 
Meeting Minimum Minimum Specifications Plume Length M,Bin Plume Stability Condition Evaluated? 

Study State 

1. Rice et al. (1995) CA 
2. Buscheck et al. (1996) CA 

3. Mace et al. (1997) TX 
4. Happel et al. ( 1998) CA 

5. Mace and Choi (1998) TX 

6. Reid et al. (1999), Reisinger FL 
et al. (2000) 

7. Shorr and Rifai (2002), Rifai TX 
et al. (2003), Rifai and Rixey 
(2004) 

8. Wilson (2003) SC 

9. Shih ct al. (2004) CA 

10. Stevens et al. (2006) CT 

l l. Tarr and Galonski (2007) NH 
12. Karnath et al. (2012) CA, NJ, AK, 

OR, NV 

13. McHugh et al. (2013) CA 

Total -

Specifications for Evaluation Sites 

271 
119 

227 
63 

289 

55 

36 

212 

96 

22 

25 
48 

>4000 

8 events; 6 wells 
NR 

6 wells 
1 sampling event; 8 wells 

Three events (1995-1997) 

3 years; Minimum 3 wells 
with detections MTBE 

3 years; Minimum 6 wells; 
Minimum 3 years MTBE 
data 

NR 

1 year; sufficient wells; 
proper lab QA/QC 

4 years; active UST; no 
NAPL; consistent 
monitoring program; no 
active remediation 

M detections 
Min. 6 wells 

2001to2011 

Reported? Same Wells? Length Versus Time GW Cone. Trend 

B (271 sites) - B (271 sites) B (271 sites) 
BTEX/Benzene (62 - - BTEX (119 sites) 

sites) 1 

B (217 sitesJ2 - B (217 sites) B (227 sites) 
M (50 sites), B (50 Yes (43 sites) - -

sites)3 

M (89 sites4 ), B (289 - M, B (20 sites)5 M (471 wells) 
sites) 

M (55 sites), B (54 sites) Yes M (45 sites) -

M (36 sites), B (36 sites) Yes M (36 sites), B (36 sites) M (1074 wells), B (1206 
wells)6 

M (212 sites), BTEX Yes - -
(212 sites) 

M (96 sites), B (95 Yes M (96 sites), B (94 -
sites), TBA (86 sites) sites), TBA (86 sites)7 

- - - M (83 wells) 

- - - M (78 wells) 
M (35 sites), B (34 Yes, including TBA M (41 sites), B (42 M (42 sites, 306 wells), 

sites), TBA (22 sites) sites), TBA (34 sites) B (43 sites, 288 wells), 
TBA (34 sites, 241 
wells) 

- - - M (4190 sites) B (4404 
sites), TBA (3675 
sites) 

M (573 sites), B (1320 474 sites M (238 sites), B (680 -
sites), TBA (108 sites) sites), TBA (120 sites) 

M =Methyl tcrt-butyl clhcr (MTBE); B =Benzene; BTEX =Benzene, toluene, cthylbcnzcnc, and xylcncs; TBA= tcrt-butyl alcohol; NR =not reported;-= not analyzed; NAPL = nonaqucous phase liquid; QNQC =quality assurance/quality control; UST= underground storage tank. 
1 Buschcck ct al. (1996) reported the percentage of sites with BTEX plume lengths less than 50fcct, between 50 and JOO feet, between 100 and 200fcct, and greater than 200fcct. The terms BTEX and benzene appear to he used interchangeably within this study. 
2 Mace and Choi ( 1998) also presented benzene plume length data, and these data were used to compare with MTBE; Mace ct al. ( 1997) benzene plume length results arc not prcsc111ed in this paper to prevent double-counting the same dataset. 
3 Benzene plume lengths were estimated based on ;:1 1-µg/L contour limit. inconsistent with the other sn1dies, and therefore could not be used for weighted mean calculations in our paper. 
4 Macc and Choi (1998) estimated plume lengths at 99 sites, but JO of these sites had plume lengths ofOfcet. 
5 Mace and Choi ( 1998) estimated plume behavior (i.e., plume stability) over time at 20 sites based on plume lengths measured at three different events but did not present the full results of their analysis, and their incomplete resulls arc not analyzed in this paper. 
6s110rr and Rifai (2002) only presented the number of wells with near zero or decreasing trends. and their plume s1ahili1y rcsuhs arc 1101 aggregated in this paper because relative percentages of wells in each trend category were not specified. 
7 Shih ct al. (2004) aggregated the plume length dataset before statistical analysis of plume stability and concluded that while the plume length decreased for MTBE and increased for benzene and TBA, these results were not statistically significant at a 95% confidence interval. 
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stability condition, with most of these studies requiring 
six or more monitoring points. The actual number of 
monitoring wells employed at most sites exceeded this 
minimum specification, with reported average numbers 
of monitoring points ranging from approximately 4 to 
17 per site. 

Methodologies for Characterization of Plume Length 
The studies reviewed for this paper evaluated plume 

length based upon a site-by-site evaluation of groundwater 
monitoring data. Plume lengths were determined based 
upon measured site data by either of two methods: (1) 
hand-contouring of the measured concentrations on a 
scaled map of the sampling locations to the designated 
concentration limit, or (2) using an empirical or analytical 
method to estimate the plume length when the existing 
monitoring well network did not extend downgradient to 
the specified plume delineation limit. We refer the reader 
to the individual studies for method particulars. 

The prior studies have employed a variety of 
concentration limits for the purpose of delineating plume 
length. In our review, based upon consideration of the 
action levels employed under many state regulatory 
programs in the United States, we have focused on MTBE 
and benzene plumes that have been delineated to a 5 or 
10 µg/L (micrograms per liter) concentration limit. For 
benzene, many state agencies employ a 5 µg/L action 
level (corresponding to the Federal Primary Maximum 
Contaminant Level [MCL] for benzene in drinking water) 
for remediation of groundwater that is considered a 
potential drinking water source. MTBE action levels 
are generally higher and more variable among state 
agencies, with levels as low as 5 µg/L applied in California 
(Secondary MCL for MTBE; CDPH 2006). Evaluation 
of the plumes delineated to concentration limits of 5 or 
10 µg/L provides a conservative basis for characterization 
of plumes subject to remedial action, as a number of 
states employ less stringent groundwater cleanup criteria, 
particularly for MTBE. TBA plumes were evaluated at 
a 10 µg/L (Shih et al. 2004) and 12 µg/L (Karnath et al. 
2012) limit, consistent with California's drinking water 
notification level of 12 µg/L. Although these contour 
limits were not identical, the two datasets were combined 
in this study at an assumed level of 10 µg/L to increase 
the number of TBA sites, which have been evaluated in 
far fewer studies than either benzene or MTBE. 

Methodologies for Classification of Plume Stability 
Conditions 

As defined in prior publications (Rice et al. 1995; 
Newell and Connor 1998; ASTM 2010), the stability 
condition of an affected groundwater plume can be 
characterized according to the following stages (Figure 1): 

1. Expanding Plume: The plume length and/or concen
trations are increasing over time. Commonly observed 
immediately after the spill material reaches the ground
water and the dissolved chemicals are transported by 
moving groundwater. 
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2. Stable/No Trend Plume: The plume length and/or 
concentrations are not changing over time, indicating 
that the rate at which the dissolved chemical mass 
is entering the groundwater is balanced by natural 
attenuation mechanisms, such as dilution, dispersion, 
sorption, and biodegradation. "Stable" and "No Trend" 
were considered equivalent designations in a number of 
the studies. For those papers that distinguished between 
stable and no trend plumes, both designations indicate 
the plume concentration to be neither decreasing 
nor increasing with time; however, the "No Trend" 
designation entails a higher amplitude of variation 
(i.e., higher coefficient of variation) than the "Stable" 
designation. 

3. Shrinking Plume: The plume length and/or concentra
tions are diminishing over time, indicating that the rate 
of mass release from the source area has reduced to the 
extent that the attenuation factors remove and disperse 
mass faster than it is entering the groundwater system. 

4. Non-Detect or Exhausted Plume: In some cases, the 
affected groundwater zone may diminish to non
detectable levels in the groundwater, while at other 
sites, the process may slow or terminate in an 
"exhausted" condition, with trace concentrations of 
gasoline components remaining near the original 
source location. 

At a given site, measurements can be conducted to 
determine if a plume is in an expanding, stable, shrinking, 
or exhausted condition (ASTM 2010). The plume stability 
condition can be characterized either on the trend of 
the plume length over time or the trend of plume 
concentrations over time in individual monitoring wells. 

In the various studies identified on Table 1, the stabil
ity of the plume length over time was determined either 
by: (1) evaluating plume contour maps at different times 
to determine changes in the length of the plume, or (2) 
conducting statistical trend analyses on the concentra
tions measured at monitoring wells, typically located at 
the downgradient toe of the plume. For the purpose of 
analysis of plume concentration trends over time, various 
visual and statistical methods were employed to catego
rize trends as increasing, decreasing, or stable; we refer 
the reader to the individual studies for method particulars. 
While the reports used a variety of methods to character
ize plume stability, the similarity of their results points 
to the consistency of MTBE, benzene, and TBA plume 
behavior across the various published studies and supports 
aggregating these results, as done in our study. 

Statistical Review of Published Studies 
To facilitate comparison of the typical lengths of 

MTBE, benzene, and TBA plumes at UST sites, overall 
median and 90th percentile plume lengths have been 
estimated as the weighted mean of the median and 
90th percentile values reported in the individual studies. 
This calculation is based upon the understanding that, 
for sufficiently large datasets, order statistics, such as 
the median and 90th percentile values, are normally 
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Figure 1. Schematic of groundwater plume stages at a typical UST site following termination of a spill or leak. 

distributed, even if the underlying populations are not 
normally distributed. A weighted mean, based on the 
number of samples, has been employed to reduce the 
influence of smaller sample populations, which may 
exhibit greater variability in order statistics than larger 
sample populations. In other words, studies with more 
sites were weighted more heavily than studies with 
fewer sites. Similarly, the weighted mean approach was 
utilized to combine the results of the plume stability and 
concentration trend analyses. 

The McHugh et al. (2013) study considered over 
4000 UST sites to evaluate the overall trends of the 
maximum concentrations of MTBE, TBA, and benzene in 
groundwater over time. They did not address site-specific 
plume length or stability conditions, but provided impor
tant information regarding the net change in chemical 
concentrations over time in groundwater across these 
sites. Given the large number of sites they evaluated 
compared to the other published studies we reviewed, 
these results were not combined into the concentration 
trend summary statistics because they would overwhelm 
the weighted mean calculations; however, the results of 
McHugh et al. (2013) are compared with the summary 
statistics in this paper. 

Limitations of These Studies 
The authors of the various studies have identified 

possible limitations in their databases and, when feasible, 
have employed steps to mitigate the effects of these 
limitations on their findings. For example, a number of 
the studies note that, at many UST sites, the affected 
groundwater plumes are not fully delineated due to 
access restrictions or other limitations on the number and 
placement of groundwater sampling points. In addition, 
some authors note that, if the plume stability condition is 
not considered, comparison of older, stable plume lengths 
to younger, expanding plumes could be misleading, as 
the expanding plumes will not have achieved full length. 
Some authors also suggest that differences in MTBE and 
benzene plume lengths could reflect the effect of variable 
site conditions if the MTBE and benzene plumes are from 
different sites with distinctly different distributions of key 
attenuation parameters. 

NGWA.org 

These limitations have been addressed by the authors 
of the 13 plume studies in a variety of manners. In 
some studies, plume lengths have been evaluated only 
for plumes with full delineation, based on a specified 
minimum number of monitoring points. In other studies, 
the maximum downgradient extent of the plume has 
been estimated based upon extrapolation of measured 
monitoring points, using the method described by Freeze 
and Cherry (1979) or Newell et al. (2002). Karnath et al. 
(2012) found this plume length estimation method to 
provide a reasonably conservative match to measured 
plume lengths on sites where both measurement and 
estimation methods were applied. Furthermore, six of the 
10 studies that evaluate plume length compare benzene 
and MTBE plumes lengths from the same sites under the 
same hydrogeologic conditions. 

In addition, 11 of the 13 studies have addressed 
the stability condition of the plumes, providing a basis 
for determining whether variations in plume age and 
associated stability condition (e.g., young expanding 
plume vs. older shrinking plume) could account for 
observed differences in the lengths of MTBE and benzene 
plumes. The vast majority of both benzene and MTBE 
plumes were found to be in a nonexpanding condition, 
showing that the concern of young versus old plumes is 
not a factor for plume length. The McHugh et al. (2013) 
study relied upon the maximum annual concentration of 
each plume constituent as a conservative basis to track 
plume concentration trends over time, based upon the 
consideration that the maximum concentration is likely 
near the source and therefore less likely to be affected 
by the extent of plume delineation or the change in the 
number of monitoring wells over time. 

Findings of Previous Studies 

Evaluation of Plume Lengths: MTBE, Benzene, and TBA 

Statistical Distribution of MTBE, Benzene, and TBA Plume 
Lengths 

As identified in Table 1, 10 of the 13 published studies 
address benzene and MTBE plume lengths, providing data 
on a total of 391 and 132 sites for MTBE plumes at 10 
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and 5 µg/L delineation limits, respectively, and 826 and 
165 sites for benzene plumes at 10 and 5 µg/L delineation 
limits, respectively. Two published studies also estimated 
plume lengths for TBA at a total of 108 sites (see Table 
Sl for tabulated values). Figure 2A and 2B provides side
by-side comparisons of the reported lengths of benzene 
and MTBE plumes from each of the 13 studies that 
evaluated plumes at a 5 and 10 µg/L plume delineation 
limit. Figure 3A and 3B summarize the weighted mean 
plume dimensions for MTBE, benzene, and TBA at 
delineation limits of 10 and 5 µg/L, respectively. 

Consistency of MTBE and Benzene Plume Lengths Among 
Various Studies 

The distributions of plume lengths shown in Figure 2 
are relatively consistent among studies conducted in a 
variety of regions in the United States. For example, 
for plumes delineated to a 10 µg/L concentration limit 
(see Figure 2A), the median lengths of benzene plumes 
(826 sites) fall within the range of 101 to 185 feet, 
while the median lengths of MTBE plumes (391 sites) 
fall within a slightly narrower range of 110 to 178 feet 
(Table S 1 ). Similarly, at this same delineation limit, the 
90th percentile plume lengths range from 386 to 454 feet 
for MTBE (336 sites) and 261 to 480feet for benzene 
(772 sites; Table S 1). 

The relatively narrow range of these plume length 
statistics across hundreds of UST sites suggests that plume 
lengths are consistent across a broad range of hydro
geologic settings and conditions. This observation is in 
agreement with prior studies that have found factors such 
as groundwater hydraulic conductivity and site lithology 
to be poor predictors of plume length among large num
bers of plumes (Reid et al. 1999; Mace et al. 1997; Newell 
and Connor 1998; Shorr and Rifai 2002; Wilson 2003). 

Comparable Lengths of MTBE and Benzene Plumes 

The lengths of the benzene and MTBE plumes 
reported in the various studies are relatively comparable at 
both the median and 90th percentile levels, as illustrated 
by the weighted means of plume length statistics shown 
in Figure 3. The 90th percentile statistic is of particular 
interest in this regard as it incorporates the vast majority 
(90%) of gasoline plumes for which these data have 
been compiled. At a 10 µg/L delineation limit, the 90th 
percentile MTBE and benzene plume lengths are 400 feet 
(336 sites) and 345 feet (772 sites), respectively, showing 
MTBE plume lengths to be only 16% greater than those 
of benzene plumes (Figure 3A; Table Sl). 

At a delineation limit of 5 µg/L, the MTBE and 
benzene plume lengths are still found to be comparable, 
although with a moderately more pronounced difference; 
the 90th percentile MTBE (only evaluated in the Shih 
et al. 2004 study) and benzene plume lengths are 530 feet 
(96 sites) and 425 feet (165 sites), respectively, showing 
MTBE plumes to be 25% longer than benzene plumes 
(Figure 3B; Table SI). In general, the benzene plume 
lengths reported in the various studies are consistent with 
the study by Buscheck et al. (1996) that evaluated 62 
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UST sites in California and found that 85% of benzene 
plumes were less than 200 feet long. The Buscheck et al. 
(1996) study presented a range of plume lengths rather 
than a statistical distribution and thus could not be directly 
included in our statistical summary. 

In absolute terms, the difference in these MTBE 
and benzene plume lengths ranges from only 55 to 
105 feet (for 90th percentile plume lengths at the 10 
and 5 µg/L delineation limits, respectively). The similar 
plume behavior of benzene and MBTE may reflect their 
biodegradation characteristics, as both compounds are 
biodegraded in aerobic groundwater and in most anaerobic 
geochemical settings. 

Exceptionally Long Plumes 

The maximum MTBE plume lengths identified in the 
studies addressed in this review paper generally fall in 
the range of 1000 to 1700 feet (see Figure 2). However, 
other publications have reported longer MTBE plumes 
(e.g., greater than 2000 feet) at individual UST sites 
(Weaver et al. I996, 1999; ESTCP 2003; Thuma et al. 
200I; McKelvie et al. 2007b). Consequently, while it is 
recognized that such exceptionally long MTBE plumes 
do exist, the small number of such plumes is consistent 
with the statistical distribution observed in the 13 studies, 
where MTBE plumes greater than 1400 feet in length 
correspond to less than 1 % of the plume population. 
Incorporation of this small number of exceptionally long 
MTBE plumes into the data sets addressed in our review 
would not affect the weighted means of the median and 
90th percentile plume lengths presented on Figure 3. 

Lengths of TBA Plumes Compared to MTBE and Benzene 
Plumes 

Two studies addressed the behavior of TBA plumes in 
addition to benzene and MTBE (Karnath et al. 20I2; Shih 
et al. 2004) for a total of 108 sites. The weighted mean 
results from these studies (Figure 3A) indicate that the 
90th percentile TBA plume length ( 420 feet at 10 µg/L; 
Table SI) is 5% greater than the 90th percentile MTBE 
plume determined from these and other studies. Similarly, 
the median TBA plume from the two studies at I 0 µg/L 
is 15% longer than the median MTBE plume determined 
from a larger number of studies. However, the two studies 
that addressed TBA (Shih et al. 2004; Karnath et al. 2012) 
found TBA plume lengths to be comparable to benzene 
and MTBE plume lengths, with TBA plume lengths 
falling in between benzene and MTBE plume lengths. 
Shih et al. (2004) calculated 90th percentile values of 
the benzene, MTBE, and TBA plume lengths to be 
341, 53I, and 433 feet, respectively. Karnath et al. (2012) 
calculated the 90th percentile values of the measured and 
estimated plume lengths for benzene, MTBE, and TBA 
to be 356, 454, and 366 feet, respectively. Taken together, 
the aggregated results and individual studies suggest that 
TBA plume lengths are similar to MTBE and benzene 
plumes. 
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(a) 10 µg/L Plume Delineation Limit 

Texas: 89 sites 
(Mace and Choi 1998) 

289 sites 

Florida: 55 sites 
(Reid et al. 1999; 

Reisinger et al. 2000) 

54sites 

South Carolina: 
212 sites 

(Wilson 2003) 

Nationwide: 
35 sites 

(Karnath et al. 2012) 

California: 
271 sites 

(Rice et al. 1995) 

(b) 

Texas: 36 sites 
(Rifai and Rixey 2004) 

California: 96 sites 
(Shih et al. 2004) 

Nationwide: 
34 sites 

(Karnath et al. 2012) 
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Figure 2. Summary of surveys of plume lengths in groundwater: MTBE versus benzene. 

Evaluation of Plume Stability Conditions: MTBE, 
Benzene, and TBA 

Stability Condition of Plume Lengths Over Time 

have computed a weighted mean of the percentage of sites 
falling into that category. Table S2 reports these weighted 
mean values, as well as the values reported in each study, 
rounded to the nearest whole number for consistency. 

Five studies have evaluated the stability of plume 
length over time for a combined 122 sites for MTBE 
plumes, 566 sites for benzene plumes, and 34 sites for 
TBA plumes (Reid et al. 1999; Reisinger et al. 2000; 
Karnath et al. 2012; Shorr and Rifai 2002; Rice et al. 
1995; Mace et al. 1997). For each stability category, we 
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Figure 4 compares the combined plume length trend 
distributions for MTBE, benzene, and TBA. These studies 
consistently found that the vast majority of both MTBE 
and benzene plume lengths are not increasing in length 
over time. For MTBE plumes, the percent of plume 
lengths found to be stable, no trend, decreasing, or 
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Figure 3. Weighted means of median lengths and 90th percentile lengths of MTBE, TBA, and benzene plumes. (A) Weighted 
means of plume lengths defined by 10 µg/L concentration limit. (B) Weighted means of plume lengths defined by 5 µg/L 
concentration limit. Lengths are estimated as the weighted mean of median and 90th percentile plume length values reported 
in various scientific surveys, rounded to the nearest 5 feet, for plumes delineated to a 10 µg/L concentration limit and 5 µg/L 
concentration limit. Data have been compiled for MTBE, benzene, and TBA plumes in groundwater underlying UST sites 
across the nation (see Table Sl for studies used to compile these summary lengths). 

exhausted ranges from 90 to 96% among three studies, 
with the weighted mean percentage of plumes that 
are nonincreasing equal to 93%. Similarly, for benzene 
plumes, among four studies, the percent of plume lengths 
found to be stable, no trend, decreasing, or exhausted 
ranges from 92 to 97%, with the weighted mean 
percentage of plumes found to be nonincreasing equal to 
94%. The overall percentages of plume lengths observed 
to be increasing over time is 6% for both MTBE plumes 
and benzene plumes. 

The study by Karnath et al. (2012) specifically 
addressed the presence of detached MTBE plumes, that is, 
displacement of the plume mass downgradient from the 
original source point. They found this condition to occur 
at only 5% of MTBE sites (2 of 41 sites). Furthermore, 
these detached plumes were observed to be decreasing in 
area over time (Karnath et al. 2012). For the purposes of 
our analysis, the detached plumes were not considered as 
either increasing or nonincreasing. 

Figure 4 also displays the trend distributions for 
TBA, as determined by Karnath et al. (2012). These data 
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show that the majority of TBA plumes (68%) are stable 
or shrinking in length, while 26% are increasing. The 
percentage of nonincreasing plumes for TBA is lower than 
for benzene and MTBE (94 and 93%, respectively, are 
not increasing in length), which may reflect the temporary 
build-up of TBA concentrations in groundwater following 
biodegradation of MTBE (Karnath et al. 2012). 

Concentration Trends in Individual Monitoring Wells Over 
Time 

Seven studies have evaluated concentration trends 
of benzene and MTBE in individual wells over time 
(Mace and Choi 1998; Stevens et al. 2006; Tarr and 
Galonski 2007; Karnath et al. 2012; Buscheck et al. 1996; 
Rice et al. 1995; Mace et al. 1997), for a combined 938 
wells for MTBE and 905 wells for benzene. Karnath 
et al. (2012) evaluated TBA concentration trends over 
time in 241 wells. Figure 5 shows the concentration 
trend distributions for MTBE, benzene, and TBA, with 
the percentage of plumes falling into each stability 
category calculated as weighted means among the seven 
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Figure 4. Comparison of plume length stability conditions for MTBE, benzene, and TBA plumes at UST sites. Data have 
been compiled for MTBE, benzene, and TBA plumes in groundwater underlying UST sites across the nation (see Table S2 
for studies used to compile these stability percentages). 

studies (see Table S3 for detailed data). In addition to 
these studies, McHugh et al. (2013) evaluated overall 
plume concentration trends for MTBE, benzene, and 
TBA for over 4000 sites in California. The McHugh 
study addressed the net change in the maximum plume 
concentrations at each site but did not characterize the 
plume stability condition per se in the same manner as the 
other studies; consequently, the weighted means shown 
on Figure 5 do not include the McHugh et al. (2013) 
results. 

Figure 5 compares the combined distributions of well 
concentration trends for MTBE (938 wells), benzene (905 
wells), and TBA (241 wells). As shown, MTBE and 
benzene again exhibit similar distributions, with the vast 
majority of wells showing nonincreasing concentrations 
over time for both MTBE (91 %) and benzene (92%). 
However, unlike the plume length distribution, a higher 
percentage of wells exhibit decreasing concentrations for 
benzene (63%) than for MTBE (45%). Nevertheless, 
the combined percentage of stable, decreasing, or no 
trend wells is again comparable for the two compounds, 
corresponding to 80% of wells for MTBE and 84% of 
wells for benzene. 

Evaluation of TBA concentration trends by Karnath 
et al. (2012) found stability condition distributions to be 
roughly comparable to those of benzene and MTBE, with 
86% of the wells demonstrating nonincreasing trends. The 
moderately higher percentage of wells with increasing 
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TBA concentration trends (14%, compared to 9% and 
8% for MTBE and benzene, respectively) may reflect 
the production of TBA as a by-product of MTBE 
biodegradation, resulting in temporary replenishment of 
TBA concentrations until the MTBE source is depleted. 
Under this scenario, TBA concentrations in turn decrease 
as the MTBE source mass diminishes and the TBA itself 
is biodegraded. 

Two studies specifically addressed MTBE plume 
conditions before and after the end of MTBE use as a 
gasoline additive in Connecticut (Stevens et al. 2006) and 
New Hampshire (Tarr and Galonski 2007). In both studies, 
in the 2 years following termination of MTBE use, the 
percentage of monitoring wells displaying a decreasing 
MTBE concentration trend was observed to increase. In 
Connecticut, Stevens et al. (2006) found that 93% of 
the 83 monitoring wells evaluated showed decreasing 
concentrations of MTBE 2 years after termination of 
MTBE use. By pooling the monitoring wells across 22 
sites, they also determined that 55% of the sites showed a 
statistically significant decrease in MTBE concentrations 
between pre- and post-ban data (90th confidence level); 
only 5% (I site) showed a statistically significant increase 
in MTBE concentrations. A similar study of 78 wells 
in New Hampshire (Tarr and Galonski 2007) reported 
that, after termination of MTBE use, 85% of monitoring 
wells exhibited decreasing concentrations, compared to 
decreasing concentrations at 68% of monitoring wells 
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Figure 5. Comparison of concentration versus time trends for MTBE, benzene, and TBA in monitoring wells at UST sites. 
Data have been compiled for MTBE, benzene, and TBA concentration trends in groundwater underlying UST sites across 
the nation (see Table S3 for studies used to compile these concentration trends). 

prior to the termination of MTBE use in gasoline. 
These studies demonstrated the decrease in MTBE 
concentrations with time following termination of MTBE 
use in these states. 

McHugh et al. (2013) compiled data from over 
4000 UST sites from the California GeoTracker database 
to evaluate the overall trends of benzene, MTBE, 
and TBA concentrations in groundwater over time. 
These monitoring data showed a large decrease in the 
groundwater concentrations of gasoline constituents over 
the period of 2001 to 2011 (85% decrease for benzene, 
96% for MTBE, and 87% for TBA), measured as the 
change in the median of the maximum site concentrations 
over time. In addition, records of the sites for which 
continuous monitoring records were available for the full 
10-year period (benzene: 1128 sites; MTBE: 1109 sites, 
TBA: 816 sites) showed benzene and MTBE levels to 
decrease continuously over this time period, while the 
maximum concentrations of TBA increased moderately 
over the period of 2001 to 2004 and then decreased 
from 2005 to 2011. The study found that the temporary 
build-up and subsequent decrease of TBA concentrations 
could be closely matched by a sequential first-order 
degradation model, which accounted for the generation 
of TBA as a product of MTBE degradation, followed 
by the biodegradation of the TBA itself (McHugh et al. 
2013). 
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Conclusions 
In this paper, we have combined the results of 13 

previously published studies that surveyed the length and 
stability condition of affected groundwater plumes associ
ated with releases of gasoline fuels from USTs at numer
ous service station facilities. These studies combined have 
addressed over 500 plumes for MTBE, over 1300 plumes 
for benzene, and 108 plumes for TBA, plus evalua
tion of concentration trends of all three gasoline con
stituents over a 10-year period for over 4000 UST sites in 
California. Employing a variety of approaches, these stud
ies arrive at similar findings with regard to plume length 
and stability, which suggests that, in combination, these 
data and the related statistical parameters presented in this 
review paper provide a reliable characterization of ben
zene, MTBA, and TBA plume behavior at the majority of 
UST sites across the United States. Key findings regard
ing the statistical distribution of plume lengths and plume 
stability conditions at UST sites include the following: 

1. Comparison of MTBE and Benzene Plumes. The plume 
delineation studies show MTBE and benzene plumes to 
be of comparable length at most sites. For example, at 
a 10 µg/L delineation limit, the 90th percentile MTBE 
and benzene plume lengths are 400 feet (336 sites) and 
345 feet (772 sites), respectively, a relative difference 
of 16%. Similarly, at a 5 µg/L delineation limit, the 
90th percentile MTBE and benzene plume lengths are 
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530 feet (96 sites) and 425 feet (165 sites), respectively, 
a relative difference of 25%, although these values 
should be considered tentative due to smaller numbers 
of wells and only one study for MTBE. The vast 
majority of wells for both MTBE (91 %) and benzene 
(92%) exhibit nonincreasing concentrations over time 
(i.e., stable, no trend, decreasing, or exhausted), and 
plume lengths also are predominantly nonincreasing 
over time for MTBE (93%) and benzene (94%). 
Consequently, reported plume lengths for benzene and 
MTBE are likely indicative of their maximum future 
lengths, as the plumes are generally not increasing in 
size and concentration. 

2. TBA Plumes Compared to MTBE and Benzene Plumes. 
TBA plumes have been found to be of comparable 
length to benzene and MTBE plumes, with the majority 
of TBA plumes also nonexpanding (68%), although 
at a lower percentage than observed for MTBE or 
benzene plumes (Karnath et al. 2012). At over 4000 
sites evaluated, TBA concentration trends over time 
showed an initial increase, followed by a decreasing 
concentration at rates comparable to those observed 
for MTBE and benzene (McHugh et al. 2013). 

3. Consistency Among Various Studies: The various 
plume studies, conducted in different geographic 
regions and in a variety of hydrogeologic regimes, 
have found plume length statistics to fall into a rel
atively narrow range, suggesting that hydrogeologic 
conditions may be less important than other factors 
(such as the spill volume and biodegradation effects) 
in defining plume behavior, as has been observed in 
these and other studies (Reid et al. 1999; Mace et al. 
1997; Newell and Connor 1998; Shorr and Rifai 2002; 
Wilson 2003). Rather, the similar biodegradation char
acteristics of MTBE and benzene, both of which are 
degradable in aerobic and most anaerobic geochem
ical settings, may be responsible for the comparable 
dimensions and stability conditions of these plumes. 

Supporting Information 
Additional Supporting Information may be found in the 
online version of this article: 

Appendix Sl. Review of Quantitative Surveys of the 
Length and Stability ofMTBE, TBA, and Benzene Plumes 
in Groundwater at UST Sites. 
Table Sl. Statistical plume length data from the literature 
for MTBE, benzene, and TBA 
Table S2. Plume stability results for MTBE, benzene, and 
TBA 
Table S3. Concentration trend results for MTBE, benzene, 
and TBA 
Table S4. Results from Stevens et al. (2006) analysis 
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EXECUTIVE SUMMARY 

C.J. Newell and J.A. Connor, Groundwater Services, Inc. 
AP/ Soil I Groundwater 
Technical Task Force 

Recent studies of over 600 groundwater contamination sites throughout the U.S. provide important information regarding the fate 
and transport of petroleum hydrocarbons in the subsurface. This API research summary examines the findings of four independent 
research studies and addresses several key technical issues regarding the assessment and remediation of BTEX (benzene, toluene, 
ethylbenzene, xylene) plumes. On-going research regarding MTBE plume characteristics will be addressed in a future bulletin as 
data become available. 

Key Finding: Most BTEX groundwater plumes are less than 200 ft in length and are in a STABLE or SHRINKING condition. 

Source Source Source 

I. EXPANDING II. STABLE Ill. SHRINKING IV. EXHAUSTED 

--------------------------~TIME----------------------------------~ 
THE FOUR STUDIES 

This bulletin summarizes information from four separate multi-site plume studies. Each study involved detailed analysis of data 
from a large number of sites (primarily underground storage tank facilities) to identify the key characteristics of groundwater 
contaminant plumes caused by petroleum hydrocarbon releases. Two comprehensive studies (California and Texas) evaluated how 
dissolved petroleum hydrocarbon plumes change over time. 

In all four studies, detailed technical information regarding groundwater flow parameters and plume characteristics for each site 
were compiled from technical reports or questionnaires completed by site hydrogeologists or engineers. In combination, the four 
studies define the typical features of a dissolved hydrocarbon plume based on a cumulative database of 604 sites. 

This API bulletin reviews the general methodology and principal conclusions of each study and uses these findings to answer 
several important questions related to the assessment and remediation of groundwater impacts associated with petroleum releases. 

Technical Issues Regarding Dissolved BTEX in Groundwater: 

• Typical plume length 
• Persistence over time 

California Leaking 
Underground Fuel 

• Effect ofremediation 
• Key factors in plume length 

Tank (LUFT) Historical Case 
Analysis 
(Rice et al., 1995) 

• plume length • temporal trends 
• impact of remediation 
• drinking water impact 

Extent, Mass, and Duration of 
Hydrocarbon Plumes from Leaking 
Petroleum Storage Tank Sites in Texas 
(Mace et al., 1997) 

• plume length • temporal trends 
• impact of remediation 

• Plume stability condition • Drinking water impacts 
• BTEX vs. other contaminants 
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Hydrogeologic Database for 
Ground-Water Modeling 
(Newell et al., 1990) 

• plume length 
• comparison to other plumes 

Florida RBCA Planning Study 
(Groundwater Services, Inc., 1997) 

• plume length 
• impact of remediation 
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THE FOUR STUDIES (Cont'd) 

California Leaking Underground Fuel Tank (LUFT) Historical Case Analysis 

Rice, D. W., R.D. Grose, J.C. Michaelsen, B.P. Dooher, D.H. MacQueen, S.]. Cullen, W.E. Kastenberg, L.G. 
Everett, M.A. Marino. CA Environmental Protection Dept., Nov. 16, 1995. 

APPROACH: This study, also referred to as the Lawrence Livermore National Laboratory (LLNL) 
Study, involved compilation and analysis of a detailed electronic database for 271 LOFT sites. 
Groundwater flow gradients and the average length and concentration of benzene plume were 
characterized on the basis of static water level data and groundwater time-series sampling records. 

KEY RESULTS: Plume lengths "change slowly and stabilize at relatively short distances from the 
FHC (fuel hydrocarbon) release site" {90% of sites 1ess than 255 ft). The median plume length was 101 
ft for one of the two methods of calculation (see the following page). Plume lengths tend to change 
slowly with time, while average plume concentrations decline more rapidly. Hydrogeologic 
parameters (e.g., hydraulic conductivity, gradient) appear to have little relationship to plume length. 
Finally, "while active remediation may help reduce plume benzene concentrations, significant 
reductions in benzene concentrations can occur over time, even without active remediation." 

Extent, Mass, and Duration of Hydrocarbon Plumes from Leaking Petroleum 
Storage Tank Sites in Texas 

Mace, R.E., R.S. Fisher, D.M. Welch, and S.P. Parra. Bureau of Economic Geology, University of Texas at 
Austin, Austin, Texas. Geologic Circular 97-1, 1997. 

APPROACH: The Texas Bureau of Economic Geology (BEGl evaluated groundwater impacts from 
fuel hydrocarbon releases at 217 sites in Texas. Grounawater p ume lengths and concentration trends 
were analyzed in a manner similar to the California study (see Rice et al., above). In addition, 
hydraulic gradient and groundwater flow directions were characterized for various hydrogeologic 
and climatic regions of Texas. 

KEY RESULTS: Most benzene plumes (75%) are less than 250 ft long and have either stabilized or 
are decreasing in length and concentration. The median plume length was 181 ft. Only 14% are 
increasing in concentration, and only 3% are increasing in length. The length of a benzene plume 
cannot be predicted on the basis of either site hydrogeology or previous remediation activities. 
Benzene plume characteristics are not statistically different between sites where groundwater 
remediation activities have or have not been implemented, although the authors state that these 
activities should "logically shorten the time required to decrease plume length and concentration." 

Florida RBCA Planning Study 

Groundwater Services, Inc. Prepared for Florida Partners in RBCA Implementation, Groundwater Services, 
Inc., Houston, Texas. 1997. www.GSI-net.com 

APPROACH: The Florida RBCA {Risk-Based Corrective Action) Planning Study involved 
collection and analysis of groundwater data from 117 leaking underground storage tank (LUST) sites 
distributed throughout 33 counties in Florida. Using these data, the report addresses the cost 
significance of various policy decisions related to development of the Florida RBCA regulations. For 
use in this bulletin, the plume maps and detailed site questionnaires compiled for 74 sites were 
reanalyzed to define typical plume properties. 

KEY RESULTS: The median plume length among these Florida LUST sites is 90 ft based on 
available benzene and BTEX data. The shorter plume lengths observed in this database may be related 
to the varying detection limits used for plume delineation. For plumes delineated to a 50 ppb benzene 
limit (51 sites), median plume length was 90 ft, compared to 120 ft for plumes delineated to 1 ppb 
benzene (21 sites). In addition, 51 % of the Florida database sites are currently or had previously been 
subject to groundwater remediation efforts. 

A Hydrogeologic Database for Ground-Water Modeling 
Newell, C.]., L.P. Hopkins, and P.B. Bedient. Ground Water, Vol. 28, No. 5, Sept.!Oct. 1990. pp. 703-714. 
API. 1989. Hydrogeologic Data Base for Groundwater Modeling, AP! Publication No. 4476, Washington, D.C. 

APPROACH: Hydrogeologic and chemical information from 400 site investigations across the U.S. 
was obtained in a national survey of National Ground Water Association members conducted in 1990. 
This 400-site database (available in spreadsheet form from the API Information Specialist, 
ehs@api.org) includes groundwater plume dimensions for a broad range of groundwater contaminants, 
including 42 service station BTEX sites, 40 non-service station BTEX sites, 78 chlorinated ethene 
sites, 25 non-ethene solvent sites, and 21 inorganic sites. For use in this bulletin, these data were reana
lyzed to define typical plume properties for each chemical class. 

KEY RESULTS: The 42 service station sites show a median benzene/BTEX plume length of 213 ft. 
This database includes a higher percentage of longer plumes, with six BTEX plume lengths greater 
than 900 ft. On average, however, BTEX plumes are significantly smaller than the other chemical 
classes reported in this study, as discussed later in this Bulletin. 
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WHAT IS THE LIMIT OF MIGRATION OF DISSOl..VED PETROl..EUM 
HYDROCARBONPl..UME~ 

COMBINED RESULTS FROM FOUR STUDIES: 
PERCENTAGE OF PLUMES OF DIFFERENT 
LENGTHS (604 SITES) 

~ 
ij5l 40 % 

8 
:S 30 % 
~ 
(!) 

-..J 
.!:; 20% 

~ 
(75 

~ 
(5 0 % 

'* 

INDIVIDUAL STUDY 
RESULTS: 

Maximum Length: 
90th Percentile: 
75t entile: 

25th Percentile: 
Minimum Length: 

3020 ft 
319 ft 
203 ft 

80 ft 
8 ft 

•LOCATION OF SITES: 

• Plume constituent(s): 

• Plume Delineation Limit: 

• Types of Sites: 

• Method For Determining 
Plume Length: 

• Sites w/ Soil Vapor Extract. 
• Sites w/ GW Pump & Treat 
• Sites w/ GW Sparging 

(note different #s of sites reported) 

CALIFORNIA 

\71Sites 

Max 1713ft 
90th % 255 ft 
75% 146ft 

i&iij.JfMll1iili 
25th% 66 ft 
Min 8 ft 

CALIFORNIA 

Benzene 

IOppb 

UST sites with 
affected groundwater. 
No fractured rock 
sites. 

Modeled: Length 
extrapolatedfrom2-D 
transport models fit to site 
monitoring data Reported 
results for exponential and 
error-function equations 
(summarystatsabovefrom 
error function). 

- Not reported 
- 53 of 208 sites (26 %) 
- Not reported 
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Max 1619ft 
90th % 382ft 
75 % 250ft 

i&IMhUil:iiii 
25th% 137 ft 
Min 54ft 

TEXAS 

Benzene 

10 ppb 

UST sites with affected 
groundwater. 
Includes limestone 
aquifers. 

Modeled: Length 
extrapolated from 2-D 
GW transport model 
fit to site monitoring 
data. Used exponential 
equation only. 

-105 of 479 (22%) 
-92 of 479 sites (19 %) 
-22 of 479 sites (5 %) 

Pill 
~e 

200 ft (.e,, 
400 ft 'l:tt, (I"~ 

FLORIDA 

74~ 

Max 
90th % 
75% 

600 ft 
211 ft 
158 ft 

,_ "'~ ·~·"" ,,~ ~ 

. MEDIAN 90 fL 
25th% 
Min 

FLORIDA 

Benzene,BTEX 

1- 50 ppb 

UST sites with 

60 ft 
12 ft 

affected groundwater. 

Measured: Length 
derived from site 
plume maps. Data 
analyzed as part of this 
bulletin. 

- Not reported 
- 32 of 7 4 sites (43 %) 
- 6 of 74 sites (8 %) 

600 ft 

1000 ft 

HGDB 

Max 3020 ft 
90th % 945 ft 
75 % 400 ft 

iMMM~iUiii 
25th% 85 ft 
Min 15 ft 

ENTIRE U.S. 

Mostly benzene, BTEX 
constituents 

Not reported; probably 
analytical detection limit. 

UST sites at service 
stations located in 
various hydrogeologic 
settings. 

Reported: Plume 
lengths reported by site 
consultants in survey 
questionnaires. Data 
analyzed as part of this 
bulletin. 

-Not reported 
-Not reported 
-Not reported 
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HOW MANY PETROLEUM PLUMES ARE SHRINKING? STABLE? EXPANDING? 

APPROACH 
Both the California and the Texas studies (Rice et al., 
1995; Mace et al., 1997) analyzed changes over time in 
the length and average concentration of dissolved 
hydrocarbon plumes. For the California study, these 
evaluations were conducted on a subset of sites having 
at least 6 wells and 8 sampling episodes extending over 
multiple years. Typical monitoring records for the 
Texas study ranged from 4 to 7 years as shown in data 
from two typical sites to the right. 

Plume stability trends were determined as follows: 
Plume Length Trend: For each sampling episode, the 
plume length from the source to the 10 ppb 
concentration point was extrapolated using a 2-D 
groundwater transport model calibrated to the site 
monitoring data. Length vs. time was plotted for each 
site to define change over time. 

,,-... 
~ 800 

QI ...... 

Site 1: El Paso, TX Site 2: Balch Springs, TX 

E .c 600-----+----+----1 0----1----i----1 

.a to 
Q. ; 400 

~ 200-i-----+----+----I r-.:;:::::::;:;:;r:;:;:;:r=o;""'j;:;:;:::::;;:::~ 

1,000 2,000 3,000 0 1,000 2,000 3,00 
Days Days 

Plume Concentration Trend: For each sampling episode, the average benzene concentration in the plume area was estimated using 
Delauney triangulation (Isaaks and Srivastava, 1989), an area-weighted averaging procedure involving subdivision of the plume area 
into triangular segments defined by adjacent wells. Average concentration vs. time was plotted for each site to define change over 
time. 

These methods do not account for plume spreading beyond the area described by the monitoring well array. However, both studies 
found this approach to be sufficiently robust to accurately characterize plume trends over time. 

KEY RESULTS ..L Texas BEG 
•~ Study 

Based on the observed trends, the studies grouped the plumes into four categories: ll • • California 
• Expanding: Residual source present. Mass flux of contaminants exceeds assimilative capacity of aquifer. ,. LLNLStudy 

• Stable: Insignificant changes. Active or passive remediation processes are controlling plume length. 

• Shrinking: Residual source nearly exhausted, and active or passive remediation processes significantly reducing plume mass. 

•Exhausted: Average plume concentration very low (e.g., 1 ppb) and unchanging over time. Final stages of source zone dissolution 
over a relatively small area at a site. 

As shown in the conceptual plume lifecycle figures below, of the nearly 500 sites addressed by this analysis, nearly 75% were found 
to be in either a stable or shrinking condition, based on analyses of both plume length and concentration. Plume concentrations were 
predominantly shrinking (47 to 59%), whereas lengths were frequently stable (42 to 61%). These results suggest that dissolved 
hydrocarbon plumes tend to reduce more rapidly in concentration than in length. Similar results were observed in a plume study 
performed by Buscheck et al. (1996), where 67% of 119 plumes in northern California were found to be stable/shrinking in length, 
and 91 % had stable/ diminishing concentrations. 

~~ ~~ ~ "' "'~ ,,.~ ~""" ~ ~ - ~ "" ~ ~ " "=''!'. , -- "' ,,,_ "V"o<"?~ '"~ ~ -- ""'"" """~ ""'~" '"' 

' BIJUME IJENGIH l.llFEOYOlJE; L; 

% Plumes that are Expandjng, ~. Slu:it!king, Exhausted 

QI .c 
E to 
::I c: 

- QI 
Q. ~ 

8% 

3% 

I II Ill IV 

42% 33% 17% 

II Ill 

Time 

61 % 26% 9% 

II Ill 

Time 
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IV 
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> 0 
.:i:u 

Time 

IV 

Figures adapted from Rice et al., 1996. 
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HOW LONG WILL BTEX PLl.JMES PERSIST? 

CALIFORNIA & TEXAS STUDIES: 90% Attenuation of Average Concentration of Shrinking Plumes 

For those plumes characterized as 
shrinking (see page 4), both the 
California and Texas studies (Rice et 
al., 1995; Mace et al., 1997) included 
an evaluation of the time required 
for the average plume concentration 
to reduce by 90%. The rates of 
change calculated for each data set 
are shown in the table to the right. 

Time Required for 90% Attenuation in Average Concentration for Shrjnkjng Plumes: 

MEDIAN SITE 
IN CALIFORNIA: 

10th Percentile: 
90th Percentile: 

~ 
1.5 yrs 
7 yrs 

MEDIAN SITE 
INTEXAS: ~ 

10th Percentile: 0. 7 yrs 
90th Percentile: 2. 7 yrs 

Note that, in these analyses, the aver-
age concentration term corresponds to an area-weighted average BTEX concentration derived using the Delauney triangulation 
method for each groundwater sampling episode. Consequently, trends in this concentration term should be representative of the 
total plume mass. Data from the California and Texas studies show that, once a dissolved BTEX plume begins to shrink (a condition 
observed at roughly 50 - 60% of the LUST sites in these studies), the rate of decline in plume mass is relatively rapid. Based on the 
median rate of mass reduction reported in these studies, for a shrinking plume, only 5 to 10 years are required for the average plume 
BTEX concentration to drop from an initial level of 1 ppm down to 1 ppb. (This assumes a first order decay model applies over three 
orders of magnitude of concentration reduction.) At this point, the plume reaches an exhausted condition, which may represent low 
levels of BTEX persisting in source-area wells for an extended time period thereafter. 

WHAT IS THE EFFECT OF REMEDIATION ON BTEX PLl.JMES? 

Three of the four studies evaluated the performance of remediation efforts in reducing or controlling petroleum hydrocarbon 
plumes. Based on a review of large site populations, the studies consistently draw a conclusion that runs counter to expectations: 
soil and groundwater remediation efforts did not result in smaller BTEX plumes. 

QUOTES 

CA 

(Rice et. al, 1995) 

(Mace et. al, 1997) 

(GS/, 1997) 

"While active remediation may help reduce plume benzene concentrations, significant 
reductions in benzene concentrations can occur with time, even without active 
remediation." (pg. EX-2) 

"At low concentration sites, pump and treat increases the probability of having a 
negative average benzene concentration trend by roughly a factor of two, while it has 
essentially no impact on probability at high concentration sites." (pg. 13) 

"An analysis of plume length categories shows that none of the remediation treatment 
variables have a significant impact on the relative frequencies of the different 
categories." (pg. 13) 

Pump& Site Over-
Treat Site? Excavated? 

" " " " • 208 Sftes > 1 ppb avg. cone 

p 

52% 
71 % 
64% 
80% 

"The use of active ground-water remediation has not yet resulted in a 
lower median plume length at LPST sites throughout the state where 
corrective action is under way. This does not mean that remediation 
does not improve ground-water conditions at individual sites, but that 
when all LPST sites are reviewed, plume lengths at sites with 
remediation do not appear different from plume lengths at sites 
without remediation." (pg. 34) 

Stable Shrinking Exhaus. 

67 Sites WITH 35 % 61 % 4 % 

"This probably means that significant spills occur before being detected 
and that most plumes are in place and in equilibrium before active 
remediation takes effect." (pg. 34) 

Pump & Treat 

117 WITHOUT 
Pump & Treat 

38% 52% 10 % 

"We found no difference in plume length between different remediation techniques and sites with no remedial action." (pg. 33) 

"Of the 117 sites included in this study, affected soils have been previously removed at 
28 sites. For these 28 sites, the estimated median groundwater source mass is 
approximately 34% lower than the median groundwater source mass where overlying 
soils have not yet been removed. These data suggest that, while the soil removal actions 
have served to reduce groundwater impacts, a significant percentage of the contaminant 
source (66%) remains in place in the saturated, water-bearing unit." (pg. 21) 

" .. soil removal would not significantly affect groundwater remediation requirements." (pg. 21) 
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WHAT ARE THE FACTORS THAT CONTROL BTEX PLUME LENGTH? 

TEXAS AND CALIFORNIA STUDIES 

The California and Texas studies attempted to correlate plume length with various hydrogeologic factors. In both studies, plumes 
were segregated into two subsets (shallow vs. deep) and correlation coefficients were calculated for plume length vs. a range of site 
parameters. Results of these analyses are summarized below. 

The Texas study (Mace et al., 1997) con
cluded that plume length could not be 
predicted by the following variables: 

• Depth to water 
• Hydraulic gradient 
• % Organic Carbon in water-bearing zone 
• Thickness of sweep (smear) zone 
• Hydrogeologic setting (in unconsolidated media) 
• Previous remediation activities (see page 5) 

The authors concluded that "hydrogeologic site charac
teristics and site activities considered in this study do not 
explain the variation in average plume length or plume 
mass and concentration." 

The report identifies other factors, 
such as the amount of spilled fuel 
and natural biodegradation rate, 
as having a greater influence than 
hydrogeology or previous reme
diation activities. 

The California study (Rice et al., 1995) concluded 
that plume length was not correlated to: 

• Groundwater depth 
• Saturated thickness 
• Free product tJJickness 
• Hydraulic gradient 

• Number of site layers 
• Previous remediation 

activities (see page 5) 

The authors concluded that: "Individual or combinations of 
other hydrogeologic variables have little apparent rela
tionship to plume characteristics. Correlations among a 
variety of hydrogeologic variables and plume length show 
no indications of interaction. Transport indices that in 
theory should affect plume length, such as groundwater 
flow velocity, show no correlation." 

They attributed the lack of correlation to the presence of 
controlling but not measured variables (such as source mass 
and biodegradation rate), scatter in the hydrogeologic data, 
and cyclical change in hydrogeologic variables that causes a 
delayed effect on plume length, and general site complexity 
wherein each site has a unique set of controlling variables. 

These studies suggest that the size of the release is probably one of the key variables that controls plume length. Larger sources (in 
terms of mass, width, and affected soil volume) mean that more dissolved-phase constituents are transferred to groundwater, creating 
longer dissolved phase plumes. 

HOW MUCH GROUND WATER IS AFFECTED BY BTEX PLUMES? 

An upper-range estimate of the total volume of groundwater resources impacted by releases from LUST sites can be obtained using a 
calculation method described in the California study (Rice et al., 1995). In this method, the 95th percentile BTEX plume volume 
observed in the California study (i.e., 0. 7 acre ft. or 230,000 gallons) is multiplied by the total number of reported LUST sites to obtain 
a total affected groundwater volume. Dividing this value by the total groundwater basin storage capacity provides an estimate of the 
percentage of resources impacted by LUST sites. Results for both California and the U.S. are provided below. Note that LUST sites 
usually affect shallow water table aquifers not typically used for public supply. 

BTEXPlume x No.of - TotalGW ........ 
Volume (95%) LUST Sites ....... Resource Volume ....... 

\ 0.7 acre-ft 10,000 7000 acre-ft 1.3 billion acre-ft 0.0005 % 

0. 7 acre-ft. 358,000 250,000 acre-ft 614.3 billion acre-ft 0.00004 % 
(U.S. EPA, 1998) (Lehr, 1985) 
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HOW ARE BTEX PLUMES DIFFERENT FROM OTHER PLUMES? 

The HGDB Study (Newell et al., 1990) provides 
plume length data for a variety of contaminants, 
including BTEX, chlorinated solvents, and brine 
releases. This chart shows plume widths and lengths 
as reported by HGDB respondents. As shown, BTEX 
plumes are much smaller than other types of plumes. 
Likely causes for this difference include: i) the 
smaller source zone area associated with BTEX 
releases from LUST sites, and ii) the more bio
degradable nature of BTEX constituents relative to the 
other contaminants. Note that other studies are in 
progress to characterize other types of plumes (e.g., 
Happel et al., 1998; Mace, 1998; Newell et al., 1998). 
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API Soil & Groundwater Research Publications 

Publ 4668, Delineation and Characterization of the Borden 
MTBE Plume: An Evaluation of Eight Years of Natural 
Attenuation Processes, June 1998 
In 1988, a natural gradient tracer test was performed in the shallow 
sand aquifer at Canada Forces Base (CFB) Borden to investigate the 
fate ofa methyl-tertiary-butyl-ether (MTBE) plume introduced into 
the aquifer. Solutions of groundwater mixed with oxygenated 
gasoline were injected below the water table along with chloride 
(Cr), a conservative tracer. The migration of benzene, toluene, 
ethylbenzene, the xylenes (BTEX); MTBE; and Cr was monitored in 
detail for about 16 months. The mass ofBTEX in the plume 
diminished significantly with time due to intrinsic biodegradation. 
MTBE, however, was not measurably attenuated. In 1995-96, a 
comprehensive groundwater sampling program was undetiaken to 
define the mass of MTBE still present in the aquifer. Only about 3 
percent of the initial MTBE mass was found, and it is hypothesized 
that biodegradation played an important role in its attenuation. 
Additional evidence is necessary to confirm this possibility. 
Pages: 88. 

Order Number: I46680, Price: $30.00 

Publ 4657, Effects of Sampling and Analytical Procedures on the 
Measurement of Geochemical Indicators oflntrinsic 
Bioremediation: Laboratory and Field Studies, November 1997 
This study evaluates the effects of various sampling and analytical 
methods of collecting groundwater geochemical data for intrinsic 
bioremediation studies. Sampling and analytical methods were tested 
in the laboratory and in the field. Several groundwater sampling and 
analytical methods may be appropriate for measuring geochemical 
indicators of intrinsic bioremediation. The methods vary in accuracy, 
level of effort, and cost. Pages: 86. 

Order Number: 146570, Price: $30.00 

Pu bl 4658, Methods for Measuring Indicators of Intrinsic 
Bioremediation: Guidance Manual, November 1997 
This guidance manual is intended to be a resource for practitioners of 
intrinsic bioremediation in allowing selection of sampling and 
analytical methods that meet project-specific and site-specific needs 
in scoping field investigations, provides procedures that will improve 
the representative quality of the collected data, and considers 
potential biases introduced into data through the sampling and 
analytical techniques employed in the site investigation. Pages: 96. 

Order Number: 146580, Price: $35.00 

Publ 4654, Field Studies ofBTEX and MTBE Intrinsic 
Bioremediation, October 1997 
A gasoline release field site in the Coastal Plain ofNorth Carolina 
was monitored for more than three years to allow calculation of in 
situ biodegradation rates. Laboratory microcosm experiments were 
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Monitor1ng&Remed1at1on------~ 

FORUM 

A Comparison of Benzene and Toluene 
Plume Lengths for Sites Contaminated with 

Regular vs. Ethanol-Amended Gasoline 
by G.M.L. Ruiz-Aguilar, K. O'Reilly, and PJ.J. Alvarez 

Abstract 
This article describes various statistical analyses of plume-length data to evaluate the hypothesis that the presence of ethanol 

in gasoline may hinder the natural attenuation or hydrocarbon releases. Plume dimensions were detennined for gasoline-conta
minated sites to evaluate the effect of ethanol on benzene and toluene plume lengths. Data from 2 I 7 sites in Iowa (without ethanol; 
set 1) were compared to data from 29 sites in Kansas that were contaminated by ethanol-amended gasoline ( 10% ethanol by vol
ume; set 2). The data were log-normally distributed, with mean benzene plume lengths(± standard deviation) of 193 ± 135 feet 
for set 1 and 263 ± 103 feet for set 2 (36% longer). The median lengths were 156 feet and 263 feet (69% longer), respectively. 
Mean toluene plume lengths were 185 ± 131 feet for set 1 and 211 ± 99 feet for set 2 ( 14% longer), and the median lengths were 
158 feet and 219 feet (39% longer), respectively. Thus, ethanol-containing BTEX plumes were significantly longer for benzene 
(p < 0.05), but not for toluene. A Wilcoxon signed rank test showed that toluene plumes were generally shotter than benzene plumes, 
which suggests that toluene was attenuated to a greater extent than benzene. This trend was more pronounced for set 2 (with ethanol), 
which may reflect that benzene attenuation is more sensitive to the depletion of electron acceptors caused by ethanol degradation. 
These results support the hypothesis that the presence of ethanol in gasoline can lead to longer benzene plumes. The importance 
of this effect, however, is probably site-specific, largely depending on the release scenario and the available electron acceptor pool. 

Introduction 
The use of ethanol as a gasoline additive is likely to 

increase in the near future as a substitute for the oxygenate 
MtBE (Powers et al. 200la, 200lb). Regulatory renewable fuel 
requirements will also lead to additional ethanol use. There
fore, it is important to understand how ethanol affects the 
fate and transport of hydrocarbons in ground water. Previous 
laboratory studies have shown that the presence of ethanol 
could have undesirable effects on the biodegradation of BTEX 
(i.e., benzene, toluene, ethylbenzene, and ortho-, para-, and 
meta-xylene). Specifically, ethanol is often degraded prefer
entially and contributes to the depletion of nutrients and elec
tron acceptors (e.g., 0 2) that would otherwise be available to 
support BTEX biodegradation (Corseuil et al. 1998; da Silva 
and Alvarez 2002; Ruiz-Aguilar et al. 2002). In addition, 
high ethanol concentrations (> 10% ), which could occur initially 
at the source, could also enhance BTEX solubility and decrease 
s01ption-related retardation, enhancing hydrocarbon migration 
(da Silva and Alvarez 2002; Powers et al. 200lb; Rao et al. 
1990). These findings suggest that ethanol may hinder BTEX 
natural attenuation, which could result in longer BTEX plumes 

48 Ground Water Monitoring & Remediation 23, no. 1 / Winter 20031 pages 48-53 

and a greater risk of exposure. Nevertheless, little is known 
about the magnitude and significance of this potential plume
elongation effect. 

Plume dimensions and stability are important parameters 
to characterize for risk management because they determine 
the area of influence and the potential duration of exposure. 
Several investigators have developed mathematical models for 
predicting the effect of ethanol (added to gasoline at 10% by 
volume) on BTEX plume length (Table 1 ). These screening 
models predict that ethanol would increase the maximum 
BTEX plume length (i.e., when steady state is reached) by any
where from ~ 10% to 150%. Whereas these models provide 
valuable insight into the potential ground water impacts of 
ethanol in gasoline, they are based on simplifying and influ
ential assumptions and have not yet been validated with field 
data. Therefore, there is a need for empirical evaluations of the 
effect of ethanol on BTEX plume length. 

This article describes statistical analyses ofplmne-length 
data to evaluate the general hypothesis that the presence of 
etlrnnol in gasoline hinders the natural attenuation of hydro
carbons, resulting in longer BTEX plumes com ared to re -

EXHIBIT 
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Table 1 
Modeling Efforts to Assess the Effect of Ethanol on Benzene Plume Length 

Increase in Benzene 
Citation Conceptual Model Plume Length 

Beermann and Powers ( 1996) 2-D transport from a pool of gasoline. 
Focus on cosolvency and interface 
mass transfer. Biodegradation not included. :::; + 10% (for xylene not benzene) 

Malcom Pirnie Inc. (1998) Steady-State, 2-D transport from a gasoline pool. 
First-order decay of benzene when CE108<3 mg 1-1• 

First-order decay of ethanol. + 17-34 % 

McNab et al. ( 1999) 3-D aqueous transport. 
Continuous slow release of gasoline (up to 3 gpd) 
to a growing NAPL pool at the water table. 
First-order decay of ethanol and benzene. 
Benzene degradation rate constant defined by 
inverse correlation to BOD cone. at the source. ~+ 100 % 

Molson et al. (2002) 3-D transport from a gasoline source at the water 
table at a residual saturation. 
Aerobic decay with 0 2 as the sole electron acceptor 
quantified by Monod kinetics. 
Microbial growth incorporated. + 10-150 % 

ular-gasoline releases. This article also addresses the likelihood 
that ethanol would hinder the natural attenuation of benzene 
to a greater extent than toluene due to differences in their 
biodegradability under the strictly anaerobic conditions induced 
by ethanol. 

Methodology 

Plume Data 

Two sets of ground water data were collected from about 
600 gasoline-contaminated sites. One of the data sets (set 1) 
was obtained from the Iowa Department of Natural Resources, 
Underground Storage Tanks Section (IDNR TIER-2 data
base). This database contained no info1mation about the pres
ence of ethanol; thus, the data were screened to exclude sites 
with suspected contamination by ethanol-amended gasoline. 
A review of site investigation reports and telephone surveys 
were conducted for this purpose. Many of the set 1 sites were 
also discarded because of insufficient data to plot the required 
plume contours (e.g., plumes not bracketed by downgradient 
wells) or because contamination resulted from multiple sources 
(e.g., overlapping plumes). Therefore, only 217 Iowa sites 
(contaminated with regular gasoline) were included in set l. 
The other data set (set 2) was obtained from the Kansas 
Department of the Environment and Health (KDEH), and 
corresponded to 29 sites contaminated with gasohol (i.e., 
gasoline with 10% ethanol by volume). Site investigation 
reports did not show salient differences between the two data 
sets regarding release and response scenario (e.g., amount 
released, age of spill, or remedial activities). None of these sites 
repo11ed MTBE contamination. In addition, MTBE is unlikely 
to affect BTEX or ethanol degradation in contaminated aquifers 

(da Silva and Alvarez 2002; Deeb et al. 2001; Ruiz-Aguilar et 
al. 2002). Thus, MTBE was not a factor in this study. 

Determination of Plume Lengths 

Benzene and toluene plume lengths were determined by 
contouring data from monitoring wells (which were typically 
separated by about 100 feet), using a computer algorithm 
based on Hardy's multiquadric method for plotting two
dimensional concentration contours (Saunderson 1994). This 
algorithm was incorporated into the Iowa RBCA TIER2 Inter
polation Program version 2.17, which interfaces with the 
IDNR TIER-2 database. This approach eliminated subjectiv
ity associated with drawing the plumes by hand. Selected 
computer-generated plumes were compared to the corre
sponding hand-drawn plumes for validation purposes. Plume 
lengths were then measured as the longest distance between 
the identified source and the 5 µg/L contour, which coITesponds 
to the drinking water standard for benzene. 

Statistical Analyses 

Plume length data were imported into Minitab (version 
13. l, State College, Pennsylvania), which was used to calcu
late population statistics for each data set. These statistics 
included the population mean, standard deviation, median, 
maximum, and minimum. Distribution analyses were per
formed using the Anderson-Darling test for log-normality at 
the 95% significance level (Freedman et al. 1998). A Kmskal
Wallis test was also performed to determine whether BTEX 
plumes were significantly longer in set 2 (with ethanol) than 
in set I (without ethanol). This nonparametric test, which 
ranks plume lengths from low to high and then analyzes the 
ranks (Lehmann 1975), is very robust to test differences in pop
ulation medians (Johnson and Mizoguchi 1978). Two-sample 
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Figure 1. Cumulative distribution of (a) benzene and (b) toluene 
plume lengths for set 1 (Iowa data, without ethanol) and set 2 
(Kansas data, with ethanol). 

Student's t-tests (Freedman et al. 1998) were also perfonned 
to determine if average benzene and toluene plume lengths 
were significantly different between the two data sets. Finally, 
a Wilcoxon signed-rank test was performed to test if benzene 
plumes were generally longer than toluene plumes, and to 
determine if this trend was statistically significant. 

Results and Discussion 
Plume length data were log-normally distributed (p == 

0.275 for benzene and 0.394 for toluene) according to an 
Anderson-Darling test. The cumulative distribution of the 
plume lengths shows that benzene plumes were generally 
longer for set 2 (with ethanol) than for set l (without ethanol) 
(Figure la). For example, 92% of benzene plumes in set 2 were 
longer than 150 feet, compared to only 74% for set 1. The same 
trend was observed for plumes longer than 250 feet. In this case, 
69% of benzene plumes in set 2 were longer than 250 feet, 
compared to 45% for set 1. However, none of the 29 plumes 
in set 2 was longer than 500 feet, compared to 12% of the 217 
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Figure 2. Box plots of the benzene and toluene plume length 
data. The line across the box represents the median. The bottom 
and top of the box represent the first and third quartiles (01 and 
03). The whiskers extend to the lowest and highest observations 
inside the region defined by 01 -1.5(03-01) and 03 +1.5(03-
01). Individual points with values outside these limits (outliers) 
are plotted with asterisks. 

plumes in set 1. This trend reversal reflects that set 1 was a 
much larger data set and contained both the smallest and 
largest plumes. Note that these longer plumes are statistical out
liers, as detetmined by the Tukey method (Tukey 1977; Fig
ure 2). Similar results were observed for toluene, although the 
apparent elongation effect of ethanol was not as pronounced 
(Figure 1 b). 

Box plots co1rnborated that BTEX plumes with ethanol (set 
2) were generally longer than those from set 1, without ethanol 
(Figure 2). A Kruskal-Wallis test showed that the median 
length of benzene plumes was significantly longer for set 2 than 
for set 1 (263 versus 156 ftp< 0.001; Figure 3). On the other 
hand, the difference for toluene plumes was not statistically sig
nificant (219 versus 158 feet, p == 0.073). Note that the median 
length for benzene and toluene plumes without ethanol is 
within 15% of that reported by Newell and Connor ( 1998) (i.e., 
132 feet). This value was obtained from a compilation of 
four surveys (Groundwater Services 1997; Mace et al. 1997; 
Rice et al. 1995; Newell and Connor 1990), covering a total 
of 604 sites presumably contaminated with gasoline without 
ethanol. 
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Table 2 
Summary Statistics for Benzene 
and Toluene Plume Length Data 

Compound 
Benzene Toluene 

Set 1 Set 2 Set 1 Set 2 
Parameters (no EtOH) (with EtOH) (noEtOH) (withEtOH) 

Number of sites 217 29 211 26 
Minimum (ft) 18 90 14 75 
Median (ft) 156 263 158 219 
Maximum (ft) 1005 500 973 450 

Mean (ft) ±Std. 
deviation 193 ± 135 263 ± 103 185 ± 131 211 ±99 

p-valuc 0.002* 0.243 

*Data were significantly different (p < 0.05) as cletenninccl by a two-sample student's 
t-test. 

Benzene 

Toluene 

0 

Set 1 
noEtOH 

Set 1 
noEtOH 

75 150 225 

Median plume length (ft) 

300 

Figure 3. Median length of set 1 (Iowa data, without ethanol) 
versus set 2 plumes (Kansas data, with ethanol). The difference 
was significantly different for benzene (p < 0.001 ), but not for 
toluene (p = 0.073), as established by a Kruskal-Wallis test. 

Table 2 summarizes the central tendencies of benzene 
and toluene plume lengths. The average length of BTEX 
plumes with ethanol was higher than the c01Tesponding value 
without ethanol (by 36% or 70 feet for benzene, and by 17% 
or 26 feet for toluene). Similar to the Kruskal-Wallis test, 
two-sample student's t-tests showed that these differences 
were statistically significant for benzene (p = 0.002) but not for 
toluene (p = 0.243). Whereas an increase of 70 feet in the aver
age length of benzene plumes is statistically significant, this 
does not imply that the coffesponding increase in public health 
risk will also be significant. 

Benzene plumes were generally longer than toluene 
plumes, and this difference was more pronounced for the data 
set with ethanol (set 2). Specifically, the average benzene 
plume was 20% longer than the average toluene plume for set 
2, compared to a 4% difference for the data set without ethanol 
(set 1). A Wilcoxon signed rank test showed that both of these 

Table 3 
Predominant Lithologic Characteristics 

of the Sites Considered in This Study 

Percent of Sites Where Material was Dominant 
Set 1 Set 2 

Material (no ethanol) (with ethanol) 

Clay 40 31 
Limestone 4 0 
Mixed 28 34 
Sand 15 23 
Shale 0 3 
No data available 13 9 

Table 4 

Benzene Plume Length Statistics, Segregated 

by Dominant Type of Aquifer Material* 

Dominant Number Benzene Plume Length 
Aquifer of Average Standard 
Material sites (ft) Deviation (rt) 

Set 1 (no ethanol, Iowa) 
Clay 85 184 107 
Limestone 8 155 105 
Mixed 59 172 84 
Sand 35 249 215 
No data available 31 199 164 

Set 2 (with ethanol, Kansas) 
Clay 8 242 89 
Mixed 9 283 !05 
Sand 8 250 92 
Shale l 288 0 
No data available 3 292 201 

*For a given set, differences between categories were not significantly different. 

differences were statistically significant (p < 0.05), which 
suggests that the potential elongating effect of ethanol could 
be more pronounced for benzene than for toluene (Figure 3). 
Benzene, which is the most toxic of the BTEX compounds, is 
relatively recalcitrant under the anaerobic conditions exacer
bated by an ethanol-driven consumption of electron acceptors 
(Corseuil et al. 1998; Heider et al. 1998). Toluene is more fre
quently reported to degrade under anaerobic conditions. The 
methyl group in toluene is electrophilic and facilitates nucle
ophilic attack by water (Alvarez and Vogel 1995) or by anaer
obic catabolic enzymes such as benzyl succinate synthase 
(Heider et al. 1998). This facilitates the initiation of degrada
tion without the action of an oxygen requiring oxygenase 
enzyme. The higher biodegradability of toluene and its higher 
tendency than benzene to be retarded by sorption (Alvarez et 
al. 1998) are conducive to shorter plumes. 

As is commonly the case for many epidemiological stud
ies, it should be pointed out that the inferences of our statis
tical analysis are constrained by other factors besides the 
presence of ethanol that could influence plume length. 
Although Iowa and Kansas have a similar geologic history, 
unaccounted confounding factors include hydrogeologic and 
geochemical characteristics that control the rates of advection, 
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dilution, sorption, volatilization, and biodegradation, as well 
as site heterogeneity and the release and response scenarios. 
Unfortunately, logistical and cost constraints often preclude the 
quantification of these processes at gasoline-contaminated 
sites. Therefore, these factors could not be included in our sta
tistical analysis, with the exception of considering borehole data 
that permitted the categorization of the sites according to the 
dominant type of aquifer material (Table 3). These data sug
gest that a slightly higher percentage of sites in set 1 were less 
permeable than in set 2 (i.e., 46% vs. 33% were clay-rich 
and 19% vs. 24% were sandy). Although plumes were gener
ally longer in sandy than in clay-rich aquifers, the standard devi
ations for a given lithologic category were relatively large, as 
illustrated for benzene plumes (Table 4 ). Therefore, the dom
inant type of aquifer material did not have a statistically sig
nificant effect on plume length. This finding is consistent 
with previous plume studies (Rice et al. 1995; Mace et al. 
I 997). This does not mean that the type of aquifer material (and 
its associated permeability and sorption capacity) does not 
affect plume length. Rather, it implies that other factors that 
were not quantified could be more influential. 

In spite of the many potentially confounding factors asso
ciated with field data, it should be recognized that ( 1) such con
founding factors were likely randomized by the relatively 
large data set considered; (2) Kansas plumes were longer 
even though temperatures tend to be slightly warmer in Kansas 
than in Iowa, which is conducive to faster biodegradation; and 
(3) the results of the statistical analysis show a strong consis
tency of association with experimental and modeling results 
and with biologically plausible explanations discussed previ
ously. Therefore, this work supports the hypothesis that the 
presence of ethanol in gasoline can lead to longer benzene 
plumes. These results should provide a basis for further field 
studies involving controlled gasohol releases to improve our 
gasohol-release risk assessment capabilities. 

Conclusion 
This study investigated the potential magnitude and sig

nificance of BTEX plume elongation by the presence of 
ethanol in gasoline. There was a statistically significant dif
ference in mean benzene plume lengths between gasoline- ver
sus gasohol-contaminated sites. The mean toluene plume 
lengths were not significantly different. Ethanol apparently hin
ders the biodegradation of benzene to a greater extent than 
toluene because benzene is less degradable under strictly 
anaerobic conditions that are exacerbated by the depletion of 
electron acceptors during ethanol degradation. The significance 
of this effect, however, is probably site-specific, largely 
depending on the release scenario and the available electron 
acceptor pool. 
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The environmental behavior of fuel oxygenates (other 
than methyl tert-butyl ether [MTBE]) is poorly understood 
because few data have been systematically collected 
and analyzed. This study evaluated the potential for 
groundwater resource contamination by fuel hydrocarbons 
(FHCs) and oxygenates (e.g., tert-butyl alcohol [TBA]. tert
amyl methyl ether [TAME]. diisopropyl ether [DIPE], 
ethyl tert-butyl ether [ETBE], and MTBE) by examining 
their occurrence, distribution, and spatial extent in 
groundwater beneath leaking underground fuel tank 
(LUFT) facilities, focusing on data collected from over 
7200 monitoring wells in 868 LUFT sites from the greater 
Los Angeles, CA. region. Excluding the composite measure 
total petroleum hydrocarbons as gasoline (TPHG). TBA 
has the greatest site maximum (geometric mean) groundwater 
concentration among the study analytes; therefore, its 
presence needs to be confirmed at LUFT sites so that 
specific cleanup strategies can be developed. The alternative 
ether oxygenates (DIPE, TAME, and ETBE) are less likely 
to be detected in groundwater beneath LUFT facilities in the 
area of California studied and when defected are present 
at lower dissolved concentrations than MTBE, benzene, 
or TBA. Groundwater plume length was used as an initial 
indicator of the threat of contamination to drinking 
water resources. Approximately 500 LUFT sites were 
randomly selected and analyzed. The results demonstrate 
MTBE to pose the greatest problem, followed by TBA 
and benzene. The alternative ether oxygenates were relatively 
localized and indicated lesser potential for groundwater 
resource contamination. However, all indications suggest 
the alternative ether oxygenates would pose groundwater 
contamination threats similar to MTBE if their scale of usage 
is expanded. Plume length data suggest that in the 
absence of a completely new design and construction of 
the underground storage tank (UST) system, an effective 
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management strategy may involve placing greater 
emphasis on UST program for ensuring adequate enforcement 
and compliance with existing UST regulations. 

1. Introduction 
The production and use of fuel oxygenates, particularly 
methyl tert-butyl ether (MTBE), have increased dramatically 
since the early 1990s as a consequence to federal and state 
regulations designed to improve air quality. The 1990 Federal 
Clean Air Act (CAA) Amendments mandated the use of winter 
oxyfuel or reformulated gasoline (RFG) to reduce carbon 
monoxide or ozone-forming hydrocarbon emissions in 
carbon monoxide and ozone nonattainment regions, re
spectively (J). In theory, the federal oxyfuel and RFG 
requirements do not specify a particular oxygenate, and 
gasoline refiners have several oxygenate options, including 
ethers (e.g .. MTBE. diisopropyl ether [DIPE], ethyl tert-butyl 
ether [ETBE]. tert-amyl methyl ether [TAME]) and alcohols 
(e.g .. ethanol or tert-butyl alcohol [TBA]). In practice, however, 
MTBE has emerged as the dominant oxygenate in oxyfuel 
and RFG due to its lower cost and favorable transfer and 
blending characteristics (2). Currently, MTBE accounts for 
85% of all oxygenates used in the United States or roughly 
15 billion L year-1 (3). While ethanol accounts for about 7% 
of the United States oxygenated fuel supply, ethanol is 
generally not used outside of the Midwest (4). 

Fuel oxygenates can be accidentally introduced to sub
surface environments during the refining, distribution, and 
storage of oxygenated fuels. Spills and leaks of oxygenate
containing gasoline pose a greater risk to groundwater 
resources as compared to that caused by other petroleum 
constituents (e.g., monoaromatics such as benzene, toluene, 
ethyl benzene, and total xylenes [BTEX]). Comparing to other 
petroleum constituents, fuel oxygenates are significantly 
more water soluble and are not adsorbed as readily to soil 
particles (see Table SI, Supporting Information), allowing 
them to travel farther and faster in groundwater (4-6). In 
addition, owing in part to their molecular structure, ether 
oxygenates including MTBE have been shown to resist 
biodegradation (7-11). The persistence and mobilityofMTBE 
in subsurface environment, combined with its relative 
quantity in oxyfuel and RFG as compared to other gasoline 
constituents, have contributed to its dominant presence and 
frequent detection in groundwater plumes ( 4) and com
munity water systems (CWS) (12). The relatively low odor 
threshold of MTBE renders many of these drinking water 
supplies with even low-level MTBE contamination to be 
unusable (13). 

Concerns about potential groundwater contamination 
from MTBE have led several states to consider or enact MTBE 
bans (4). Unless the oxygenate requirements are removed 
through modification of the CAA, state- and federal-level 
bans ofMTBE mean refiners must replace MTBE with another 
oxygenate. As a result, interest in the use and the environ
mental fate and transport of alternative oxygenates has 
increased significantly (14). However, to date, the state of 
knowledge is still quite limited for oxygenates DIPE, ETBE, 
TAME, and TBA (which together make up a total of up to 8% 
of United States oxygenates market). There are virtually no 
data on the environmental behavior of these other oxygenates 
(15), due primarily to difficulties in delineating their extent 
in the environment, lack of systematic analytical procedures 
for their determination as a group, and lack of regulatory 
requirement for their analysis. The extent and magnitude of 
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oxygenate contamination (other than MTBE) in the United 
States remains unknown. It is imperative that the environ
mental impacts of alternative oxygenates be properly as
sessed, since limited evidence available suggests they would 
pose groundwater contamination threats similar to MTBE 
(4), if used in similar percent by volume amounts. 

This paper characterizes the potential for groundwater 
contamination offuel hydrocarbons (FHCs) and oxygenates 
by examining their occurrence, distribution, and extent at 
leaking underground fuel tank (LUFT) sites. Specifically, data 
on the frequency of detection, maximum concentration, and 
contaminant plume length in groundwater of FHCs and 
oxygenates at LUFT sites in the greater Los Angeles region 
are presented. Contaminant plume length is the primary 
measure in this research because it reflects the potential of 
the contaminant to impact receptors. Secondary analysis of 
the correlation among FHC and oxygenate plume lengths 
and concentrations and time series analysis of contaminant 
plume length are also presented. In addition, this paper 
addresses the role of fuel oxygenates in influencing the 
behavior ofFHC plumes at LUFT sites. Analysis of these data 
provides information on the current extent/magnitude of 
impact to groundwater resources caused by fuel releases, 
addresses the fate and transport of released gasoline con
stituents, and provides a basis for making preliminary 
predictions on the implications of the expected shift to 
alternative oxygenates as MTBE is phased out, or reduced, 
in gasoline. 

The approach utilized is to treat LUFT sites as statistical 
populations (1). LUFT sites are particularly important because 
they represent major point sources of gasoline constituents 
and the leading cause of FHC and oxygenate groundwater 
contamination. According to U.S. Environmental Protection 
Agency's (USEPA) Safe Drinking Water Information System, 
some 385 000 known releases of gasoline have already 
occurred at LUFT sites nationally (5) and approximately 35% 
of the CWS wells have one or more LUFT sites within a 1-km 
radius of the well (5). This paper focuses California, specif
ically the Los Angeles region, as California's large consump
tion of fuel oxygenates makes the state an important 
environmental indicator for the national impacts of oxygen
ates. In fact, California's consumption ofMTBE accounts for 
approximately one-fourth of global MTBE consumption ( 4) 
and some 6700 MTBE LUFT sites are located within 0.8-km 
radius of CWS wells in the state (16). Los Angeles, which 
comprises about 28% of the population in California (17), 
exemplifies a typical RFC-program participating metropolitan 
area. 

2. Experimental Section 
2.1.1. Characterization of Contaminant Spatial Extent at 
LUFT Sites. Groundwater plume length for a given con
taminant is defined as the distance from the source area to 
the farthest edge of the plume at a predetermined concen
tration contour. In this paper, the dissolved plume length in 
groundwater for FHC (benzene), oxygenates (MTBE, DIPE, 
ETBE, TAME, and TBA), and total petroleum hydrocarbons 
as gasoline (TPHc) were investigated. TPHc is a useful 
indicator of the presence and magnitude of gasoline con
tamination and includes C4-C12 compounds. Dissolved 
concentration contours were defined to 511g L - 1 for benzene 
and ether oxygenates to 10 pg L - 1 for TBA, and to 10011g L - 1 
for TPHc, taking into account both uniformity across different 
analytes as well as their method detection limits (MD Ls). For 
each site, analytical data from groundwater monitoring wells, 
estimates of average groundwater gradient directions, and 
best professional judgment in extrapolating the most down
gradient well contaminant concentrations to the respective 
predetermined concentration contours were used to contour 
the groundwater plume for estimating spatial extent. Other 

investigators (1, 16, 18) have applied similar methods for 
characterizing plume length. 

Clearly, plume length as defined is two-dimensional. The 
lack of depth-specific data and other site-specific knowledge 
across the population of LUFT sites investigated in this paper 
preclude evaluation of plume transport in the vertical 
direction. In areas of significant recharge, this can bias the 
measurements toward shorter plumes, since a typical 
monitoring well screened across the water table may fail to 
detect the leading edge of the plume as it is deflected 
downward in response to the infiltration of recharge from 
above. Further, fluctuating flow directions as well as errors 
in their determination can result in monitoring well network 
configurations that create additional biases in plume length 
measurement. Despite these shortcomings, plume length 
remains an important indicator of the spatial extent of solute 
plumes and, in this paper, reflects the potential/relative 
potential of the FHCs and oxygenates to impact receptors. 

2.1.2. Site Selection and Sampling Protocol for Con
taminant Plume Length Study. From a list of over 1100 active 
LUFT facilities in the greater Los Angeles region, 500 facilities 
were randomly selected for site evaluation. Facilities qualified 
for inclusion in the plume length study if (a) sufficient 
groundwater monitoring data were available to define the 
contaminant plume lengths, (b) groundwater monitoring data 
covered at least the time period from 3rd quarter 2000 to 2nd 
quarter 2001, (c) at least one of the five fuel oxygenates of 
interest (MTBE, TBA, DIPE, ETBE, and TAME) was used or 
detected at the site, (d) at least one of the FHCs (TPHc and 
benzene) was used or detected at the site, and (e) site 
analytical data met California Regional Water Quality Control 
Board-Los Angeles Region's (CRWQCB-LA) laboratory qual
ity assurance testing requirements (19'). 

To investigate the influence of oxygenates on FHC plume 
length at LUFT sites, a distinct "FHC-only" population of 
LUFT facilities was identified for comparison. From the same 
list of LUFT facilities referenced above, 700 facilities were 
randomly selected for site evaluation. The "FHC-only" 
population was selected based on identical facility inclusion 
criteria as above, with the exception that none of the five 
oxygenates of interest was used or detected at the site (as 
demonstrated by soil and groundwater historical data). For 
TPHc and benzene, only for 53 and 52 facilities, respectively, 
were plume lengths able to be estimated after examination 
of all 700 randomly selected sites. 

2.2. Occurrence and Distribution ofFHCs and Oxygen
ates at LUFT Sites. To investigate the occurrence/distribution 
ofFHCs and oxygenates, data from LUFT sites were analyzed 
to determine the frequency of detection of FHCs and 
oxygenates at LUFT sites, their maximum site concentrations, 
and the correlation among these gasoline constituents. As 
part of the recent regulatory requirements adopted by the 
California State Water Resources Control Board, responsible 
parties for LUFT sites were required to submit laboratory 
analytical data and reports to the state Geotracker Internet 
Database in the Electronic Deliverable Format (EDF). From 
a list of over 1100 active LUFT facilities in the greater Los 
Angeles region, over 850 facilities had submitted their 
laboratory analytical data and reports in EDF, which ensured 
the data that were transmitted were of known quality and 
met all laboratory testing requirements specified by the 
regulatory agency (section 2.4). The resulting EDF from these 
facilities uniformly analyzed, at a minimum, FHC (BTEX), 
oxygenates (MTBE, DIPE, ETBE, TAME, and TBA) and TPHc. 
An extensive data analysis was conducted of the electronic 
data and hardcopy reports from these facilities. For the time 
period between January and March of 2002, a total of over 
7200 monitoring wells were sampled for these facilities. 

2.3. Site Setting and Representativeness. To determine 
whether the LUFT sites selected for this study were repre-
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FIGURE 1. Plot of cumulative percentile of site maximum concentration for FHCs (TPH6 and benzene) and oxygenates (MTBE, TBA, DIPE, 
ETBE, and TAME). 

TABLE 1. Summary Statistics on LUFT Site Maximum Analyte Concentrations and Site Analyte Detection Frequenciesa 

MTBE TPHG benzene DIPE ETBE TAME TBA 

minimum (ug L -1) 0.46 30 0.3 0.36 0.35 0.38 6 
maximum (ug L - 1) 1.6 x 107 9.98 x 108 4.2 x 107 4 700 7 500 12 000 4.4 x 106 

median (ug L - 1) 1 200 15 000 1 370 30 4 20 1 880 
mean (ug L - 1) 44 840 3 783 500 83 750 290 260 240 30120 
g-mean (ug L - 1) 900 11 400 
LUFT sites with detected analyte (n) 718 797 
analyte site detection frequency (%) 82.7 91.8 

• Note: g-mean denotes geometric mean. 

sentative of the majority of LUFT sites in California, statistical 
analyses of site hydrogeology and contaminant impact were 
conducted in manner similar to Happel et al. (J) and reported 
in detail in text and figures in the Supporting Information. 

2.4. Analytical Methods. The analysis of oxygenates as a 
group using conventional analytical procedures designed for 
petroleum hydrocarbons has been shown to be problematic 
(1, 20). USEPA Method 8020/21B, a protocol routinely 
employed for the analysis of LUFT samples, was unfit for 
monitoring of TBA and frequently yielded false-positive and 
inaccurate results when ether oxygenates were monitored in 
aqueous samples containing high TPHc concentrations 
(> 1000 pg L- 1). In contrast, Halden et al. (20) demonstrated 
that USEPA Method 8260B (gas chromatography/mass 
spectrometry) was a robust protocol for oxygenates over a 
wide range of TPHc background concentrations. To ensure 
that appropriate protocols for the analysis of oxygenates were 
utilized, only those groundwater samples from LUFT sites 
that had been analyzed for BTEX and ether and alcohol 
oxygenates using USEPA Method 8260B were used for this 
study. TPHc was analyzed using USEPA Method 8015 
nonaromatic, nonhalogenated chromatograph procedure. 
Laboratory MD Ls forTPHc. BTEX, TBA, and etheroxygenates 
were set at 100, 1, 10, and 2 11g L- 1, respectively. 

3. Results and Discussions 
3.1. Occurrence and Distribution ofFHCs and Oxygenates 
at LUFT Sites. To determine the frequency of detection of 
FHCs and oxygenates at LUFT sites, their maximum site 
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700 31 7 24 1 730 
716 206 77 159 530 
82.5 23.7 8.9 18.3 61.1 

concentrations, and the correlation among these gasoline 
constituents, groundwater monitoring data from over 7200 
monitoring wells in EDF were analyzed from 868 LUFT sites 
in the greater Los Angeles region. At a reporting limit of 100, 
I, 10, and 2 11g L - 1• for TPHc. benzene, TBA, and ether 
oxygenates, respectively, 96% of the EDF-LUFT sites con
tained at least one FHC or oxygenate, 92% contained at least 
two analyzed compounds, 60% contained at least four 
compounds, and 1.5% contained all seven FHC and oxygenate 
compounds. TPHc was the analyte most frequently detected 
at 91.8% of EDF-LUFT study sites, followed by MTBE and 
benzene at 82. 7% and 82.5%, TBA at 61.l %, and the alternative 
ether oxygenates DIPE, TAME, and ETBE at 23.7%, 18.3%, 
and 8.9%, respectively. 

The site maximum analyte concentration (SMAC) was a 
good indicator of the source analyte concentration or strength 
in groundwater. SMAC was determined for each of the seven 
FHCs and oxygenates at individual EDF-LUFT study sites. 
Figure 1 depicts a comparison of the SMAC cumulative 
distributions. The results indicate that, excluding the com
posite measure TPHc. TBA has the greatest site maximum 
concentrations, followed by MTBE/benzene and DIPE, 
TAME, and ETBE. The mean, geometric mean, median, and 
other relevant measures are displayed in Table 1 for LUFT 
sites with detectable levels of analyte. The log-normality of 
the data sets, confirmed by graphical tools and more 
quantitative measures (e.g., coefficient of variation, the 
Shapiro-Wilk Test (21), and skewness), necessitated a natural 
log data transformation before computation of the t-test (21-
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23) to examine the significance of variations in concentration 
observed among the FHC and oxygenate compounds. 
Bonferroni probability (Bon. p) was provided as protection 
for performing multiple t-tests simultaneously. Among the 
FHC and oxygenates, TPHc has the greatest geometric mean 
site maximum concentration, followed by TBA, MTBE, 
benzene, and the ether oxygenates DIPE, TAME, and ETBE 
(Table I), confirming what is observed in Figure 1. The student 
t-test verified statistically significant (a.= 0.05, Bon. p < 0.05) 
differences for 20 out of 21 possible pairwise comparisons 
among the seven FHC and oxygenate compounds. 

The study observations indicate low concentrations of 
alternative etheroxygenates (DIPE, ETBE, and TAME) at LUFT 
sites (e.g., 50% of the detected maximum site concentrations 
for ETBE, TAME, and DIPE were less than 5, 20, and 30 11g 
L - 1• respectively (Figure l)). Examinations of gasoline surveys 
provide definitive knowledge of which oxygenate and what 
volumes of that oxygenate are being used in a particular 
region of the country. As demonstrated by the 1995-1997 
EPA Oxygenate Type Analysis and RFG Survey Data (24), the 
quantity of alternative ether oxygenates (DIPE, ETBE, and 
TAME) in Los Angeles area gasoline are near trace amounts 
(«l % by weight), which may explain theirlow soluble source 
concentrations observed. 

In addition, high TBA source concentrations were ob
served. In fact, excluding the composite measure TPHc, TBA 
has the greatest geometric mean site maximum groundwater 
concentration among our study analytes. This finding may 
be explained in terms of the solubility and sources of TBA. 
Even though TBA was added to gasoline in significantly lesser 
amounts than MTBE or benzene, its high miscibility meant 
that small quantities of TBA could translate into high 
groundwater concentrations. Further, different sources of 
TBA (as gasoline additive, impurity, or oxidation byproduct 
of MTBE) could by themselves, or in combination, result in 
the detected TBA in groundwater at LUFT sites. 

3.2. Characterization of Contaminant Spatial Extent at 
LUFT Sites. Contaminant plume length was used as an initial 
indicator of the threat of contamination to drinking water 
sources by contaminants present in shallow groundwater at 
LUFT sites and was estimated according to procedures in 
section 2.1.l. Figure 2 presents FHC and oxygenate plume 
lengths in terms of cumulative percentile. The results indicate 

that among the FHCs and oxygenates, MTBE has the greatest 
plume length, followed by TBA/TPHc, benzene, and the 
alternative oxygenates DIPE, TAME, and ETBE. The difference 
in plume length is clearly distinguishable, as in the case of 
MTBE versus FHC and MTBE versus other oxygenates. In 
contrast, pairwise comparisons between TBA/TPHc, benzene/ 
DIPE, and TAME/ETBE cumulative distributions indicate that 
for these pairs, the variation in plume length is difficult to 
distinguish as demonstrated by the overlapping cumulative 
percentile curves. 

The statistical significance of the plume length differences 
among the FHC and oxygenate groups was examined using 
the two sample t-test (after log-transformation). The log
normality of the data sets indicates that the geometric mean 
and the median are better descriptors of the LUFT plume 
population. Table 2 summarizes the data. Among the FHC 
and oxygenates, MTBE has the greatest geometric mean 
plume length at 83 m, followed by TPHc/TBA at 64 and 63 
m, benzene/DIPE at 51and50 m, and TAME/ETBE at 36 and 
34 m. The student t-test verified statistically significant (a.= 
0.05, Bon. p < 0.05) differences for pairwise comparisons of 
MTBE and TBA to DIPE, ETBE, and TAME as well as 
comparisons between MTBE and TBA, MTBE and benzene, 
and TBA and benzene. In contrast, pairwise comparisons of 
DIPE, ETBE, and TAME to one another as well as benzene 
to DIPE or ETBE were not. 

Contaminant groundwater plume length is influenced by 
factors such as hydrogeologic characteristics, matrix chemical 
interactions, source strength, biodegradation, and intrinsic 
properties of the chemical of interest. Under steady-state 
conditions, the differences in plume length among the FHCs 
and oxygenates at a particular site may be attributed primarily 
to differences in source strength and degradability of the 
contaminant. The lower source strengths of alternative ether 
oxygenates (DIPE, ETBE, and TAME) (Figure l) as compared 
to MTBE, TBA, or FHCs may have contributed in large part 
to the observed localization of these plumes. In contrast, 
since the FHCs have source strengths of similar magnitudes 
as compared to MTBE and TBA (Figure 1), it is likely the 
significantly greater biodegradability of the FHCs (TPHc and 
benzene) relative to TBA and ether oxygenates favored the 
more restricted plume migrations from the source areas as 
compared to MTBE and TBA plumes. 
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TABLE 2. Summary Statistics on Estimated LUFT Site Analyte Plume Length in Groundwater8 

MTBE TPHG benzene DIPE ETBE TAME TBA 
(5 µg L-1) (100 µg L-1) (5 µg l-1) (5 µg L-1) (5 µg L-1) (5 µg l-1) (10 µg L-1) 

facilities (n) 96 99 95 34 17 37 86 
min(m) 26 11 7 14 15 6 15 
max(m) 317 259 168 119 94 137 192 
median (m) 84 66 51 58 35 40 61 
mean (m) 96 75 60 55 39 47 73 
g-mean (m) 83 64 51 50 34 36 63 

• Note: g-mean denotes geometric mean. 

TABLE 3. Change in Analyte Groundwater Plume Length over Time (1 year)8 

MTBE TPHG benzene DIPE ETBE TAME TBA 
(5119 L-1) (100µg l-1) (5 µg L-1) (5 µg L-1) (5 µg l-1) (5 µg L-1) (10 µg L-1) 

case (n) 96 99 94 33 16 35 86 
g-mean change (m) -1.5 -0.3 0.6 0 1.5 1.2 3.7 
g-mean (m) 83 64 51 50 34 36 63 
% change -1.8 -0.5 1.2 0 4.4 3.3 5.9 
Pvalue 0.28 0.89 0.61 0.94 0.58 0.19 0.06 

• Note: negative g-mean change indicates that the plume length for the selected analyte decreased over time. while positive g-mean change 
indicates the opposite. 

3.3. Time Series Analysis of Contaminant Spatial Extent 
at LUFT Sites. Contaminant plume lengths in groundwater 
were tracked for 1 year for a population ofLUFTsites (section 
2.1.2 for site selection). A total of 464 individual plumes were 
tracked resulting in a total of 1856 plume lengths estimated 
over four quarters (Figure S3. Supporting Information). 
Comparison of the cumulative percentile (CP) curves over 
four quarters indicate that for MTBE, TPHc, and benzene, 
the overlapping CP curves suggest the changes in plume 
length over this time period are not discernible-either the 
plume lengths are stable or the time period examined is not 
sufficient for changes to develop and/or be detected. In 
contrast, comparison of the CP curves for the alternative 
oxygenates ETBE, TAME, and TBA indicates a somewhat 
discernible trend ofincreasing plume lengths over the I-year 
period. This trend is most apparent in the case of TBA, where 
the plume length increase over 1 year is ~6%. Decreases in 
contaminant plume length beneath LUFT study sites over 
time are likely to be the result of decreasing source strength 
from ongoing source removal and cleanup as well as 
biodegradation. Increases in contaminant plume length over 
time, on the other hand. may be due to a variety of factors. 
The more recent release of gasoline formulations containing 
significantly greater quantities of oxygenates may not have 
afforded sufficient time for oxygenate plumes to reach 
maximum plume configurations. As for TBA, since it is also 
a degradation product of MTBE, it is possible that as the 
MTBE plume farther away from the source area continues 
to degrade into TBA at concentrations above detection limit; 
these changes in TBA concentration would be detected by 
the peripheral monitoring network and thus result in 
increases in plume length contour. 

To assess whether the plume length differences that 
develop over time were statistically significant, paired t-tests 
were performed (after log-transformation) for each FHC and 
oxygenate compound. The results indicate that after 1 year, 
none of the plume length differences that occurred during 
this period was significant at a.= 0.05 (Table 3). 

Rice et al. (25) conducted a trend analysis for benzene 
plume lengths with time and determined that approximately 
60% of the sites studied contained no significant temporal 
trends, while 32% and 8% of the sites have decreasing and 
increasing temporal trends, respectively. While the vast 
majority of benzene and TPHc plumes are apparently stable 
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(1, 25), it remains to be seen whether oxygenate plumes have 
reached steady state. The different release histories of these 
compounds can be a factor in interpreting the plume length 
results. If the oxygenate plumes have not reached steady 
state, then the observed plume length results may not be 
indicative of future plume lengths. Time-series analysis of 
plume length data presented in this paper does lend some 
support to the stability of the plumes. FHC or oxygenate. 
However. substantially longer time-series analyses are needed 
to verify this assumption. 

3.4. Impact of Fuel Oxygenates on FHC Plume Lengths. 
Several laboratory, modeling, and small-scale case studies 
have been conducted to investigate the impact of ethanol on 
FHC plumes (26-28). It has been demonstrated that high 
concentrations of ethanol have the potential to increase the 
spatial extent of FHC plumes primarily through (1) the 
reduction in the biotransformation rates of FHC attributed 
to a reduction of available electron-acceptor species that 
participate in biogeochemical oxidation/reduction reactions 
(27) and (2) increases in the solubility of FHCs through a 
cosolvency effect (26). To investigate whether the presence 
of fuel oxygenates other than ethanol can influence the 
mobility and spatial extents ofFHC in a similar manner, two 
distinct populations of LUFT sites were identified. One 
population was composed of LUFT sites where oxygenates 
had been used or detected, versus another where none of 
the five oxygenates of interest had been used or detected 
(see section 2.1.2 for site selection/protocol). Figure 3 
compares the FHC plume lengths at "FHCs only" versus at 
"FHCs and oxygenates" LUFT sites. A student t-test (after 
log-transformation) was used to test the significance of 
variations in TPHc and benzene plume lengths between the 
two populations of LUFT sites. The results indicate thatTPHc 
and benzene plumes are significantly (at a. = 0.1) longer 
(+20-30%) in the presence of oxygenates. 

By comparing FHC (TPHc and benzene) plume lengths 
at LUFT sites that differ only in one respect (e.g., the presence 
or absence of oxygenates), an attempt was made to adjust 
for other differences between the population of LUFT sites. 
However, the presence or absence of oxygenates at LUFT 
sites may itself be indicative of the relative age of the spill. 
Not until the passage of 1990s CAA mandating the use of 
RFG or oxyfuel has the addition of oxygenate been so 
widespread and at such a dramatic scale. Consequently, LUFT 
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FIGURE 3. Comparison of TPHG and benzene plume lengths at "hydrocarbons only" versus at "hydrocarbons and oxygenates" LUFT sites. 
TPHG and benzene plume lengths were defined to 100 and 5 µg L - 1 dissolved concentration contours, respectively. 

sites contaminated with both FHCs and oxygenates tend to 
have at least one or more recent fuel release(s). Conversely, 
LUFT sites impacted by only FHCs tend to have more aged 
source zones created by older spills from gasoline without 
oxygenate additives. Differences in the age of the spill can 
influence the length of FHC plumes since LUFT sites with 
more aged source zones also tend to have plumes that, relative 
to plumes at newer source zones, are stabilized or shrinking. 
Future work is needed to determine whether the increase in 
the FHC spatial extent is caused by the presence of oxygenates 
(e.g., through the mechanism of competition for electron 
acceptor species or the cosolvency effect) or is merely an 
artifact created by the inherent differences in the age of the 
spill resulting from the study design of separating LUFT sites 
into discrete populations ('FHCs-only' versus 'FHCs and 
oxygenates'). 

4. Implications 
The site detection frequencies and maximum groundwater 
concentrations for TBA, MTBE, and benzene were elevated. 
While the groundwater samples beneath LUFT sites across 
the states frequently are analyzed for a suite of FHC (e.g., 
BTEX) and some oxygenate (e.g., MTBE) compounds, the 
analysis for other oxygenates in most states has seldom been 
performed. Site groundwater concentrations and plume 
length data indicate TBA contamination at a scale similar to 
MTBE. In addition, due to its physical/chemical properties, 
TBA is often the regulatory driver for treatment considerations 
at LUFT sites. Therefore, the presence of TBA needs to be 
confirmed at gasoline-impacted sites, and if confirmed, a 
specific cleanup strategy needs to be developed that accounts 
for its presence along with any other FHC or oxygenate 
compounds that are present. In contrast to benzene, MTBE, 
and TBA, the site detection frequencies and maximum 
groundwater concentrations for alternative ether oxygenate 
DIPE, ETBE, and TAME beneath LUFT facilities were low. 
Plume length comparisons also indicate these alternative 
ether oxygenates to be localized relative to MTBE, TBA, or 
FHCs. Even though data from this study suggests that current 
risk from the alternative ether oxygenates to groundwater 
resources at LUFT sites should be minimal, caution should 
be applied against over-interpretation of the data in antici-

pating the consequences of possible scale-up in usage of 
these compounds. An appropriate parallel may be found in 
the progression of the MTBE problem. Prior to the 1990s, 
when MTBE was used primarily as an octane booster, it made 
up only 1-3% by volume of some gasoline. It was only after 
the scale of MTBE usage escalated in response to the 1990s 
CAA Amendments that the environmental consequences 
associated with its use became apparent. All indications (e.g., 
physical/chemical characteristics such as high solubilities 
and low biodegradabilities (relative to FHCs)) suggest that 
the alternative ethers would pose groundwater contamination 
threats similar to MTBE if their scales of usage were expanded. 

With the staggering number of LUFT facilities located in 
close proximity to community drinking water sources, LUFT 
sites represent major point sources of gasoline constituents 
and the leading cause of FHC and oxygenate groundwater 
contamination. There is little doubt that a large proportion 
of underground storage tank (UST) systems at gasoline 
stations leak, and that is apparently true even for upgraded, 
double-tank systems. The number ofleaks indicates that the 
problem is primarily in the design of the system, which arises 
from real estate limitations, fire defense considerations, and 
a defense against accidents and vandalism (29). In the absence 
of completely new design and construction of the system 
that emphasizes detection, repair, and containment, an 
effective management strategy may involve placing greater 
emphasis on a UST program for ensuring adequate enforce
ment and compliance with existing UST regulations. In 
California, existing UST regulations require, specifically, the 
upgrading of USTs and the institution of leak detection 
systems. The plume lengths data indicate that under a well
managed UST program, with prompt detection and cleanup 
of source contaminants associated with failed UST systems, 
FHC and oxygenate plume lengths in the hundreds of meters 
were quite rare. The overwhelming majority of plumes 
associated with release(s) from LUFT facilities were relatively 
"localized". For instance, an examination of plume lengths 
of alternative ether oxygenate DIPE, ETBE, and TAME found 
90% of the plumes were less than JOO m from the source 
area. Even in the case of MTBE, 90% of the MTBE plumes 
were observed to be less than 165 m. The adequate compli
ance with existing UST regulations may decrease the prob-
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ability of future leakage and allow for prompt response and 
cleanup of possible sources. This scenario could provide 
adequate safeguard against widespread and catastrophic 
impact of FHC and oxygenate plumes on groundwater 
sources since under these conditions the FHC and oxygenate 
plumes are likely to be localized. 
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Leukemia Risk Associated With 
Low-Level Benzene Exposure 
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Background: Men who were part of an Australian petroleum 
industry cohort had previously been found to have an excess of 
lympho-hematopoietic cancer. Occupational benzene exposure is a 
possible cause of this excess. 
Methods: We conducted a case-control study of lympho-hemato
poietic cancer nested within the existing cohort study to examine the 
role of benzene exposure. Cases identified between 1981 and 1999 
(N = 79) were age-matched to 5 control subjects from the cohort. 
We estimated each subject's benzene exposure using occupational 
histories, local site-specific information, and an algorithm using 
Australian petroleum industry monitoring data. 
Results: Matched analyses showed that the risk of leukemia was 
increased at cumulative exposures above 2 ppm-years and with 
intensity of exposure of highest exposed job over 0.8 ppm. Risk 
increased with higher exposures; for the 13 case-sets with greater 
than 8 ppm-years cumulative exposure, the odds ratio was 11.3 
(95% confidence interval = 2.85-45.1 ). The risk of leukemia was 
not associated with start date or duration of employment. The 
association with type of workplace was explained by cumulative 
exposure. There is limited evidence that short-tetm high exposures 
carry more risk than the same amount of exposure spread over a 
longer period. The risks for acute nonlymphocytic leukemia and 
chronic lymphocytic leukemia were raised for the highest exposed 
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workers. No associatwn was found between non-Hodgkin lym
phoma or multiple myeloma and benzene exposure, nor between 
tobacco or alcohol consumption and any of the cancers. 
Conclusions: We found an excess risk of leukemia associated with 
cumulative benzene exposures and benzene exposure intensities that 
were considerably lower than repotted in previous studies. No 
evidence was found of a threshold cumulative exposure below 
which there was no risk. 

Key Words: benzene, occupational exposure, leukemia, 
lymphoma, multiple myeloma, petroleum industry 

(Epidemiology 2003;14: 569-577) 

Benzene is present in crude oil, at most stages of petroleum 
production and distribution, and is a component of gas

oline fuels, typically less than 3%. It is also a byproduct of 
combustion of fuels and other materials such as tobacco, 
wood, and coal. Benzene is present in indoor environments 
from activities such as cooking and heating, and it is ubiqui
tous in urban air at low concentrations. Nonsmokers living in 
an urban environment are typically exposed to average ben
zene concentrations in the order of 0.005 ppm. 1 

Benzene is classified as a group 1 human carcinogen by 
the International Agency for Research on Cancer,2 and there 
is general agreement that benzene can cause leukemia in 
highly exposed individuals. 3 The extent of the risk of leuke
mia with exposure to low concentrations of benzene (less 
than 10 ppm) has been debated.3

-
11 This debate has centered 

on 2 issues: whether the exposures were underestimated in 
previous epidemiologic studies and what model should be 
used to extrapolate the risk to lower concentrations of ben
zene, including whether there is a threshold exposure below 
which there is no risk. 

In addition, there is debate about which subtypes of 
leukemia are associated with benzene exposure. Some but not 
all authorities consider that acute nonlymphocytic leukemias 
or, more specifically, acute myeloid leukemia, are the only 
subtypes clearly associated with benzene exposure.3

•
8

•
9

•
12

•
13 

Benzene has also been associated with increased risk of 
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multiple myeloma,3
•
14•15 although this too is disputed.9

•
16 A 

review of 308,000 benzene-exposed workers from 26 cohorts 
in 5 countries found no increased rate of non-Hodgkin lym
phoma.17 In the U.K., the occupational exposure limit for 
benzene (maximum exposure limit) is 3 ppm as an 8-hour 
time-weighted average. 18 This was introduced in 2000 as the 
first part of a phased reduction to 1 ppm in 2003 in accor
dance with the Carcinogens Directive of the Council of the 
European Union. 19 The current American Conference of 
Governmental Industrial Hygienists' threshold limit value for 
benzene is 0.5 ppm.20 

A prospective cohort study of all-cause mortality and 
cancer incidence in the Australian petroleum industry, known 
as Health Watch, was established in 1980 at the University of 
Melbourne for the Australian Institute of Petroleum. In 1999 
the study was transferred to the University of Adelaide. The 
cohort consists of all employees except head office staff and 
those employed at Australian sites with fewer than 10 em
ployees. Employees in the industry have been surveyed at 
approximately 5-year intervals using an interviewer-admin
istered job and health questionnaire. This questionnaire ob
tained infonnation on jobs and tasks, on possible confound
ing variables (including smoking and alcohol), and on 
specific health outcomes. The first survey was conducted 
from 1981-1983 and resulted in an original cohort of 10,979 
men and 626 women. More subjects were recruited in the 
second and subsequent surveys. Approximately 95% of eli
gible employees in the industry have participated in Health 
Watch surveys. Employees were recruited into the Health 
Watch cohort after having served 5 years in the petroleum 
industry, and they remain in the cohort for life. Copies of 
death ce1tificates are obtained and cancer incidence is vali
dated through state cancer registries and the treating doctor. 
Cancer registration in Australia is a legal requirement of 
pathology laboratories and hospitals. In 1998 the cohort 
comprised 15, 732 men and 1178 women. 

Men in the cohort have been shown to have increases in 
the standardized incidence ratios for leukemia of 2.0 (95% 
confidence interval [CI] = 1.3-2.9) and for multiple myeloma 
of 1.9 (95% CI = 1.0-3.3).21 We designed a case-control 
study to assess the association between lympho-hematopoi
etic cancers and occupational benzene exposure among men 
in the cohort. We report the exposure-response relationships 
for lympho-hematopoietic cancers, including the subtypes of 
leukemia, and benzene exposure based on matched analyses. 

METHODS 
This case-control study is nested within the Health 

Watch cohmt. We estimated the occupational exposure to 
benzene of the cases and control subjects, drawing on the 
subject's entire job history and using measured exposures for 
a wide range of tasks in the petroleum indust1y. 
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Cases were defined as men in the Health Watch cohort 
who reported a newly diagnosed lympho-hematopoietic can
cer to Health Watch (either by himself or by his family) that 
was confinned by pathology report, cancer registration, letter 
from a medical practitioner, or death certificate. Registry 
cases who had not self-reported to Health Watch could be 
included under the terms of the ethics committee approval 
only if the man had been lost to follow up or had died. 

Seventy-nine cohort members met the definition of 
lympho-hematopoietic cancer cases. They were identified by 
searching the cancer registries and through self-report to 
Health Watch. One man was found in the cancer registry, but 
under the tenns of the ethics approval he could not be a case 
because he had not self-reported the disease and was not 
deceased or lost to contact. 

All documentation on the cases was reviewed by the 
investigators and cases were assigned to International Clas
sification of Diseases groupings according to the highest level 
of evidence (Table 1). For 9 cases with uncertain histology 
the documentation was reviewed by a hematologist who 
classified cases using the French-American-British system.22 

We selected 5 male control subjects for each case. 
Control subjects were selected randomly from a list of all 
cohort members who were eligible at the time of diagnosis 
and matched by year of birth. As a result of the random 
selection, 5 workers were used as control subjects for more 
than 1 case, 4 of whom were used in 2 case-control sets and 
1 in 3 sets. Thus, the total number of control subjects was 
395. One worker selected as a control subject subsequently 
became a case; this subject was retained as a control subject 
because he was not diagnosed at the time of selection. As a 
control subject, his exposure was truncated at the time of the 
matched-case diagnosis (as with all control subjects). As a 
case his exposure was estimated up to the time of his 
diagnosis. 

Each subject's smoking, alcohol, and job history had 
been collected as part of the Health Watch cohort surveil
lance.21 For employees interviewed in either the first or 
second Health Watch surveys in 1981-1983 and 1986-1987, 
detailed infonnation had been collected only on their current 
job and jobs held in the previous 5 years. During the third 
Health Watch survey in 1991-1993, full job histories were 
obtained for all current employees interviewed. For those 
Health Watch members no longer employed in the petroleum 
industry, lists of jobs held in the industry were obtained 
during the annual health check mail-out in 1994. The lists 
included job titles, company, site, area of work and dates, but 
no details of individual tasks or products handled. The job 
histories were cross-checked with company personnel 
records. In those instances in which discrepancies were 
found, the more detailed record (usually the subject's) was 
used. 

© 2003 Lippincott Williams & Wilkins 
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TABLE 1. Type of Cancer by Highest Level of Evidence for the Diagnosis 

Highest Level of Evidence 

Cancer 
Doctors' Registry Death 

Type of Lympho-hematopoietic Histology Letters Alone Certificate Total No. 
Cancer ICD-9 Code (N = 39) (N = 17) (N = 14) (N = 9) (N = 79) 

Non-Hodgkin lymphoma 200,202 14 6 5 6 31 
Multiple myeloma 203 8 4 2 1 15 
Leukemia 204-208 17 7 7 2 33 

Chronic lymphocytic leukemia 204.1 5 5 0 11 
Chronic myeloid leukemia 205.1 1 4 0 6 
Acute lymphocytic leukemia 204.0 2 0 0 0 2 
Acute nonlymphocytic leukemia* 205.0, 208.0 7 1 2 1 11 

Other leukemia t 202.4, 204.9 2 0 0 3 

*This group includes 9 acute myeloid leukemias and 2 acute undifferentiated leukemias. 
tThe 3 "other" leukemias were a hairy cell leukemia and 2 unspecified lymphocytic leukemias. ICD-9, World Health Organization International 

Classification of Diseases, 9th revision. 

Cases were not themselves interviewed about their 
tasks, because this infonnation might have been subject to 
recall bias. Instead, we interviewed contemporaries at the site 
who were familiar with the requirements of the job. These 
surrogate respondents provided infonnation on the tasks that 
each subject would have perfom1ed for each job he had 
recorded in the job history, the technology used at that time, 
and products handled. Current and past employees were 
interviewed, and the interviews were structured using stan
dard questionnaires for each job type based on those devel
oped for previous petroleum industry epidemiologic stud
ies. 23

,
24 The interviewers had no knowledge of the names and 

health status of the subjects. 
We calculated the benzene exposure of each individual 

using a task-based algoritlun involving the subject's occupa
tional history; previously measured exposures for particular 
tasks in the Australian petroleum industry; and task-, site-, 
and period-specific data. This exposure model was similar to 
those used in some other petroleum industry epidemiologic 
studies23

•
24 but more detailed in that it was task-based and 

applied to each individual's job history. This provided an 
estimate of cumulative exposure to benzene in paits per 
million-years (ppm-years) for each subject. The subjects were 
divided into geometric exposure groups. The exposure esti
mation process is described more fully elsewhere. 25

•
26 

We used the following additional exposure metrics to 
test the association with risk of leukemia, with and without 
adjushnent for cumulative exposure: 

1. Start date: Subjects were divided into 3 groups by their 
start date in the industry: pre-1965, 1965-1975, and post-
1975. 

© 2003 Lippincott Williams & Wilkins 

2. Duration of employment: The duration of employment (in 
participating companies) was defined as the difference 
between the earliest start date and the latest finish date for 
each subject, truncated by date of diagnosis. We calculated 
quintiles of duration with cut-points approximately every 7 
years. 

3. Whether most of the career was spent as an office worker 
or as a blue collar worker. 

4. Site oflongest-heldjob and highest-exposed job: Each site 
where a subject worked was allocated to a site type. The 
period of time and associated exposure for each subject 
was then allocated to that site type. If a subject worked in 
the office at a refinery or a distribution terminal, he was 
included as an office worker rather than being assigned to 
a site type. 

5. Intensity of exposure: We calculated the average exposure 
intensity (cumulative benzene exposure estimate divided 
by duration of employment) in ppm for each job. We 
divided the subjects into geometric exposure intensity 
groups based on their highest exposed job. 

6. Subjects with exposure to benzene concentrate: We iden
tified those subjects who had handled benzene concentrate 
that is 100% benzene or BTX (benzene-toluene-xylene, 
which is principally an aromatic fraction derived from 
coke oven operations, containing approximately 70% 
benzene). 

All odds ratios and 95% confidence intervals are from 
matched analyses. 

The study was carried out with the clearance of Monash 
University Standing Conunittee on Ethics in Research In
volving Humans, and the Ethics Conunittees from Melbourne 
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and Adelaide Universities. All subjects signed a consent fonn 
to allow access to their job histories, and cases consented to 
our contacting their treating doctor for diagnostic details. 

RESULTS 
The cases and control subjects were well matched 

demographically (Table 2). They were similar with regard to 
alcohol consumption and country of birth. Control subjects 
were slightly more likely than the cases to be exsmokers. The 
risk of leukemia was not associated with smoking; odds ratios 
(ORs) were 0.55 (95% CI= 0.18-1.32) for previous smokers 
and 1.28 (95% CI = 0.52-3.14) for current smokers com
pared with never-smokers. We estimated the OR for leukemia 
associated with smoking score (pack-years) and alcohol score 
(standard drink-years) both as continuous measures. The OR 
per 100 pack-years was 0.98 (95% CI = 0.80-1.19) and per 
1000 drink-years was 0.78 (95% CI = 0.52-1.16). 

The ages of the cases at the date of case diagnosis 
ranged from 26-79 years with a mean of 54 years (Table 2). 
The mean duration of employment, prior to diagnosis, was 
20.4 years (standard deviation, 9.0 y), and ranged from 4.3-43 
years. A control subject, employed for only 4.3 years at the 
time of diagnosis of the case to which he was matched, had 
satisfied the cohort criteria of being employed in the industry 
for 5 years or more. 

Cases had, on average, a higher lifetime cumulative 
exposure than control subjects, and a greater proportion of 
cases were in higher exposure categories (Table 3). The 
subjects were grouped by cumulative exposure (ppm-years) 
into 6 geometric groups, and conditional logistic regression 
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(case-matched) was used to calculate stratum-specific ORs 
(Table 4). No increase in risk for non-Hodgkin lymphoma/ 
multiple myeloma was found with increasing exposure to 
benzene. However, the ORs for leukemia were found to be 
elevated for 3 of the 5 exposure groups compared with the 
lowest ( :5 l ppm-years) as illustrated in Figure I. The highest 
exposure group(> 16 ppm-years) contained 7 of33 leukemia 
cases, but only 3 of their 165 matched control subjects. For 
the 2 highest exposure categories combined (13 case-sets 
with >8 ppm-years cumulative exposure), the OR was 11.3 
(95% CI = 2.85-45.1). 

In a comparable study in the U.K. petroleum industry,27 

a cut-point of 4.79 ppm-years was used in the analysis. For 
comparison purposes we analyzed our data using the same 
cut-point and obtained an OR of 2.51 (95% CI= 1.1-5.7). 

The OR associated with cumulative exposure as a 
continuous measure was 1.65 (95% CI = 1.25-2.17), which is 
consistent with an increase of 65% for each doubling of mean 
cumulative exposure. 

There was no association between leukemia (with or 
without adjustment for cumulative benzene exposure) and 
date of starting work in industry or duration of employment 
(Table 5). Blue collar workers had a 3-fold risk of leukemia 
compared with office workers, but this risk disappeared when 
adjustment was made for cumulative benzene exposure (data 
not shown). Subjects who had worked longest at an airport 
had nearly 4 times the risk of leukemia compared with 
te1minal workers but this result was based on small numbers. 
This finding did not change after adjustment for cumulative 

TABLE 2. Lifestyle and Demographic Characteristics of the Cases and Control Subjects 

Types of Cancer 
Control 
Subjects All Cases Leukemia NHL/MM MM NHL 

Characteristic (N = 395) (N = 79) (N = 33) (N = 46) (N = 15) (N = 31) 

Age in years; mean (range) 54 (26-76) 54 (26-79) 52 (34-71) 54 (26-75) 55 (39-75) 54 (26-70) 

Tobacco; no. (%)* 
Never smoked 125 (32) 28 (35) 11 (33) 17 (37) 8 (53) 9 (29) 

Previous smoker 166 (42) 21 (27) 8 (24) 13 (28) 6 (40) 7 (23) 

Current smoker 103 (26) 30 (38) 14 (42) 16 (35) 1 (7) 15 (48) 

Alcohol; no.(%) 
Never drank 79 (20) 16 (20) 7 (21) 9 (20) 1 (7) 8 (26) 

Previous drinker 10 (3) 2 (3) 1 (3) I (2) 0 I (3) 

Current drinker 305 (77) 61 (77) 25 (76) 36 (78) 14 (93) 22 (71) 
Country of birth; no. (%) 

Australia 259 (66) 56 (71) 25 (76) 31 (67) 10 (67) 21 (68) 

UK 75 (19) 14 (18) 4 (12) 10 (22) 3 (20) 7 (23) 

Other 60 (15) 9 (11) 4 (12) 5 (11) 2 (13) 3 (10) 

*One control did not record smoking data. 
NHL/MM, combined non-Hodgkin lymphoma and multiple myeloma; MM, multiple myeloma; NHL, non-Hodgkin lymphoma. 
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TABLE 3. Cases and Control Subjects Grouped by Exposure to Benzene Expressed as Cumulative Exposure (ppm-years) 

Types of Cancer 
Control 
Subjects All Cases Leukemia NHL/MM MM NHL 

Characteristic (N = 395) (N = 79) (N = 33) (N = 46) (N = 15) (N = 31) 

Mean and range 
of cumulative exposure 
(ppm-years) 4.7 (0.01-57.3) 7.27 (0.01-52.7) 10.63 (0.09-52.7) 4.85 (0.01-23.4) 4.73 (0.17-23.4) 4.91 (0.01-21.8) 

Cumulative exposure 
(ppm-years); no. (%) 

~I 138 (35) 18 (23) 3 (9) 15 (33) 4 (27) 11 (35) 

>1-2 56 (14) 12 (15) 6 (18) 6 (13) 2 (13) 4 (13) 

>2--4 67 (17) 16 (20) 8 (24) 8 (17) 5 (33) 3 (10) 

>4-8 64 (16) 12 (18) 3 (9) 9 (20) 2 (13) 7 (23) 

>8-16 53 (13) 11 (14) 6 (18) 5 (11) I (7) 4 (13) 

>16 17 (4) 10 (13) 7 (21) 3 (7) I (7) 2 (6) 

NHL/MM, combined non-Hodgkin lymphoma and multiple myeloma; MM, multiple myeloma; NHL, non-Hodgkin lymphoma. 

benzene exposure. Similar results were found for those whose 
highest benzene-exposed job was at an airport. 

There was a strong association between leukemia risk 
and exposure to benzene concentrate that was somewhat 
reduced when cumulative exposure was controlled for. That 
is, exposure to benzene concentrate resulted in a higher risk 
of leukemia than exposure to the same amount of benzene 
encountered in a more dilute fonn such as in gasoline. 

The proportion of subjects whose highest exposed job was 
in high-intensity exposure categories was greater for cases than 
control subjects (Table 5). Exposure intensity in the highest 
exposed job was strongly related to leukemia risk, with the 
increase starting at around 0.8-1.6 ppm and with those in the 
highest exposure category being nearly 20 times more likely to 
develop leukemia than those who were unexposed. Adjusting for 

TABLE 4. Association of Leukemia and Non-Hodgkin 
Lymphoma/Multiple Myeloma by Benzene Exposure Group, 
From Conditional Logistic Regression Analysis 

Cumulative Lifetime 
Benzene Exposure Leukemia NHL/MM 
(ppm-years) OR (95% CI) OR (95% CI) 

~1· 1.0 1.0 

>1-2 3.9 (0.9-17.1) 1.1 (0.4-2.9) 

>2--4 6.1 (1.4-26.0) 1.2 (0.5-3.0) 

>4-8 2.4 (0.4-13.6) 1.3 (0.5-3.2) 

>8-16 5.9 (1.3-27.0) 0.8 (0.3-2.6) 

> 16 98.2 (8.8-1090) 1.1 (0.3--4.5) 

* Reference category. 
NHL/MM, combined non-Hodgkin lymphoma and multiple myeloma; 

OR, odds ratio; CI, confidence interval. 

© 2003 Lippincott Williams & Wilkins 

cwnulative exposure removed the association between high
intensity exposure and leukemia. However, exposure intensity 
and cumulative exposure are highly correlated, and goodness
of-fit statistics and the stepwise conditional logistic regression 
algorithm did not provide unequivocal evidence that would 
distinguish between the relative contributions of cumulative 
exposure and exposure intensity to leukemia risk. 

The ORs were also calculated by using conditional logis
tic regression for the leukemia subtypes acute nonlymphocytic 
leukemia, chronic lymphocytic leukemia, and chronic myeloid 
leukemia (Table 6); such calculations were not possible for acute 
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FIGURE 1. Leukemia and Non-Hodgkin Lymphoma/Multiple 
Myeloma (NHL/MM) odds ratios by geometric benzene expo
sure groups (ppm-years) displayed at the midpoint of the 
exposure group. (Circles indicate odds ratios; vertical lines 
depict confidence intervals). 
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TABLE 5. Distribution of Exposure Variables for Leukemia Cases and Control Subjects and Results of Matched Analyses of the 
Risk of Leukemia Using These Variables 

Exposure 
Characteristic 

Start date in industry 

Cases 
(N = 33) 
No.(%) 

Before I 965t 15 ( 45) 
1965-1975 12 (36) 
1975 or later 6 (18) 

Duration of employment truncated at date of diagnosis (y) 
::;11t 15 (19) 
> 11-17 18 (23) 
>17-22.5 12 (15) 
>22.5-29 16 (20) 
>29-43 18 (23) 

Exposure to benzene concentrate 

Control Subjects 
(N = 165) 
No.(%) 

63 (38) 
60 (36) 
42 (25) 

77 (19) 
83 (21) 
81 (21) 
80 (20) 
74 (19) 

Not 28 (84) 163 (99) 
Yes 5 (16) 2 (1) 

Exposure intensity group based on highest benzene-exposed job (ppm) 
:50.I t 5 (15) 65 (39) 
>0.1-0.2 9 (27) 26 (16) 
>0.2-0.4 4 (12) 25 (15) 
>0.4-0.8 4 (12) 11 (7) 
>0.8-1.6 3 (9) 31 (19) 
>1.6-3.2 6(18) 6(4) 
>3.2 2 (6) I (I) 

*Adjusted for cumulative benzene exposure. 
tReference category. 
CI, confidence interval. 

Odds Ratio Adjusted Odds 
(95% CI) Ratio* (95% CI) 

1.0 1.0 
0.6 (0.2-1.9) 0.9 (0.3-3.2) 
0.4 (0.1-1.6) 1.0 (0.2-4.8) 

1.0 1.0 
1.2 (0.4-4.0) 0.7 (0.2-2.5) 
1.6 (0.4-5.5) 1.2 (0.3-5.4) 
1.0 (0.2-4.2) 0.4 (0.1-1.9) 
1.6 (0.4-6.8) 0.4 (0.1-2. 7) 

1.0 1.0 
12.5 (2.4-64) 6.3 (1.1-36) 

1.0 1.0 
3.9 (1.2-12.6) 1.2 (0.3-4.9) 
2.2 (0.5-9.4) 0.5 (0.1-3.2) 
6.6 (1.7-25.7) 0.6 (0.1-6.2) 
1.6 (0.4-6.7) 0.2 (0.0-2.0) 
5.6 (1.0-31.2) 0.4 (0.0-6.1) 

20.4 (1.6-270) 1.6 (0.1-38) 

lymphocytic leukemia because there were only 2 cases. Because 
there were relatively few cases of the leukemia subtypes, it was 
necessary to combine the 3 lowest exposure groups and the 2 
highest exposure groups. The ORs in the combined higher 
exposure group were raised relative to the combined lower 
exposure group for both chronic lymphocytic leukemia and 
acute nonlymphocytic leukemia. 

leum industry and an increased risk of leukemia. However, 
we did not find an association of benzene with multiple 
myeloma or non-Hodgkin lymphoma, which is consistent 
with previous findings.9

•
16

•
17 

DISCUSSION 
These data provide strong evidence for an association 

between previous benzene exposure in the Australian petro-

In our data, leukemia seems to be associated with lower 
cumulative exposures than has been observed in other stud
ies. The estimated cumulative exposures were generally sim
ilar to those reported for other petroleum industry studies, 
except that the most highly exposed subjects in our study had 
cumulative exposures of less than 60 ppm-years, whereas 
those in other studies were as high as 220 ppm-years.27

•
28 
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TABLE 6. Association of Leukemia Subtype With Cumulative Benzene Exposure From 
Conditional Logistic Regression Analysis 

Leukemia Subtype 

Cumulative Lifetime Benzene ANLL CLL CML 
Exposure (ppm-years) (N = 11) (N = 11) (N = 6) 

:54* 1.00 1.00 1.00 

>4-8 0.52 (0.05-5.0) 2.76 (0.42-18.1) 

>8 7.17 (1.27-40.4) 4.52 (0.89-22.9) 0.91 (0.08-9.8) 

*Reference category. 
ANLL, acute nonlymphocytic; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia. 
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It has been suggested that there might be no increased 
risk at cumulative exposures below 200 ppm-years9 or inten
sity of less than 20-60 ppm. 10 In a recent large cohort study 
of Chinese workers, the relative risk for all hematologic 
neoplasms was 2.2 (95% CI = 1.1-4.2) for workers exposed 
to benzene at estimated average levels of less than 10 ppm. 11 

Over a working lifetime this could amount to a cumulative 
exposure of up to several hundred ppm-years. In our study, 
the risk of leukemia was increased at all cumulative expo
sures above 1 ppm-year, with a strong exposure-response 
relationship. There was no evidence of a threshold. 

Leukemia risk in the highest exposure category was 98 
(95% CI = 8.8-1090). Combining the 2 highest cumulative 
exposure groups resulted in an OR of 11.3 (95% CI = 
2.85-45.1). This is considerably higher than that observed in 
a similar petroleum industry study,28 which found an OR of 
2.11 (95% CI = 0.01-138) for leukemia for those in the 
highest quartile of exposure (8-220 ppm-years). In a similar 
study,27 the leukemia OR was 2.13 (95% CI = 0.90-5.03) for 
those in the highest quintile of exposure (>4.79 ppm-years). 
In our study, the matched OR for those exposed to greater 
than 4.79 ppm-years was similar at 2.51 (95% CI= 1.1-5.7). 

We found a positive association of benzene exposure 
with both acute nonlymphocytic leukemia and chronic lym
phocytic leukemia. An association between acute nonlym
phocytic leukemia and benzene exposure has only been 
reported previously associated with exposures above 200 
ppm-years.9

•
16 In a U.K. petroleum industry study,27 the risk 

of acute myeloid and monocytic leukemia did not increase 
with cumulative exposure when analyzed as a continuous 
variable. However, when categorized into discrete ranges, an 
odds ratio of 2.8 (95% CI = 0.8-9.4) was found for a 
cumulative exposure of 4.5-45 ppm-years.27 

There are a number of possible confounders, including 
tobacco and alcohol consumption and exposure to other 
chemicals and radiation. Tobacco and alcohol were not con
founding factors in our data. Workers in the petroleum 
industly are exposed to a wide range of aliphatic and aromatic 
hydrocarbons found in or derived from crude oil, ranging 
from natural gas (methane) to bitumen. Known carcinogenic 
exposures include sunlight, polycyclic aromatic hydrocar
bons, asbestos, and possibly other insulating materials. A 
few, mainly older, workers have had exposure to paint, and 
some workers in the lubricating oils operations had exposure 
to white spirit (Stoddard Solvents), methyl ethyl ketone, and 
toluene. The subjects include some laboratory workers who 
have had exposure to a number of laboratory reagents. 

In 1996, a comprehensive review of risk factors for 
leukemia concluded that the only confiimed occupational risk 
factors were exposure to benzene, radiation, and some retro
viruses. There is some inconsistent evidence for leukemo
genic potential from some pesticides, styrene and butadiene 
manufacturing, and ethylene oxide.29 We consider it unlikely 
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that subjects in this study were occupationally exposed to 
retroviruses or these other agents. Some workers employed in 
the petroleum extraction, refining, and distribution industries 
might have used x-ray machines in laboratories or pipe 
surveys, but the sources are thought to have been well 
shielded. 

The present study has a number of strengths and weak
nesses. The diagnoses of the cases were well established. 
However, the study was based on a relatively small number79 

of lympho-hematopoietic cancer cases, including 33 leuke
mias of which there were only 11 acute nonlymphocytic 
leukemias and only 11 chronic lymphocytic leukemias. This 
limits the power of the study to detect excess risks for 
leukemia subgroups, particularly when we stratified the sub
jects by exposure. 

The cases were individually age-matched to control 
subjects, and both were drawn from the same prospective 
cohort of workers in the Australian petroleum industry. The 
cohort has been followed for 20 years with serial identifica
tion of jobs, smoking habits, and health status. Only 10 of the 
474 subjects (2%) had incomplete job histories. Relatively 
few subjects in the cohort (6%) have been lost to follow up,21 

and vital status was confirmed every 5 years; thus we are 
confident that the control subjects were selected from an 
appropriate risk set. 

We estimated the subjects' exposure to benzene quan
titatively, on an individual basis, with an algorithm based on 
a substantial body of exposure data from the Australian 
petroleum industry. 25 The exposure assessment method was 
validated,26 but there are always uncertainties and unknown 
sources of variation in retrospective exposure assessments. 
Between-worker variation in exposure measurements, result
ing from personal factors such as individual work practice, 
was not included in the exposure assessment reported here. 
There was also uncertainty about exposures before 1975 
because jobs have changed over the years, but the available 
exposure data used in the algorithm postdated this period. 
However, the Health Watch cohort is relatively recent com
pared with other similar studies in which jobs held before 
1920 were assessed. 27

•
28 Most of the subjects in our case

control study started work after 1965; the earliest start date 
was 1941. This means that jobs have changed less in our 
study, and for most jobs we were able to identify changes by 
interviewing contemporary coworkers. These individuals did 
not have to recall far distant exposure conditions so their 
uncertainty was reduced. 

For 33 cases, including 13 leukemia cases, the complete 
job histmy was obtained after lympho-hematopoietic cancer 
diagnosis. These cases provided infonnation after diagnosis, 
about jobs held before 1975, thus introducing some potential 
for recall bias. These subjects' job histories were constructed 
from the infonnation gathered during the Health Watch 
surveys and from company records. This was then sent to the 
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subject for cross-checking. However, the high degree of 
agreement with the company records suggests that the self
reported job histories were reasonably accurate and that 
possible recall bias was low. For the remaining 46 cases, 
either the complete job history was obtained before diagnosis 
or only the company job history was used because, for 
example, the case died before the complete job history col
lection. 

All smoking and drinking data were collected before 
individual diagnoses, thereby avoiding a potential cause of 
recall bias. 

The benzene exposure assessments were catTied out 
without any knowledge of the names and health status of the 
subjects to reduce observer bias. Detailed information on the 
circumstances of the exposure was provided, usually by 
contemporary work colleagues of the cases and control sub
jects. Some of the site interviewees might have been able to 
identify the subjects but were instructed not to reveal their 
names or health status to the interviewer. This could have 
given rise to some recall bias, because more effort might have 
been applied to recalling the tasks with benzene exposure for 
some of the cases because the connection between benzene 
exposure and lympho-hematopoietic cancer is widely known 
within the industry. However, it is unlikely that the employ
ees would distinguish between the risk from benzene expo
sure of different cancers (leukemia compared with multiple 
myeloma or non-Hodgkin lymphoma). Our finding of in
creased risk specifically for leukemia but not for multiple 
myeloma or non-Hodgkin lymphoma suggests that recall and 
observer biases do not affect our main results. 

It is unlikely that the baseline comparison group was 
incorrectly defined because this was a nested case-control 
study with the control subjects selected from the cohort 
matched by age. However, misclassification of only a few 
cases from the baseline group into higher exposure groups 
could markedly distort the exposure-response relation. Al
though the lowest exposed group contained many office 
workers, there is no str·ong socioeconomic gradient for risk of 
leukemia and the analysis of smoking suggested that this was 
not a confounding exposure. If there was a strong bias in the 
exposure estimates leading to differential misclassification, 
this should have affected the results for multiple myeloma 
and non-Hodgkin lymphoma as well; the questionnaire re
spondents would have been unlikely to draw a distinction 
between one form of hematopoietic cancer or another. The 
fact that no association was found between multiple myelo
ma/non-Hodgkin lymphoma and benzene exposure suggests 
that such bias, if present, was small. We cannot rule out the 
possibility that some bias was introduced in gathering the 
occupational histories, although such an effect would pre
sumably be small. If such bias occmTed, it could not explain 
the association between leukemia and benzene exposure that 
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was found, but might have exaggerated the exposure-risk 
relationship and hidden a low-exposure threshold. 

In summary, these data demonstrate a strong associa
tion between benzene exposure and the risk of acute and 
chronic leukemia. No association was found between ben
zene and non-Hodgkin lymphoma or multiple myeloma, or 
between any of the cancers and tobacco or alcohol consump
tion. The excess risk of leukemia was associated with lower 
cumulative exposures and lower exposure intensity than have 
been observed in other studies. We found no evidence of a 
threshold cumulative exposure below which there is no risk. 

ACKNOWLEDGMENTS 
We acknowledge the work carried out by the Health 

Watch team at Melbourne University and lately at Adelaide 
University and the petroleum industry occupational hygien
ists. We also thank Julianna O'Keefe of Monash University 
for recordkeeping and Alison Street of the Alfred Hospital 
who reviewed the diagnoses for several of the cases in the 
study. Finally, we thank the many retirees and current em
ployees from all participating companies who freely an
swered the lengthy questionnaires. 

REFERENCES 
I. Wallace LA. Environmental exposure to benzene: an update. Environ 

Health Perspect. 1996;104:1129-1136. 
2. International Agency for Research on Cancer. !ARC Monograph 011 the 

Evaluation of the Carcinogenic Risk of Chemicals: Some Industrial 
Chemicals and Dyestuffs, vol 29. Lyon, France: !ARC; 1982:93-148. 

3. Austin H, Delzell E, Cole P. Benzene and leukemia: a review of the 
literature and a risk assessment. Am J Epidemiol. 1988;127:419-439. 

4. Savitz DA, Andrews KW. Review of epidemiologic evidence on ben
zene and lymphatic and hematopoietic cancers. Am J Jndust Med. 
1997;3 l :287-295. 

5. Infante PF, Rinsky RA, Wagoner JK, et al. Leukemia in benzene 
workers. lancet. 1977;2:76-78. 

6. Rinsky RA, Young RJ, Smith AB. Leukemia in benzene workers. Am J 
Jndust Med. 1981;2:217-245. 

7. Brett SM, Rodricks JV, Chinchilli VM. Review and update of leukemia 
risk potentially associated with occupational exposure to benzene. En
viron Health Perspect. l 989;82:267-281. 

8. Lamm SH, Walters AS, Wilson R, et al. Consistencies and inconsisten
cies underlying the quantitative assessment of leukemia risk from 
benzene exposure. Environ Health Perspect. 1989;82:289-297. 

9. Wong 0. Risk of acute myeloid leukaemia and multiple myeloma in 
workers exposed to benzene. Occup Environ Med. 1995;52:380-384. 

10. Schnatter RA, Nicolich MJ, Bird MG. Determination of leukemogenic 
benzene exposure concentrations: refined analyses of the Pliofilm cohort. 
Risk Anal. 1996;16:833-840. 

11. Hayes RB, Yin S-N, Dosemeci M, et al. Benzene and the dose-related 
incidence of hematologic neoplasms in China. J Natl Cancer Inst. 
1997;89: 1065-1071. 

12. Wong 0, Raabe GK. Cell-type specific leukemia analyses in a combined 
cohort of more than 208, 000 petroleum workers in the United States and 
the United Kingdom 1937-1989. Regul Toxicol Pharmacol. 1995;21: 
307-321. 

13. Infante PF. Benzene and leukaemia: cell types, latency and amount of 
exposure. In: Jmbriani M, Ghittori S, Pezzagno G, et al., eds. Advances 
in Occupational Medicine and Rehabilitation. Fondazione Salvatore 
Maugeri Edizioni: Pavia 265;1995:107-120. 

© 2003 Lippincott Williams & Wilkins 

Copyright© Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.  
011825



Epidemiology • Volume 14, Number 5, September 2003 

14. Infante PF. State of the science of carcinogenicity of gasoline with 
particular reference to cohort mortality study results. Environ Health 
Perspect. 1993;101:105-109. 

15. Goldstein BD. Is exposure to benzene a cause of human multiple 
myeloma? Ann N Y Acad Sci. l 990;609:225-234. 

16. Bergsagel DE, Wong 0, Bergsagel PL, et al. Benzene and multiple 
myeloma: appraisal of the scientific evidence. Blood. 1999;94: 1174-
1182. 

17. Wong 0, Raabe GK. Non-Hodgkin's lymphoma and exposure to ben
zene in a multinational cohort of more than 308,000 petroleum workers, 
1937 to 1996. J Occup Environ Med. 2000;42:554-568. 

18. Health and Safety Executive. Occupational Exposure Limits EH40/ 
2000. HSE Books; 2000. 

19. European Community. European Directive 901394/EEC, Annex Ill on 
the Protection of Workers From the Risks Related to Exposure to 
Carcinogens at Work, as Amended by Council Directive 97142/EC. 
1997. 

20. ACGIH. Threshold Limit Values for Chemical Substances and Physical 
Agents and Biological, Exposure Indices. Cincinnati: ACGIH; 2001. 

21. Bisby JA, Adams GG. Health Watch Tenth Report. The University of 
Melbourne; 1999. 

22. Bennett J, Catovsky D, Daniel M. Proposals for the classification of the 
acute leukaemias. French-American-British (FAB) co-operative group. 
BrJ Haematol. 1976;33:451-458. 

23. Armstrong TW, Pearlman ED, Schnatter RA, et al. Retrospective ben-

© 2003 Lippincott Williams & Wilkins 

Leukemia Risk Associated With Low-Level Benzene Exposure 

zene and total hydrocarbon exposure assessment for a petroleum mar
keting and distribution worker epidemiology study. Am Ind Hyg Assoc J. 
1996;57:333-343. 

24. Lewis SJ, Bell GM, Cordingley N, et al. Retrospective estimation of 
exposure to benzene in a leukaemia case-control study of petroleum 
marketing and distribution workers in the United Kingdom. Occup 
Environ Med. 1997;54:167-175. 

25. Glass DC, Adams GG, Manuell RW, et al. Retrospective exposure 
assessment for benzene in the Australian Petroleum Industry. Ann Occup 
Hyg. 2000;44:301-320. 

26. Glass DC, Gray CN, Adams GG, et al. Validation of exposure estimation 
for benzene in the Australian petroleum industry. Toxicol lndust Health. 
2001;!7:113-127. 

27. Rushton L, Romaniuk H. A case-control study to investigate the risk of 
leukaemia associated with exposure to benzene in petroleum marketing 
and distribution workers in the United Kingdom. Occup Environ Med. 
1997;54:152-166. 

28. Schnatter RA, Armstrong TW, Nicolich MJ, et al. Lymphohaemo
topoietic malignancies and quantitative estimates of exposure to benzene 
in Canadian petroleum distribution workers. Occup Environ Med. 1996; 
53:773-781. 

29. Linet MS, Cartwright RA. The leukemias. In: Schottenfeld D, Fraumeni 
JF, eds. Cancer Epidemiology and Prevention. Oxford: Oxford Univer
sity Press; 1996. 

577 

Copyright© Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.  
011826



United States Department of State 12.1 

Reference: Keystone XL Project 

Risk Analysis 

Request: 

DOS recently received a copy of a report that questions the validity of the risk analysis for the 
proposed Keystone XL Project that is summarized in the Section 3.13 of the supplemental draft 
EIS and included, in part, in Appendix P to the draft EIS. The undated report, Analysis of 
Frequency, Magnitude and Consequence of Worst-Case Spills From the Proposed Keystone 
XL Pipeline, was prepared by John Stansbury, Ph.D., P.E. DOS requests that Keystone provide a 
response to that report, indicating whether or not the author has accurately portrayed the 
Keystone risk analysis, whether or not the author has made valid assumptions regarding the 
analysis of risk included in the report, and any other responses that would assist DOS in 
comparing the information in the report to the risk analysis submitted by Keystone. Please 
include in your response any clarification to the existing risk assessment that may be required to 
adequately address valid concerns (if any) raised in the Stansbury report. 

Response Part A: 

An initial response to the Stansbury Report was previously provided to DOS. That response is 
repeated below. It is supplemented with the information in Response Part B. 

The Stansbury/Friends of the Emih Repo1i (Stansbury Report) attempts to build on a foundation 
of inaccurate assumptions that lead to greatly exaggerated estimates of releases of oil and 
consequences. This is simply the latest case of oppmiunistic fear-mongering, dressed up as an 
academic study. 

The Keystone Pipeline system is subject to comprehensive pipeline safety regulation under the 
jurisdiction of the U.S. Department of Transportation, Pipeline and Hazardous Materials Safety 
Administration (PHMSA). As the recent State Department Supplemental Draft Environmental 
Impact Statement (SD EIS) recognizes, PHMSA is responsible for protecting the American 
public and the environment by ensuring the safe and secure movement of hazardous materials to 
industry and consumers by all transportation modes, including pipelines. To protect the public 
and environmental resources, Keystone is required to construct, operate, maintain, inspect, and 
monitor the pipeline in compliance with the PHMSA regulations at 49 CPR Part 195, as well as 
relevant industry standards and codes. These regulations specify pipeline material and 
qualification standards, minimum design requirements, required measures to protect the pipeline 
from internal, external corrosion, and many other aspects of safe operation. 

Above and beyond the PHMSA regulations, Keystone has agreed to comply with 57 additional 
Special Conditions developed by PHMSA for the Keystone XL Project. Keystone has agreed to 
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incorporate these conditions into its design and construction, and its manual for operations, 
maintenance, and emergencies required by 49 CFR 195.402. These 57 Special Conditions are 
attached as Appendix C to the SDEIS. 

PHMSA and the State Department took these 57 Special Conditions into account in the SD EIS. 
It is significant to note the finding in the SD EIS with respect to these conditions: 

Incorporation of those conditions would result in a Project that would have a degree of safety 
over any other typically constructed domestic oil pipeline system under current code and a 
degree of safety along the entire length of the pipeline system similar to that which is required in 
High Consequence Areas (HCAs) as defined in 49 CFR 195.450. (SDEIS p. 2-9) 

Based on an initial review, below are some of the major mistakes and misrepresentations in the 
Stansbury Report. 

1. Stansbury Report Mistake: "River crossings are especially vulnerable," going on to 
describe "the pipeline is more susceptible to corrosion because it is below ground and 
pressures are relatively high." 

The Facts: Keystone XL Pipeline is not vulnerable at river crossings; document referenced 
in report does not suggest it is. 

Background: The Summary report states (p. 2) that that "River crossings are especially 
vulnerable," going on to describe that here "the pipeline is more susceptible to corrosion because 
it is below ground and pressures are relatively high." 

In the corresponding section of Professor Stansbury's full report, headed "Most Likely Spill 
Locations" (p. 6), the author states that adjacent to rivers, "the pipeline is susceptible to high 
rates of corrosion because it is below ground (DNV, 2006)." (Note that there is no reference in 
this section of the report to the additional claim in the Summary that at river crossings "pressures 
are relatively high.") 

Nowhere in the 2006 DNV document cited is there any suggestion that buried pipe at river 
crossings is more vulnerable to corrosion than any other portion of the buried pipeline. Nor is 
there any support for the statement in the summary about relative operating pressure at river 
crossings increasing susceptibility to corrosion. 

The only statement in the DNV report remotely related to this unfounded assertion is this: "The 
Keystone Pipeline is being designed to consist entirely of below ground pipe except within Pump 
Station fence lines. Sections of the pipeline below ground were considered to be more likely to 
incur corrosion than above ground sections." 

Fmiher, the statement in the DNV report was made within a section that highlights special 
measures Keystone will employ to eliminate risk of external corrosion. Keystone employs an 
approach to corrosion protection that has vi1iually eliminated failure due to external corrosion in 
the 30-plus years it has been in use. It includes fusion bond epoxy coating (FBE) coupled with 
active cathodic protection, which places a small current on the pipe preventing loss of metal due 
to corrosion. Keystone also will be inspected more frequently than standard regulations require, 
to ensure the effectiveness of this system. 
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Relative to other failure modes at river crossings, such as flooding or increased river flows 
scouring the river bottom or banks and exposing the pipe and making it vulnerable to damage or 
breakage, Keystone will utilize the horizontal directional drill (HDD) crossing method that 
places the pipe 25 feet or more below the river bottom at locations where scour is considered a 
potential threat. Other measures at river crossings further reduce the likelihood of failure. For 
instance, each of the river crossings mentioned in the report (Yellowstone, Missouri, Platte) will 
be installed using the HDD method and will utilize heavy-walled pipe with sacrificial abrasion
resistant coating applied over the FBE to further ensure the protective capability of the coating. 
These measures make these locations among the least likely for a release on the entire pipeline. 

2. Stansbury Report Mistake: The report incorrectly asserts that TransCanada ignored 
23% of statistical pipeline failures (pp. 1, 4). 

The Facts: TransCanada's analysis accurately represents historical data and does not 
overlook 23% of incidents as claimed 

Background: The report incorrectly asserts that TransCanada ignored 23% of statistical pipeline 
failures (pp. 1, 4). In pati because the PHMSA data does not identify the cause for 23% of 
pipeline incidents, TransCanada used a more detailed assessment of causes of historical pipeline 
incidents, evaluating Keystone against each of these threats to establish an accurate risk profile. 
The applicable threats to the pipeline were determined using established pipeline industry 
standards ASME B31.8S and API 1160. This fact was noted within the DNV repoti itself: 

"It should be noted that the factors are similar but not identical to the U.S. Department of 
Transpmiation Office of Pipeline Safety (OPS) categories of failure (e.g., third pa1iy 
harm)." (DNV 2006, p. 3) 

3. Stansbury Report Mistake: TransCanada "arbitrarily assigned a drain-down factor" for 
the pipeline 

The Facts: TransCanada estimates of volume released - arbitrarily adjusted in the 
Stansbury Report - use results of a detailed study prepared by the California Fire Marshal 

In calculating how much oil might be released from a pipeline after it is secured and isolated, the 
author claims TransCanada "arbitrarily assigned a drain-down factor" for the pipeline (p. 9). Not 
noted, however, is that TransCanada' s methodology reflects not TransCanada' s judgment but 
rather the results of an independent assessment by the California Fire Marshal in its role as a 
regulator in California. The report is well known and respected among pipeline regulators and 
risk assessors. After labeling use of the California Fire Marshal figure for retained volume 
"arbitrary," it is ironic that the author goes on to say the factor "is likely too high" and cuts it in 
half with no fmiher justification. 

4. Stansbury Report Mistake: TransCanada's adjustment to risk factors are arbitrary and 
improper 

The Facts: TransCanada adjustments to risk factors are consistent with industry 
experience 
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Background: The Summary report states that "TransCanada arbitrarily and improperly adjusted 
spill factors" (p. 1 ). The full report written by Professor Stansbury is less strident, suggesting the 
adjustments are "probably not appropriate" (p. 4). 

The majority of pipeline infrastructure in North America was constructed many decades ago at a 
time when the materials, coating systems, and ongoing inspection capabilities that will be used 
for Keystone XL were not available. Studies show the benefits of these technologies in reducing 
pipeline incidents. For instance (as described in para. #1 above), the corrosion protection 
Keystone uses has virtually eliminated external corrosion as a cause of failure. Approximately 
two thirds of the pipelines in the US were constructed prior to 1970. It is therefore entirely 
appropriate to use an incident frequency for Keystone XL that is derived from pipelines of its 
class. To do otherwise would be like trying to estimate the gas mileage of a 2011 model car by 
using the average gas mileage of all cars built since the 1920s. 

This is corroborated by observations included in the SDEIS, including: 

"It is likely that both incident frequency analyses tend to overestimate the likely spill 
frequency of the proposed Project since both analyses rely on data that include incidents 
on older pipelines that would not be operated under the Project-specific Special 
Conditions developed by PHMSA and incorporated into the design, construction, 
operations, and maintenance plans for the proposed Project." (SD EIS, p. 3-98) 

Examples of measures taken by TransCanada to reduce risk on Keystone include: 

• External corrosion - Keystone employs an approach to corrosion protection that has 
virtually eliminated failure due to external corrosion in the 30-plus years it has been in 
use. It includes fusion bond epoxy coating and active cathodic protection, which places a 
small current on the pipe preventing loss of metal due to corrosion. Keystone has agreed 
to a special regulatory condition requiring the pipeline to be internally inspected with an 
instrumented device that monitors the pipe wall for anomalies. Any wall degradation due 
to corrosion would be detected and addressed prior to failure. (These requirements are 
covered by several PHMSA Special Conditions, including #9, 10, 11, 33, 35-39, 42, 53.) 

• External impact - Keystone will be buried at a deeper depth to minimize risk of external 
impact. In addition, pipe walls will exhibit greater puncture resistance and fracture 
control properties. Keystone will take additional steps to minimize risk of accidental 
excavation damage. (Required by PHMSA Special Conditions #7, 19, 40, 41, 48, 53, 
54). 

• Internal corrosion - Limit sediment and water content of oil shipped to 0.5%. Run 
cleaning tools twice per year in the first year and as necessary based on integrity analysis. 
Implement a crude oil monitoring and sampling program to ensure products transported 
meet specifications. Perform internal inspections at increased frequency. (Required by 
PHMSA Special Conditions #33, 34, 42, 53) 

• Mechanical defect - enhanced material requirements and QA/QC program as described 
in PHMSA Special Conditions #1, 2, 4, 5, 6, 8, 12, 22. 

5. Stansbury Report Mistake: The report erroneously relies on disproven assumptions on 
corrosivity of oil to be shipped. 
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The Facts: Independent analysis of oil sands derived crude oils has conclusively 
demonstrated that, below 450 degrees Fahrenheit, these oils are not corrosive to steel. 

Background: The Stansbury Report states Keystone is subject to higher failure rates due to 
corrosivity of oil to be shipped (p. 5). Independent analysis of oil sands derived crude oils has 
conclusively demonstrated that, below 450 degrees Fahrenheit, these oils are not corrosive to 
steel. The maximum operating temperature anywhere in the pipeline is 150 degrees. 
(Supplemental Draft EIS, Keystone XL, p. 3-112.) A recent independent assessment of crude oil 
quality by the firm Crude Quality Inc., including corrosion potential, has been completed and 
provided to the U.S. Depaiiment of State suppo1iing these findings. 

Keystone XL will ship a wide variety of crude oil types including conventional oil, shale oil, 
partially upgraded synthetic oil and oil sands derived bitumen blends. None of these crude types 
create a risk of destroying the pipeline from within and causing leaks. Furthermore these 
products have shipped and are currently being shipped across to the US via other cross-border 
pipelines from Canada. It would be an uneconomic business proposition to spend $13 billion 
dollars constructing a pipeline system that would be destroyed by the product it transported. 

6. Stansbury Report Mistake: The erroneously states that abrasive sediment in the crude 
oil will cause higher failure rates 

The Facts: The oil that will be shipped on Keystone XL "shall have no physical or 
chemical characteristics" that would damage or harm the pipeline. 

Background: Report states Keystone is subject to higher failure rates due to abrasive sediment (p. 
5). However, as clarified in the SDEIS, oil transported by Keystone must meet strict limits for 
sediment and water. (SDEIS, p. 3-116) 

Special Condition 34 (see Appendix C of this SD EIS) addresses the sediment and water 
content of the crude oil that would be transported by the proposed Project and states the 
following: 

"Internal Corrosion: Keystone shall limit basic sediment and water (BS&W) to 0.5% by 
volume and report BS& W testing results to PHMSA in the annual report." 

The FERC-approved tariff for transport of oil on the Keystone Pipeline system also requires that 
all oil to be shipped: 

"shall have no physical or chemical characteristics that may render such Petroleum not 
readily transportable by Carrier or that may materially affect the quality of other 
Petroleum transported by Carrier or that may otherwise cause disadvantage or harm to 
Carrier or the Pipeline System, or otherwise impair Carrier's ability to provide service on 
the Pipeline System." (SDEIS, Pp. 3-116.) 

7. Stansbury Report Mistake: The report erroneously states bitumen will sink, therefore 
"posing significant threat" to water resources. 

The Facts: The gravity of crude oils that Keystone XL would transport are less than the 
specific gravity of water. 
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Background: The repmt states bitumen will sink "posing significant threat" (p. 19). This issue 
was addressed in the SDEIS, which includes the following summary statement: "the specific 
gravity of the crude oils that would be transported on the proposed pipeline ranges from about 
0.85 to about 0.93, less than the specific gravity of water. These crude oils, therefore, tend to 
float on water. .. " (SDEIS, p. 3-104) 

8. Stansbury Report Mistake: The report suggests that TransCanada will cut back on 
monitoring and maintenance activities, causing increased risk in out years (p. 5). 

The Facts: Contrary to a suggestion in the Stansbury Report, monitoring and maintenance 
activities are a required condition of operation. 

Background: The report suggests that TransCanada will cut back on monitoring and maintenance 
activities, causing increased risk in out years (p. 5). However, the U.S. Code of Federal 
Regulations requires many of these monitoring and maintenance activities as a condition of 
operation. TransCanada has voluntarily committed to 57 additional safety conditions that include 
other enhanced monitoring and maintenance activities as additional conditions of continued 
operation. For instance, in order to continue to operate the pipeline, TransCanada must perform 
in-line inspection with a smart pig, conduct corrosion surveys, and perform valve inspections at 
specified frequencies - these are not discretionary. Additionally, TransCanada must meet 
requirements to patrol the pipeline every two weeks. 

In addition to regulatory requirements, continuing to invest in the safety of the pipeline makes 
sense from a business perspective. Paying for increased maintenance is built into TransCanada' s 
contracts with its shippers such that variable integrity spending costs are flowed through to the 
shippers. Additionally, the FERC rate allows the uncommitted toll to rise at a greater than 
inflation rate which allows for recovery of maintenance costs. There is therefore no financial 
incentive for TransCanada to cut back on monitoring and maintenance and a substantial financial 
penalty associated with leaks in the form of fines, cleanup costs, lawsuits and reputational 
damage. It is therefore not reasonable to suggest that TransCanada or another owner would 
increase their liability in order to reduce an expense that is flowed through to the customers. 

9. Stansbury Report Mistake: The report tries to suggest that because shutdown on another 
pipeline took longer, that increased time should be the new assumption on shutdown time 
(pp. 7-8). 

The Facts: Keystone time to shutdown has been accurately reflected in the risk analysis 
and is consistent with Keystone's record. 

Background: The Stansbury Repmt tries to suggest that because shutdown on another pipeline 
took longer, that increased time should be the new assumption on shutdown time (pp. 7-8). 
However, the author does not address the differences in system design and operating 
characteristics (including single phase flow in Keystone) that make it unlikely that Keystone 
operators would experience difficulty detecting a leak. Nor does he address industry information 
sharing nor the workings of the regulatory regime, both of which serve to make it unlikely that 
operational errors are repeated. 
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Additionally, Keystone has established its own operating record that demonstrates prompt 
reaction time to any indication of an operational abnormality. These response records align with 
the shut down times conveyed in Keystone's risk assessment report. 

10. Stansbury Report Mistake: Report suggests that enough oil to fill a dozen Olympic
sized swimming pools would go unnoticed in Nebraska (pp. 8-9). 

The Facts: The report's calculation of spill volume for "small" leak not credible because it 
ignores leak detection methodologies designed to detect low rate or seepage releases. 

Background: In assessing worst-case "small" leak, the Stansbury Report suggests that enough oil 
to fill a dozen Olympic-sized swimming pools would go unnoticed in Nebraska (pp. 8-9). The 
estimate ignores leak detection methodologies designed to detect low rate or seepage releases. 

As described below, Keystone will utilize a state-of-the-art integrated leak detection system. 
Real-time computerized systems can detect spills as low as 1.5 percent of throughput. In addition 
to surveillance and public reporting, Keystone will implement a non-real time mass balance 
procedure that can detect spills below 1.5 percent of throughput. 

Data from actual pipeline spills demonstrate that substantial leaks do not go undetected for long 
periods of time. Further, those spills that are not detected within the first 48 hours are typically 
relatively small. PHMSA records (2001 through 2009) indicate that the majority of spills are 3 
barrels or less, regardless of detection time. These data also indicate that the majority of spills are 
detected within 2 hours, with 99 percent of spills detected within 7 days. Of those spills not 
detected within the first 48 hours, the majority of spills were 15 barrels or less. In summary, 
large spills do not remain undetected for substantial periods of time. 

The pipeline will be monitored 24 hours a day, 365 days a year from the Operations Control 
Center (OCC) using a sophisticated Supervisory Control and Data Acquisition (SCADA) system. 
Keystone will utilize multiple leak detection methods and systems that are overlapping in nature 
and progress through a series of leak detection thresholds. The leak detection methods are as 
follows: 

• Remote monitoring performed by the OCC Operator 24/7, which consists of monitoring 
pressure and flow data received from pump stations and valve sites fed back to the OCC by 
the Keystone SCADA system. Remote monitoring is typically able to detect leaks down to 
approximately 25 to 30 percent of the pipeline flow rate. 

• Software-based volume balance systems that monitor receipt and delivery volumes. These 
systems are typically able to detect leaks down to approximately 5 percent of the pipeline 
flow rate. 

• Computational Pipeline Monitoring or model-based leak detection systems that break the 
pipeline into smaller segments and monitor each of these segments on a mass balance basis. 
These systems are typically capable of detecting leaks down to a level of approximately 1.5 
to 2 percent of pipeline flow rate. 

• Computer-based, non-real time accumulated gain/(loss) volume trending to assist in 
identifying low rate or seepage releases below the 1.5 to 2 percent by volume detection 
thresholds. 
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• Direct observation methods, which include aerial patrols, ground patrols, and public and 
landowner awareness programs that are designed to encourage and facilitate the reporting of 
suspected leaks and events that may suggest a threat to the integrity of the pipeline. 

The leak detection system will be configured in a manner capable of sending an alarm to the 
OCC operators through the SCADA system and also will provide the OCC operators with a 
comprehensive asso1iment of display screens for incident analysis and investigation. In addition, 
there will be a redundant, stand-by OCC to be used in case of emergency. 

Keystone also will have an Emergency Response Program (ERP) in place to respond to 
incidents. The ERP contains comprehensive manuals, detailed training plans, equipment 
requirements, resources plans, auditing, change management and continuous improvement 
processes. The Integrity Management Program (IMP) ( 49 CFR Part 195) and ERP will ensure 
Keystone will operate the pipeline in an environmentally responsible manner. 

11. Stansbury Report Mistake: The report relies on old claims that the emergency response 
plan for the Keystone pipeline is "woefully inadequate" 

The Facts: Contrary to assumptions in the Stansbury Report, the Emergency Response 
capability for Keystone XL will meet or exceed requirements. 

Background: The Stansbury Report relies on old claims that the emergency response plan for the 
Keystone pipeline is "woefully inadequate" (p. 3). This accusation was one of the items reviewed 
in detail in the SDEIS. 

"DOS and PHMSA have reviewed these hypothetical spill response scenarios prepared by 
Keystone and would also review a final ERP to be prepared by Keystone prior to startup of 
the proposed pipeline ... Based on its review of the hypothetical spill response scenarios, DOS 
considers Keystone's response planning appropriate and consistent with accepted industry 
practice." (SDEIS, p. 3-122) 

12. Stansbury Report Mistake: The report includes exaggerated descriptions of the 
physical extent of benzene. 

The Facts: The exaggerated claims in the report do not match any oil-spill experience; 
furthermore, benzene concentration in heavy oils Keystone will ship will be comparable to 
other heavy oils shipped in the U.S. and will generally be lower than benzene 
concentrations in lighter crudes and in refined products such as gasoline. 

Background: Benzene concentration in heavy oils Keystone will ship will be comparable to other 
heavy oils shipped in the U.S. and will generally be lower than benzene concentrations in lighter 
crudes and in refined products such as gasoline. 

Exaggerated descriptions of the physical extent of benzene in the Stansbury Report do not match 
any oil-spill experience. The report does not account for emergency response containment and 
cleanup. Examination of field data collected from large spills into rivers typically finds that 
concentrations of petroleum products become undetectable in a relatively short distance. For 
example, following a 10,000 barrel release in 2007 from the Coffeeville Refinery in Kansas into 
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the Verdigris River, the EPA found no detectable concentrations of petroleum products 20 miles 
downstream at the closest municipal water intake. 

13. Stansbury Report Mistake: The report claims TransCanada cut risk factors in half. 

The Facts: TransCanada reflected the results of industry studies regarding failure rates of 
pipe-related equipment, reducing by half the anticipated number of failures caused by 
material defect. 

Background: TransCanada assumed that its pipeline would be constructed so well that it would 
have only half as many spills as the other pipelines in service. Not true. Rather, TransCanada 
reflected the results of industry studies regarding failure rates of pipe-related equipment, 
reducing by half the anticipated number of failures caused by material defect. As discussed in 
item #4 above, measures that help achieve this performance are among the Special Conditions to 
which TransCanada has committed. 

Here is the statement from the TransCanada report: "A 50% reduction in the DOT leak 
frequency was applied to the entire pipeline because the U.S. portion of Keystone will consist of 
entirely new materials and be constructed to meet current standards and requirements." [DNV 
section 4.1.13, page 13] The statement occurs in a section of the DNV report describing risk of 
mechanical defect. Other risk factors are adjusted differently for above-ground and below
ground pipe for instance. 

14. Stansbury Report Mistake: The report suggests that releases at pump station sites 
means Keystone is using less reliable pipe. 

The Facts: None of the pump stations releases involved pipeline. 

Background: As of June 1, 2011 the Keystone pipeline has experienced fomieen (14) unplanned 
releases within pump/valve station facility sites, averaging 5-10 barrels each. None of these 
incidents have involved the pipeline itself. In two cases, nearby adjacent property was affected 
by spray. Otherwise, the incidents were contained within our pump station facility. Equipment 
has been replaced or repaired. In all cases, Keystone's operation personnel immediately isolate 
all releases and clean up and remediation efforts are employed to mitigate any effects to the 
environment. 

TransCanada meets or exceeds all notification and reporting requirements to all state and federal 
agencies. In many of these cases, reporting to regulatory agencies was not required due to the 
very small volume of these spills. TransCanada has taken a transparent approach to proactively 
report all spills to federal and state regulatory agencies regardless of volume. Pipelines are the 
safest method of transporting the oil that must be moved throughout No1ih America everyday. 
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Response Part B: 

Mr. Stansbury's document referenced above (the "Stansbury document") does not accurately 
pmiray the Keystone XL risk analysis nor has the author made valid assumptions regarding the 
analysis of the risk included in the report. The discussion below responds to a number of the 
points in the Stansbury document. 

1. The expected frequency of spills from the Keystone XL pipeline reported by 
TransCanada (DNV, 2006) was evaluated. (Stansbury document at p. 1) 

The DNV 2006 report is irrelevant to Keystone XL Pipeline Project. The Keystone XL pipeline 
project risk assessment is based on the Keystone XL Pipeline Project Risk and Consequence 
Analysis, April 2009 and Appendix A, Analysis of Incident Frequencies and Spill Volumes For 
Environmental Consequence Estimation for the Keystone XL Project, July 2009. 

2. The worst-case spill volume at the Hardisty Pumping Station was understated. 
(Stansbury document at pp. 1-2). 

The Hardisty Pump Station in Alberta Canada is irrelevant to the risk assessment for the US 
segments of the Keystone XL pipeline Project. Moreover, Stansbury's worst case spill estimates 
are based on incorrect assumptions, as discussed below. 

3. The primary difference between Stansbury's worst-case spill estimate and 
TransCanada's estimate is that TransCanada used 19 minutes as the expected time 
to shut down pumps and close valves (TransCanada states that it expects the time to 
be 11.5 minutes for the Keystone XL pipeline). Since a very similar pipeline recently 
experienced a spill (the Enbridge spill), and the time to finally shut down the 
pipeline was approximately 12 hours, and during those 12 hours the pipeline pumps 
were operated for at least 2 hours, the assumption of 19 minutes or 11.5 minutes is 
not appropriate for the shut-down time for the worst-case spill analysis. Therefore, 
worst-case spill volumes are likely to be significantly larger than those estimated by 
TransCanada. (Stansbury document at p. 2). 

Keystone has calculated the worst case discharge for the Keystone XL pipeline in accordance 
with 49 CFR §194.105. The Stansbury document suggests that, because shutdown on another 
pipeline took longer, that increased time should be used as the shut down time assumption for the 
Keystone XL Pipeline. Enbridge's pipeline was constructed in 1969, while Keystone XL 
Pipeline would be constructed in 2013 and would meet or exceed current regulatory standards. 
Stansbury does not take into account that the Keystone XL pipeline is instrumented at every 
mainline valve and has new, state-of-the-art leak detection and operator training systems that 
make it unlikely that Keystone operators would experience difficulty detecting a leak. Nor does 
he address industry information sharing or the workings of the regulatory regime, both of which 
serve to make it unlikely that alleged operational errors on one system are repeated on another 
system. 

In addition, Stansbury does not take into account the fact that worst case discharge is determined 
using a large leak that would be instantaneously detected by the leak detection system resulting 
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in immediate initiation of shut down procedures. Nonetheless, in determining its worst case 
discharge, Keystone conservatively assumed a 10 minute leak confirmation period, plus nine 
minutes for pump shut down, plus a 3 minute valve closure time, for a total of 22 minutes. 
While detection of a smaller leak may require additional confirmation time, the small volumes 
released would not approach worst case discharge amounts. For example, Keystone has 
experienced small leaks at pumping stations on the Keystone system which resulted in releases 
that were a fraction of the estimated worst case discharge volumes. Despite being small, these 
leaks were identified by the sophisticated leak detection system employed on the pipeline and 
appropriate shut down and isolation measures were initiated. It is incorrect to assume that there 
could be a small leak that remained undetected for an extended period of time, as suggested by 
the Stansbury document (see item 15). 

4. The worst-case spill volumes from the Keystone XL pipeline for the Missouri, 
Yellowstone, and Platte River crossings were estimated by Stansbury to be 122,867 
Bbl, 165,416 Bbl, and 140,950 Bbl, respectively. In addition, this analysis estimated 
the worst-case spill for a subsurface release to groundwater in the Sandhills region 
of Nebraska to be 189,000 Bbl (7.9 million gallons). (Stansbury document at p. 2) 

The results of the risk assessment for the Keystone XL pipeline are conservative as the largest 
spill on record from PHMSA records January 1986-May 2011 for large diameter hazardous 
liquid pipelines is 40,500 bbl of which 39,800 bbl was recovered. This occurred in 1991 on a 
1967 vintage pipeline. Spills greater than 10,000 barrels are uncommon, occurring in less than 
0.5 percent of all pipeline spills. Moreover, these estimates are based on incorrect assumptions 
regarding shut down times as outlined in response #3. 

5. The benzene released by the worst-case spill to groundwater in the Sandhills region of 
Nebraska would be sufficient to contaminate 4.9 billion gallons of water at 
concentrations exceeding the safe drinking water levels. This water could form a plume 
40 feet thick by 500 feet wide by 15 miles long. (Stansbury document at p. 2). 

This claim is unsupported and disproven by field studies throughout the US. The groundwater 
study (Newell and Connor 1998) summarized the results of four nationwide studies looking at 
groundwater plumes from petroleum hydrocarbon contamination. The results show that 
movement of petroleum hydrocarbons is very limited, moving 312 feet or less in 90 percent of 
the cases. The longest plume was approximately 3,000 feet in length. Therefore, if groundwater 
became contaminated, any plume would be expected to result in highly localized effects. 
Importantly, these limits tend to be independent of the rate of groundwater flow. In contrast, 
chemicals used in some industries and in agriculture, such as commercial solvents, such as PCE 
and TCE (tetrachloroethylene and trichloroethylene) and pesticides, have much greater mobility 
and environmental persistence when compared to oil and its constituents. 

6. Among numerous toxic chemicals that would be released in a spill, the benzene (a 
human carcinogen) released from the worst-case spill into a major river (e.g., 
Missouri River) could contaminate enough water to form a plume that could extend 
more than 450 miles. (Stansbury document at p. 2). 
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This claim is unsubstantiated and unsupported by actual field data nor does it account for 
containment and cleanup efforts by the operator that limit downstream movement. For example, 
reference is made to a 2007 spill in Coffeeville, Kansas that released I 0,000 barrels of crude oil 
that entered the flooded Verdigris River. EPA samples reported concentration of petroleum 
hydrocarbons to be below threshold limits at the first sampling point, located I2 downstream 
miles of the spill. In 2010, an Enbridge 30-inch pipeline ruptured, spilling I9,500 barrels of oil 
into the Kalamazoo River system. EPA repo1ts that contamination has been documented in 
localized areas within 30 miles of the spill's origin. These case studies demonstrate that actual 
contamination is much less than implied by the Stansbury document. 

7. In estimating spill frequency, TransCanada ignored historical data for spills from 
"other causes," which represents 23 percent of historical pipeline spills (Stansbury 
document at pp. 1, 4). 

In its failure frequency analysis, Keystone determined the threats that are actually applicable to 
the Keystone XL Pipeline by using the combination of variables in the Time Dependant, Stable 
and Time Independent categories listed in API I 1601 Section 8.7 and ASME B3 l.8S2

• Keystone 
then used the PHMSA data for the categories of incidents that are associated with these 
applicable threats. The data for "other causes" was not used because it consists of offshore 
pipeline, offshore platform, tankage, tankage piping and terminal incidents data that are not 
applicable to the Keystone XL Pipeline. Keystone did however consider spills at pumping and 
metering facilities in its analysis of the PHMSA data. 

8. In estimating spill frequency, TransCanada assumed that its pipeline would be 
constructed so well that it would have only half as many spills as the other pipelines 
in service. The modification of historical pipeline incident data to account for 
modern pipeline materials and methods is "probably" overstated for this pipeline. 
(Stansbury document at pp. 1, 46) 

The modification for modern materials and methods is fully appropriate. Based on the PHMSA 
incident database January I, I 986 through May 3 I, 20 I I, there are two (2) reported pipeline 
incidents on crude oil pipelines manufactured with high strength steel (grade X70 or higher) due 
to pipeline material and methods. This first incident was due to external corrosion and occurred 
in I 998 on a 1985 vintage pipeline. The second pipeline incident occurred on small diameter 
(24inch or less). This incident was due to electric flash resistance (ERW) pipe seam failure and 
occurred in 2007 on a 1998 vintage pipeline. As Keystone is a large diameter pipeline, its 
method of joining is double submerged arc welding (DSA W) and not ERW. Fmthermore, 

1 Section 8.7. In any risk assessment method, the likelihood is estimated using a combination of variables in 
categories such as the following: external corrosion, internal corrosion, third party damage, ground movement, 
design and materials, system operations 
2 ASME B3 l.8 S "Managing System Integrity of Gas Pipelines" classifies threats to pipelines in terms of "Time 
Dependant", "Stable" and "Time Independent" categories. Time Dependant Threats include: External Corrosion; 
Internal Corrosion; and, Stress Corrosion Cracking (SCC); Stable Threats include: Manufacturing Defects; Welding 
I Fabrication Related; and, Equipment Failure; and, Time Independent Threats include: Third Party I Mechanical 
Damage; Incorrect Operations, and Weather and Outside Force (Geotechnical) 
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Keystone will protect the pipeline from external corrosion using fusion bond epoxy (FBE) and a 
cathodic protection (CP) system. The combination of FBE and CP has proven effective over 
TransCanada's 30+ years of operation. Keystone implements 24 hour surveillance during pipe 
manufacturing and coating. Lastly, Keystone has implemented nine (9) specific material related 
conditions and will implement thirteen (13) construction method related conditions set forth in 
the PHMSA Special Condition Appendix C, over and above current regulations, which would 
ensure that Keystone is the safest pipeline built in No1ih America, thereby minimizing any 
potential for spills resulting from materials and construction methods. 

In order to establish the particular incident threats that would apply to the Keystone XL pipeline 
during its operational life, three key points were considered: 

• Keystone XL is a new construction project, developed with the benefit of TransCanada's 
more than 50 years of pipeline construction and operating experience; 

• The pipeline will be constructed and operated in accordance with comprehensive 
regulatory guidelines ( 49 CFR Part 195) and pipeline design standards (ASME B31.4), 
and; 

• At the time the risk assessment was prepared, Keystone had applied to PHMSA for a 
Special Permit to allow it to design, construct and operate the pipeline up to 80% of the 
steel pipeline's specified minimum yield strength (SMYS). The Special Permit 
application provided that Keystone would comply with a number of pipeline integrity 
conditions over and above the applicable PHMSA regulations and industry standards. 
This included the 51 conditions from the Special Permit 2006-26617 issued by PHMSA 
to TransCanada for the Keystone Pipeline Project in April 2007. Keystone included these 
conditions in the base design of the Keystone XL Project and recognized their impact in 
modifying historic failure frequency data in preparing the Risk Assessment. Subsequent 
to the completion and submittal of the Keystone XL Project Pipeline Risk Assessment 
and Environmental Consequence Analysis in April 2009, Keystone withdrew the Special 
Permit Application. Nonetheless, PHMSA ultimately developed and recommend that 
Keystone adopt 57 conditions over and above the applicable regulations and industry 
standards and in some cases exceeding the requirements of the 51 conditions listed in the 
Keystone Special Permit 2006-26617. Keystone agreed to adopt these conditions, which 
are set fo1ih in Appendix C of the Supplemental Draft EIS. Accordingly, the design 
assumptions underlying the failure frequency modifications remain conservative. 

Taking these factors into consideration, the applicable threats were determined using both the 
American Society of Mechanical Engineers (ASME) B3 l.8S Managing System Integrity of Gas 
Pipelines and American Petroleum Institute (API) 1160 Managing System Integrity of 
Hazardous Liquid Pipelines as guidance. These standards outline processes for pipeline operators 
which can be used to assess risks and make decisions about risks in operating pipelines in order 
to reduce both the number of incidents and the adverse effects of errors and incidents. Moreover, 
in view of Keystone's adoption of additional conditions beyond those taken into account during 
preparation of the Risk Assessment, the modifications to historic failure frequency data reflected 
in the 2009 Risk Assessment are actually even more conservative. 
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9. Keystone will operate the pipeline at higher temperatures and pressures and the 
crude oil that will be transported through the Keystone XL pipeline will be more 
corrosive than the conventional crude oil transported in existing pipelines, which 
tends to increase failure frequency. The diluted bitumen to be transported through 
the Keystone XL Pipeline will be significantly more corrosive and abrasive than 
conventional crude oil. (Stansbury document at pp.1, 4-5). 

Keystone has withdrawn its application to operate up to 80% SMYS thereby reducing its 
throughput and operating pressure. PHMSA Special Condition 15 provides that "under no 
circumstances may the pump station discharge temperatures exceed 150° Fahrenheit (°F) without 
sufficient justification that Keystone's long-term operating tests show that the pipe coating will 
withstand the higher operating temperature for long term operations, and approval from the 
appropriate PHMSA region(s)." 

The potential for internal corrosion (IC) to develop during transportation of oil sands derived 
crude oils due to sediment and solids is considered low. The following factors support the 
conclusion that the risk of corrosion from sediments and solids is low: 

• Keystone's tariff specifications group sediments/solids with water content. The tariff 
contains a restriction of 0.5% solids and water by volume. 

• "Solids and water" is comprised mostly of water, with solids typically at 5% of the 
solids/water content (reference www.crudemonitor.ca) 

• Keystone will utilize a number of operating measures that will minimize solids in the 
pipeline: 

o periodic cleaning 

o turbulent flow operating regime 

o sediments are benign at the pipeline's proposed operating temperature (not to 
exceed 150°F per PHMSA Special Condition 15) 

PHMSA Special Condition 34 requires Keystone to limit basic sediment and water (BS& W) to 
0.5% by volume and repo1i BS&W testing results to PHMSA annually. Keystone must run 
cleaning pigs twice in the first year and as necessary in succeeding years based on the analysis of 
oil constituents, liquid test results, and weight loss coupons in corrosion threat areas. At a 
minimum, in years after the first year, Keystone must run cleaning pigs once per year, at 
intervals not to exceed 15 months. Liquids collected during the pig runs, including BS&W, must 
be sampled, collected, and analyzed and internal corrosion plans must be developed, based on 
lab test results. This mitigation plan will be incorporated in the Keystone XL Integrity 
Management Plan and must be reviewed at least quarterly based upon crude oil quality. 
Keystone will also monitor and implement adjustments for the presence of deleterious crude oil 
stream constituents as per the PHMSA Special Conditions. 

Fmihermore, an independent analysis performed by Crude Quality Inc of oil sands derived crude 
oils has conclusively demonstrated that, below 450 degrees Fahrenheit, the oil sand crude oils are 
not corrosive to steel.3 

In addition, the Energy Resources Conservation Board of Alberta issued a statement on February 

3 CAPP Response to US DOS re Keystone XL 
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16, 2011 stating "the ERCB can identify only three spills resulting from internal corrosion 
between 1990 and 2005 (and only eight from 1975 to 2010) [for Alberta pipelines]. The resulting 
average failure frequency for the grouping of crude oil pipelines from 1990 to 2005 is thus 0.03 
per 1000 km per year. This is significantly lower than the U.S. rate quoted in [a recent Natural 
Resources Defense Council] study of 0.08 per 1000 km per year."4 The ERCB stated further 
that: 

Analysis of pipeline failure statistics in Alberta has not identified any significant 
differences in failure frequency between pipelines handling conventional crude 
versus pipelines carrying crude bitumen, crude oil or synthetic crude oil. Diluent 
by nature is a lower viscosity, higher-vapour pressure solvent. It could then be 
considered to be more "volatile" in its natural state, as it consists of lighter end 
hydrocarbons. However, when blended with bitumen, the resulting blend is a 
"new" product consisting of thinned bitumen that more closely resembles 
conventional crude products. Once mixed with diluent, Di!Bit should behave in 
much the same manner as other crude oils of similar characteristics. In 
conventional oils sands processing, sulphur is removed during processing, as well 
as water (which is a primary concern in regards to corrosivity). The tariff 
specification for the Keystone XL project, for example, is virtually the same in 
regards to water content and solids contents as that specified for other heavy oil 
pipelines, thus there is no reason to expect this product to behave in any 
substantially different way than other oil pipelines. It should also be noted that 
pipelines in Alberta have never been safer. In 2009, Albe1ia posted a record-low 
pipeline failure rate of 1.7 pipeline failures per 1,000 km of pipeline (considering 
all substances), bettering the previous record-low of 2.1 set in both 2008 and 
2007."5 

10. Although pipeline technology has improved, new pipelines are subject to 
proportionately higher stress as companies use this improved technology to 
maximize pumping rates through increases in operational temperatures and 
pressures, rather than to increase safety margins. (Stansbury document at p.5) 

Keystone XL pipeline is design in accordance with 49 CFR §195.106 and ASME B31.4. The 
federal regulation limits the pipeline's operating stress to no more than 72% of the pipeline steel 
material's specified minimum yield strength. Operating temperature is addressed in Item 9 
above. 

11. TransCanada relies on "soft" technological improvements which require an on
going commitment to monitoring and maintenance resources and which should not 
be assumed to be constant over the projected service life of the pipeline, and are 

4 ERCB ADDRESSES STATEMENTS IN NATURAL RESOURCES DEFENSE COUNCIL PIPELINE SAFETY 
REPORT February 16, 2011 
5 ERCB ADDRESSES STATEMENTS IN NATURAL RESOURCES DEFENSE COUNCIL PIPELINE SAFETY 
REPORT February 16, 2011 
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subject to an ongoing risk of error in judgment during operations. (Stansbury 
document at p.5). 

The PHMSA regulations at 49 CFR Part 195 require many of these monitoring and maintenance 
activities as a condition of operation. Keystone has voluntarily committed to 57 additional safety 
conditions that include other enhanced monitoring and maintenance activities as additional 
conditions of continued operation. For instance, in order to continue to operate the pipeline, 
Keystone must perform in-line inspections, conduct corrosion and depth of cover surveys, and 
perform valve inspections at specified frequencies - these are not discretionary. Additionally, 
Keystone must patrol the pipeline 26 times per year, at intervals not to exceed three weeks. 

In addition to regulatory requirements, continuing to invest in the safety of the pipeline makes 
sense from a business perspective. Paying for increased maintenance is built into Keystone's 
contracts with its shippers such that variable integrity spending costs are flowed through to the 
shippers. Additionally, the FERC rate allows the uncommitted toll to rise at a greater than 
inflation rate which allows for recovery of maintenance costs. There is therefore no financial 
incentive for Keystone to cut back on monitoring and maintenance and a substantial financial 
penalty associated with leaks in the form of fines, cleanup costs, lawsuits and reputational 
damage. It is therefore not reasonable to suggest that Keystone or another owner would increase 
their liability in order to reduce an expense that is flowed through to the shippers. 

12. The TransCanada spill frequency estimation consistently stated the frequency of spills 
in terms of spills per year per mile. This is a misleading way to state the risk or 
frequency of pipeline spills. Spill frequency estimates averaged per mile can be useful; 
e.g., for extrapolating frequency data across varying pipeline lengths. However, stating 
the spill frequency averaged per mile obfuscates the proper value to consider; i.e., the 
frequency of a spill somewhere along the length of the pipeline. (Stansbury document 
at p. 5). 

Keystone was transparent in its use of statistics, including where and how they were derived, 
how they were applied, and by expressing the potential risk in a variety of ways to promote 
greater understanding and clarity to a broad audience. Spill frequencies are expressed several 
ways throughout the document to facilitate comparison with other pipelines and modes of 
transport, and to promote project-specific understanding. As suggested, spill frequencies 
expressed as an average per mile facilitates comparison with pipelines of various lengths and to 
national averages, which are also expressed in this normalize expression of risk. Within the 
same sentence of expressing the average risk value in terms of incidents/per mile*year (page 3-
2), risk was immediately expressed in terms of risk for the whole pipeline over a 10-year period 
and as an occurrence interval for any single mile of pipe. This provides decision-makers 
multiple opportunities to understand spill risk and how it applies to the project as a whole as well 
as to an individual's piece of property. The risk assessment addresses risk specifically to the 
project as a whole and by pipeline segment (Table 3-1), providing an estimate of the number of 
spills that could occur over a ten-year period. The risk assessment also uses the spill frequency 
and historical spill volume data to estimate the potential frequency of different sizes of spills 
(Table 3-2). In Section 4 of the risk assessment, these same statistics are used to generate 
estimates of spill frequency and spill volumes in high consequence areas. 
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13. Likely failure points include welds, valve connections, and pumping stations. A 
vulnerable location of special interest along the pipeline system is near the side of a 
major stream where the pipeline is underground but at a relatively shallow depth. 
(Stansbury document at p. 6) 

Keystone is required to conduct non-destructive examination of 100% of the pipeline and pump 
station welds, in addition to a hydrostatic pressure test. (PHMSA Special Conditions 5, 8, 20, 
22). Furthermore, below-ground mainline valve connections are welded, hydrostatically tested 
and capable of inspection by an in-line inspection tool. Pump station infrastructure undergoes 
regular maintenance and inspection, piping and equipment is contained within property 
boundaries which are contained by berms. 

The Keystone XL pipeline is designed with a minimum depth of cover of 5 feet below the 
bottom of waterbodies including rivers, creeks, streams, ditches and drains for a depth normally 
maintained over a distance of 15 feet on each side of the waterbody measured from the top of the 
defined stream channel. The depth of cover may be modified by Keystone based on site specific 
conditions and in accordance with PHMSA Special Condition 19. The Project's depth of cover 
meets or exceeds the federal requirements noted in 49 CFR 195.248 of 48 inches for inland 
bodies of water with a width of at least 100 feet from high water mark to high water mark (for 
normal excavation, 18 inches for rock excavation) and PHMSA Special Condition 19 on depth of 
cover. Furthermore, major rivers will be crossed employing the horizontal directional drill 
(HDD) method, whereby the pipe is installed at a minimum of25 feet below the river bottom 
there by eliminating the potential for scour to affect the pipeline's integrity. HDD crossings also 
utilize pipe with a wall thickness of 0.748 inch and abrasion resistant coating applied over top of 
the FBE coating. 

14. An independent assessment of TransCanada's emergency response plans for the 
previously built Keystone pipeline was done by Plains Justice (Blackburn, 2010). 
This document clearly shows that the emergency response plan for the Keystone 
pipeline is woefully inadequate. Considering that the proposed Keystone XL 
pipeline will cross much more remote areas (e.g., central Montana, Sandhills region 
of Nebraska) than was crossed by the Keystone pipeline, there is little reason to 
believe that the emergency response plan for Keystone XL will be adequate. 
(Stansbury document at p. 3). 

Keystone is required to submit its emergency response plan for the Keystone XL Pipeline to 
PHMSA prior to commencing operations for review and approval. As contrasted with Mr. 
Blackburn, a lawyer, PHMSA has the professional and technical expertise necessary to perform 
an independent and competent evaluation of the adequacy of the emergency response plan. 
Significantly, as part of the State Department's review of the project, Keystone was required to 
present its approach to oil spill response under specific hypothetical spill scenarios to DOS and 
PHMSA. Based on review of Keystone's response to those scenarios, the SD EIS found that 
Keystone's spill response planning "is appropriate and consistent with accepted industry 
practice" (SDEIS p. 3-122). Moreover, PHMSA has already approved the emergency response 
plan for the Keystone Pipeline, which will serve as the model for the Keystone XL plan. 
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15. Slow leaks could go undetected for long periods of time (e.g., up to 90 days). (Stansbury 
document at p.7). 

While it is theoretically possible for a very small leak to go undetected for 90 days, data from 
actual pipeline spills demonstrate that substantial leaks do not go undetected for long periods of 
time. Further, those spills that are not detected within the first 48 hours are typically relatively 
small. PHMSA records (2001 through 2009) indicate that the majority of spills are detected 
within 2 hours, with 99 percent of spills detected within 7 days. Additionally given that leak 
occurrence is effectively random in time, if a patrol interval is fixed and equal to 14 days, then 
the time between leak occurrence and leak detection by patrol will range between zero days and 
14 days, and it can be shown through modelling that the average time between occurrence and 
detection will be equal to one-half of the patrol interval (i.e., 7 days). Furthermore, in the context 
of a risk assessment, where the consequences are weighted by probability of occurrence, the 
average time is the most appropriate value. 

16. Stansbury assumes a shut-down time of 2 hours for the worst case spill for a large 
leak (Stansbury document at p. 8). 

See response to Item number 3. 

17. Given the difficulty for operators to distinguish between an actual leak and other 
pressure fluctuations, the shut-down time for the worst case volume calculation should 
not be considered to be less than 30 minutes for a leak greater than 50 percent of the 
pumping rate. This would allow for 4 alarms (5 minutes apart) to be evaluated by 
operators and a 5th alarm to cause the decision to shut down. In addition, the time to 
shut down the systems (pumps and valves) would require another 5 minutes. The 
assumption that the decision to shut the pipeline down can be made after a single alarm, 
as is suggested by TransCanada (ERP, 2009) is unreasonable considering the difficulty 
in distinguishing between a leak and a pressure anomaly. (Stansbury report at p. 8). 

As noted in Item 3, Keystone allows for a 10 minute trouble shoot period to confirm ifthe alarm 
is a pressure fluctuation or an actual leak. This time period was incorporated into Keystone XL's 
worst case discharge calculation in addition to the pump shut down time and valve closure time. 
Keystone's OCC procedures require immediate shut down of the pipeline upon expiry of the 
trouble shoot period. Stansbury's assumption of four alarms, five minutes apart, bears no 
relationship to Keystone operating policies and procedures. 

18. TransCanada arbitrarily assigned a drain-down factor of 0.6 for the Keystone XL 
pipeline. Stansbury report at p. 9). 

Keystone's methodology incorporates the results of an independent assessment by the California 
Fire Marshal in its role as a regulator in California. The report is well known and respected 
among pipeline industry, regulators and risk assessors. 

19. Stansbury assumes a discovery and shut-down time of 14 days, which corresponds to 
the time between pipeline inspections. Stansbury document at p. 20). 
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See response to Item number 15. 

20. Stansbury states his estimated worst case releases for major river crossings (i) 
Missouri R.; (ii) Yellowstone R.; (ii) Platte R. (Stansbury document at pp.10-13). 

Stansbury's estimates for these major river crossings are grossly overstated. Based on actual 
elevation profile, spill calculation inputs and hydraulic engineering data the worst case 
discharges for these three rivers is less than 20 percent of the volumes stated by Stansbury. 

21. "Impacts to Air, Terrestrial Resources, Surface Water, Groundwater Resources 
(Stansbury document at pp. 14-23) 

Please refer to the Keystone XL Project Pipeline Risk Assessment and Environmental 
Consequence Analysis in April 2009. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

REBUTTAL TESTIMONY OF 
JEFF MACKENZIE 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following rebuttal 

testimony of Jeff Mackenzie. 

1. Please state your name and occupation. 

A. Jeff Mackenzie, Senior Emergency Preparedness and Response Specialist with 

TransCanada. 

2. Did you provide direct testimony in this proceeding? 

A. No. I'm a highly-skilled Senior Emergency Manager with more than 20 years ' 

experience in Emergency Management & Preparedness, Risk Management, Facilities and H&S. 

I have specialized knowledge in Emergency Services Management, EH&S Programs 

Development, Risk Management and Emergency Services Administration. A current copy of my 

resume is attached as Exhibit A. 
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3. To whose direct testimony are you responding in your rebuttal testimony? 

A. I am responding to the direct testimony of Richard Kuprewicz and Dr. Arden 

Davis. 

4. Mr. Kuprewicz's testimony (pg. 1) states "effective cleanup/remediation of ruptures 

into the rivers would be most unlikely, despite extensive and expensive efforts in this 

challenging terrain, and could be devastating to the state." Can you comment on this 

statement? 

A. While the likelihood of a release is very low, TransCanada takes full responsibility 

for emergency response and clean-up for any of the pipelines that we own and operate. 

TransCanada will assume the responsibility for managing spill events and will pay for 

remediating any environmental impact or for any property damage that may result from a spill. 

Section 1002 of the Oil Pollution Act of 1990 states that TransCanada is liable for: ( 1) certain 

specified damages resulting from the discharged oil; and (2) removal costs incurred in a manner 

consistent with the National Contingency Plan (NCP). Additionally, PHMSA regulations at 49 

CFR 194.115 require each operator to identify and ensure the resources necessary to remove a 

worst case discharge, to the maximum extent practicable, and to mitigate or prevent a substantial 

threat of a worst case discharge. This capability is demonstrated through the Keystone Pipeline 

System Emergency Response Plan. The Keystone Pipeline System Emergency Response Plan 

describes various techniques for containing spilled oil in water (e.g. deflection/diversion boom, 

containment boom). The Response Plan also describes the techniques used to recover spilled 

product using weir skimmers, oleophilic skimmers, and suction skimmers. These tactics are 

proven to be the most effective means to recover spilled product, and TransCanada has access to 

{01 973 170.1} {01 973 170.1) 

2 

011851



all of the resources required to employ these tactics through internally owned equipment, trained 

company personnel , and contact resources. More detail specific to emergency response in rivers 

is provided in response to Question 9 herein. 

TransCanada has extensive, recent experience working in challenging terrain where site 

access was challenging. In those instances, TransCanada proved it has ability to gain access and 

appropriately respond. For example, in 2013, TransCanada experienced a natural gas pipeline 

rupture in northern Alberta where swamp and muskeg made access to the site extremely 

challenging. TransCanada successfully responded to the incident by building roads with rig mats, 

using tracked vehicles to navigate swamps and sloughs, and employing heavy-lift helicopters to 

transport equipment to the isolated location. In addition, TransCanada is constructing pipelines 

in some of the most rugged mountains in Mexico. There, TransCanada has used winches and 

cable systems to transport personnel and equipment up and down steep, isolated, mountainous 

terrain. TransCanada has contractual agreements in place with helicopter companies in the 

United States having the ability to sling and lift emergency response equipment and resources 

into remote areas. 

In addition to challenging terrain, TransCanada is prepared to respond to emergencies in 

harsh climates and weather conditions. Since the Keystone Pipeline has been in service, 

TransCanada has conducted emergency response exercises in extremely cold weather allowing 

personnel to test such tactics as ice slotting for product containment under frozen waterways. 

Similarly, TransCanada has responded to actual emergencies in Canada where ambient 

temperatures were dangerously low; still TransCanada was able to respond safely in those 
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conditions, which are comparable to those experienced in western South Dakota during the 

winter season. 

5. Mr. Kuprewicz's testimony (pg. 2) references what he calls "past failures of [oil spill 

response] plans to be truly effective." Can you comment on this assertion? 

A. Oil spill response plans are developed by pipeline operators as required by 

PHMSA regulations at 49 CFR Section 194.115. PHMSA is the federal agency with the 

technical expertise to review the adequacy of these plans. To the extent Mr. Kuprewicz has 

concerns with the efficacy of oil spill response plans across the industry, that would be an issue 

to be addressed with PHMSA. 

The existing Keystone Pipeline System Emergency Response Plan was developed in 

accordance with 49 CFR Part 194. The Keystone ERP was reviewed and approved by PHMSA 

prior to Keystone commencing operations in 2010. Required Worst Case Discharge scenarios 

were calculated using the U.S. Coast Guard criteria. Using these figures , TransCanada identified 

and ensured, by contract or other approved means, the resources necessary to remove, to the 

maximum extent practicable, a worst case discharge and to mitigate or prevent a substantial 

threat of a worst case discharge. Keystone will augment the Keystone Pipeline System ERP to 

address these same issues along the route of the Keystone XL Pipeline. The augmented plan will 

be reviewed by PHMSA. 

In the course ofreviewing Keystone 's Presidential Permit application, the State 

Department (DOS) tendered a data request to Keystone in which it required Keystone to describe 

its response to two spill scenarios. These scenarios are presented in the excerpt from the August 

2011 Final Environmental Impact Statement, which is attached as Appendix A to my testimony. 
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DOS stated that Keystone 's response to these scenarios provided an opportunity to review the 

level of preparedness and foresight that would be in place relative to potential spills from the 

proposed Project. 

As stated in the FEIS, DOS and PHMSA reviewed these hypothetical spill response 

scenarios prepared by Keystone. Based on its review of the hypothetical spill response 

scenarios, DOS stated that it considers Keystone's response planning appropriate and consistent 

with accepted industry practice. 

6. Mr. Kuprewicz's testimony (pg. 2) states "An oil spill plan should also include 

dealing with a possible release in the critical Ogallala Aquifer." Can you comment on this 

statement? 

A. TransCanada will include the possibility of a release in the Ogallala Aquifer in the 

Emergency Response Plan for Keystone XL. As I have stated, the existing Keystone Pipeline 

System Emergency Response Plan will be augmented to include the risks and hazards associated 

with the Keystone XL route. Such risks and hazards include a release to groundwater, and the 

tactics for remediating this type of spill are already addressed in the Keystone Emergency 

Response Plan. Specifically, the following procedures and potential remediation techniques are 

included in the Keystone Emergency Response Plan: 

Procedures: 

• 
• 

• 

• 

Evaluate the topography and evidence of surface contamination . 
Establish containment, accounting for public safety, spill volume, terrain, and presence of 

surface water. 
Notify landowner and appropriate public agencies of potential groundwater 

contamination. 
Immediately retain an independent consultant with expertise in this area to evaluate 

impacts and remediation options. 
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• 

Consult with appropriate agencies regarding remediation, including water and soil 
cleanup levels, and need for groundwater monitoring. 

Notify and procure additional response equipment and personnel as necessary to address 
site-specific conditions. 

Remediation Techniques: 

• 
• 

• 

• 

• 

• 

Dig intercept trench down-gradient of release point. 
Line trench and stage vacuum truck to remove contaminated oil/water mixture . 
Excavate surface catchment up-gradient of the intercept trench and near leading edge of 

visible contamination. 
Excavate until contaminated soil is completely removed and clean soil is encountered or 

conditions prohibit continued digging. 
Line the catchment to limit or prohibit further groundwater contamination . 
Move vacuum truck from intercept trench to catchment to recover oil and/or oily water. 
Line drop down area to stage contaminated soil as excavated . 
Segregate waste streams to minimize later disposal. 
Based on anticipated release, stage temporary storage and additional vacuum trucks to 

ensure recovery efforts continue without interruption. 

Options for Long-term Remediation: 
•Air sparging 
•Vacuum extraction 
•Conventional pump and treat 
•Bio-slurping 
•Excavation 
•Enhanced biodegradation/bioremediation 
•Chemical addition/oxidation 
•Natural Attenuation 
•Enlist additional experts, as appropriate, for continuing remediation and 

coordination with appropriate agencies . 
• 

7. Mr. Kuprewicz's testimony (pg. 2) states "The Keystone XL oil spill plans should be 

independently reviewed and made public to assure their effectiveness." Can you comment 

on that assertion? 

A. The existing Keystone Pipeline System Emergency Response Plan was developed 

in accordance with 49 CFR Part 194 and is distributed, retained, and submitted to PHMSA in 

accordance with that federal regulation. Additionally, the plan satisfies South Dakota Codified 

{01973170.1) {01973170.1) 

6 

011855



Laws 34A-12-9, 34A-18-2, and 34A-18-9. The South Dakota Department of Environment and 

Natural Resources - Division of Environmental Services is a plan holder of Controlled Copy #26 

of the Keystone Pipeline System Emergency Response Plan, and the Department receives 

notification within 30 days of any change to the plan. A redacted version of the ERP for the 

Keystone System is available to the public as Appendix I to the State Department's January 2014 

Final Supplemental Environmental Impact Statement. 

8. Mr. Kuprewicz's testimony (pg. 6) states "[t]he potential to rapidly spread in this 

[steep terrain] environment raises a serious question as to whether the 12-hour or even the 

6-hour Tier 1 time limit in federal regulations will be appropriate." Do you have a comment 

on that testimony? 

A. First, the response time limits set forth at 49 CFR 194.115 have been established 

by the federal agency with demonstrated expertise in this area. If Mr. Kuprewicz believes they 

are inadequate, he should take that position up with the agency having responsibility and 

jurisdiction over this area. 

TransCanada places great emphasis on ensuring the ability to promptly respond to an 

emergency. In fact, TransCanada has designed exercises to specifically assess the ability of their 

contracted response organizations to provide resource for a worst case scenario within the 

required time limits. These exercises evaluate contractor 's availability to respond in specified 

time frames. In 2013 , a Third Party Contractor Assessment Exercise was conducted in Yankton, 

SD to ensure adequate resources were available, and similar exercises are anticipated across the 

pipeline system in the future. 
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9. As recent ruptures have indicated in the Yellowstone River, Oil Spill Response can 

be highly ineffective at containing or recovering spilled oil, which can rapidly spread tens 

of miles downstream in major river ways. 

A. TransCanada maintains contracts with US Coast Guard classified Oil Spill 

Removal Organizations. These organizations have access to the most efficient and 

technologically advanced containment and recovery equipment available. 

The Keystone Pipeline System Emergency Response Plan describes various tactics for 

containing and recovering spilled oil in flowing waterways. Dikes, benns, and dams are land-

based tactics, with the objective of containing spilled oil and limiting spreading of oil slicks, thus 

minimizing impacts to the environment. Dikes, berms and dams are embankment structures 

built-up from the existing terrain, placed to contain and accumulate oil for recovery. These 

barriers can serve to: 

• 
• 

Contain and stabilize a contaminated area. 
Contain or divert oil on water or oil that has potential to migrate . 
Create cells for recovery . 
Use natural depressions to act as containment areas for recovery. 

The Response Plan also describes the techniques and equipment used to recover spilled product 

in waterways through the use of skimmers, which fall into three types: 

• Weir skimmers draw liquid from the surface by creating a sump in the water into which 
oil and water pour. The captured liquid is pumped from the sump to storage. Weir 
skimmers can recover oil at high rates, but they can also recover more water than 

oil, especially when the oil is in thin layers on the surface of the water. This creates 
the need to separate the water from the oil and decant it back into the environment. 
Otherwise, the recovered water takes available storage volume. Weir skimmers are 
best employed where oil has been concentrated into thick pools or where there are very 
large volumes of oil and recovered liquid storage capacity. 

• Oleophilic skimmers pick up oil that adheres to a collection surface, leaving most of the 
water behind. The oil is then scraped from the collection surface and pumped to a 
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• 

storage device. Oleophilic skimmers do not recover oil as fast as weir skimmers, 
but they have the advantage ofrecovering very little water. Oleophilic skimmers may be 
used where oil is very thin on the surface. Oleophilic skimmers are a good choice 
where liquid storage capacity is limited. 

Suction skimmers use a vacuum to lift oil from the surface of the water. These skimmers 
require a vacuum pump or air conveyor system. Like weir skimmers, suction 

skimmers may also collect large amounts of water if not properly operated. Most 
suction skimmers are truck mounted and work best at sites with road access. 

These tactics are proven to be the most effective means to recover spilled product, and 

TransCanada has access to all of the resources required to employ these tactics through internally 

owned equipment, trained Company personnel, and contacts resources. 

10. Kuprewicz testifies that oil spill response and remediation for the segment of the 

pipeline in Tripp County spanning the Ogallala Aquifer should focus on surrounding the 

release site with "reverse flow" injection and soil capture and remediation methods to limit 

its spread and involves removing underground soil contaminated from spill plumes that 

may be developed. 

A. TransCanada will implement the most effective strategies, techniques, and 

equipment available to respond to any emergency in all our operating environments along the 

pipeline. During an emergency, TransCanada will work in collaboration with regulatory agencies 

to develop our strategies based on site specific conditions such as land or surface water, weather, 

geology, soil type, etc. While reverse flow injection may be one tactic to respond to an oil spill, 

TransCanada will not limit itself to a single response tactic. Instead, TransCanada will maintain 

contracts with US Coast Guard classified Oil Spill Removal Organizations who have access to 

the most efficient and technologically advanced containment and recovery equipment available. 
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11. Dr. Davis testifies that diluted bitumen that sinks in water is significantly more 

difficult to clean up. Can you comment on that statement? 

A. TCP considers the potential for sinking and submerged oil as part of our 

Emergency Response plans and in the execution of such plans. In the unlikely event of a spill, 

TCP would work hand-in-hand with regulatory bodies to determine the correct response and 

remedial actions given to the specific variables of the event. While sinking crude oils do pose a 

greater challenge for containment and clean up compared to floating oil, the industry has 

emergency response containment and clean up procedures that have substantially improved, in 

pa1i because of the lessons learned from the Kalamazoo spill. 

Such emergency response tactics may include, but not limited to the following : 

•Mechanical methods such as suction dredging and air bubbling. 
•Non-Mechanical methods could include chemical treatment I dispersants, bio-mediation and in
situ burning. 

Petroleum hydrocarbon plumes do not sink within groundwater as observed with 

chlorinated solvent plumes (e.g., trichloroethylene [TCE], perchloroethylene [PCE]); instead, 

they form along the uppermost layer of groundwater. 

Therefore, contamination of groundwater would be limited to the uppermost volume 

associated with the groundwater surface. Petroleum hydrocarbons are naturally degraded by 

microbial communities naturally found within soils. As a result, petroleum hydrocarbon plumes 

would be expected to result in highly localized effects. Removal of the source oil and 

remediation actions would help to further minimize groundwater impacts. Kuprewicz reaches the 

same conclusion (p. 7), specifically stating that impacts to RST groundwater wells are not 

anticipated due to the slow-moving nature of the groundwater plumes. 
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Dated this ,( ~ day of June, 2015. 
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SUMMARY 

Jeff Mackenzie 
Calgary, Alberta 

Highly skilled Senior Emergency Manager with more than 20 years ' experience in Emergency Management & 
Preparedness, Risk Management, Facilities and H&S. Specialized knowledge in Emergency Services Management, 
EH&S Programs Development, Risk Management and Emergency Services Administration. 

EXPERIENCE 

TransCanada Pipeline 0812014 - Present 
Senior Emergency Preparedness & Response Specialist, Major Projects 

> Responsible for coordinating emergency preparedness and response-related activities in support 
of all phases of the Major Project life-cycle. 

>- Manages a variety of project activities by creating and updating scorecards that provide 
stakeholders with the status ofEP&R deliverables. 

> Maintains project deliverables and budgets by creating project plans and identifying and addressing 
any gaps or project conflicts - proactively communicates with stakeholders and team members 
accordingly. 

>- Provides permit application suppo11 by creating work plans and submitting timely and accurate 
documentation to ensure all applicable regulatory and Company standards are met. 

>- Engages in stakeholder outreach and consulting by developing business fact sheets, 
presentations and talking points for meetings and open houses. 

>- Plans and coordinates EP&R activities by creating work plans that incorporate operation 
requirements - ensures that plans are filed, approved , and submitted in a timely matter and with 
respect to all applicable regulatory and Company standards; ensures that Company is prepared to 
respond to emergencies. 

>- Conducts design and document reviews to ensure EP&R requirements are understood by the 
project and identify hazards and mitigation measures to be implemented through engineering 
design and other means. 

>- Ensures that the Company is able to meet or exceed all regulatory requirements and is adequately 
staffed to effectively respond to emergencies. 

> Coordinates equipment procurement by ensuring the proper identification, budgeting and 
delivery of emergency-response related equipment. 

> Develops and maintains a network of EP&R consultants, contractors, and industry and agency 
organizations by working with external resources leads and supply chain to identify needs for 
supplemental support by third paities - ensures corresponding agreements are active and in accordance 
with resource strategies. 

Bissett Resource Consultants 
Senior Emergency Planner 1112013- 0812014 

> Development of Regulatory projects completed in accordance with governing regulatory body 
(Albe11a Energy Regulator - AER). 

> Preparation of projects for public consultation, the analysis and processing of field work, the writing of an 
Emergency Response Plan (ERPs - Corporate, Site Specific, Facility/ Area) for the approval by the 
regulator and for the protection of workers, the public, and the environment in the event of an emergency. 

>- Full scale & table top exercise AER regulated training for corporate (Emergency Command Centre), site 
leaders and field. Some clients include: Suncor Energy, Sinopec, ConocoPhillips, Bonavista Energy, and 
Harvest Energy. 

> Liaise with all departments (Petroleum Engineers, Hazard Assessors, GIS Technologists, Dispersion 
Modelers) that have input required for writing emergency response plans 
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~ Development of regulatory projects completed in accordance with the AER Directive 056 and AER 
Directive 71 for projects in Alberta and BC Oil and Gas Commission Emergency Response Plan 
Requirements for projects in BC. 

Suncor Energy 1112006- 0912013 
Natural Gas, North America Onshore Emergency Management & EH&S Advisor 

Risk Management 
> Completion and compiling of a Security Risk Registry/ All Hazards to identify probable and potential risks 

to the organization by using a task risk analysis approach. Security risk registry range from Bomb threats, 
to terrorism to environmental issues (WCSS, loss of containment and spill prevention & response). 

> Detailed understanding and on hands experience of Integrated Risk Management System (!RMS) and 
Operational Excellence Management System (OEMS). 

> Experience with Incident Learning Prevention, Action Management, Management of Change, EH&S and 
Risk Matrix. 

> Experience in a variety of settings that were primarily in the oil & gas sector: Remote drilling sites, 
Production (Oil Sands Mining & lnSitu), H2S, Natural Gas and Well site services. 

Emergency Preparedness & Management 
> Emergency Management Advisor & Team Leader of the development of the North America Onshore, 

Natural Gas Emergency Management Guideline G503. Successfully implemented to maintain, test and 
continuous improvement for Suncor's emergency/security preparedness. 

> Assist businesses, manage, implement, plan, test, guide and facilitate emergency management components: 
Full Scale ERP Exercises, Evacuation drills, Revision of fire protection systems, confined space consulting. 
and the Incident Command System (Level 3). 

> Interaction with external patties AER (ERCB), CEPA, DOT, Canutec, ... 
> Maintenance and update of resource material and essential information for ERPs. 
> Interaction with federal , municipal , local and mutual aid agreements to coordinate emergency response 

planning and preparedness. 

EH &S 
> EH&S Advisor for Suncor Energy ' s largest Natural Gas Plant, Han Ian Robb and the Medicine Hat & 

Saskatchewan field. 
> Advisor for OH&S code regulations, Policies & Procedures, Best Practices and occupational 

classifications. Board member of Workplace Health & Safety Committee. 
> Authorization & revision of safety contingency plans and site specific work plans. 
> Completion of on-site safety audits inspections 
> Incident Investigation for EH&S & Security (Injuries, Fatalities, Incidents, Preventive Maintenance,. .. ) 
> Emergency preparedness planning creation & implementation for hazardous operations. 
> Process Safety Management (PSM): Field Level Risk Assessments, Work place observations and pre-start 

up safety reviews and process analysis . 
> Environmental issue responsibility: Environmental spills, Hazardous Materials, Call Outs and Crisis 

Communication (CEPA & E2 Plans). 
> Support the EH&S team through active pa1ticipation in the development of EH&S safety programs and 

plans to support Suncor' s ongoing commitment to the Journey to Zero injuries program. 

Emergency Response Officer 
> Paramedic, Medical Clinic and firefighter duties provided at Suncor Energy Oil Sands, Fort McMurray and 

In-situ, Firebag. 
> Active daily involvement with WCB Policies & Procedures (referrals, diagnosis, initial/re-visit medical -

occupational & non-occupational classification, short & long term disability involvement. 
> Perform a wide variety of duties relating to fire , medical , security, hazmat and environmental monitoring, 

oil response preparedness and training according to standard practices and procedures. 
> Provide leadership and training to personnel while ensuring the effective choice and application of 

appropriate fire and medical response tactics and techniques at the scene. 

City of Calgary Fire Department 0212006- 1112006 
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Firefighter 

~ Emergency Response, fire ground operations, pump operations, primary searches, ventilation, interior 
attack, salvage/overhaul, pre-hospital care, vehicle extrication, fire prevention/ inspections, training/drills, 
public relations, aircraft rescue, hazardous materials , high angle, urban search and rescue and 
administrative duties. 

City of Calgary Emergency Medical Services 
Advanced Care Paramedic 

0311999- 0212006 

>- Provide treatment and transport to emergent medical requests, inter-facility transfers and facility based 
medical support with the Calgary Zone and the Province of Alberta. Provided Alberta Residents with the 
highest quality Advanced Cardiac Life Support (ACLS) services in accordance with legislation. A patient 
advocate who effectively communicated and interacted with other allies health care professionals and 
public safety partners . 

~ Incident analysis training/conducting (Calgary EMS - Medical Examiner' s Office fatality classification. 

Crowsnest Pass Emergency Medical Services- Industrial 
Advanced Care Paramedic 

0112004- 1112006 

>- Provide advanced care paramedical services in the industrial setting. 
~ Experience in a variety of settings that were in the oil & gas sector: Remote drilling sites, Production (Oil 

Sands Mining & InSitu), H2S, Natural Gas and Well site services in No1thern Alberta and BC. Some 
clients include: EnCana, CNRL and Husky Oil. 

Grande Prairie Regional Emergency Medical Services 
Flight Paramedic 

0311998 - 0311999 

~ Provided advanced care flight paramedic duties for STARS (formerly Northern Life Flight) . 

EDUCATION 

>:- Bachelor of Applied Business: Specializing in Emergency Management, with Distinction 
>- Canadian Registered Safety Professional & Certified Emergency Manager (currently completing). 
>:- Texas - TEEX Advanced Industrial Firefighter. 
>:- National Fire Protection Assoc. Standard I 00 I, I 003 , I 006 Fire Fighter Level II 
>:- Emergency Medical Technician - Paramedic, S.A.l.T., Calgary, AB. 
~ Advanced High School Diploma, John G. Diefenbaker H.S., Calgary, AB. 

SPECIALIZED KNOWLEDGE & SKILLS 

- Emergency Services Management - OH&S Programs Development 
- Risk Management - Emergency Services Administration 
- Ethics for Emergency Services - Public Relations/Media Skills 
- Interpersonal Communications - Crisis Communication 

2011 
2014 
2007 
2006 

1994-1998 
1991 

- Organizational Behaviour - Human Resources Management Emergency Services 
- Team Leadership & Development - Accounting Principles 
- Financial Statement Analysis - Capital Budgeting 
- Statistics for Administrators - Strategic Business Planning 
- Resource Management - Personal Performance Management 
- Legal Issues in Emerg Services - Critical Thinking 
- Labour Relations/Contract Law - Critical Incident Stress Management 
- Future of Leadership - Reflective Thinking 

- Advanced Cardiac Life Support - Pediatric Advanced Life Support 
- Aircraft Rescue Fire Fighting - Advanced Basic Trauma Life Support 
- Calgary Fire Dept. HazMat Awareness - Calgary Fire Dept. HazMat Operations 
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- HazMat Paramedic Team (I st in Canada) - High Angle Rescue Tech 
- Incident Command System I 00,200,300 - Emergency Operations Centre Management 
- Flight Paramedic, Aeromedical Evacuations - Crew Chief, City of Calgary, Cochrane & 

Grande Prairie EMS 

PR 0 FE SS I 0 NA L & REC RE AT I 0 NA L AF FI LI AT I 0 NS 

Canadian Society of Safety Engineers (CSSE) 
Alberta College of Paramedics Association 
Health Sciences Association of Albe11a 
Heart and Stroke Foundation of Canada 
C.U.S.A. Calgary United Soccer Association 

AWARDS 

City of Calgary- Employment Recognition Awards 

- Lakeland College 
- International Association of Firefighters. 
- Emergency Cardiac Care Task Force, GPREMS 
- S.A.I.T. Alumni Association 
- N.C.A.A Calgary Junior Hockey League Alumni 

Rutherford Scholarship - Awarded on the basis of consistent academic merit in High School. 
Northwest Athletic Association Scholarship - Calgary Junior Hockey League (C.J .H.L.) 
Calgary 0 Id Ti me Hockey Pl aye rs Association - Sweeney Schriner Memorial Scholarship 
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small stream or river crossings not spanned by HDDa. If spilled oil is released to the flooded area,
especially to flowing waters, oil could be distributed to adjacent tenestrial, wetland, and aquatic habitats
that normally would not be exposed. These habitats and natural resources, as well as human uses of the
habitats and resources, may be exposed to the spilled material.

Concern was expressed in cornYrents on the draft EIS relative to potential spray zones associated with
operational leaks from the proposed pipeline. Winds, especially high-velocity sustained winds, could
spread material released under pressure from hole(s) in the top hemisphere of an exposed portion ofthe
pipeline to create a "spray zone." To generate a spray zone a potential leak would need to occur on the
upper hemisphere of the proposed pipeline. If corosion related leaks occurred, they would typically
occur on the lower hemisphere of the pipeline and would likely be associated with entrained water. The
implementation of the Project-specific Special Conditions developed in consultation with PHMSA would
make such leaks highly unlikely. Potential leaks on the upper hemisphere of the proposed pipeline would
likely be associated with accidental equipment impact. However, the likelihood of such events is
significantly reduced by the 4-foot minimum cover requirement in most areas and the implementation of
public awareness and damage prevention programs. However, if such a release were to occur, ejected
material could form a cloud of mist and fine particles, and could be carried downwind. The extent of
distribution would depend on wind velocity, direction of the released spray (e.g., downward into the
ground, horizontal, or skyward), and characteristics of the release (e.g., pressure in the pipeline, type of
oil, size of hole). Under most scenarios, the pressure in the pipeline would drop quickly, the release
would be highly visible, and immediate pipeline spill control and shutdown actions would be taken5 by
the CMP and SCADA as well as the onsite personnel. If a leak would occur on the upper hemisphere of
the pipeline, Keystone has estimated that the maximum spray zone for an exposed portion of the pipeline
would be in the range of 75 to 400 feet (i.e., the areal extent of the release to land would be limited to a

few acres or less in the immediate area of the release point and downwind of the release point).

Major flooding or adverse weather conditions (e.g., high winds, tornados, blizzards, and extreme cold)
could limit Keystone's abiliry to detect small releases and/or hinder the spill response contractors from
implementing timely and effective oil spill containnrent and cleanup operations. Response actions
appropriate for these conditions would be addressed in the ERP and the PSRP (see Section 2.4.2.2).

3.13.5.2 Keystone Response Time and Actions

For spills ranging in magnitude from very small to substantive, response time and actions by responders
would most likely prevent the oil from reaching sensitive receptors or would contain and clean up the
spills before sig:rificant environmental impacts occurred. Most spills in this category are likely to occur
on construction sites or at operations and maintenance facilities, and would not be released to the
environment outside of these Project-related areas.

For large spills, very large spills and potentially some substgntive spills, especially those that reach
aquatic habitats, the response time between initiation of the spill event6 and arrival of the response
contractors would influence the magnitude of impacts to the environmental resources and human uses.

This would be particularly true if the oil reaches flowing waters in major rivers. Once the responders are

a These type ofevents account for less than 4 percent ofspills (see Table 3.13,1-3) and Keystone has a proactive,
preventative plan to shut down the pipeline ifsevere weather or any other natural event poses a tkeat to the pipeline

integrity.
5 The SCADA system would shut down the pipeline within l2 minutes of detection of the release (Sections2.4.2.l
and 3.13.5.5).
6 "Initiation of the event" means when the oil began to leak or spill to the environment, not when it is detected by
either the SCADA or other.means. There may be a substantive delay betrveen initiation and detection, particularly

for slow or pinhole leaks under snow or below ground.
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at the spill scene, the efficiency, effectiveness, and environmental sensitivity of the-response actions (e.g,,

containment and clean up of oit, and protection of resources and human uses from further oiling) would

substantively influence the type and magnitude of additional environmental impacts.

In response to a DOS data request, Keystone presented its approach to spill response under two

hypot^hetical spill scenarios difined by DOS. The trvo spill scenarios presented to Keystone and its

risponp to thise scenarios provide an opportunity to review the level ofpreparedness and foresight that

would be in place relative to potential spills from the proposed Project.

The first hypothetical spill occurs in the summer in an area with deep groundwater, relatively flat terrain,

at least 2 miles from any navigable stream, no wetlands within I mile, and with no nearby private water

wells or public water intakes. The second hypothetical spill occurs in the winter in an area of relatively

shallow groundwater (25 feet bgs), sloping terrain, nearby wetlands, and a navigable stream within 1,000

feet, incl-uding private water weils within 100 feet of the release site and a public water intake 2 miles

downstream.

For each of these scenarios, Keystone describes the following:

. Response procedures including pipeline shutdown, commencement of field response, spill

assessment, and development of incident command post;

o The potential horizontal and vertical spread of crude oil into the environment;

. Response tactics employed for source control;

o Cleanup approaches for spills on land including containment methods and removal methods;

o Cleanup approaches for spills to groundwater including options for short- and long-term

remediation;

o Cleanup approaches for spills on calm or slow moving water (lake or pond) and to flowing water

(stream or river);

r Cleanup approaches for spills that occur on ice or under ice; and

o Cleanup approaches for spills in wetland areas.

DOS and PHMSA have reviewed these hypothetical spill response scenarios prepared by Keystone and

would also review a final ERP to be prepared by Keystone prior to startup of the proposed pipeline (see

Section 2.4.2.2 for additional informition on the Keystone ERP). Based on its review of the hypothetical

spill response scenarios, DOS considers Keystone's response planning appropriate and consistent with
accepted industry practice.

3.13.5.3 Factors Affecting the Behavior and Fate of Spilled Oil

The primary and shofier-term processes that affect the fate ofspilled oil are spreading, evaporation,

dispersion, dissolution, and emulsification (Payne et al. 1987, Boehm 1987, Boehm et al, 1987, Overstreet

und Galt 1995). These processes are called weathering. Weathering dominates during the first few days

to weeks of a spill. A number of longer term processes also occur, including photo-degradation and

biodegradation, auto-oxidation, and sedimentation. These longer-term processes are more important in

the later stages of weathering and usually determine the ultimate fate of the spilled oil that is not

recovered by the cleanup program.

FinalElS
3.13-54

Keystone XL Proiect

 
011868



CERTIFICATE OF SERVICE

I liereby certify that on the 26tl'day of June,2015,I sent by United States first-class mail,

postage prepaid, or e-mail transmission, a true and correct copy of the foregoing Rebuttal

Testimony of Jeff Mackenzie, to the following:

Patricia Van Gerpen

Executive Director
South Dakota Public Utilities Commission

500 E. Capitol Avenue

Pierre, SD 57501

r)att\,. vanuernen(Dstate. sd. us

Brian Rounds

Staff Analyst
South Dakota Public Utilities Commission

500 E. Capitol Avenue

Pierre, SD 57501

brian.roundsrDstate.sd. us

Tony Rogers, Director
Rosebud Sioux Tribe - Tribal Utility
Commission
153 South Main Street'
Mission, SD 57555

tuc@rosebudsiouxtribe-nsn.gov',
Jane Kleeb
1 0 I 0 North Denver Avenue

Hastings, NE 68901

i a rre(d,bo I d ne bras ka. org

Terry Frisch
Cheryl Frisch
47591875th Road

Atkinson, NE 68713

tctiischrDq.conr
Lewis GrassRope

PO Box 61

Lower Brule, SD 57548

rv i sestarS rD msll.co r.lt

{01e73 l 70. 1 } {01973t7 0.1)

Kristen Edwards

Staff Attorney
South Dakota Public Utilities Commission
500 E. Capitol Avenue

Pierre, SD 57501

kristen.edwards(r? state. sd. us

Darren Kearney
StaffAnalyst South Dakota Public Utilities
Commission
500 E. Capitol Avenue
Pierre, SD 57501

clarren. kearr rey (@state. sd. us

Cindy Myers, R.N.
PO Box 104

Stuart, NE 68780
csrnvers7Trcdlrotmai l.com

-

Byron T. Steskal

Diana L. Steskal

707 E.2nd Street'

Stuart, NE 68780

Arthur R. Tanderup

52343 857th Road

Neligh, NE 68756
atanderu(2 p.mai l. c orn

Carolyn P. Smith
305 N. 3'd Street

Plainview, NE 68769

neachie I 2.l4ir?valtoo.cortt

t2

 
011869



Robert G. Allpress
46165 Badger Road
Naper, NE 68755

bobandnan2008@hotrnai l.conr
Amy Schaffer

PO Box 114

Louisville, NE 68037
an-ry annschatlb r(-g) gma i I . c o rn

Benjamin D. Gotschall
6505 W. Davey Road

Raymond, NE 68428
be n f@bo I d nebra s k a. o r-rr

Elizabeth Lone Eagle
PO Box 160

Howes, SD 57748

bethc be st rlD g rn ai L c o rl
John H. Harter
28125 307th Avenue
Winner, SD 57580

iolnharter I 1 (@yahoo.com

Peter Capossela

Peter Capossela, P.C.

Representing Standing Rock Sioux Tribe
PO Box 10643

Eugene, OR}744O
pcapossela(@nu-world. conr
Travis Clark
Fredericks Peebles & Morgan LLP
Suite 104, 910 5th St.

Rapid City, SD 57701

tclarki@rrdnlan.cont

Jerry P. Jones

22584 US Hwy 14

Midland, SD 57552
Debbie J. Trapp
24952 US Hwy 14

Midland, SD 57552
rntdt(@go I denr,ve s t. ne t

Louis T. (Tom) Genung
902E.7th Street

Hastings, NE 68901
tg64 I 52(@windstreanr.net
Nancy Hilding
6300 West Elm
Black Hawk, SD 57718
nh i lslrat[araoidrret.cum
Paul F. Seamans

27893 249th Street

Draper, SD 57531

i ac k n i l'errD coldenwest. ner

Viola Waln
PO Box 937

Rosebud, SD 57570
wal nranc h(?D go I denwe st. ne t

Wrexie Lainson Bardaglio
9748 Arden Road

Trumansburg, NY 14886

ivrpxi_e, bardagiio(4gmai l. co m

Harold C. Frazier
Chairman, Cheyenne River Sioux Tribe
PO Box 590

Eagle Butte, SD 57625

ha ro l dc ftazierfrD v a hoo. co nr

rnai lto :kevinckecklerr@yal-roo.oorn
Cody Jones

21648 US Hwy 14163

Midland, SD 57552
Gena M. Parkhurst
2825 Minnewsta Place

Rapid City, SD 57702
GMP66(@hotrnail.conr

{01973 l 70. l } (01973 170. l)
13

 
011870



Jennifer S. Baker
Representing Yankton Sioux Tribe
Fredericks Peebles & Morgan LLP
1900 Plaza Dr.
Louisville, CO 80027

ibaker(@ndnlaw.conr
Duncan Meisel
350.org
20 Jay St., #1010
Brooklyn, NY 11201

duncan@350.org

Bruce Ellison
Attorney for Dakota Rural Action
51 8 6th Street #6

Rapid City, SD 57701

belli4law@aol.conr
RoxAnn Boettcher
Boettcher Organics
86061 EdgewaterAvenue
Bassett, NE 68714
boettcherann@abbnebraska.conr
Bonny Kilmurry
47798 888 Road
Atkinson, NE 68713

bj ki I nrurryrlitsmai l.corn
Robert P. Gough, Secretary

Intertribal Council on Utility Policy
PO Box 25

Rosebud, SD 57570
bob gough@i ntertri ba I CO U P. o r 

-{r

Dallas Goldtooth
38731Res Hwy 1

Morton, MN 56270
goldtoothdallasr@ grnail.corl

Joye Braun
PO Box 484
Eagle Butte, SD 57625

i mbraun5 762 5 r?J)gmail. com

The Yankton Sioux Tribe
Robert Flying Hawk, Chairman
PO Box ll53
Wagner, SD 57380
robertfl), inghawkf'g).gmail.co,r
Thomasina Real Bird
Attorney for Yankton Sioux Tribe
treal birdt-9nd n I ar,r . c oil
Chastity Jewett
l32l Woodridge Drive
Rapid City, SD 57701

c hasj ew ettr'4) gmai l. conr

Bruce Boettcher
Boettcher Organics
86061 EdgewaterAvenue
Bassett, NE 68714
boettcherai-urr@ abbne braska. cortr
Ronald Fees

17401Fox Ridge Road
Opal, SD 57758

Tom BK Goldtooth
Indigenous Environmental Network (lEN)
PO Box 485

Bernidji, MN 56619 ,

ient?iligc.org
Gary F. Dorr
27853 292",)

Winner, SD 57580
gldorrt@gmail.conr

(01973170.1 ) {0r973 170. l )

14

 
011871



Cyril Scott, President
Rosebud Sioux Tribe
PO Box 430
Rosebud, SD 57570
cscott(Duwtc.net+

ei antoinefrDhotrna i l.co rrr

Thomasina Real Bird
Representing Yankton Sioux Tribe
Fredericks Peebles & Morgan LLP
1900 Plaza Dr.
Louisville, CO 80027

trealbird@ndnlawcom
Frank James

Dakota Rural Action
PO Box 549

Brookings, SD 57006
fd ames@dakotarural.org

Tracey A. Zephier
Attorney for Cheyenne River Sioux Tribe
Fredericks Peebles & Morgan LLP
910 5th Street, Suite 104

Rapid City, SD 57701

tzephier@ndnlaw.com
Matthew Rappold
Rappold Law Office
on behalf of Rosebud Sioux Tribe
PO Box 873

Rapid City, SD 57709
rnatt.rappold0 I (Dgmai l. com

Kimberly E. Craven
3560 Catalpa Way

Boulder, CO 80304

k irn ec rav e n f@ gmai l. co ur

Mary Turgeon Wynne
Rosebud Sioux Tribe - Tribal Utility
Commission
153 S. Main Street

Mission, SD 57555

tuc fg)ro se b uds io uxtri be-nsn. go v

{01973 l 70.1 } {01973 170. l)

PaulaAntoine
Sicangu Oyate Land Offrce Coordinator
Rosebud Sioux Tribe
PO Box 658

Rosebud; SD 57570
wopilat@gr,r,,tc.net

paula. antoi ne@rosebudsio uxtri be-nsn. go i,

Sabrina King
Dakota Rural Action
518 Sixth Street, #6
Rapid Ciry, SD 57701
sabinra@dakotalurra i . orq

Robin S. Martinez
Dakota Rural Action
Martinez Madrigal & Machicao, LLC
616 West 261h Street

Kansas City, MO 64108
robi n.marti nez('@martinezlavr. net
Paul C. Blackburn
4145 20th Avenue South
Minneapolis, MN 55407
paul(grpau l bl ac k burn. net

April D. McCart
Representing Dakota Rural Action
Certified Paralegal

Martihez Madrigal'& Machicao, LLC
616 W. 26th Street

Kansas City, Mo 64108
apri l. rnccart('@martinezlarv. net
Joy Lashley
Admini strative, As si stant

SE Public Utilities Commission
i o),. lashie), (4state. sd. r"rs

Eric Antoine
Rosebud Sioux Tribe
PO Box 430
Rosebud, SD 57570
ej antoi ne(grhotrnail.con r

l5

 
011872



WOODS, FULLER, SHULTZ & SMITH P.C.

By /s/ James E. Moore
William Taylor
James E. Moore
PO Box 5027

300 South Phillips Avenue, Suite 300

Sioux Falls, SD 57117-5027
Phone (605) 336-3890
Fax (605) 339-3357
Email J ames. Moore(-grwoocls tirl ler. corn

Attorneys for Applicant TransCanada

{0r 973 r 70. l } {0 t973t70.1)

16

 
011873



BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

AMENDED REBUTTAL 
TESTIMONY OF 

HEIDI TILLQUIST 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following 

rebuttal testimony of Heidi Tillquist. 

1. Please state your name and occupation. 

Answer: Heidi Tillquist, Director of Oil and Gas Risk Management, Stantec . 

Consulting Services Inc., Fort Collins, CO. 

2. Did you provide direct testimony in this proceeding? 

Answer: Yes. 

3. To whose direct testimony are you responding in your rebuttal testimony? 

Answer: I am responding to the direct testimony of Arden Davis, Ph.D., P.E. 

4. Dr. Davis' testimony (p.1) states that "the proposed Keystone XL pipeline would 

cross the recharge areas of several shallow aquifers in the western part of the State, 
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including the Ogallala aquifer and Sand Hills type material, especially in Tripp County." 

Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The Keystone XL 

pipeline crosses a number of formations in western South Dakota that outcrop in hills, stream 

cuts, and along mesas. Many of these formations are covered by shallow soil. In Tripp County, 

the pipeline crosses the Tertiary Ogallala Formation of the High Plains Aquifer system. South of 

the town of Buffalo, in Harding County, the pipeline crosses a section of wind-blown s.and 

mapped as Qe (Quaternary eolian). As discussed in the State Department's January 2014 Final 

Supplemental Environmental Impact Statement (FSEIS) for the Keystone XL pipeline project, 

"typical recharge rates to the Ogallala Formation and associated alluvial aquifers range from 

0. 5 to 5 inches per year along the proposed route, with the highest recharge rates in the areas of 

the aquifer associated with the Sand Hills Unit" (US Department of State [DOS] 2014). The 50-

foot permanent right-of-way for the Keystone XL pipeline will occupy less than 0 .1 % of the total 

recharge area associated with the Fox Hills, Hell Creek, and Ogallala formations, as well as areas 

of wind-blown deposits (Qe), within counties crossed by the pipeline. 

5. Dr. Davis' testimony (p. 2) states "the proposed pipeline also would have major 

stream crossings at water courses ... These drainages have associated alluvial aquifers." 

Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The Keystone XL 

pipeline will cross major drainages with alluvial aquifers in South Dakota. Spills at individual 

river crossings are rare with occurrence intervals of no more than once in 22,000 years to 

830,000 years based on representative stream crossing distances (Appendix P of the FSEIS; DOS 

2014). Most spills are less than 3 barrels. 
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The Keystone XL pipeline is designed with a minimum depth of cover of 5 feet below the 

bottom of waterbodies and that depth is maintained over a distance of 15 feet on each side of the 

waterbody, measured from the ordinary high water mark. Depth of cover is an important factor 

to reduce the threat of outside force damage and stream scour. 

The Project's depth of cover meets or exceeds the federal requirements noted in 49 CFR 

Section 195 .248 of 48 inches for inland bodies of water with a width of at least 100 feet from 

high water mark to high water mark (for normal excavation, 18 inches for rock excavation) and 

PHMSA Special Condition 19 regarding depth of cover. 

6. Dr. Davis' testimony (p. 2) states "in Harding County, the proposed route would 

cross permeable wind-blown deposits shown as Qe on Figure 4. These wind-blown deposits 

of silt and sand recharge from rainfall and snowmelt, they are capable of supplying water 

to shallow wells in the area." Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The wind-blown sand 

south of Buffalo in Harding County has been mapped by Erickson (1956) and Petsch (1956). The 

deposits are mostly sand overlying the Cretaceous Hell Creek Formation. Erickson (1956) 

interprets these deposits to be derived from the underlying Hell Creek Formation. Rainfall 

falling on these sand deposits would infiltrate and form a local, temporary water-bearing zone 

near the base of the deposits. Because the deposits are found on bluffs and the underlying Hell 

Creek has a much lower permeability, it is likely that water entering the sand may form 

temporary springs and seeps at the base of the sand deposits, rather than migrating downward 

into the Hell Creek Formation. 

The Keystone XL pipeline crosses these sand deposits near their eastern edge, where the 

deposits are thin. Examination of well logs for wells within the 1-mile buffer zone around the 
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pipeline indicates that none of the wells are screened in the wind-blown sands. In the area of the 

pipeline ROW, the wind-blown deposits are thin and not likely to be water-bearing most of the 

year. Based on this, along the ROW in areas of wind-blown deposits, a potential release from the 

pipeline would most likely not encounter permanent groundwater. 

References: 

Erickson, H.D., 1956. GQ 62K-045. Areal geology of the Buffalo quadrangle, scale 

1 :62,500 (22 x 17 in. map). 

Petsch, B.C., 1956. GQ 62K-052. Areal geology of the Mouth of Bull Creek quadrangle, scale 

1 :62,500 (22 x 17 in. map). 

7. Dr. Davis' testimony (p. 3) states "South of the Cheyenne River in Haakon County, 

the proposed route would cross permeable Quaternary terrace gravels (Qt on Figure 6) 

and wind-blown deposits (Qe on Figure 6) ... The terrace gravels and wind-blown deposits 

are permeable and are recharged by precipitation" and in places "are capable of supplying 

water to wells." Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The wind-blown 

deposits crossed in Haakon County south of the Cheyenne River are relatively thin and not likely 

to form a major aquifer. Wells within 1 mile of the pipeline ROW are not screened in wind

blown material. The Cheyenne River will be crossed employing the HDD method, whereby the 

pipe is installed at a depth of 50 feet below the river bottom, thereby eliminating the potential for 

key threats including excavation damage and outside force associated with potential stream 

scour. 

8. Dr. Davis' testimony (p. 3) states "In Jones and Lyman counties, the proposed 

pipeline route would cross permeable wind-blown deposits (Qe on Figure 8) and also would 

{01995569.1} 

4 

 
011877



cross Quaternary terrace deposits north of the White River (Qt on Figure 8)." The terrace 

deposits have a shallow water table, are recharged by rainfall, and provide water to 

springs. Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The wind-blown 

deposits crossed in Jones and Lyman counties associated with the White River are relatively thin 

and not likely to form a major aquifer. Wells within 1 mile of the pipeline ROW are not screened 

in wind-blown material. The White River will be crossed employing the HDD method, whereby 

the pipe is installed at a depth of 70 feet below the river bottom, thereby eliminating the potential 

for key threats including excavation damage and outside force associated with potential stream 

scour. 

9. Dr. Davis' testimony (p. 3) states "In Tripp County ... the route would cross the 

Ogallala aquifer (To on Figure 9)" and "wind-blown Sand Hills type material (Qe on 

Figure 9) ... The hydro logic situation is similar to the Sand Hills of Nebraska ... and 

therefore deserves consideration for special protection as a high consequence area. As 

noted by Stansbury (2011), areas with shallow groundwater that are overlain by permeable 

soils ... pose risks of special concern because leaks could go undetected for long periods of 

time." Please comment on this assertion. 

Answer: "The High Plains Aquifer area in southern Tripp County" has been · 

identified as a hydrologically sensitive area, as defined by the Public Utilities Commission's 

June 2010 Amended Final Order in Docket HP09-001. Keystone has elected to treat 

"hydrologically sensitive areas" as operator-defined HCAs based on a number of factors, 

including those identified by the Public Utilities Commission Amended Final Order Condition 

35. 
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The Keystone XL pipeline in South Dakota was routed to reduce impacts to a number of 

valuable resources, including but not limited to, unconfined aquifers. Keystone has attempted to 

identify vulnerable aquifers through consultation with State agencies and rural water districts, as 

well as through the use of data provided by South Dakota Department of Environment and 

Natural Resources (SD DENR) (http://denr.sd.gov/data.aspx) and published literature. The 

location of unconfined aquifers is documented in the literature on the hydrogeology of South 

Dakota. The SD DENR website provides well logs for wells near the pipeline ROW. It is· 

possible that, during construction and through discussion with landowners crossed by the Project, 

Keystone may identify shallow wells located in unconfined aquifers. 

There are multiple leak detection processes that help identify small leaks, as stated in the 

Public Utilities Commission Amended Final Order Finding of Fact 94. While detection of a 

smaller leak may require additional confirmation time, examination of historical incident data 

confirms that small leaks do not remain undetected for long periods of time. PHMSA records 

(2001 through 2009) indicate that the majority of spills are 3 barrels or less, regardless of 

detection time. These data also indicate that the majority of spills are detected within 2 hours, 

with 99 percent of spills detected within 7 days. Of those spills not detected within the first 48 

hours, the majority of spills were 15 barrels or less. These data do not support the contention that 

small leaks remain undetected for long periods of time. 

10. Dr. Davis' testimony (p. 3) states that diluted bitumen is "more corrosive than 

conventional crude oil transported in existing pipelines." Do you agree with this 

statement? 

Answer: No. A number of recent studies have investigated the claim that diluted 

bitumen is more corrosive to pipelines than conventional crude oil, but none found evidence of 
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corrosion that is unique to the transportation of diluted bitumen. Although some diluted bitumen 

contains higher concentrations of naphthenic acids than conventional crude oils, these 

compounds are only corrosive at temperatures above 200 degrees Celsius (392 degrees 

Fahrenheit). These temperatures do not occur in pipelines (Been 2011). The Keystone XL 

pipeline will not exceed temperatures of 150 degrees Fahrenheit per PHMSA Special Condition 

15. Other compounds within diluted bitumen that are capable of causing corrosion, including 

water and sediments, occur at very low levels that are consistent with or lower than levels found 

in other crude oils (NAS 2013). Copies of these reports have been attached as Exhibits 2 and 3 of 

my testimony. 

References: 

Been, J. 2011. Comparison of the Corrosivity of Dilbit and Conventional Crude. Corrosion 

Engineering, Advanced Materials, Alberta Innovates Technology Futures. 29 pp. Internet 

website: http://www.ai-

ees.ca/media/6860/1919 _ corrosivity _of_ dilbit_ vs_ conventional_ crude-nov28-

11_rev1.pdf 

National Academy of Sciences (NAS). 2013. Special Report 311: Effect of Diluted Bitumen on 

Crude Oil Transmission Pipelines. 110 pp. 

11. Dr. Davis' testimony (p. 3) states benzene is "known to produce leukemia in 

humans." Please comment on this assertion. 

Answer: While benzene is a known human carcinogen, cancer formation is 

associated with long-term chronic exposure, not the short-term exposure that could occur · 

following an oil spill. For instance, a cohort study of 79 individuals exposed to benzene through 

their work in the Australian petroleum industry found an increased risk of leukemia following 
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cumulative exposures above 2 ppm-years (Glass et al. 2003). This is equivalent to being exposed 

to 1 ppm of benzene for 8-hours per day for two working years (500 days). Exposures such as 

these would not be expected to occur following a crude oil spill due to the low persistence of 

benzene and preventative actions such as localized evacuations. Further, emergency response 

personnel would evacuate the area if there were concerns for human health effects. A copy of 

this report has been attached as Exhibit 10 of my testimony. 

Reference: 

Glass, Deborah C.; Gray, Christopher N.; Jolley, Damien J.; Gibbons, Carl; Sim, Malcolm R.; 

Fritschi, Lin; Adams, Geoffrey G.; Bisby, John A.; Manuell, Richard. 2003. Leukemia 

Risk Associated with Low-Level Benzene Exposure. Epidemiology. 2003;14: 569.:.577. 

12. Dr. Davis's testimony (p. 3 and 4) discusses concerns with benzene being 

"transported downgradient toward receptors, such as public water-supply wells, private 

wells, and springs or seeps" as well as pipeline releases that have occurred in the past that 

have threatened groundwater supplies. How will Keystone address these concerns? 

Answer: With regard to surface water intakes, Keystone's Emergency Response 

Plan would identify downstream public water intakes and associated contact information. In the 

event of a release, Keystone would immediately notify downstream water users so that the 

intakes can be proactively shut down. With regard to groundwater, municipal and residential 

intake users would be notified through the implementation of Keystone's Emergency Response 

Plan. Potential impacts would take months to years to occur. 

In terms of the potential effects from a release to groundwater, the following points 

demonstrate why a release would not threaten groundwater sources: 
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8 

 
011881



• The subsurface movement of petroleum hydrocarbons is very limited, moving 312 feet or 

less in 90 percent of the cases (Newell and Connor 1998, as presented in Exhibit 4 of my 

testimony). Additional studies support this plume transport distance, as presented in 

Exhibits 4 through 9 of my testimony. 

• A plume of dissolved petroleum hydrocarbons could begin to develop if crude oil reached 

groundwater and was allowed to remain in contact with the groundwater for a periOd of 

months. 

• The plume would then move in the direction of the groundwater; however, plume 

movement would be slower than for groundwater. 

• The plume would form along the uppermost surface of groundwater; they do not sink 

within groundwater as observed with solvent plumes. As such, contamination of 

groundwater would be limited to the volume associated with the groundwater surface. 

• Petroleum hydrocarbons are degraded by microbial communities naturally found within 

soils, and as a result, only highly localized effects would be expected. 

• Removal of the source oil and remediation actions would help to minimize groundwater 

impacts further. 

Based on the PHMSA pipeline incident database (2002 to 2009), only 3.8% and 3.2% of 

spills affected surface water or groundwater resources; however, only 0.16% of spills actually 

affect drinking water resources. Consequently, the possibility of a spill occurring and affecting 

drinking water is very remote. 

Data from actual pipeline spills demonstrate that substantial leaks do not go undetected 

for long periods of time. Further, those spills that are not detected within the first 48 hours are 

typically relatively small. PHMSA records (2001 through 2009) indicate that the majority of 
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spills are 3 barrels or less, regardless of detection time. These data also indicate that the majority 

of spills are detected within 2 hours, with 99 percent of spills detected within 7 days. Of those 

spills not detected within the first 48 hours, the majority of spills were 15 barrels or less. In 

summary, large spills do not remain undetected for substantial periods of time. 

Keystone will utilize an integrated leak detection system as stated in the Public Utilities 

Commission Amended Final Order Finding of Fact 94. Keystone also will have an Emergency 

Response Plan (ERP) in place to respond to incidents. The ERP contains comprehensive 

manuals, detailed training plans, equipment requirements, resource plans, and auditing, change 

management and continuous improvement processes. The Integrity Management Program (IMP) 

( 49 CFR Section 195) and ERP will ensure Keystone will operate the pipeline in an 

environmentally responsible manner. 

Reference: 

Newell, C. J. and J. A. Connor. 1998. Characteristics of Dissolved Petroleum Hydrocarbon 

Plumes: Results from Four Studies. American Petroleum Institute Soil I Groundwater 

Technical Task Force. December 1998. 

13. Dr. Davis' testimony (p. 5) restates Stansbury (2011) concerns regarding 

questionable assumptions and calculations by TransCanada of expected frequency of spills. 

Do you agree with that analysis? 

Answer: No. The majority of pipeline infrastructure in North America was 

constructed many decades ago at a time when the materials, coating systems, and ongoing 

inspection capabilities that will be used for Keystone XL were not available. Studies show the 

benefits of these technologies in reducing pipeline incidents. Approximately two thirds of the 

pipelines in the US were constructed prior to 1970. It is therefore entirely appropriate to use an 
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incident frequency for Keystone XL that is derived from pipelines of its class. This is 

corroborated by observations included in the FSEIS, "[i}t is reasonable to conclude that modern 

and larger-diameter pipelines would experience a lower spill rate than older pipelines. Modern 

pipelines have built-in measures to reduce the likelihood of a spill (e.g., modern protective 

coatings, SCAD A monitoring) ... with the application of the Special Conditions and various 

studies that indicate more modern pipelines are less likely to leak, it is reasonable to expect a 

sizable reduction in spills when compared to the historic spill record' (DOS 2014). 

14. Dr. Davis' testimony (p. 5) restates the Stansbury (2011) argument that "worst-case 

spill volumes from the proposed Keystone XL pipeline are likely to be significantly larger 

than those estimated by TransCanada." Do you agree with that analysis? 

Answer: No. Stansbury's estimate of worst case discharge was based on incorrect 

assumptions. Keystone has calculated the worst case discharge for the Keystone XL pipeline in 

accordance with 49 CFR Section 194.105. The Stansbury document suggests that, because 

shutdown on another pipeline took longer, that increased time should be used as the shut down 

time assumption for the Keystone XL pipeline. The referenced Enbridge pipeline was 

constructed in 1969, while the Keystone XL pipeline would be constructed to meet or exceed 

current regulatory standards. Stansbury does not take into account that the Keystone XL pipeline 

is instrumented at every mainline valve, which enhances the leak detection system, and that 

Keystone has incorporated API' s recommended practices for computational pipeline monitoring 

as well as ASME's Pipeline Personnel Qualification standards per Special Conditions 27 and 30. 

This makes it unlikely that Keystone operators would experience difficulty detecting a leak. Nor 

does he address industry information sharing or the workings of the regulatory regime, both of 

which serve to make it unlikely that alleged operational errors on one system are repeated on 
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another system. For example, TransCanada requires the pipeline be shut down if an operator 

cannot definitively determine the cause of an alarm within a 10-minute validation period. 

In addition, Stansbury does not take into account the fact that worst case discharge is 

determined using a large leak that would be instantaneously detected by the leak detection 

system resulting in immediate initiation of shutdown procedures. Nonetheless, in determining its 

worst case discharge, Keystone conservatively assumed a 10-minute leak confirmation period, 

plus 9 minutes for pump shut down, plus a 3-minute valve closure time, for a total of 22 minutes. 

While detection of a smaller leak may require additional confirmation time, the small volumes 

released would not approach worst case discharge amounts. As discussed in my response to 

Question 26, it is incorrect to assume that there could be a small leak that remained undetected 

for an extended period of time, as suggested by the Stansbury document. A copy of this report 

has been attached as Exhibit 11 of my testimony. 

15. Dr. Davis' testimony (p. 5) states concerns regarding transport distance (e.g., up to 

120 miles downstream) of petroleum contaminants if a release were to occur at a major 

water course. What is your response to these concerns? 

Answer: Dr. Davis' testimony does not account for containment and cleanup efforts 

by the operator that limit downstream movement. As discussed in my response to Question 29, 

most spills do not affect water resources. Exceptional spills that occur during flood conditions 

represent the worst case for downstream transport, but these do not support a 120-mile 

downstream transport distance. For example, following a 10,000 barrel release in 2007 from the 

Coffeeville Refinery in Kansas into the Verdigris River, the USEP A found no detectable 

concentrations of petroleum products 20 miles downstream at the closest municipal water intake. 

USEP A samples reported concentration of petroleum hydrocarbons to be below threshold limits 
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at the first sampling point, located 12 downstream miles of the spill. In 2010, an Enbridge 30-

inch pipeline ruptured, spilling 19,500 barrels of oil into the Kalamazoo River system. While the 

majority of contamination occurred in close proximity to the source, USEPA reported that 

contamination had been documented in localized areas within 30 miles of the spill's origin. The 

material downstream was sedimented oil, which lost most of its BTEX compounds through 

weathering and consisted primarily of asphaltenes and other heavy molecular weight petroleum 

hydrocarbons. As a group, these compounds tend to have low environmental toxicity, adhere to 

sediments, have low bioavailability, and do not biomagnify in food chains. The BTEX values at 

these locations did not exceed EPA human heath exposure thresholds. Sedimented oil was 

removed by dredging due to their environmental persistence. 

As part of its Integrity Management Program and consistent with Federal pipeline safety 

regulations (49 CFR Section 195), Keystone has evaluated the downstream transport of a spill to 

identify those pipeline segments with the potential to affect High Consequence Areas. 

16. Dr. Davis testifies that diluted bitumen that sinks in water is significantly more 

difficult to clean up. Can you comment on that statement? 

A. TransCanada considers the potential for sinking and submerged oil as part of our 

Emergency Response plans and in the execution of such plans. In the unlikely event of a spill, 

TransCanada would work hand-in-hand with regulatory bodies to determine the correct response 

and remedial actions given to the specific variables of the event. While sinking crude oils do 

pose a greater challenge for containment and clean up compared to floating oil, the industry has 

emergency response containment and clean up procedures that have substantially improved, in 

part because of the lessons learned from the Kalamazoo spill. 

Such emergency response tactics may include, but not limited to the following: 
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• Mechanical methods such as suction, dredging, and air bubbling. 
• Non-Mechanical methods could include chemical treatment I dispersants, bio-mediation · 

and in-situ burning. 

Petroleum hydrocarbon plumes do not sink within groundwater as observed with 

chlorinated solvent plumes (e.g., trichloroethylene [TCE], perchloroethylene [PCE]); instead, 

they form along the uppermost layer of groundwater. 

Therefore, contamination of groundwater would be limited to the uppermost volume 

associated with the groundwater surface. Petroleum hydrocarbons are naturally degraded by 

microbial communities naturally found within soils. As a result, petroleum hydrocarbon plumes 

would be expected to result in highly localized effects. Removal of the source oil and 

remediation actions would help to further minimize groundwater impacts. 

Dated this 1.S day of July, 2015. 

Heidi Tillquist 
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NOTICE 

1. This Report was prepared as an account of work conducted at the Albe1ta 
Innovates Technology Futures ("AITF") on behalf of Alberta Innovates Energy 
and Environment Solutions ("AIEES"). All reasonable effo1ts were made to 
ensure that the work conforms to accepted scientific, engineering and 
environmental practices, but AITF makes no other representation and gives no 
other warranty with respect to the reliability, accuracy, validity or fitness of the 
information, analysis and conclusions contained in this Report. Any and all 
implied or statutory warranties of merchantability or fitness for any purpose are 
expressly excluded. AIEES acknowledges that any use or interpretation of the 
information, analysis or conclusions contained in this Report is at its own risk. 
Reference herein to any specified commercial product, process or service by 
trade-name, trademark, manufacturer or otherwise does not constitute or imply an 
endorsement or recommendation by AITF. 

2. Any authorized copy of this Repo1i distributed to a third party shall include an 
aclrnowledgement that the Repo1t was prepared by AITF and shall give 
appropriate credit to AITF and the authors of the Report. 

3. Copyright AITF 2011. All rights reserved. 
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EXECUTIVE SUMMARY 

Pipeline expansions for the transportation of Canadian crude to refining markets in the 
United States are currently under regulatory review. The transported oil originates 
primarily from the Albe1ta oil sands and consists of diluted bitumen, also referred to as 
dilbit. Alberta Innovates - Technology Futures completed a project for Alberta Innovates 
- Energy and Environment Solutions reviewing the current status on the corrosivity of 
dilbit in pipelines as compared to conventional or 'non-oil sands derived' crude oil. 

It has been suggested that dilbit has higher acid, sulfur, and chloride salts concentrations, 
as well as higher concentrations of more abrasive solids. It is furthermore suggested that 
dilbit transmission pipelines operate at higher operating temperatures compared with 
conventional crude, which would make the dilbit more corrosive, thus leading to a higher 
failure rate than observed for pipelines transp01ting conventional crude. This review 
examines these concerns in light of the properties of dilbit in comparison with 
conventional oils. In addition, statistical data are presented to show if the concerns are 
supp01ted by operating experience. 

Conventional crude and dilbit are subject to quality control measures and regulation. 
Pipeline operators employ further measures during transportation to manage and control 
the quality of delivered crude. Alberta crude quality information is available online and 
accessible to the public. The prope1ties of heavy, medium, and light conventional 
Albe1ta crude oils were compared with three dilbit and one dilsynbit crude. 

Whereas two of the four dilbit crudes displayed a slightly higher naphthenic acid and 
sulfur concentration than the conventional Albe1ta heavy crudes, there are conventional 
crudes on the market that have displayed higher values yet. The chloride salt 
concentrations were either comparable or lower than all grades of conventional crude. 
Naphthenic acid, sulfur, and chloride salt concentrations can result in corrosion at 
temperatures greater than 200 C at refineries, where mitigation is addressed through 
upgrading of materials and the use of inhibitors. At the much lower pipeline 
transpo1tation temperatures, the compounds are too stable to be corrosive and some may 
even decrease the corrosion rate. 

The sediment levels of the dilbit crudes were comparable to or lower than the 
conventional crudes, except for a dilsynbit crude, which showed more than double the 
quantity of solids than most other crudes, but was still well below the limit set by 
regulatory agencies and industry. The solids size distribution is unknown as is the role of 
larger size solids in the formation of pipeline deposits. Erosion corrosion was found to be 
improbable and erosion, if present, is expected to be gradual and observed by regular 
mitigation practices. 

The dilbit viscosities are comparable to those of heavy conventional crudes, where the 
viscosity is controlled and adjusted for temperature through the addition of diluent. The 
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resulting dilbit viscosity supports acceptable operating temperatures, which will be 
monitored at and downstream of the pumping stations. 

Adjustment of the Alberta and U.S. pipeline failure statistics to compare similar crude oil 
pipeline systems on an equivalent basis indicated that the Alberta systems (with a large 
percentage of dilbit lines) experienced comparable internal corrosion failure rates than the 
U.S. systems (predominantly conventional crude lines). 

Pipeline steel wet by oil does not corrode. The basic sediment and water (BS&W) 
content of crude oil transmission pipelines is limited to 0.5 volume percent. This water is 
primarily present as a stable emulsion, maintaining an oil wet pipe, protected from 
corrosion. Pitting corrosion has been observed underneath sludge deposits. These 
deposits are a mix of sand and clay particles, water, and oil products. The corrosivity of 
these sludges varies but seems to be linked to water content, which can exceed 10%, and 
large bacterial populations. The sludge deposition mechanism and the contributions of 
each of its components to its corrosivity are not clear. Sludge deposition and similar 
underdeposit corrosion is not unique to dilbit lines and also has been observed in 
pipelines transporting conventional crudes. 

This review has indicated that the characteristics of dilbit are not unique and are 
comparable to conventional crude oils. Additional work is recommended in areas of 
sludge formation, deposition, and underdeposit corrosion. It is further recommended to 
expand the current crude oil prope1ty database to include downstream qualities, as well as 
information on H1S concentration, asphaltene and water content, and viscosity. Finally, it 
is recommended that better statistics be made publicly available with separate 
information on dilbit and conventional crude oil pipelines as well as for upstream 
gathering lines and transmission pipelines. 
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1.0 INTRODUCTION 

TransCanada Pipeline's (TCPL's) $13 billion Keystone pipeline system will provide a secure 
and growing supply of Canadian crude oil to the largest refining markets in the Unites States. 
The second Phase of this project has been completed in February 2011, enabling the transport 
of 591,000 barrels of oil per day from Hardesty, Albe1ta to Cushing, Oklahoma, and Patoka, 
Illinois. Phases III and IV will increase the pipeline's capacity to 1.3 million barrels of oil 
per day to major refineries in the Houston area. These latter two phases are under regulatory 
review. The transpo1ted oil primarily originates from the oil sands. Crude or bitumen 
obtained from the oil sands is too viscous to transport by pipeline and needs to be diluted 
with diluent, hence the name 'dilbit.' In the context of this repo1t, conventional oil refers to 
'non-oil sands derived' crude oil. 

The same month that TCPL completed Phase II of the Keystone pipeline system, a repmt was 
issued by a group of environmental action groups on Tar Sands Pipeline Safety Risks [l]. 
The report contains many damaging statements to the use of dilbit, most notably that "diluted 
bitumen is more corrosive than conventional or crude products and is more likely to result in 
pipeline failures," and that "Alberta pipelines have had a higher failure rate than similar U.S. 
pipelines due to leaks caused by internal corrosion from transportation of diluted bitumen 
(dilbit)." The ERCB responded within hours of the release of the report and twice on the 
same day with news releases responding to 'falsehood' of the repoti's statements [2]. 

Environmental groups opposed to the pipelines continue to find material to fuel their 
concerns: the more than 800,000 gallons of oil spilled into the Kalamazoo River in Michigan 
last year came from the Cold Lake oil sands region, and the Exxon Mobil spill of 42,000 
barrels of oil in the Yellowstone River may have contained dilbit. Protestors against the 
Keystone pipeline are gathering in demonstrations across North America leading to mass 
arrests and drawing widespread attention. 

The arguments of these environmental groups don't go unheard with congressmen and other 
government officials, who have iterated reported statements and concerns [3]. The United 
States Department of States (DOS) has spent the last three years in review with the industry, 
scientific community, and other interest parties (including numerous public meetings), 
evaluating the purpose and need for the Project (pipeline), alternatives, and the associated 
potential environmental impacts. The result was issued on August 26, 2011 in a Final 
Environmental Impact Statement (FEIS), a comprehensive, detailed volume of work that is 
available to the public [4]. Public hearings were held and online comments were accepted. 

The US Department of Transportation's (DOT) Pipeline and Hazardous Materials Safety 
Administration (PHMSA) administers the national regulatory program to ensure the safe 
transportation of hazardous materials by pipeline. In February 2011, PHMSA issued 57 
Project-specific Special Conditions above and beyond the requirements of the pipeline code 
for the Keystone pipeline [Appendix U, 4]. In a news release on August 26, TCPL stated that 
they are pleased with the FEIS, which reaffirmed the environmental integrity of the project 
and concluded that oil sands derived crude oil does not have unique characteristics that would 
suggest the potential of higher corrosion rates during pipeline transportation. The company 
noted that incorporation of the 57 Special Conditions would result in a pipeline with a greater 
degree of safety than typical domestic pipelines. 
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Despite the review completed by the US DOS, there still exists confusion with regard to the 
corrosivity of dilbit versus that of conventional oil. The 57 Special Conditions are not 
sufficient according to the environmental groups opposed to the pipelines. Alberta Energy 
Minister Ron Liepe1t considers it a challenge of combating emotion with facts, and assures 
that the facts could be obtained without too much difficulty [5]. Concerns continue to surface 
in the media [6] and in the face of few factual studies and a strong confidence in the ERCB 
tracking statistics that dilbit is not more corrosive than conventional oil, corrosivity claims 
continue to be used as fuel by certain environmental groups. The current work will review 
the current status of information and concerns regarding the corrosivity of dilbit in pipeline 
transportation as compared to conventional crude oil. The focus of this work will be on 
transmission or transportation pipelines that transport oil over large distances to delivery 
points such as refineries and are subject to tariff quality specifications that include a 
limitation on the total amount of allowable sediment and water of 0.5 percent by volume. 
The Keystone pipeline is such a pipeline. 

2.0 OBJECTIVES 

To provide a confidential repott including: 
• Summary of the current concerns 
• Status review on the corrosivity of dilbit in pipeline transportation as compared to 

conventional oil and 
• Description and analysis of the current scientific information, assessing the validity 

of the concerns, identifying significant gaps, and recommending follow-up studies. 

3.0 CURRENT CONCERNS 

The Natural Resources Defense Council [1] has done an excellent job in summarizing the 
concerns presented by interest groups regarding the corrosivity of dilbit as compared to 
conventional crude oil and many of the same concerns have been expressed in other 
conversations and publications. The following is a summary of claims with regard to dilbit 
corrosivity [1] and include a few corrosion concerns from comments to the FEIS [4]. 

It has been suggested that dilbit may be more corrosive to pipeline systems than conventional 
crude and the following claims have been made: 

Claim # 1: Dilbit contains fifteen to twenty times higher corrosive acid concentrations 
than conventional crude oil [1]. 

Claim #2: Dilbit contains five to ten times as much sulfur as conventional crudes; the 
additional sulfur can lead to the weakening or embrittlement of pipelines 
[ 1]. 

Claim #3: Dilbit has a high concentration of chloride salts, which can lead to chloride 
stress corrosion cracking in high temperature pipelines [1]. 

Claim #4: Oil sands crude contains higher quantities of abrasive quartz sand pa1ticles 
than conventional crude, which can erode the pipelines [l]. 
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Claim #5: It has been suggested that dilbit could be up to seventy times more viscous 
than conventional crude oil. It has been claimed that the increase in 
viscosity creates higher temperatures as a result of friction [l]. 

Claim #6: The Albe1ta pipeline system has had approximately sixteen times as many 
spills due to internal corrosion than the U.S. system, indicating that the 
dilbit is much more corrosive than the conventional oil that is primarily 
flowing through U.S. lines [l]. 

Claim #7: An increased risk of internal corrosion may be related to the sediment 
composition of dilbits and specific sediment characteristics, including 
particle hardness and size distribution [4]. 

Claim #8: A combination of chemical corrosion and physical abrasion can 
dramatically increase the rate of pipeline deterioration [l]. 

Claim #9: As a result of the high viscosity of dilbit, pipelines operate at temperatures 
up to 158 F, whereas conventional crude pipelines generally run at ambient 
temperatures. The high temperature would significantly increase the 
corrosion rate which doubles with every 20 degree Fahrenheit increase in 
temperature [I]. 

Claim #10: Dilbit pipelines may be subject to a higher incidence of external stress 
corrosion cracking [4]. 

These claims will be examined in light of the properties of dilbit in comparison with 
conventional oils. In addition, statistical data are presented to show if the concerns are 
supp01ted by operating experience. 

4.0 QUALITY CONTROL OF DILBIT PROPERTIES 

Any discussion on the different risks and hazards of the transpo1tation of dilbit versus that of 
conventional crude should stait with a consideration of the differences in propetties of the 
oils that enter the transmission pipeline system and how these properties are controlled and 
managed by the industry using regulatory and industrial quality assurance guidelines. 

The Canadian Association of Petroleum Producers (CAPP) has established a crude oil 
committee to work with regulated segments of the industry such as transportation, storage, 
and market access. Crude oil quality subcommittees address specific crude quality issues and 
issues inherent in refining and shipping these crudes. Priorities that are addressed on an 
ongoing basis include [14]: 

• management of oil quality issues to ensure maximum value amid growing crude oil 
types and blends, specifically, 

o condensate quality specifications and quality recommendations 
o new crude approvals process 
o quality test method improvements 

One significant effort pertains to the definition of quality specifications of the condensate 
stream managed by Enbridge, also referred to as CR W [7]. This condensate stream consists 
of field condensates, ultra-light sweet crudes, and refinery and upgrader naptha streams from 
several supply sources. Historically, this condensate commodity was sold to downstream 
refiners. Currently, its main use is as diluent for Canadian heavy crude. Dilbit uses typically 
-25% of condensate, where companies use their own supply sources of light hydrocarbons or 
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purchase CRW. Establishment of a CRW criteria document provides a guideline for new 
streams that are proposed to be blended with the CR W stream and ensures that the CR W pool 
characteristics remain acceptable for the use as diluent. Quality specifications include 
minimum and/or maximum levels, a referee test method and test frequency, as well as 
comments on enforcement measures to be taken [8]. 

Crude Quality Inc. (CQI) is a private company in Edmonton with a mandate "to produce, 
provide, and manage crude quality information that increases the productivity of our 
customers and the petroleum industry" [9]. CQI's crude quality measurement and 
management system is supported by Canadian producer associations, Alberta/Canadian and 
US government departments, including the Energy Resources Conservation Board (ERCB), 
and Canadian and US technical organizations. CQI maintains a website with available data 
for most western Canadian crude oils, including conventional crudes as well as dilbit and 
other nonconventional grades and blends [IO]. The site was established to enhance 
communication of data on the quality and quality issues of western Canadian crudes. Figure 
I summarizes some of the data in a series of graphs (see also Table 1). These are the 
properties of the crude oils entering the transmission pipeline system to be delivered to the 
refineries, after the addition of diluent in case of the dilbits. Enbridge has additional crude oil 
characteristics on their website [11]. Petroleum quality specifications of crude permitted in 
the pipeline system is further defined in National Energy Board (NEB) and Federal Energy 
Regulatory Commission (FERC) regulatory documents outlined in pipeline Tariffs (e.g. [12], 
[13], and [14]). 

The above illustrates that conventional crude or dilbit is not transp01ted indiscriminately 
without quality control measures and regulation. Work is ongoing continuously to improve 
overall quality control and product quality, primarily considering the effects on refining of 
the product. 

The majority of pipelines are used for batches of different categories of crude. The pipeline 
operators are responsible for managing and controlling the quality of delivered crude and a 
number of measures are applied, including [15, 16]: 

I. The use of turbulent flow, which minimizes the mixing area between batches. In 
laminar flow, the flow velocity near the pipe wall is much smaller than the velocity in 
the center of the pipe, which results in a relatively large mixing zone when one crude 
is followed by a different crude. The flow velocity is more even throughout the pipe 
cross-section in the case of turbulent flow, decreasing the subsequent mixing zone 
between different crudes. 

2. The establishment of a crude ranking order, which serves as a guideline when 
changing crudes (e.g. a Medium Crude may be followed by a Medium Sour Crude, 
but not by a Heavy Crude). 

3. The use of buffers at the front and the back of the batch to prevent mixing with the 
preceding batch or the following batch when the crude contains components that are 
undesirable by the refineries. In some instances, interface pigs can be used, but some 
contamination can occur at the pump and pig trap locations. 

4. Maximization of batch size will minimize contamination from the mixing zones. 
5. Minimization of stmt/stop operations. 
6. Minimization of contamination in tanks from receipt to delivery 
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Although the operator will make an effort to deliver the same type of crude as received, the 
operator is not obligated to deliver the identical crude [12, 13, 14]. Changes in density, 
specification, quality and characteristics as a result of the transportation in the pipeline 
system are acknowledged. Unfortunately, crude quality information of the received oil 
product is not currently readily available. CQI is currently working with industry partners on 
the development of a downstream quality database for direct comparison with the upstream 
qualities with the goal to provide financial incentives for consistency and rateability [9]. The 
transparency offered by the information of crude oil quality databases on both the shipped 
and delivered product will be of tremendous assistance in communications between industry 
and the public. 

Table 1 Crude Designation Used in Figure 1 

Type of Crude and 
Crude Designation Used in 

Figure 1 

Bow River North Heavy Sour A 

Bow River South Heavy Sour B 

Lloyd Blend Heavy Sour C 

Fosterton Heavy Sour D 

Lloyd Kerrobert Heavy Sour E 

Mi dale Medium Sour A 

Mixed Sour Blend Medium Sour B 

Sour High Edmonton Medium Sour C 

Sour Light Edmonton Light Sour A 

Light Sour Blend Light Sour B 

Mixed Sweet Blend 
Light Sweet A 

Crude 

Access Western Blend DilbitA 

Cold Lake Dilbit B 

Seal Heavy DilbitC 

Albian Heavy Synthetic 
DilsynbitA 

Crude 
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Properties of various conventional crudes and dilbits in Western Albe1ta illustrating 
acidity and sulphur contents. The data were obtained from Crude Quality lnc.'s 
website crudemonitor.ca [10]. Error bars represent the standard deviation over five 
years of data. 
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5.0 DILBIT AND CONVENTIONAL CRUDE OIL PROPERTIES 

With quality control measures in place, the properties of crudes entering the pipeline will be 
within defined boundaries. Yet, differences can be observed across the different crudes as 
well as within each crude category. Figure 1 displays data obtained from the Crude Monitor 
[IO], where the plotted data are averages over periods of approximately five years. Error bars 
indicate the standard deviation. Data is presented for five different conventional heavy sour 
crudes, three conventional medium sour crudes, two conventional light sour crudes, one 
conventional light sweet crude, three dilbit crudes and one dilsynbit crude. Whereas dilbit 
can also refer to heavy conventional crudes that have been diluted with diluent or diluted 
crudes obtained by other means e.g. enhanced oil recovery, the dilbits in Figure 1 refer to oil 
sands crudes, where dilbit A is obtained from steam assisted gravity drainage (SAGD) 
processes and dilbits B and C from cyclic steam stimulation (CSS). Oil sands crude obtained 
from mining operations were either upgraded or blended with other crudes. For this reason, 
dilsynbit A has been added, which originates from mining operations, but is partially 
upgraded. 

5.1 Naphthenic acids 

Claim #1: Dilbit contains fifteen to twenty times higher corrosive acid concentrations 
than conventional crude oil [1]. 

Under refinery conditions and temperatures, naphthenic acids compounds can be corrosive. 
Naphthenic acids are a group of organic acids measured in terms of a total acid number 
(TAN), which is obtained by titration of the oil with KOH. TAN numbers have, therefore the 
units of mg KOH/g. Crude oils with TAN values greater than 0.5 are generally considered 
corrosive. However, recent work has indicated that not all naphthenic acids are equally 
corrosive and the acid groups attached to large hydrocarbon molecules found in heavy crudes 
and dilbits are more stable and less corrosive [19, 20, 21, 22]. Consequently, the TAN 
number is not necessarily reflective of the corrosivity of crude at elevated temperatures. 

Figure la indicates a higher TAN for dilbits A and C, whereas dilbit B and dilsynbit A are 
comparable to the conventional heavy sour crudes. Research is continuing into the effects of 
these parameters at refineries, where upgrading of materials and the use of inhibitors can be 
used to mitigate any increase in corrosivity [19]. However, the acids are too stable to be 
corrosive under transmission pipeline temperatures. On the contrary, long chain organic 
acids have been found to decrease the corrosion rate at room temperature [23]. Fmthermore, 
a number of Californian crudes have TAN numbers up to 3.2, and these crudes have been 
produced and transported by pipeline throughout California for many years [24]. 

5.2 Sulphur content 

Claim #2: Dilbit contains five to ten times as much sulfur as conventional crudes; the 
additional sulfur can lead to the weakening or embrittlement of pipelines 
[1]. 

Under refinery conditions and temperatures, organic sulphur compounds can be corrosive. A 
wide variety of sulphur compounds are present in crude oil, which, when heated, will be 
released as corrosive hydrogen sulphide. The release of hydrogen sulphide again depends on 
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the stability of the organic sulphur compound, and high temperatures between 220 and 400 C 
are required. With a wide variety of sulphur compounds and stabilities, the sulphur content 
of crude is also not a good measure of the corrosivity of crude at refinery conditions [22]. 

Similar to the TAN numbers, Figure la indicates a higher sulphur concentration for dilbits A 
and C, whereas dilbit B and dilsynbit A are comparable to the conventional heavy sour 
crudes. Under transmission pipeline temperatures, organic sulphur compounds are too stable 
to be corrosive. At room temperature, sulphur containing compounds were found to have no 
effect or resulted in a decrease in the corrosion rate [23]. 

The sulphur content does not correlate to the hydrogen sulfide content, which is not typically 
reported. As an example, two Mexican crudes with sulfur contents of 3.4% and 0.9% 
contained 100 ppm and 116 ppm of H2S, respectively [ 4]. Small concentrations of H2S may 
be present in sour as well as sweet crudes. Concentrations could vary from a few ppm to 
over a hundred ppm. The CRW diluent is limited to 20 ppm of H2S [8]. Although the H2S 
concentrations in dilbits are not available, there is no indication that these levels would be 
higher than in conventional crudes [4]. If available hydrogen sulfide could separate from the 
oil into an aqueous phase in the pipeline, the corrosivity of the water could increase. This 
would be valid for all oil systems and not specific to dilbit lines. 

5.3 Chlorides 

Claim #3: Dilbit has a high concentration of chloride salts, which can lead to chloride 
stress corrosion cracking in high temperature pipelines [1]. 

Figure 1 b illustrates the levels of chloride salts for the crudes; light sour crude A and light 
sweet crude A did not have any data. The highest chloride salt concentration was observed 
for the conventional light sour B crude, with the dilbits displaying some of the lowest salt 
concentrations. Chloride salts can lead to the formation of strong hydrochloric acid in the 
presence of steam at upgrading and processing temperatures greater than 150 C, which can 
result in serious corrosion problems [26]. These conditions are not encountered in 
transmission pipelines. In fact, it has been shown that high salinity brines in contact with oils 
did not affect the corrosion rate [25]. Chloride stress corrosion cracking can be an issue in 
stainless steel equipment, but is not a mechanism encountered in carbon steel transmission 
pipelines [53]. 

5.4 Sediments 

Claim #4: Oil sands crude contains higher quantities of abrasive quartz sand particles 
than conventional crude, which can erode the pipelines [1]. 

Figure 1 b illustrates the levels of sediments for the crudes; light sour crude A and light sweet 
crude A did not have any data. The sediment content in Figure 1 b is far below the limit of 
0.5 volume percent (water + sediment) specified in the pipeline tariffs [12, 13, 14]. The 
sediment levels of the dilbit crudes were comparable to or lower than the conventional 
crudes, except for the dilsynbit crude with an oil sands mining origin, which showed more 
than double the quantity of solids than most other crudes. However, at -800 ppmw (-0.027 
volume percent), it is still well below the limit set by regulatory agencies and industry. 
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5.5 API gravity and viscosity 

Claim #5: It has been suggested that dilbit could be up to seventy times more viscous 
than conventional crude oil. It has been claimed that the increase in 
viscosity creates higher temperatures as a result of friction [1]. 

The API gravity is a measure of how 'heavy' the crude is; heavy crudes have low degrees of 
API gravity (10-25) and light crudes have high degrees of API gravity (30-40). The formula 
for API gravity is defined by: 

API gravity (in degrees)= (141.5/SG) - 131.5 Equation 1 

where SG =specific gravity at 15.6 C 

Based on the density of water, any oil with an API value greater than 10 degrees at~ 15.6 C is 
lighter than water. Figure le illustrates that the dilbit crudes have similar degrees of API and 
viscosities to the conventional heavy sour crudes. All of the crudes are well above the 
minimum of 19 degrees API gravity; only dilsynbit A has an average value below 20at19.5 
degrees API gravity. Also, the viscosities are well below the limited receipt viscosity of350 
cSt specified by the crude petroleum tariffs [12, 13, 14]. The lower the viscosity, the easier 
the oil flows, where water has a viscosity of one cSt at 20 C. The viscosity is very sensitive 
to temperature and will increase at colder temperatures. To compensate for fluctuations in 
viscosity as a result of varying seasonal temperatures, the amount of diluent added to the 
crude will be adjusted to control the viscosity to the desired level. Figure 1 d [17], shows how 
the API gravity is related to the viscosity at 50 C, representing gravities and viscosities of 
conventional heavy crudes. Based on the data from Figures 1 c and 1 d, the dilbit viscosities 
are not different from the conventional oil viscosities as a function of degrees API gravity. 

Figure le shows that viscosities of the dilbit are comparable to those of conventional heavy 
crudes, but are significantly lower for the conventional medium and low sour crudes, which 
means that these crudes are easier to pump. Consequently, they require less pumping energy 
and/or the pumping capacity can be increased. The requirement for higher pumping energy 
to maintain a certain throughput of more viscous oil can translate into an increase in 
temperature at the pump station. Downstream of the pump station, the pipeline temperature 
decreases as a result of heat loss to the environment [18]. The maximum allowable 
temperature on the proposed Keystone line has been set at 70 C with a normal operating 
temperature of 49 C. Temperatures must be measured at the pump and at a downstream 
location to ensure compliance ([48], Appendix U). The dilbit crude quality and viscosity that 
are accepted for transp01tation suppo1t operating temperatures within an acceptable range. 

5.6 Other properties for consideration 

The following prope1iies are impo1tant for downstream processing of the crude and fmther 
illustrate where differences can be expe"ted between dilbit and conventional crude. These 
properties have not been linked to pipeline transmission corrosion. 
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5.6.1 Heavy metals: nickel and vanadium 

Crude oil analyses often include the nickel and vanadium content, since these metals have 
detrimental effects on catalysts used in refine1y cracking and desulphurization processes. 
Figure le shows that the vanadium levels are markedly higher for the dilbit crudes as 
compared to the conventional crudes. The nickel levels are more comparable with the 
conventional heavy sour crude levels. These metals have not been linked to corrosive 
processes in oil transmission pipelines [25]. 

5.6.2 Total C4s and C5s 

The C4s and C5s in Figure 1 f represent the lighter fractions of the crude. The higher 
fractions of C5s in Dilbits A and B are likely largely originating from the added diluent. 

5.6.3 Total MCR 

The Micro Carbon Residue (MCR) content in Figure 1 f is a measure of the crude oil tendency 
to form coke, where crudes with a high MCR are more expensive to refine. The MCR 
content increases with the content of large high carbon molecules and can, therefore, be 
considered a measure of the heavy fraction of the crude [17, 27]. The MCR content of the 
dilbits are only slightly higher than that of the conventional heavy sour crudes. The 
asphaltenes content was not reported in the Crude Monitor database [10]. 

The above illustrates that the dilbit properties as displayed in Figure 1 are not significantly 
different from the conventional heavy crude oils for pipeline transportation. However, 
internal pipeline corrosion has occurred in some dilbit lines whereas others have enjoyed a 
long trouble free existence [28]. Our understanding of some of the parameters and their 
interactions are discussed in the following sections. 

6.0 INTERNAL PIPELINE CORROSION IN WATER-WET CONDITIONS 

Steel wet by oil does not corrode. Consequently, for corrosion to occur, separation of a water 
phase from the oil is required. Unlike transmission pipelines, gathering oil pipelines can 
contain significant quantities of water when transpo1ting oil from wells to nearby treatment 
facilities and internal corrosion is observed when the pipe is water-wet. The corrosion 
generally consists of localized pitting. The corrosivity of the water phase depends on the 
water chemistry, which is also dependent on the oil chemistry. Water soluble inhibitive or 
corrosive components may separate from the oil into the water phase, either inhibiting 
corrosion or increasing the water corrosivity [23, 25]. Work by Papavinasam et al. has 
considered pipeline characteristics, and operating conditions in the development of an 
internal pitting corrosion model using laboratory and field measurements [29, 30]. The 
model addresses water-wet conditions with no corrosion occurring in oil-wet conditions. 
Parameters that increased the pitting corrosion rate included flow turbulence, temperature, 
and chlorides. The pitting corrosion was decreased by protective scale formation (sulfide or 
carbonate scales) [31]. The model was validated using data obtained from seven operating 
pipelines [29]. A comprehensive review of other predictive models of internal pipeline 
corrosion is provided from a corrosion science perspective [32], electrochemical perspective 
[33], and using a corrosion engineering approach [34]. 
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7.0 INTERNAL CORROSION OF DILBIT TRANSMISSION PIPELINES 

Claim #6: The Alberta pipeline system has had approximately sixteen times as many 
spills due to internal corrosion than the U.S. system, indicating that the 
dilbit is much more corrosive than the conventional oil that is primarily 
flowing through U.S. lines [1]. 

The ERCB responded to the above statement that the comparison is not valid since the ERCB 
statistics includes a much broader array of pipelines [2]. For example, the US Code of 
Federal Regulations does not include all gathering lines in their hazardous liquids 
classification [35], whereas a large percentage of all Alberta lines are upstream gathering 
lines. Gathering lines are generally more prone to failure since they contain more water and 
can contain corrosive carbon dioxide and hydrogen sulfide gases. Furthermore, the ERCB 
requires operators to report any pipeline incident that results in a loss of pipeline product, 
whereas the US data is based on incidents with a release of 5 gallons or more. In response to 
the above concern, PHMSA and the ERCB adjusted the statistics to comparable crude oil 
systems, where the oil sands derived crude oil consisted of a much larger percentage in 
Alberta than in the entire U.S. [4]. The criteria used to produce the Alberta statistics are quite 
open and based on pipe diameter, where, as a rule, larger diameter pipelines (12" dia. and up) 
transpo1i oil over longer distances and are oil-wet [54]. Table 2 is reproduced from the FEIS, 
page 3.13-38 [4]. The data shows that the internal corrosion rates in Alberta and in the U.S. 
are comparable, which indicates that there is no evidence that dilbit would be more corrosive 
than conventional crudes. 

The publicly available ERCB data do not separate the statistics for dilbit and conventional 
crude pipelines or for upstream gathering lines and long distance transmission pipelines. 
Whereas the ERCB licenses pipelines for the use of crude oil, they may not be aware of what 
type of crude is shipped through the lines, which is further complicated by the fact that lines 
can transport dilbit and conventional crude at different points in time. It is recommended that 
better statistics be provided as an improved presentation of the integrity of the Alberta 
pipeline system and to facilitate continuous monitoring of the performance of dilbit pipelines. 
The required information for these statistics may need to come from the operators and could 
be managed by the ERCB or other company organizations such as CAPP or the Canadian 
Energy Pipeline Association (CEPA). CEPA represents Canada's transmission pipeline 
companies; its members transport 97% of Canada's daily production of crude oil and natural 
gas. 

The remainder of this chapter considers how a corrosive situation can occur in crude oil 
pipelines and considers the role of dilbit and conventional crude oil properties. 
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Table 2 Crude Oil Pipeline Failures U.S. and Alberta (2002-2010) [4] 

Incident/Failure Case Failures/Year 
Failures per 1,000 Pipeline 

Miles per Year 

U.S. Crude Oil Pipeline Incident Historya 

Corrosion - External 9.8 0.19 

Corrosion - Internal 22.1 0.42 

All Failures 89.3 1.70 

Alberta Crude Oil Pipeline Incident Historyb 

Corrosion - External 2.3 0.21 

Corrosion - Internal 3.6 0.32 

All Failures 22.0 1.97 

"PHMSA includes spill incidents greater than 5 gallons. U.S. has 52,475 miles of crude oil pipelines in 2008. 
b Alberta Energy and Utility Board Report. Alberta has 11, 187 miles of crude oil pipelines in 2006. 

7.1 Presence of Water 

The internal corrosion models referred to in the previous chapter have been developed for a 
wide range of operating pipelines varying from upstream to transmission, for both oil and gas 
lines, as well as multi-phase pipelines with high cuts of water. The current review is aimed 
primarily at transmission pipelines, which will have a limitation on the basic sediment and 
water (BS&W) content entering the pipe of0.5 volume percent [12,13,14]. The presence of a 
small quantity of water is inevitable, since complete removal of emulsified water is not 
possible with the current techniques such as desalting and naphtha-froth treatment. A survey 
performed in 1997 of Western Canadian oil producers indicated an average BS&W of 0.35%, 
with solids up to 60% of the BS&W [36]. At that time, some American pipeline companies 
shipped crude containing as much as 3% water, but did not experience a great increase in the 
corrosion rate. A typical BS&W of the CRW diluent is as low as 0.003 vol% [8]. The 
critical water content that will lead to water-wet conditions during transportation can vary 
widely depending on chemistry and operating conditions, but is generally much greater than 
I 0 percent [30]. Consequently, less than 0.5% of water is usually not a corrosion concern 
unless conditions exist that enable the precipitation and accumulation of this water on the 
pipe wall. The following paragraphs discuss some of the crude oil components that could 
promote the accumulation of water and the formation of a corrosive environment. The 
discussion does not consider entry of water through batch upsets or water remaining in the 
system after hydrostatic testing. These are operational issues and not unique to the 
transported crude. 

7.2 Asphaltenes 

Asphaltenes are found in heavy crude oil and consist of positively charged complex large 
multi-ring hydrocarbon systems. They are in effect a solubility class, i.e. a fraction of the 
crude oil that is not soluble in paraf:finic solvents, which are chained non-polar hydrocarbons 
[37, 38]. They are known to aggregate in solutions in a micro-emulsion, where an asphaltene 
core is surrounded by resins (with fewer hydro-carbon rings), which are surrounded by 
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smaller hydro-carbon ring molecules, which in turn are dissolved in the non-polar solvent. 
This micro-emulsion structure allows the asphaltenes to dissolve in the crude oil [39]. When 
this micro-emulsion structure is disrupted through, for example, the addition of a paraffinic 
solvent that removes the protective resin layer, the asphaltenes will become insoluble and 
precipitate out. 

Depending on the characteristics of the diluent, its addition to bitumen could result in the 
formation of unstable asphaltene micro-emulsions that could deposit during pipeline 
transportation [37, 40]. The asphaltene content of typical oil sand bitumens is 15-17 wt% and 
is partly responsible for the high viscosity. Complete removal of the asphaltenes does not 
reduce the viscosity to the required 350 cSt, but partial removal of the asphaltenes reduces the 
diluent requirement significantly. The additional benefit is that asphaltene precipitation is 
much less likely to occur [37]. 

The quality specifications of the CR W pool are primarily directed towards the downstream 
properties of the crude for refinery purposes, which affects the economic value of the crude. 
The Crude Monitor database contains 5-year averages of the CRW hydrocarbon composition, 
which indicates that ~80% consists of paraffinic solvents of eight carbons or less [1 O]. The 
remaining 20%, however, may contain the required properties to provide suitable 
compatibility with the mixed heavy crude oil. The Canadian Crude Quality Technical 
Association (CCQTA) is considering the compatibility of blending crude oils and diluent [52] 
in an eff01t to ensure that the product can be processed and refined. Calculator tools are 
provided on the Crude Monitor website [10]. Whereas asphaltene deposition can occur in 
response to incompatible blends in pipelines, the role of asphaltenes in pipeline sludge 
formation is unclear. 

7.3 Emulsified water droplets 

The solubility of water in oil is very small and of the order of 50 - 100 ppm [41]. The 
remainder of the water is primarily present as an emulsion, where the pipeline surface 
remains protected from corrosion by the continuous oil phase. These water droplets are very 
small and typically less than 10 microns in diameter [42, 43]. They carry chlorides and solids 
and can result in corrosion when the emulsion breaks up on the pipe wall, wetting the carbon 
steel surface. The stability of water-in-oil emulsions is a function of the oil chemistry, the 
water chemistry, and operating conditions. 

One of the major players in stabilizing water in oil emulsions is asphaltene, forming an 
interfacial layer together with smaller surface active molecules and submicron mineral solids 
that is several tens of nanometers thick [44]. Ultrafine submicron clay particles are thought 
to be just as impo1tant in the stabilization of the water droplets, behaving similar to the 
asphaltenes [ 45, 46]. The formed skin is strong enough to resist coalescence of the droplets 
when they touch each other. These small micro-emulsions are too light to settle out in 
turbulent flow of crude oil and are expected to travel harmlessly through the pipeline. 
However, if bitumen is mixed with paraffinic solvents resulting in the precipitation of 
asphaltenes, these polar asphaltene floes could bind to water droplets and clay pa1ticles 
forming much larger 100 to 1000 micron clusters that could settle out during transportation 
[43]. 
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7.4 Pipeline sediment and sludge formation 

Claim #7: An increased risk of internal corrosion may be related to the sediment 
composition of dilbits and specific sediment characteristics, including 
particle hardness and size distribution [4]. 

Figure 1 b did not indicate a much higher content of sediments for the dilbit crudes compared 
to the conventional crudes, except for dilsynbit A. The data, however, only indicates the total 
amount of sediments and does not provide information on the size distribution. It is unknown 
how the solids in the conventional crudes compare to those in dilbits. 

Analyses of pipeline deposits obtained from pigging operations have indicated the presence 
of larger solids to over 400 microns [47]. Most of the solids, however, were fine particles 
less than 44 microns in diameter (see Figure 2a), where the larger and fine paiiicles consist 
primarily of silica sand and iron compounds. The larger sand particles were uniformly coated 
with very fine clays surrounded by a film of water in oil (see Figure 2b) [47]. Under low 
flow conditions, these particles are heavy enough to precipitate out with the water, oil 
products, and possibly asphaltenes, forming a sludge deposit. Sludge deposits are mixtures 
of hydrocarbons, sand, clays, corrosion by-products, biomass, salts, and water. 

One might expect deposition of sludge to occur at the lowest spots. However, Enbridge 
observed underdeposit corrosion in their dilbit lines near over-bends, which are locations of 
low fluid shear stress (low fluid flow pressure) [47]. Little is known about the sludge 
deposition mechanism and it is not known if sludge formation would occur in the presence of 
only fines. 

7.5 Underdeposit corrosion 

The water layer on deposited sand particles in a pipeline sludge can subsequently join to form 
a water layer on the pipeline steel [47]. The water will contain chloride salts as well as 
bacteria, which now form a corrosive mix. The sludge chemistry can vary widely, where 
some sludges have a large percentage of waxy oil and exhibit low or no corrosion. Other 
sludges can contain more than I 0% water and large bacterial populations, which can 
contribute to underdeposit pitting corrosion [48]. Figure 3 shows extensive pitting of a 
sludge covered test coupon, whereas a bare coupon showed no corrosion after both were 
exposed to dilbit for a month. No significant corrosion has been measured in a wide variety 
of different dilbit crudes in the absence of sludge, where the measured corrosion rate 
generally was within the standard deviation of the measurement technique. 
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Figure 2 

(a) 

Figure 3 

(a) (b) 

Micrograph of(a) washed sludge solids and (b) a large solid (from [47]) 

(b) (c) 

Corrosion coupons exposed to dilbit for 4 weeks, where (a) was left bare and (b) was 
covered with ( c) sludge 

The pipeline sludges used for analysis and testing are obtained from pigging runs and are 
considered averages over the length of the pipe and the time between pigging runs. The 
actual sludge chemistry may vary within a stratified sludge deposit or between different 
locations or with time as a function of transported crude. Questions remain regarding the 
controlling corrosion parameters and little is known with regard to the sludge deposition 
mechanism and the role of the dilbit chemistry. Whereas underdeposit corrosion has been 
observed on transmission pipelines transporting dilbit, there are also dilbit pipelines that have 
operated trouble-free for 25 years [28]. 

Underdeposit corrosion, however, is not unique to dilbit lines. Earlier this year, BP shut 
down their Trans-Alaska pipeline, which transports oil from their Prudhoe field. Previous 
leaks in 2006 resulted in the shutdown of 57 oil wells in Alaska [ 49]. Corrosion was 
attributed to the deposition of sludge, the presence of carbon dioxide, and, what was 
considered to be the biggest threat, the presence of bacterial populations resulting in 
microbiologically influenced corrosion (MIC) [50]. It is not known what the solid content or 
solid size distribution was in this line, but the conditions obviously favoured sludge 
deposition. 
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7.6 Erosion and Erosion Corrosion 

Claim #8: A combination of chemical corrosion and physical abrasion can 
dramatically increase the rate of pipeline deterioration [1}. 

Erosion by sediment particles would occur by impact. Since corrosion can only occur in the 
presence of a water phase, which most likely requires sludge formation in dilbit pipelines, a 
combination of erosion and corrosion is improbable. No information could be found on dilbit 
pipeline erosion in the scientific literature or from field experience. Erosion in a uniform 
smooth pipeline generally displays itself as even wear as opposed to the localized pitting 
corrosion observed underneath sludge deposits. If present, effects are generally more gradual 
and should not be a concern due to the fact that regular mitigation strategies such as 
intelligent pigging and monitoring technologies will catch this wall loss. 

8.0 TEMPERATURE EFFECTS 

8.1 The effect of temperature on the internal corrosion rate 

Claim #9: As a result of the high viscosity of dilbit, pipelines operate at temperatures 
up to 158 F, whereas conventional crude pipelines generally run at ambient 
temperatures. The high temperature would significantly increase the 
corrosion rate which doubles with every 20 degree Fahrenheit increase in 
temperature [1}. 

An increase in the temperature can increase the rate of corrosion if the corrosion mechanism 
is controlled by kinetics or diffusion. There are, however, many other factors that affect the 
rate of corrosion such as scale formation, limiting concentration of reactants, or chemical 
reactions. Especially in a complex aqueous environment, possibly with dissolved organics, 
acid gases, oxygen, sub-micron clay particles, etc., the corrosion rate can either increase or 
decrease as a function of temperature. The concentration of oxygen or carbon dioxide is 
generally not known and, if present, may change along the length of the pipeline. The most 
likely internal corrosion mechanism in dilbit pipelines consists of underdeposit corrosion as a 
result of sludge formation. As discussed in the preceding section, microbiologically induced 
corrosion could play a dominant role in the corrosion process. Complex populations 
containing multiple types of bacteria are known to be present and support each other's 
viability such as sulfate reducing bacteria (SRB), heterotrophic aerobic bacteria (HAB), and 
acid producing bacteria (APB) [48]. These bacteria are most active between 10 C and 40 C. 
Consequently, higher temperatures up to 70 C may reduce the corrosion rate underneath 
sludge deposits, if the mechanism is controlled by microbial action. 

Little is known about the controlling factors of corrosion underneath sludge deposits and it is 
recommended that research continue to improve our understanding of sludge formation, the 
resulting corrosion mechanism, the role of dilbit chemistry and solids, mitigation practices 
and frequencies, and preventive measures. Enbridge has been quite successful in mitigating 
underdeposit corrosion through a pigging and inhibition program. However, there are still 
many uncertainties regarding the effectiveness of each and the required frequency [47]. 
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8.2 The effect of temperature on external stress corrosion cracking 

Claim #10: Dilbit pipelines may be subject to a higher incidence of external stress 
corrosion cracking [4]. 

In the field, the pipeline is protected by coatings and cathodic protection. Increased 
temperatures may result in coating disbondment, which would expose the bare pipe to the soil 
environment, which can be corrosive containing water, dissolved oxygen and carbon dioxide. 
Together with fluctuating pipeline operating stresses, this has resulted in stress corrosion 
cracking (or fatigue cracking) of pipelines covered with tape or asphalt coatings. These 
coatings can behave as shielding coatings, preventing the secondary protection of applied 
cathodic current. The Keystone pipeline is coated with Fusion Bonded Epoxy (FBE), which 
is considered pe1meable to the cathodic protection current. Temperatures up to 60 C have 
indicated a higher rate and extent of coating disbandment, but it has also been shown that, in 
the presence of cathodic protection, the pipe will remain protected, and blistering and coating 
disbandment does not present an integrity threat to a pipeline [51]. No stress corrosion 
cracking failures have been reported for FBE coatings in over 40 years of experience. 

9.0 SUMMARY 

Pipeline expansions for the transportation of Canadian crude to refining markets in the United 
States are currently under regulatory review. The transported oil originates primarily from 
the Albe1ia oil sands and consists of diluted bitumen, also referred to as dilbit. Alberta 
Innovates - Technology Futures completed a project for Albe1ia Innovates - Energy and 
Environment Solutions reviewing the current status on the corrosivity of dilbit in pipelines as 
compared to conventional or 'non-oil sands derived' crude oil. 

It has been suggested that dilbit has higher acid, sulfur, and chloride salts concentrations, as 
well as higher concentrations of more abrasive solids. It is furthermore suggested that dilbit 
transmission pipelines operate at higher operating temperatures compared with conventional 
crude, which would make the dilbit more corrosive, thus leading to a higher failure rate than 
observed for pipelines transpo1iing conventional crude. This review examines these concerns 
in light of the prope1iies of dilbit in comparison with conventional oils. In addition, statistical 
data are presented to show ifthe concerns are supported by operating experience. 

Conventional crude and dilbit are subject to quality control measures and regulation. Pipeline 
operators employ further measures during transportation to manage and control the quality of 
delivered crude. Alberta crude quality information is available online and accessible to the 
public. The properties of heavy, medium, and light conventional Albe1ia crude oils were 
compared with three dilbit and one dilsynbit crude. 

Whereas two of the four dilbit crudes displayed a slightly higher naphthenic acid and sulfur 
concentration than the conventional Alberta heavy crudes, there are conventional crudes on 
the market that have displayed higher values yet. The chloride salt concentrations were either 
comparable or lower than all grades of conventional crude. Naphthenic acid, sulfur, and 
chloride salt concentrations can result in corrosion at temperatures greater than 200 C at 
refineries, where mitigation is addressed through upgrading of materials and the use of 
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inhibitors. At the much lower pipeline transp01iation temperatures, the compounds are too 
stable to be corrosive and some may even decrease the corrosion rate. 

The sediment levels of the dilbit crudes were comparable to or lower than the conventional 
crudes, except for a dilsynbit crude, which showed more than double the quantity of solids 
than most other crudes, but was still well below the limit set by regulatory agencies and 
industry. The solids size distribution is unknown as is the role of larger size solids in the 
formation of pipeline deposits. Erosion corrosion was found to be improbable and erosion, if 
present, is expected to be gradual and observed by regular mitigation practices. 

The dilbit viscosities are comparable to those of heavy conventional crudes, where the 
viscosity is controlled and adjusted for temperature through the addition of diluent. The 
resulting dilbit viscosity supports acceptable operating temperatures, which will be monitored 
at and downstream of the pumping stations. 

Adjustment of the Alberta and U.S. pipeline failure statistics to compare similar crude oil 
pipeline systems on an equivalent basis indicated that the Alberta systems (with a large 
percentage of dilbit lines) experienced comparable internal corrosion failure rates than the 
U.S. systems (predominantly conventional crude lines). 

Pipeline steel wet by oil does not corrode. The basic sediment and water (BS& W) content of 
crude oil transmission pipelines is limited to 0.5 volume percent. This water is primarily 
present as a stable emulsion, maintaining an oil wet pipe, protected from corrosion. Pitting 
corrosion has been observed underneath sludge deposits. These deposits are a mix of sand 
and clay particles, water, and oil products. The corrosivity of these sludges varies but seems 
to be linked to water content, which can exceed 10%, and large bacterial populations. The 
sludge deposition mechanism and the contributions of each of its components to its 
corrosivity are not clear. Sludge deposition and similar underdeposit corrosion is not unique 
to dilbit lines and also has been observed in pipelines transporting conventional crudes. 

This review has indicated that the characteristics of dilbit are not unique and are comparable 
to conventional crude oils. 

10.0 RECOMMENDATIONS 

The following recommendations are provided based on the completed review. It has to be 
understood that this was a high-level review and a focused, peer-reviewed study has not been 
conducted. The scope of the work did not include interviews with industry, regulators, or 
colleagues. 

I. CQI is currently working with industry paiiners on the development of a downstream 
quality database for direct comparison with the upstream qualities with the goal to 
provide financial incentives for consistency and rateability. The data provided on 
upstream qualities has been instrumental in the evaluation of differences between 
dilbit oils and conventional crude oils. The transparency offered by the information 
of crude oil quality databases on both the shipped and delivered product will be of 
tremendous assistance in communications between industry and the public. It will 
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also be a valuable resource for the evaluation of sludge deposition and underdeposit 
corrosion during transpo1tation. It is recommended that this effort be supported. 

2. To further increase the value of the above database, it is recommended that the 
following information be added: 

a. H2S concentration 
b. Asphaltene content 
c. Water content 
d. Viscosity (currently available from [11]) 
e. Sediments' identity and size distribution, if possible 

3. The compatibility between diluent and bitumen should be investigated fmther with 
regard to sludge formation and deposition, and the role of asphaltenes. It is 
recommended that current efforts by CCQTA on crude oil compatibility be supported 
and expanded to link the crude oil chemistry to pipeline sludge formation and sludge 
corrosivity, including the ability of the sludge to support microbial populations. 

4. The underdeposit corrosion mechanism should be studied fmther with regard to the 
effect of dilbit chemistry, sludge deposition mechanism, microbial activity, 
temperature, and effectiveness of mitigation tools (chemicals and cleaning pigs). 
Current work by Enbridge as well as by the industry working group PiCoM (Pipeline 
Corrosion Management) is addressing these issues through long-term testing and 
correlating sludge corrosivity with a chemical and microbial geochemical 
characterization of the sludge. The work is further considering and optimizing 
monitoring technologies to enable measurement of the effectiveness of mitigation 
treatments. It is recommended that this effort will continue to be supported. 

5. The publicly available ERCB data does not separate the statistics for dilbit and 
conventional crude pipelines or for upstream gathering lines and transmission 
pipelines. It is recommended that better statistics be provided as an improved 
presentation of the integrity of the Alberta pipeline system and to facilitate continuous 
monitoring of the performance of dilbit pipelines. The required information for these 
statistics may need to come from the operators and could be managed by the ERCB or 
other company organizations such as CAPP or the Canadian Energy Pipeline 
Association (CEPA). 
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Preface 

This National Research Council (NRC) study was sponsored by the Pipeline and Hazardous 
Materials Safety Administration (PHMSA) of the U.S. Depaitment of Transportation.' The 

study charge and origins are explained in Chapter 1. The contents and findings of the report 
represent the consensus eff01t of a committee of technical experts, who served uncompensated in 
the public interest. Drawn from multiple disciplines, the members brought expertise from 
chemistry and chemical engineering; corrosion and materials science; risk analysis; and pipeline 
operations, research, and safety regulation. Committee member biographical information is 
provided at the end of the report. 

The study committee convened five times over 10 months, including a visit by several 
members to a pipeline te1minal and energy research laboratory in the Edmonton and Fort 
McMurray areas of Alberta, Canada. Data-gathering activities during and between meetings 
were extensive. All but the final meeting contained sessions open to the public. During meetings, 
the committee heard from speakers from the oil and pipeline industries, environmental interest 
groups, research and standards organizations, oil testing companies, and government agencies 
from the United States and Canada. The committee also provided a forum for private individuals 
to contribute information relevant to the study. In sum, more than 40 people spoke before the 
committee during public meetings and site visits. To obtain additional information on the 
practice oftransp01ting diluted bitumen by pipeline, the committee provided the Canadian 
Energy Pipeline Association with a questionnaire for distribution to pipeline operators with 
experience transp01ting diluted bitumen and other crude oils in No1th America. The 
questionnaire responses and agendas for the public meetings are provided in appendices to this 
rep01t. 
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1 The contract was awarded on March 12, 2012. 
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xii Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 
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Lemieux, Canadian Crude Quality Technical Association. The information received on the 
chemical and physical properties of diluted bitumen and other crude oils was critical to many of 
the analyses in the study. The committee thanks each of them and their organizations for this 
assistance. 

Finally, the committee thanks several individuals who briefed it or were otherwise 
helpful in identifying issues and providing relevant sources of data and other information. They 
are Anthony Swift, Natural Resources Defense Council; Peter Lidiak, American Petroleum 
Institute; Cheryl Trench, Allegro Energy Consulting; and Ziad Saad, Canadian Energy Pipeline 
Association. Mr. Saad was instrumental in distributing and collecting responses to the pipeline 
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managed the study and drafted much of the report under the guidance of the committee and the 
supervision of Stephen R. Godwin, Director, Studies and Special Programs, Transportation 
Research Board (TRB). Additional technical assistance and oversight were provided by James 
Zucchetto, Director of the Board on Energy and Environmental Systems, and Dorothy Zolandz, 
Director of the Board on Chemical Sciences and Technology. Norman Solomon edited the 
report, and Jennifer J. Weeks prepared the edited manuscript for prepublication web posting, 
under the supervision of Javy Awan, Director of Publications, TRB. Claudia Sauls provided 
extensive support to the committee in arranging its meetings and managing documents. 
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Executive Summary 

L egislation enacted in January 2012 called on the Secretary of Transpmiation to determine 
whether any increase in the risk of a release exists for pipelines transporting diluted 

bitumen. 1 Bitumen is a dense and viscous form of petroleum that will flow in unheated pipelines 
only when it is diluted with lighter oils. The source of the diluted bitumen in North America is 
the oil sands region of Albe11a, Canada. Diluted bitumen has been imported from Canada for 
more than 30 years and is currently transmitted through numerous pipelines in the United States. 
As imports of this and other Canadian crude oils have grown, new U.S. pipelines have been 
constructed, the flow directions of several existing pipelines have been reversed, and additional 
pipeline capacity is planned. 

Determination of the risk of a pipeline release requires an assessment of both the 
likelihood and the consequences of a release. To inform its review of the former, the U.S. 
Department of Transportation asked the National Research Council to convene an expert 
committee to study whether shipments of diluted bitumen differ sufficiently from shipments of 
other crude oils in such a way as to increase the likelihood of releases from transmission 
pipelines. A finding of increased likelihood would lead the committee to conduct a follow-up 
review of the adequacy of federal pipeline safety regulations. In the absence of such a finding, 
the committee was tasked with issuing this final repo11, which documents the study approach and 
results. 

STUDY APPROACH 

The committee analyzed information in a variety of forms. Early in its deliberations, the 
committee provided a public forum for individuals to contribute information relevant to the 
study. The committee reviewed pipeline incident statistics and investigations; examined data on 
the chemical and physical prope11ies of shipments of diluted bitumen and other crude oils; 
reviewed the technical literature; consulted expe11s in pipeline corrosion, cracking, and other 
causes of releases; and queried pipeline operators about their experience in transpmiing diluted 
bitumen. 

The review of incident data revealed the ways in which transmission pipelines fail. Some 
failures can be affected by the properties of the transpo1ied crude oil, such as its water and 
sediment content, viscosity and density, and chemical composition. These properties were 
examined for diluted bitumen and a range of other crude oils to determine whether pipelines 
transpmiing diluted bitumen are more likely to experience releases. In addition, the committee 
considered whether pipeline operations and maintenance (O&M) practices, including internal 
and external corrosion control capabilities, are subject to changes that inadve11ently increase the 
likelihood of release when pipelines transport diluted bitumen. 

1 Public Law 112-90, enacted January 3, 2012. 
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2 Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

RESULTS 

Central Findings 

The committee does notfind any causes of pipeline failure unique to the transportation of diluted 
bitumen. Furthermore, the committee does not find evidence of chemical or physical properties 
of diluted bitumen that are outside the range of other crude oils or any other aspect of its 
transportation by transmission pipeline that would make diluted bitumen more likely than other 
crude oils to cause releases. 

Specific Findings 

Diluted bitumen does not have unique or extreme properties that make it more likely than other 
crude oils to cause internal damage to transmission pipelines from corrosion or erosion. Diluted 
bitumen has density and viscosity ranges that are comparable with those of other crude oils. It is 
moved through pipelines in a manner similar to other crude oils with respect to flow rate, 
pressure, and operating temperature. The amount and size of solid particles in diluted bitumen 
are within the range of other crude oils and do not create an increased propensity for deposition 
or erosion. Shipments of diluted bitumen do not contain higher concentrations of water, 
sediment, dissolved gases, or other agents that cause or exacerbate internal corrosion, including 
microbiologically influenced corrosion. The organic acids in diluted bitumen are not corrosive to 
steel at pipeline operating temperatures. 

Diluted bitumen does not have properties that make it more likely than other crude oils to 
cause damage to transmission pipelines .fi·om external corrosion and cracking or.fi·om 
mechanical forces. The contents of a pipeline can contribute to external corrosion and cracking 
by causing or necessitating operations that raise the temperature of a pipeline, produce higher 
internal pressures, or bring about more fluctuation in pressure. There is no evidence that 
operating temperatures and pressures are higher or more likely to fluctuate when pipelines 
transport diluted bitumen than when they transport other crude oils of similar density and 
viscosity. Furthermore, the transportation of diluted bitumen does not differ from that of other 
crude oils in ways that can lead to conditions that cause mechanical damage to pipelines. 

Pipeline O&M practices are the same for shipments of diluted bitumen as for shipments 
of other crude oils. O&M practices are designed to accommodate the range of crude oils in 
transportation. The study did not find evidence indicating that pipeline operators change or 
would be expected to change their O&M practices in transp01ting diluted bitumen. 

In accordance with the study charge, these results focus on whether pipeline shipments of 
diluted bitumen have a likelihood of release greater than that of other crude oils. As indicated at 
the outset of this summary, the committee was not asked or constituted to study whether pipeline 
releases of diluted bitumen and other crude oils differ in consequences or to determine whether 
such a study is warranted. Accordingly, the report does not address these questions and should 
not be construed as having answered them. 
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Introduction 

This chapter describes the study charge and scope, analytic approach, and report structure. 

STUDY CHARGE 

Section 16 of the Pipeline Safety, Regulatory Ce1tainty, and Job Creation Act of201 l calls for 
the Secretary of Transportation to "complete a comprehensive review of hazardous liquid 
pipeline facility regulations to determine whether the regulations are sufficient to regulate 
pipeline facilities used for the transportation of diluted bitumen. In conducting the review, the 
Secretary shall conduct an analysis of whether any increase in the risk of a release exists for 
pipeline facilities transporting diluted bitumen."1 

Bitumen is a dense and viscous form of petroleum that will flow through unheated 
pipelines only when it is diluted with lighter oils. At present, the source of bitumen supplied to 
refineries in North America is the oil sands region of Alberta, Canada. Bitumen from Canada has 
been diluted for pipeline transportation to the United States for more than 30 years, primarily to 
refineries located along the Great Lakes and elsewhere in the Midwest. Bitumen production and 
imports from Canada have grown during the past decade, and this traditional U.S. oil-processing 
market no longer has the capacity to refine all of the supply. Meanwhile, refineries on the Gulf 
Coast, which have traditionally processed South American and Mexican crude oils with 
properties similar to bitumen, have sought access to the heavy crude oils from Canada. To 
accommodate the Canadian impo1ts as well as the growth in domestic crude oil production, the 
flow directions of several existing pipelines have been reversed, new transmission pipelines have 
been constructed, and additional pipeline capacity is planned. 

Within the U.S. Depa1tment of Transportation (USDOT), the regulation of pipeline safety 
resides with the Pipeline and Hazardous Materials Safety Administration (PHMSA). USDOT has 
thus delegated to PHMSA the responsibility of determining whether pipelines transporting 
diluted bitumen have an increased risk of release. A determination of risk requires an assessment 
of both the likelihood and the consequences of a release. To inform its assessment of the former, 
PHMSA contracted with the National Research Council (NRC) to conduct the study documented 
in this rep01t. Specifically, PHMSA asked NRC to convene a committee of experts in pipeline 
operations; risk analysis; safety regulation; and chemical, materials, and corrosion engineering to 
"analyze whether transportation of diluted bitumen by transmission pipeline has an increased 
likelihood of release compared with pipeline transportation of other crude oils." PHMSA did not 
ask NRC to study the consequences of potential pipeline releases of diluted bitumen. 

The full statement of task (SOT) for the study is contained in Box 1- l. The SOT calls for 
a two-phase study, with the conduct of the second phase contingent on the outcome of the first. 
In the first phase, the study committee is asked to examine whether shipments of diluted bitumen 
can affect transmission pipelines and their operations so as to increase the likelihood ofrelease 

1 Public Law 112-90, enacted January 3, 2012. 

3 
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Box 1-1 

Statement of Task 

The committee will analyze whether transportation of diluted bitumen ( dilbit) by 
transmission pipeline has an increased likelihood of release compared with pipeline 
transportation of other crude oils. Should the committee conclude that an increased 
likelihood of release exists, it will review the federal hazardous liquid pipeline facility 
regulations to determine whether they are sufficient to mitigate the increased likelihood 
of release. 

In the first phase of the project, the committee will examine whether dilbit can affect 
transmission pipelines and their operations so as to create an increased likelihood of 
release when compared with other crude oils transported through pipelines. Should the 
committee conclude there is no increased likelihood of release or find there is insufficient 
information to reach such a conclusion, a second phase of the project will not be required 
and the committee will prepare a final report to the Office of Pipeline Safety (OPS) of the 
Pipeline and Hazardous Materials Safety Administration (PHMSA). This report may 
include recommendations for improving information to assess the likelihood of failure. 

Should the committee conclude there is an increased likelihood of release on the basis 
of dilbit's effects on transmission pipelines and their operations, it will issue a brief Phase 
1 report of its findings and then proceed to the second phase of the project to determine 
whether hazardous liquids pipeline regulations are sufficient to mitigate the increased 
likelihood ofrelease. The committee's final repo1t following completion of this second 
phase will contain the complete set of findings, conclusions, and recommendations of 
both project phases. 

when compared with shipments of other crude oils transported by pipeline. In the potential 
second phase-to be unde1taken only in case of a finding of increased likelihood-the 
committee is asked to review federal pipeline safety regulations to determine whether they are 
sufficient to mitigate an increased likelihood of release from diluted bitumen. If the committee 
does not find an increased likelihood of release or the information available is insufficient for a 
finding, the committee is expected to prepare a final report documenting the study approach and 
results. 

STUDY SCOPE 

The SOT makes reference to several terms that delineate the study scope and require explication. 
First, the SOT specifically requests an examination of "transmission" pipeline facilities. The 
pipelines in these facilities contain large-capacity pipe, usually 20 inches or more in diameter, 
and generally transport fluids over long distances under relatively high pressure (400 to 1,400 
pounds per square inch). Transmission facilities also contain storage tanks, pumping equipment, 
and piping within terminals. Gathering pipelines used for collecting crude oil from production 
fields do not transport diluted bitumen in the United States and are not part of this study. 
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As used in the SOT, the tem1 "diluted bitumen" does not define a single product 
composition or specific set of product or shipment prope1ties. Blending bitumen with lighter oils 
to lower viscosity is the common method of transporting this form of petroleum by pipeline. The 
volume of bitumen in a pipeline shipment will vary with the diluent, as will the chemical and 
physical properties of the shipment. The Canadian diluted bitumen transported in transmission 
pipelines to the United States generally contains 50 to 75 percent bitumen by volume, with light 
oils constituting the remainder. These bitumen blends are the subject of this study. It is 
recognized that the source and composition of bitumen shipments may change depending on 
technological advances, diluent supplies, refinery demands, and other technical and economic 
developments. 

Finally, the SOT asks the committee to examine whether pipelines transporting diluted 
bitumen have a higher likelihood ofrelease than pipelines transporting "other crude oils." 
Accordingly, the aim of this study is to determine whether shipments of diluted bitumen have a 
release history or specific prope1ties associated with pipeline failures that lie outside the range of 
experience and properties represented by the full spectrum of crude oils transported by pipeline 
in the United States. 

ANALYTIC APPROACH 

An assessment of release likelihood requires information on the potential sources of pipeline 
failure. PHMSA mandates the rep01ting of releases from U.S. transmission pipelines and 
categorizes each according to its immediate, or proximate, cause. Historically, about one-third of 
reported releases have involved corrosion damage (Figure 1-1). Other causes include outside 
force damage, such as an excavator striking a buried pipe, and faulty equipment, operator error, 
and deficiencies in welds and materials used in pipeline manufacturing and installation. 

The committee reviewed U.S. and Canadian data on rep01ted pipeline releases. The 
review provided insight into the main causes of releases, but the incident statistics alone could 
not be used to determine whether pipelines are more likely to experience releases when they 
transport diluted bitumen than when they transpo1t other crude oils. Few incident records contain 
information on the type of crude oil released in an incident or document the properties of the 
shipments moved through the pipeline over time. Causal details are also limited. Incidents 
categorized as corrosion damage, for example, do not specify whether the damage occurred as a 
result of the action of microorganisms, in combination with stress cracking, or at sites of 
previous mechanical damage. Such detailed information is important in determining the 
causative role of the crude oils being transported in the pipeline, particularly for failures arising 
from cumulative and time-dependent degradation mechanisms such as corrosion and cracking. 

Having identified the main causes of pipeline releases, the committee assessed each cause 
with respect to its potential to be affected by the chemical and physical properties of the 
transpmted crude oil. Consideration was given to specific shipment properties that can 
contribute to internal degradation, external degradation, and mechanical damage in pipelines. 
While the committee did not perform its own testing of crude oil shipments, information on 
many of the chemical and physical prope1ties of diluted bitumen and other crude oils was 
obtained from public websites and assay sheets. Additional information was obtained from a 
review of government reports and technical literature, queries of oil producers and pipeline 
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Natural force 
damage 

5% 

Other outside 

External 
corrosion---~ 

7% 

Internal corrosion 
16% 

Unspecified 
corrosion (mostly 
small incidents) 

11% 

Excavation 
damage 

5% 

Other causes 
6% 

Material, weld, 
and equipment 

failures 
39% 

Incorrect 
operations 

9% 

FIGURE 1-1 Causes of crude oil pipeline releases reported to PHMSA, 2002 to 2011. (Source: 
Incident data provided to committee by PHMSA Office of Pipeline Safety during presentations 
on October 23, 2012. http://onlinepubs.trb.org/onlinepubs/dilbit/Keenerl 02312.pdf.) 

operators, field visits, and inferences from secondary sources such as the maximum water and 
sediment content specified in pipeline tariffs. The committee then compared the relevant 
prope1ties of diluted bitumen with the range of prope1ties observed in other crude oils and looked 
for instances in which diluted bitumen fell outside or at an extreme end of the range. 

Recognizing the possibility that some pipeline operators may modify their operating and 
maintenance practices when they transpo1t diluted bitumen, the committee asked operators about 
their procedures in transpo1ting diluted bitumen and other crude oils. The committee looked for 
evidence of changes in standard procedures, including corrosion monitoring and control 
practices, that could inadvertently make pipelines more susceptible to failure. 

REPORT ORGANIZATION 

The remainder of the rep01t is organized into five chapters. Chapter 2 provides background on 
the transportation of crude oil by pipeline, including the main components of pipeline systems 
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and common aspects of their operations and maintenance. Chapter 3 describes the production, 
prope1ties, and pipeline transp0ttation of diluted bitumen. Chapter 4 reviews pipeline incident 
data from the United States and Canada. The analyses of how the comparative properties of 
diluted bitumen and other crude oils pertain to sources of pipeline failure are carried out in 
Chapter 5. Chapter 6 summarizes the main discussion points from the preceding chapters and 
presents the study results. 

7 

Appendix A contains the questionnaire developed for pipeline operators and the 
responses. A brief description of the federal hazardous liquid pipeline regulations and PHMSA 
safety oversight is provided in Appendix B. Agendas from the information-gathering sessions of 
committee meetings are provided in Appendix C. 
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Crude Oil Pipelines in the United States 

This chapter provides background on the network of crude oil transmission pipelines in the 
United States; the main components of these systems; and common aspects of their 

operations, maintenance, and integrity management. The background was derived from several 
sources: National Petroleum Council 2011, Argonne National Laboratory 2008, Rabinow 2004, 
and a presentation to the committee by Thomas Miesner.1 

NATIONAL PIPELINE NETWORK 

Crude oil is transp01ted, both onshore and offshore, in gathering systems and transmission 
pipelines. The gathering systems are made up of low-capacity pipelines-typically less than 8 
inches in diameter-that move crude oil from wells to high-capacity transmission pipelines that 
are usually 8 to 48 inches in diameter. Before the crude oil leaves the production field, it is 
processed to remove excess water, gases, and sediments as necessary to meet the quality 
specifications of transmission pipelines and the refineries they access. 

Most of the estimated 55,000 miles of crude oil transmission pipeline in the United States 
are interconnected to form a national network that links oil production regions, storage hubs, and 
refineries.2 This extensive network accounts for more than 90 percent of the ton-mileage of crude 
oil transported within the United States.3 

Transmission pipelines are critical in providing refineries with a steady supply of 
feedstock consisting of various types of crude oil. About 140 refineries operate nationwide. 
Some are vast complexes that can process more than 500,000 barrels of crude oil per day, while 
others serve relatively small and specialized markets and process less than 50,000 barrels per 
day.4 

About 40 percent of U.S. refining capacity is located along the Gulf Coast, and the next 
largest center is in the Upper Midwest. Originally, the Gulf Coast refineries were supplied by 
domestic sources, primarily from Texas and Louisiana and from shallow waters in the Gulf of 
Mexico. As domestic production declined in the 1970s, the Gulf Coast refineries increasingly 
sourced their crude oil from Mexico, Venezuela, and the Middle East. Because the imports 
tended to be denser and higher in sulfur, refiners invested in facilities capable of processing such 
feedstock. In recent years, increased production from Canada, deep Gulf waters, and domestic 
shale fields has replaced waterborne imports. These supply shifts have had significant 
implications for the transmission pipelines that once moved crude oil from Gulf Coast ports to 
inland refineries as far north as Illinois and Ohio. Many of these systems have had their flow 
directions reversed and are now being used to transp01t Canadian crude oil to the Gulf Coast 

1 
October 23, 2012 (http://onlinepubs.trb.org/onlinepubs/dilbit/Miesnerl 02312.pdf). 

2 The Pipeline and Hazardous Materials Safety Administration (PHMSA) has estimated that the crude oil transmission pipeline 
network extended for 55,330 miles as of2011. 
3 "Ton-mile" is a measure of the weight of a substance carried multiplied by the distance over which it is carried. 
4 

One U.S. barrel of crude oil contains 42 gallons. 

8 
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refineries. The transition is under way, with major investments to add more north-to-south 
capacity by reversing more lines and building new ones. 

9 

For many decades, U.S. crude oil produced in the northern Rocky Mountains and Dakotas, as 
well as that produced in the western provinces of Canada, was transp011ed to refining centers in 
Eastern Canada and the Upper Midwest. In recent years, as output from these oil-producing 
regions has grown significantly, crude oil supplies have exceeded refining capacity and are being 
transported south, where they are displacing crude oil traditionally sourced from Mexico, South 
America, and the Gulf of Mexico. 

Both the East and West Coasts have remained largely independent markets for crude oil 
supplies. The eastern states have little oil production and no significant crude oil transmission 
pipelines. While the recent development of shale resources in New York and Pennsylvania is 
adding production capacity, truck and rail remain the dominant regional modes of crude oil 
transportation. The main East Coast refining centers in northern New Jersey, Philadelphia, and 
coastal Virginia receive most of their supplies from tanker vessels. In comparison, California has 
an extensive network of crude oil transmission pipelines because of significant in-state oil 
production. These pipeline systems, some of which consist of heated lines to move the native 
viscous crude oils, do not connect to pipeline systems in other states. Refineries in Washington 
State receive crude oil by tanker and from Western Canada by pipeline. 

PIPELINE SYSTEM COMPONENTS 

The individual pipeline systems that make up the U.S. crude oil transmission network vary in 
specific design features and components. Neve11heless, the systems have many common 
elements. 

Line Pipe 

Pipelines are made of sections of line pipe that are welded together and generally buried 3 or 
more feet below grade. Vi11ually all line pipe is made of mild carbon steel that is coated 
externally but not internally. Pipe sections are typically 40 feet long, manufactured with 
longitudinally welded seams and joined by circumferential girth welds during installation. Pipe 
wall thickness depends on many factors, including planned capacity and operating pressure. 
Most line pipe in crude oil transmission systems is operated at pressures between 400 and 1 ,400 
pounds per square inch, is 20 or more inches in diameter, and has a nominal wall thickness 
ranging from 0.2 to 0.75 inches. Federal regulations in the United States require that pipeline 
operating pressures and other forces not generate stresses that exceed 72 percent of the specified 
minimum yield strength (SMYS) of the pipe, and therefore a higher operating pressure requires 
thicker pipe or pipe with higher yield strength.5 Depending on pipeline design and routing 
factors, thicker-walled pipe may also be used where the pipeline crosses a body of water or in 
areas that are densely populated, environmentally sensitive, or prone to additional external forces 
such as seismic activity. 

5 Federal regulations concerning SMYS are contained in 49 CFR §195.406. The federal hazardous liquid pipeline safety 
regulations, as administered by PHMSA, are outlined in Box B-1, Appendix B. Some pipelines operate at 80 percent ofSMYS 
with permission of PHMSA. 
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Inlet Stations and Tank Farms 

Transmission pipelines originate at one or more inlet stations, or terminals, where custody of the 
shipment is transferred from the owner to the pipeline operator. Accordingly, inlet stations are 
access points for truck tankers, railroad tank cars, and tanker vessels as well as other pipelines, 
including gathering lines connecting production areas. Along with pumping stations, sampling 
and metering facilities are located at inlets to ensure that the crude oils injected into the pipeline 
meet the quality control requirements of the pipeline operator and intended recipients. Metering 
instruments usually include densitometers and may include viscometers, which are used to 
measure density and viscosity, respectively. 

Tanks at inlet stations are used to consolidate shipments into batches sized for main-line 
movement, blend crude oils to meet quality specifications, and schedule shipments according to 
the needs ofrefiners. Tanks can vary in capacity from tens of thousands to hundreds of 
thousands ofbarrels.6 All are made of steel and are unpressurized. They are usually designed 
with floating roofs that rise and fall with the liquid level to limit hydrocarbon loss from 
vaporization and minimize emissions of volatile organic compounds. Tanks usually have lined 
floors and are inspected and cleaned periodically to remove any water and sediment settling to 
the floor. 

Pump Stations 

To maintain desired flow rates, booster pumps are positioned at points along the pipeline at 
intervals of 20 to 100 miles depending on many factors, including topography, line 
configuration, pipe diameter, operating pressure, and the properties of the fluids being 
transported. Pump stations are often automated and are equipped with sensors, programmable 
logic controllers, switches, alarms, and other instrumentation allowing the continuous monitoring 
and control of the pipeline as well as its orderly shutdown if an alarm condition occurs or if 
established operating parameters are violated. 

Valves 

Shutoff valves are strategically located at pump stations, certain road and water crossings, and 
other points to facilitate the starting and stopping of flow and to minimize the impact of leaks. 
These valves, many of which can be controlled remotely, ensure that portions of the line can be 
isolated in the event of a leak or the need for repair or maintenance. In addition, check valves 
that prevent backflows may be located at elevation changes and other intermediate points. The 
opening and closing of valves, along with pumping station operations, are sequenced to prevent 
flow reversals and problems associated with over- and underpressurization. Bypass lines, safety 
valves (e.g., pressure and thermal relief), and surge tanks may be sited at stations to relieve 
pressure. 

Intermediate and Terminal Facilities 

Depending on the scope of operations, a transmission pipeline system may have intermediate 
points, in addition to terminal facilities, that connect to other pipelines, other modes of transport, 

6 Larger underground caverns arc used for storage at some pipeline terminals. 
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and refineries. These stations usually contain tanks and crude oil sampling and metering 
facilities. Smaller "breakout" tanks at intermediate points may also be used to support 
maintenance and emergency activities; for example, to relieve pressure or to allow for tempora1y 
draining of a pipeline segment. 

OPERATIONS AND CONTROL 

Batch Operations 

A transmission pipeline will rarely carry a single type of crude oil. At any given time, a large 
pipeline will usually be transpo1ting dozens of shipments, typically in batches of at least 50,000 
barrels and covering a variety of crude oil grades. Sometimes the batches are physically 
separated by plugs known as pigs, but most of the time they are not. To reduce undesirable 
mixing at inte1faces, the batches are separated and sequenced according to characteristics such as 
density, viscosity, and sulfur content. Accordingly, batches are scheduled to permit the proper 
lineup of crude oils being moved into and out of storage tanks. Maintaining batch separation 
requires that operators closely monitor the flow characteristics of the pipeline, since reductions in 
flow velocity and loss of flow turbulence can lead to undesirable intermixing of batches. 

Flow Regime 

Most shipments flow through the pipeline at 1.5 to 3 meters per second (3 to 6 miles per hour), 
which equates to a delivery rate of 500,000 to 1,000,000 barrels of crude oil per day in a 36-inch 
transmission pi~eline.7 Flow conditions in the pipeline will remain turbulent within this range of 
flow velocities. Pipeline operators strive to maintain turbulent flow, characterized by chaotic 
motion and the formation of eddies, to reduce intermixing of batches and to keep impurities such 
as water and sediment suspended in the crude oil stream. Choosing a desired flow regime 
requires the balancing of many technical and economic factors. Increasing operating pressure 
will increase pipeline throughput, which is generally desired by an operator to increase revenue 
capacity. Higher operating pressures, however, require a larger investment in pipe materials and 
pumping capacity and will increase energy use and operating costs. 

The characteristics of the crude oil to be shipped are impmtant considerations in 
establishing the flow regime. More energy is needed to pump dense, viscous crude oils than light 
crude oils with lower viscosity. Some crude oils are too viscous naturally to be pumped. The 
normal response when a highly viscous crude oil is transported is to dilute it with lighter oil. 
When a diluent is too costly or unavailable, an alternative approach is to transport the crude oil in 
a heated pipeline. However, heating a pipeline is an expensive option and presents construction 

7 
http://www.aopl.org/aboutPipelines/?fa=faqs. 

8 
Whether a flow is turbulent or nonturbulent (i.e., laminar) depends on the diameter of the pipeline, the velocity of the flow, and 

the viscosity of the crude oil. These parameters can be used to calculate the Reynolds number, which defines the flow regime as 
laminar to turbulent. As described later in Chapter 3, the kinematic viscosity of heavy crude oils can range up to about 250 
centistokes (0.00025 square meter per second) at room temperature. These oils will need to be transported at about 2 meters per 
second (6.5 feet per second or 4.4 miles per hour) in a pipe with a diameter of20 inches to achieve a Reynolds number higher 
than 4,000, which is at the transition from laminar to turbulent flow. In a larger pipe. lower velocities are required to maintain 
turbulence (e.g., 1 meter per second or 2 miles per hour for a 42-inch pipe). Further consideration is given to the beneficial effects 
of maintaining turbulent flow in Chapter 5. 
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and operating challenges that preclude its common use. Where the throughput capacity of a line 
needs to be increased without adding pumping capacity, an operator may inject drag-reducing 
agents to enhance flow. These chemicals, which consist oflong-chain polymers, dampen 
turbulence at the interface between the crude oil and the pipe wall to reduce friction and enable 
increased flow velocity. 

Pipeline flows are usually monitored and controlled by operators from one or more 
central control centers, where supervisory control and data acquisition systems collect and 
analyze data signals from sensors and transmitters positioned at pumps, valves, tanks, and other 
points en route. Parameters other than flow rate, such as line pressure, pump discharge pressures, 
and temperatures, are also monitored for routine operational and maintenance decisions and for 
leak detection. 

Shipment Quality Control 

In the United States, the Federal Energy Regulatory Commission (FERC) oversees the tariffs that 
interstate pipeline operators are required to publish as common can-iers. For intrastate 
transmission pipelines, state authorities such as the Texas Railroad Commission and the 
California Energy Commission function much like FERC in overseeing tariffs for in-state 
movements. 

Pipeline tariffs define the terms and conditions for the transportation service, including 
the quality specifications applicable to all shipments in the pipeline. The specifications are driven 
by both operational and commercial considerations. Measurements to ensure adherence to the 
specifications are usually taken at custody transfer points. It is common for these specifications 
to define the maximum allowable sediment and water content, viscosity, density, vapor pressure, 
and temperature of the shipment. Other shipment qualities, such as levels of sulfur, acid, and 
trace metals, are seldom delineated in published tariffs but may be specified in private 
agreements. Quality specifications are designed to protect the integrity of the pipeline and the 
ancillary facilities, ensure that the shipped crude oil meets the specifications of the refiner, and 
prevent valuable throughput capacity from being consumed by transporting sediment and water. 

MAINTENANCE 

Each operator tailors pipeline maintenance and integrity management practices within the 
parameters allowed by safety regulations and according to the demands of the specific system, 
including its age, construction materials, location, and stream of products transported. 
Nevertheless, many practices are standardized. Some of the most common cleaning, inspection, 
and mitigation practices are described below. Regulatory requirements that govern integrity 
management are outlined in Appendix B. 

Cleaning 

Periodic cleaning of crude oil pipelines and equipment is often performed to facilitate inspection 
as well as to maintain operational performance. Cleaning intervals, typically measured in weeks 
or months, will vary depending on operating conditions and crude oil properties. A variety of 
tools are used for cleaning the pipe and monitoring interior condition. Mechanical pigs equipped 
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with scrapers and brushes remove debris from the inner wall. The scraped deposits and scale are 
transported to clean-out traps. The scrapings may be tested for contaminants and corrosion by
products. 

Inspection and Monitoring 

A regular inspection regime that assesses the condition ofrights-of-way, pipes, pumps, valves, 
tanks, and other components is impo1tant to maintaining pipeline operational integrity and 
preventing unplanned shutdowns. Rights-of-way are routinely monitored by aerial patrols 
looking for threatening activities and encroachments and by field inspectors conducting detailed 
surveillance of line and equipment conditions. While visual inspection of buried pipe is not 
possible, pipes exposed for repair are usually inspected for evidence of mechanical damage or 
signs of degradation that may be indicative of problems elsewhere on the line. 

From time to time, instrumented, or "smait," pigs are run through the line to detect 
anomalies. The three primary instruments are geometry, metal loss, and crack tools. Geometry 
tools are normally equipped with mechanical arms that survey the pipe wall to detect dents and 
other geometry changes. Metal loss tools use either magnetic or ultrasonic technology. Crack 
tools are designed to detect cracks in the pipe body, especially those that are longitudinally 
oriented. The frequency of instrumented pig runs is determined by the risk management program 
of the operator, as influenced by government regulation. Some pipeline sections, mostly in older 
systems, are not configured to accept some instrumented pigs. 

Other techniques for monitoring conditions inside the pipe include the use of corrosion 
coupons and electrical resistance probes. Coupons are steel samples inserted into the pipeline and 
periodically removed for examination. Because the coupons are weighed before and after the 
exposure, the amount of corrosion can be determined by weight loss. Electrical resistance probes 
inserted into the pipe provide information on the corrosivity of the stream. External corrosion is 
monitored primarily through the use of pipe-to-soil potential surveys, whereby the voltage is 
measured with respect to a reference electrode to determine whether adequate cathodic 
protection levels are present along the length of the pipeline. Techniques are also used to 
measure the voltage gradients in the soil above a protected pipeline to determine the size and 
location of coating defects. Coupons buried in the soil can supplement this external corrosion 
monitoring. In addition, coatings are inspected whenever portions of the pipeline are uncovered. 

Corrosion Mitigation Practices 

It is standard practice for buried transmission pipelines to be coated externally to provide a 
physical ban-ier between the steel and the surrounding corrosive environment. Desired coating 
characteristics include low permeability to water and salts, strong adhesion to steel, and good 
abrasion resistance (Beavers and Thompson 2006). The coating also needs to be durable and 
resist chemical and thermal degradation at pipeline operating temperatures. 

Pipeline coatings have improved over the past several decades. Along with cold and hot 
applied tapes, field-applied coatings made from coal tar, asphalt, and grease were the dominant 
systems used through the 1950s (Michael Baker Jr., Inc. 2008; Beavers and Thompson 2006). 
Because of nonoptimal conditions for field applications, early coatings often had poor adhesion 
characteristics, with pinholes and other imperfections. Some also exhibited degradation of the 
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polymers. After time in service, the coatings tended to become porous or to detach from the pipe 
surface. 

During the 1960s and 1970s, fusion bonded epoxy (FBE) coatings were introduced. 
Unlike other coatings, FBE coatings are formed by heating a powder on the surface of the metal. 
The components of the powder melt and flow to initiate a cross-linking process. These heat
cured coatings exhibit good mechanical and physical prope1ties, including adhesive strength and 
resistance to degradation, and they are widely used today. 

Even a well-coated pipe may have impe1fections and develop small holes in the coating 
that can expose the pipe to corrosion attack. To counter this effect, pipelines are fitted with 
cathodic protection systems. In some systems, the electrochemical potential of the pipe is 
reduced by galvanically coupling to sacrificial anodes typically made of magnesium, aluminum, 
or zinc alloys that will preferentially corrode instead of the pipe. Other systems employ an 
impressed current applied to the pipeline with the use of a power supply to lower the pipeline 
potential. The cathodic protection system is designed to supply enough current to a pipe to 
prevent external corrosion at defects or holes that form in the coating where the external 
environment can come in contact with the steel surface. Defects in coatings are especially 
problematic when the dis bonded coating shields distribution of the cathodic current to the defect 
site. This shielding is most often associated with the impermeable tapes and shrink sleeves used 
on some older pipelines. An advantage of modern FBE systems is that they are permeable to 
ionic flow and thus do not shield the exposed sites from cathodic protection.9 

Preventing the internal corrosion of pipes starts with basic quality control and operational 
procedures that limit the entry and accumulation of water and other contaminants. As noted 
above, transmission pipelines are typically constructed of steel with no internal coatings, so the 
transported product is in contact with the steel. While oil is not corrosive, even small amounts of 
contaminants such as water and salts in the oil can be corrosive if they are allowed to accumulate 
on the steel surface. Certain gases dissolved in the product stream, especially oxygen, hydrogen 
sulfide, and carbon dioxide, can also increase the rate of corrosion. Actions to mitigate internal 
corrosion include controlling ingress of air at pumps and other entry points, limiting water and 
sediment content, and chemical treatment of the crude oil stream. 

The chemicals injected into the crude oil stream usually consist of a mixture of additives 
that inhibit corrosion by various means. The most common mixtures contain surfactant 
chemicals that adsorb onto the steel surface and provide a barrier between the corrosive water 
and pipe steel. Many surfactants confer additional benefits by reducing the surface tension at the 
oil-water interface, which keeps the water entrained in the flow rather than depositing on the 
pipe wall. Chemical additives may also have properties that repel the water from the pipe wall, 
neutralize acids, and act as biocides to help inhibit microbiologically influenced corrosion. 
The rates of flow in transmission pipelines are normally sufficient to prevent the deposition of 
contaminants and to sweep away deposits that settle to the pipe bottom. Areas of low flow, such 
as steep angles of elevation and sections of isolated piping (called dead legs), are vulnerable to 
water and sediment accumulation and subsequent internal corrosion. Because the hydrodynamic 
and chemical processes of water and sediment accumulation are well understood, models for 

9 Inspections performed on gas gathering lines equipped with an early generation FBE coating (from the mid-1970s) revealed that 
less than 0.2 percent of pipeline sections exhibited blistering of the coating despite some operating in temperatures as high as 
76°C (170°F). Removal of the blistered coating revealed no underlying corrosion because of the permeability of FBE to cathodic 
fields (Boerschel 20 l O; Batallas and Singh 2008). 
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analysis are available to guide pipeline construction and operating parameters to decrease the 
tendency for accumulations and to identify areas of greatest vulnerability to corrosion. 

Additional details on the mechanisms of pipeline damage and factors that contribute to 
them are discussed in Chapter 5. 

SUMMARY 

15 

The crude oil transmission network in the United States consists of an interconnected set of 
pipeline systems. Shipments traveling through the network often move from one pipeline system 
to another, sometimes being stored temporarily in holding tanks at terminals. Most operators of 
transmission systems are common carriers who do not own the crude oil they transpmt but 
provide transportation services for a fee. Few major transmission pipelines are dedicated to 
transpmting specific grades or varieties of crude oil. They usually move multiple batches of 
crude oil, which are often provided by different shippers and include a range of chemical and 
physical properties. Crude oil shipments are treated to meet the quality requirements of the 
pipeline operator as well as the content and quality demands of the refinery customer. 

Pipeline systems traverse different terrains and can vary in specific design features, 
components, and configurations. These differences require that each operator tailor operating and 
maintenance strategies to fit the circumstances of its systems in accordance with regulatory 
requirements. Nevertheless, the systems tend to share many of the same basic components and 
follow similar operating and maintenance procedures. Together, regulatory and industry 
standards, system connectivity, and economic demands compel both a commonality of practice 
and a shared capability of handling different crude oils. 
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3 

Bitumen Properties, Production, and Transportation by Pipeline 

This chapter describes the chemical composition and physical properties of bitumen, the 
methods used to produce it, and the prope1ties of the bitumen shipments that are diluted for 

pipeline transportation to the United States. 

BITUMEN COMPOSITION AND PROPERTIES 

Like all forms of petroleum, bitumen is a by-product of decomposed organic materials rich in 
hydrocarbons. According to the World Energy Council, bitumen deposits exist in about 20 
countries, but the largest are in Canada, Kazakhstan, and Russia (WEC 2010, 123-150). Because 
only the Canadian bitumen is diluted for transportation by pipeline to the United States, it is the 
subject of the description in this chapter. 1 

Canadian bitumen deposits are concentrated in the Western Canadian Sedimentary Basin 
(WCSB), and particularly in the province of Albe1ta. Three regions in the WCSB have large 
reserves: the Athabasca, Peace River, and Cold Lake regions (Strausz and Lown 2003, 21). 
According to the government of Alberta, about two-thirds of the world reserves ofrecoverable 
bitumen are contained in the three regions, which total some 140,000 square kilometers (55,000 
square miles) (ERCB 2012a). In some locations in Alberta, surface deposits are easy to spot, 
since the black bitumen is impregnated in sandstone along the sides of lakes and rivers. Most of 
the bitumen is not visible because it is deposited below the surface. 

The bitumen-impregnated sands in the WCSB are referred to as bituminous sands, oil 
sands, and tar sands (Strausz and Lown 2003, 29). Canadians use the term oil sands, which is 
also used in this report. The typical composition of the WCSB oil sands is 85 percent sand and 
clay fines,2 10 percent bitumen, and 5 percent water by weight.3 Oil sands also contain salts, 
trace gases, and small amounts of nonpetroleum organic matter.4 These components exist 
together in a specific microstructure with a film of water that surrounds each sand and clay 
paiticle, and the bitumen surrounds the film, as shown in Figure 3-1. When freed from this 
microstructure, bitumen has a typical elemental composition of 81 to 84 percent carbon; 9 to 11 
percent hydrogen; 1 to 2 percent oxygen, nitrogen, and other elements; and 4 to 6 percent sulfur, 
most of which is bound in the bitumen in stable (e.g., heterocyclic rings) hydrocarbon structures 
(Dettman 2012; Strausz et al. 201 I; Gogoi and Bezbaruah 2002; Strausz and Lown 2003). 

1 Canada contains the vast majority of the natural bitumen in North America. According to the U.S. Geological Survey, bitumen 
deposits exist in the United States in several states, mainly in Utah, California, and Alabama. While commercial mining 
operations are being planned in Utah, many technical and economic challenges remain to exploit this resource (USGS 2006). 
2 The solid particles consist of sand grain minerals, mostly of quartz but also feldspar, mica, and chert. The solid particles also 
consist of clay minerals, mostly kaolinite and illites (Strausz and Lown 2003, 31-32). 
3 Up to 18 percent of the ore can be made up of bitumen (Strausz and Lown 2003, 62). 
4 The organic matter consists ofhumin, humic acids, fulvic acids, and chemiabsorbed aliphatic carboxylic acids (Strausz and 
Lown 2003, 29-32). 
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Hydrocarbon molecules account for 92 to 95 percent of the weight ofbitumen.5 These 
molecules range from light alkanes, such as ethane, to long-chain compounds with relatively 
high molecular weights and boiling points. The latter molecules are more common in bitumen 
than in the lighter, more paraffinic crude oils that have undergone less microbial degradation.6 

Bitumen contains relatively high concentrations of asphaltenes, which account for 14 to 17 
percent of the total weight of the material (Strausz and Lown 2003, 95; Rahimi and Gentzis 
2006, 151). Trace elements, such as vanadium and nickel, usually reside in the asphaltenes along 
with sulfur, nitrogen, and oxygen (Strausz and Lown 2003, 93-99, 495-498). The nitrogen in the 
bitumen is bonded with carbon in pyridinic structures, including quinolines and acridines 
(Rahimi and Gentzis 2006). The asphaltenes, as well as other nonparaffinic compounds such as 
naphthenes, give bitumen its high density and high viscosity (Strausz and Lown 2003, 99). 

Bitumen is usually distinguished from other forms of petroleum on the basis of physical 
properties that derive in pai1 from its relatively high asphaltene content. The U.S. Geological 
Survey (USGS) has used the following definition to distinguish bitumen from other heavy crude 
oils: 

5 The ratio of hydrogen to carbon atoms is about 1.5 in bitumen, compared with 2.0 for very light oils (Strausz and Lown 2003, 
95-96). 
6 Bitumen has undergone more biodegradation than have other petroleum oils. Because straight-chain paraffinic hydrocarbons are 

more readily metabolized by microorganisms, these hydrocarbons are depleted in bitumen (Strausz and Lown 2003, 90). 
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Natural bitumen is defined as petroleum with a gas-free viscosity greater than 
10,000 centipoises (cp) at original reservoir temperature. Petroleum with a gas
free viscosity between 10,000 and 100 cp is generally termed heavy crude oil. In 
the absence of viscosity data, oil with API gravity less than 10 degrees is 
generally considered natural bitumen, whereas oil with API gravity ranging from 
10 degrees API to about 20 degrees API is considered heavy crude oil. The term 
extra-heavy crude oil is used for oil with a viscosity less than 10,000 cp but with 
API gravity less than 10 degrees. (USGS 2006) 

The American Petroleum Institute (API) gravity scale referenced by USGS is an inverse 
measure of the density of a liquid relative to that of water at room temperature. A liquid with 
API gravity greater than 10 degrees will float on water; if the API gravity is lower than 10 
degrees, it will sink.7 Canadian bitumen (undiluted) typically has an API gravity between 7 and 
13 degrees, whereas most heavy crude oils have values that are 5 to 15 degrees higher (Strausz 
and Lown 2003, 100). The viscosity of bitumen is also high compared with that of other crude 
oils across a range of temperatures. Figure 3-2 compares the effects of temperature on viscosity 
[in centipoise units (cp)] for bitumen derived from two WCSB reservoirs (Cold Lake and 
Athabasca), a Canadian heavy crude (Lloydminster), and typical light crude oils.8 At most 
pipeline operating temperatures [0°C to 40°C (32°F to 100°F)], the lighter crude oils will behave 
as liquids, while the bitumen will remain in a semisolid state, having viscosities comparable with 
that of peanut butter. Although they are less viscous than bitumen, the heaviest conventionally 
drilled Canadian crude oils have relatively high viscosities as well.9 Several Canadian crude oils, 
including the Lloydminster crude oils shown in Figure 3-2, are routinely diluted with lighter oils 
to improve their flow in transmission pipelines. 10 

BITUMEN PRODUCTION 

The WCSB has long been a major oil-producing region of North America. Oil exploration 
commenced in the early 20th century, and by the 1960s hundreds of millions of barrels of 
Western Canadian crude oil were being exported each year through pipelines to the United 
States. Nearly all of this oil was produced with conventional drilling and well technology. By the 
1990s, Western Canadian expo1ts of conventionally produced oil were declining just as new 
technologies were being introduced to recover the vast deposits of bitumen contained in oil 
sands. 

7 API gravity values are referred to as "degrees." Most crude oils have AP! gravities in the range of20 to 40 degrees, but some 
range IO degrees higher or lower. 
8 Centi poise is a measure of resistance to shear flow, or the dynamic viscosity of a fluid. A more common measure of resistance 
to flow by crude oils is the centistoke (cSt), which is the ratio of dynamic viscosity to fluid density, also known as kinematic 
viscosity. At room temperature, the kinematic viscosity of bitumen will exceed 100,000 cSt, compared with about 25 cSt for a 
medium-density crude oil. Kinematic viscosity is referenced more often in this report. 
9 

This Canadian heavy crude oil is usually diluted with lighter oils for pipeline transportation. 
10 Lloydminster heavy crude oils have API gravities of 12 to 23 degrees (Strausz and Lown 2003, 26). 
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FIGURE 3-2 Response of crude oil viscosity to changes in temperature (Raicar and 
Procter 1984; WEC 2010, 126). 
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While natural bitumen had long been used as sealing material, Canadian entrepreneurs 
started mining deposits for refinery feed during the early 20th century. However, separating the 
bitumen from the mined ore required significant amounts of heated water, which made recovery 
expensive compared with the lighter crude oils that were less costly to drill elsewhere in Canada 
and the United States. Commercial ventures to mine bitumen began in the 1920s, but it took 
another 40 years of declining North American crude oil reserves, increasing consumer demand 
for gasoline and other refined petroleum, and advances in extraction and processing technologies 
to transform the mined bitumen into a commercially viable refinery feedstock. 11 

During the 1990s, thermally assisted in situ recovery methods were introduced in the 
WCSB to exploit the large reserves of bitumen located too deep for surface mining. After this 
development, the quantity of bitumen produced surpassed the quantity of conventionally 
produced oil from the basin. Today, bitumen accounts for more than 70 percent of the petroleum 
produced in Albe1ta, and in situ recovery methods account for nearly half of this bitumen 
production (ERCB 2012a). 

11 Oil Sands Discovery Centre. Facts About Alberta's Oil Sands and Its Industry. 
http://history.alberta.ca/oilsands/docs/facts_sheets09.pdf. 
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One in situ method in particular-steam-assisted gravity drainage (SAGD)-led to the 
recent growth in Canadian bitumen production for expo1t to the United States. Indeed, no 
significant quantities of mined bitumen are diluted for pipeline transportation to the United 
States, the main market for bitumen recovered by using the SAGO process. 12 

Bitumen Mining and Upgrading to Synthetic Crude Oil 

About 20 percent of the bitumen deposits in the WCSB are less than 60 meters (200 feet) deep 
and can be recovered by surface mining. Mining operations use diesel-powered shovels to 
excavate the ore, which is transported by truck to field facilities containing crushers. The crushed 
ore is mixed, or washed, with hot water to create a slurry that is piped a sho1t distance, where it 
is agitated and filtered in separation vessels. The hot water heats and releases the water that 
surrounds the sand and clay particles. The agitation causes air bubbles to attach to bitumen 
droplets, which float in a froth to the top of the vessel. The froth is then deaerated with steam and 
diluted with a hydrocarbon solvent such as naphtha. The solvent coalesces and causes settlement 
of emulsified water and mineral solids. The suspended bitumen is then separated with a 
centrifuge and skimmer. 

The extraction process for mined bitumen yields a product that typically contains 0.5 
percent solids and 1 to 2 percent water by volume. This solid and water content is generally too 
high to be accepted by transmission pipelines. As a consequence, mined bitumen is nearly 
always upgraded, usually at nearby field plants, into synthetic crude oil. The field plants consist 
of refinery-type cokers that crack the bitumen into lighter products that are then processed in 
hydrotreating units to remove sulfur and nitrogen. 13 The processed streams are then mixed to 
produce a low-viscosity, low-sulfur synthetic crude oil that can be transported by transmission 
pipeline to refineries in Canada and the United States. The synthetic crude oils are also blended 
with other heavy Canadian crude oils, including in situ-produced bitumen, for pipeline 
transportation to the United States. 

Nearly all of the bitumen mined in the WCSB is upgraded to synthetic crude oil. 14 This 
situation is subject to change as alternative methods are introduced to yield mined bitumen with 
reduced viscosity and water and sediment content comparable with that of the bitumen produced 
in situ and transported in diluted form through transmission pipelines. One alternative is to 
deasphalt the mined bitumen partially to produce synthetic crude oil that retains some of the 
heavier hydrocarbon fraction by substituting a paraffinic solvent for the aromatic-rich naphtha 
solvent traditionally used during removal of water and solids (Rahimi et al. 1998). Composed 
largely of pentanes and hexanes, a paraffinic solvent is more effective than naphtha in promoting 
aggregation and settlement of asphaltenes and suspended water and solids. Removal of 
asphaltenes through paraffinic treatment yields a processed bitumen that is less viscous and has 
lower levels of water and solids than mined bitumen that is processed with a traditional naphtha 
solvent. 

12 The discussion focuses on surface mining and SAGD, which are the most common bitumen recovery methods. Other methods 
not discussed include cyclic steam stimulation, toe-to-heel air injection, vapor-assisted petroleum extraction, and cold heavy oil 
production with sand. More information on recovery methods can be found at http://www.oilsands.alberta.ca/. 
13 

According to the Alberta Energy Ministry, the five upgraders operating in Alberta in 2011 had the capacity to process 
approximately 1.3 million barrels of bitumen per day (ERCB 2013). 
14 

According to the Alberta Energy Ministry, in 2011 about 57 percent of oil sands bitumen production was upgraded to synthetic 
crude oil in Alberta. Most upgraders produce synthetic crude oil, but some also produce refined products such as diesel (ERCB 
2013). 
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Mined bitumen processed with paraffinic solvent can be transported by transmission 
pipeline, usually by retaining some of the solvent as diluent. 15 Mined bitumen treated in this 
manner is being piped several hundred miles from oil sands production regions to large, centrally 
based upgraders elsewhere in Alberta, where it is processed into synthetic crude oil. The mined 
bitumen, however, is not transported through pipelines to the United States (except when 
upgraded to synthetic crude oil) because paraffinic solvents are too expensive to use as diluent 
for long-distance transportation. Instead, the solvent is recovered at the Canadian upgraders and 
piped back to bitumen production fields for reuse as a solvent. 

In Situ Recovery 

Because most Canadian bitumen is located dee~ underground, it can only be recovered in place. 
Although reaching the deposits is not difficult, 6 the challenge in recovering them is in separating 
and thinning the bitumen for pumping to the surface. A recovery method that is now common 
involves the injection of pressurized steam into the deposit. The steam thins the bitumen and 
separates it from the sand while the pressure helps to push the bitumen up the well. 

A number of thermally assisted recovery methods are used in the WCSB. The two main 
methods are cyclic steam stimulation (CSS) and SAGO. CSS involves injecting steam into the 
bitumen deposit and letting it soak for several weeks. This process causes the bitumen to separate 
from the sand and become sufficiently fluid for pumping. Over the past decade, SAGO has 
surpassed CSS as the preferred thermal recovery method because a higher proportion of the 
bitumen is recovered. SAGO involves drilling two horizontal wells, one located a few feet above 
the other as shown in Figure 3-3. Steam is injected into the upper well, which heats the bitumen 
and causes it and steam condensate to drain into the lower well for pumping to the surface. At 
the surface, condensed water is separated from the recovered bitumen and recycled to produce 
steam for subsequent applications. 

The high recovery ratio of SAGO is an important reason for the growth in Canadian 
bitumen froduction. SAGO now accounts for about half the bitumen recovered from the 
WCSB. 1 Compared with mining, SAGO has the advantage of eliminating the need to wash the 
ore with hot water because the bitumen is separated from the sand and clay underground. After 
further treatment (e.g., standard degassing, dewatering, and desalting), the recovered bitumen 
contains much lower levels of water and sediments (generally less than 0.5 percent by volume) 
than mined bitumen, and it is sufficiently stable for acceptance by long-distance pipelines. 
Whereas nearly all mined bitumen is upgraded into synthetic crude oil in Albe1ta, less than 10 
percent of the SAGO-derived bitumen is processed into synthetic crude oil (NEB 2009). Most 
SAGO-derived bitumen is diluted with lighter oils for transpmtation by pipeline to U.S. 
refineries. 

15 
While asphaltene concentrations have significant implications for bitumen viscosity, the removal of all asphaltenes would not 

reduce viscosity enough for undiluted bitumen to meet pipeline specifications (Rahimi and Gentzis 2006). 
16 The exploited deposits are generally less than 750 meters (2,500 feet) underground. 
17 In 2011, about 1.7 million barrels per day of bitumen were produced, with surface mining accounting for 51 percent and in situ 
processes accounting for 49 percent of the production (ERCB 2013). 
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FIGURE 3-3 Bitumen recovered using SAGD (ERCB 2012b). 

PIPELINE TRANSPORTATION OF DILUTED BITUMEN 

According to the U.S. Depa11ment of Energy, imports of Canadian diluted bitumen and other 
crude oils have grown by more than one-third since 2000. 18 Partially as a result of Canadian 
supplies as well as newly exploited domestic oil shale, crude oil imports from other regions of 
the world are declining. In particular, the Canadian feedstock has supplanted heavy crude oils 
once imp011ed in large volume from Venezuela and Mexico (Figure 3-4). While more than two
thirds of the Canadian crude oil is refined in the Midwest, refinery demand for this feedstock has 
been growing in other regions of the country, pmticularly at Gulf Coast refineries that are 
equipped to process heavy feed. 

U.S. Pipelines Transporting Diluted Bitumen 

Figure 3-5 shows U.S. refinery destinations for diluted bitumen and other Canadian crude oils, 
and Figure 3-6 shows the main pipeline corridors that access these refineries. Major export 
pipelines from Canada include the Enbridge Lakehead network, which serves several Great 
Lakes refineries; the TransCanada Keystone pipeline, which accesses the Cushing, Oklahoma, 
hub and refineries in southern and central Illinois; and the Kinder Morgan Express and Prairie 

18 http://www.eia.gov/countries/cab.cfm?fips=CA. 
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FIGURE 3-4 Annual U.S. crude oil imports by grade and origin. [Chart is derived from 
January 31, 2012, presentation to the committee by G. Houlton. Source data on crude oil impo1ts 
were obtained from the Energy Information Administration, U.S. Department of Energy 
(http://www.eia.gov/countries/cab.cfm?fips=CA).] 

pipelines, which transport Canadian crude oils to refineries in the Rocky Mountains and provide 
surplus to refineries fa1ther east and south. These trunk lines are connected to pipelines that 
deliver feed to refineries as far east as Ohio and western Pennsylvania and as far south as the 
Texas Gulf Coast and New Mexico. Several connecting pipelines have recently undergone flow 
reversals, such as the 375-mile Occidental Centurion line, which now runs southwest from 
Cushing in the direction of El Paso, Texas; the 858-mile ExxonMobil Pegasus line, which runs 
south from Illinois to refineries on the Gulf Coast; and the 670-mile Enbridge Seaway line, 
which crosses East Texas and is expected to become fully operational during 2013. 

Properties of Diluted Bitumen Shipped by Pipeline 

In Canada, the National Energy Board (NEB) administers the tariffs, or terms and conditions, 
that govern the transportation of crude oil by transmission pipeline. For shipments entering the 
United States, pipeline operators must also file tariffs with the Federal Energy Regulatory 
Commission. As explained in Chapter 2, tariffs contain quality specifications for crude oil 
shipments that are intended to ensure compliance with the operational requirements of pipelines 
as well as possession of prope1ties required by refiners. At custody transfer points, pipeline 
operators sample shipments to confirm compliance with tariff specifications. 
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Density and Viscosity Levels 

To ensure pipeline transportability, NEB tariffs specify that the density of crude oil shipments 
not exceed 940 kilograms per cubic meter (kg/m3

) (about 20 degrees API gravity) and that 
viscosity not exceed 350 cSt19 when measured at the posted pipeline operating temperature.20 To 
meet the specifications, Canadian bitumen is diluted into either "dilbit" or "synbit." The 
Canadian Association of Petroleum Producers describes dilbit as a bitumen blend consisting of 
diluent that has a density of less than 800 kg/m3 

( 45 degrees API). If it has a density greater than 
or equal to 800 kg/m3

, the diluent is presumed to be synthetic crude oil, and the blend is called 
synbit (CAPP 2013). 

Northeast and 
Other 
1% 

Gulf Coast~ 

7% ~ 

Oklahoma/Kansas __ _ 
7% 

Michigan/Ohio/ 
Western 

Pennsylvania 
12% 

California and 
Washington 

4% 

/

Montana/Utah/ 
Colorado 

11% 

Minnesota 
16% 

FIGURE 3-5 U.S. refinery destinations for Canadian heavy crude oil imports in 2011. 
[Source: National Energy Board fact sheet "Disposition of Heavy Crude Oil and Imports" 
(http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/sttstc/crdlndptrlmprdct/dspstnfdmstccrdlndmp1ts
eng.html#sl ).] 

19 Kinematic viscosity and the centistoke (cSt) unit of viscosity measurement have been defined earlier in this chapter. 
20 For an example, see Article I, page 3 (Definition for Heavy Crude) ofNEB TariffNumber 4, Keystone Pipeline System 
Petroleum Tariff (http://www.transcanada.com/docs/Key _Projects/06 _NEB _Tariff _No_ 4_ Rules_ and_ Regs_ CL. pdt). 
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FIGURE 3-6 Main pipeline corridors moving Canadian crude oil to U.S. refineries. 

In the case of dilbit, the most common diluents are naphtha-based oils, including natural gas 
condensate.21 The light oils that are used have low densities (<750 kg!m\ high API gravities 
(>60 degrees), and low viscosities (<l cSt at room temperature). Compared with condensate, 
synthetic crude oils have higher densities (825 to 875 kg/m3), lower API gravities (30 to 40 
degrees), and higher viscosities (5 to 20 cSt). Some bitumen shipments are diluted with both 
condensate and synthetic crude oil to produce "dilsynbit." 

25 

Dilution and blending activity is common in the petroleum industry, as distillates and 
light oils are regularly mixed with heavier oils to alter shipment density and viscosity 
characteristics. The chemical compatibility of the oils and distillates must be considered before 
blending, particularly to avoid precipitation of asphaltenes. Thick deposits of these components 
can foul pipelines, pumps, and other equipment to create an increased need for pig cleaning to 
prevent flow assurance problems (Cimino et al. 1995; Saniere et al. 2004; Leontaritis and 
Mansoori 1988). Dilution with distillates containing high concentrations of light hydrocarbons 
such as pen tan es and hexanes can cause asphaltenes to precipitate from oils if the distillate 
makes up a majority of the volume of the blend (Maqbool et al. 2009). The acceptable types and 
ratios of distillates blended with bitumen have therefore been analyzed to ensure chemical 
compatibility as well as a transpo1table product that does not deposit asphaltenes during 
postproduction storage and transportation (Schermer et al. 2004). 

21 Condensate liquid is produced from raw natural gas when the temperature is reduced below the boiling temperature of the gas. 
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As discussed earlier, distillates such as naphtha are usually mixed with bitumen at the 
production plant to facilitate water and sediment removal. Indeed, all or most of the diluent in 
diluted bitumen is blended during the processing stage before delivery of shipments for 
transmission by pipeline. In some cases, more diluent may be added after delivery to the 
transmission pipeline if further dilution is necessary to meet the density and viscosity levels 
required for long-distance transpoitation.22 Like all crude oil blending, the mixing of diluent and 
bitumen is designed to make the shipped product miscible, or fully mixed in all proportions. As 
discussed in Chapter 2, once in the pipeline, batch shipments of diluted bitumen and other heavy 
crude oils are sequenced to avoid contact with lighter crude oil and condensate shipments. 
Meters along the pipelines track the batched stream to detect any changes in shipment density 
and viscosity. 

After blending, diluted bitumen becomes a mixture of hydrocarbons with a range of 
molecular weights. As in the case of other crude oils, these hydrocarbons are separated by 
distillation at recipient refineries. Table 3-1 compares the distilled volume of light (low
molecular-weight) hydrocarbons in three diluted bitumen crude oils and five light, medium, and 
heavy crude oils imported from Canada. The light hydrocarbons in all crude oils are mainly 

TABLE 3-1 Percentage (by Volume) of Low-Molecular-Weight Hydrocarbons in Selected 
Diluted Bitumen Blends and Other Canadian Crude Oils 

Access 
Wabasca 

Borealis 
Koch 

Light 
Sour High Smiley-

Western 
Heavy 

Heavy 
Alberta 

Sour 
Edmonton Coleville 

Blend Blend Blend 

(Diluted (Diluted (Diluted (Light (Light (Medium 
(Heavy 
Crude 

Bitumen) Bitumen) Bitumen) Crude Oil) Crude Oil) Crude Oil) 
Oil) 

Butanes 0.72 1.93 0.38 4.50 2.43 2.43 0.54 

Pen tan es 8.53 1.92 4.01 2.39 3.25 2.56 4.88 

Hexanes 7.06 3.00 5.75 4.54 6.13 4.59 3.95 

Heptanes 4.73 3.47 4.57 5.61 7.44 5.31 2.7 

Octanes 2.74 3.53 5.28 6.09 8.72 5.58 2.12 

Nonanes 1.43 2.64 4.04 4.97 7.18 4.60 2.05 

Decanes 0.70 1.21 1.49 2.49 3.46 2.46 l.10 

Total 25.91 17.7 25.52 30.59 38.61 27.53 17.34 

Mass 
Recovered Distillation Temperature °C (°F) 

5% 38 93 64 45 69 64 62 
(101) (200) (147) (114) (156) (147) (144) 

10% 70 152 93 92 87 93 114 
(158) (307) (200) (198) (188) (200) (237) 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?acr=SLD; http://www.crudemonitor.ca/crude.php?acr=SYN). 
Accessed March 1, 2013. 

Lloyd 
Kerrobert 

(Heavy 
Crude Oil) 

2.04 

6.00 

3.96 

2.12 

1.38 

1.36 

0.81 

17.67 

51 
(123) 
136 

(276) 

22 Infom1ation on production processes was obtained from briefings by and interviews with bitumen producers and pipeline 
operators. 
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pentanes or heavier, with some measurable butanes and trace amounts of lighter molecules. 
Because of the diluent, the light fraction of diluted bitumen is comparable with that of medium 
and heavy crude oils and accounts for 17 to 27 percent of hydrocarbon volume. 

27 

The specific diluents used in blending are selected on the basis of many factors, including 
their availability in bitumen production regions. Table 3-2 shows the chemical and physical 
properties of the common diluent Southern Lights, a condensate produced in the United States 
and piped to Alberta. Because of its low viscosity, this condensate and others can be mixed with 
bitumen at a ratio of about 30:70 by volume.23 Table 3-2 also shows the chemical and physical 
properties of a Suncor synthetic crude oil. Because it has a higher density than condensate, this 
and other synthetic crude oils are usually blended in even (50:50) ratios with bitumen. 
Illustrative blending ratios and resulting density and viscosity values for synbit and dilbit are 
given in Table 3-3. 

TABLE 3 2 S I t d P - e ec e f roper 1es o f T WO c ommon n·1 t 1 uen s 

Property 
Southern Lights Condensate Suncor Synthetic Crude Oil 

Diluent Diluent 

Density (kg/m3
) 675 861 

API gravity (0
) 78 33 

Sulfur (weight percent) 0.03 0.17 

Viscosity at 20°C (68°F) (cSt) <0.5 6.3 

Sediment (parts per million by weight) 16 0 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?acr=SLD; http://www.crudemonitor.ca/crude.php?acr=SYN) and 
from Enbridge website 
(http://www.enbridge.com/DeliveringEnergy/Shippers/-/media/www/Site%20Documents/Delivering%20Energy/20 
12CrudeCharaceristics.ashx). Both accessed March 1, 2013. 

TABLE 3-3 Example Blending Ratios and Density and Viscosity Levels for 
s b"t d fflb"t iyn 1 an I I 

Viscosity 
Blend Component Volume Percent Density (kg/m3

) JcSt at 15°C (59°F)l 

Syn bit 

Bitumen 51.7 1,010 760,000 

Synthetic crude oil 48.3 865 5.9 

Total 100 940 128 

Dilbit 

Bitumen 74.6 1,010 760,000 

Condensate 25.4 720 0.6 

Total 100 936 350 

SOURCE: Illustrative blend mg ratios provided by R. Segato, Suncor Energy, October 23, 20 I 2 
(http://onlinepubs.trb.org/onlinepubs/dilbit/Segato 102312.pdf). 

23 These blending ratios are nominal and will vat}' somewhat depending on seasonal temperatures and the flow regime of 
individual pipeline operators. 
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Once they are diluted for transportation, shipments of bitumen have physical properties 
comparable with those of other heavy crude oil shipments, and they can be stored and 
transported through the same pipeline facilities in a similar manner-that is, without a need to 
heat the crude oil to increase fluidity. API gravities for dilbit and synbit blends are generally in 
the low 20 degrees (a density of about 925 kg/m3), and viscosities generally range between 75 
and 200 cSt at pipeline operating temperatures. 

Table 3-4 shows average density, API gravity, and viscosity values for six common 
diluted bitumen blends. The values are compared with those of six other heavy Canadian crude 
oils that are commonly piped to the United States. In some cases, these other heavy crude oils are 
also blended with lighter oils. As would be expected of commercial crude oils, the 12 sampled 
products have viscosities that conform to requisite pipeline tariff specifications. 

According to API, shipments of diluted bitumen enter transmission pipelines at the same 
temperatures as other Canadian crude oils, generally in the range of 4°C to 25°C (40°F to 75°F) 
(API 2013). Temperatures will increase as a result of friction as the crude oil flows through the 
pipeline and because of high ambient temperatures during summer months. Because more 
pumping energy is needed for viscous crude oils, the temperature will be elevated in pipeline 
segments downstream from pumps. The temperature gain from pumping, however, will be the 
same for diluted bitumen as for other crude oils with similar densities and viscosities. Increasing 
pumping energy to boost the flow rate will raise the temperature further, but this effect will 
remain the same for all crude oils with corresponding levels of density and viscosity. Within the 
constraints of the design and safety factors of a pipeline, an operator may elect to increase the 
flow rate of any crude oil type as a means of adding throughput capacity, but this is strictly an 
economic decision. 

TABLE 3-4 Comparison of Density, API Gravity, and Viscosity of Diluted Bitumen and 
Other Canadian Crude Oils 

Canadian Heavy Crude Oils 
Bow 

Fosterton 
Lloyd minster Lloydminster Smiley- Western 

River Blend Kerrobert Coleville Canadian Blend 

Density (kg/m3
) 914 927 927 930 932 929 

API gravity (0
) 23 21 21 20 20 21 

Viscosity at 20°C 
(6&°F) (cSt) 100 96 145 146 144 145 
Viscosity at 40°C 
(104°F) (cSt) 37 36 52 52 51 52 

Diluted Bitumen 

Access 
Cold Lake 

Peace River Christina Wabasca Surmount 
Western Heavy Lake Heavy Heavy (Synbit) 

Density (kg/m3
) 926 92& 931 923 935 936 

API gravity (0
) 21 21 20 22 20 19 

Viscosity at 20°C 
(6&°F) (cSt) 150 153 113 17& 134 131 
Viscosity at 40°C 
(104°F) (cSt) 53 54 44 62 49 47 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/tools/comp/crudecomparisons.php#results) and from Enbridge website 
{http://www.enbridge.com/DeliveringEnergy/Shippers/-/media/www/Site%20Documents/Delivering%20Energy 
/2012CrudeCharaceristics.ashx). Both websites accessed March l, 2013. 
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Water and Sediment Content 

Refiners dislike crude oil feed containing excess water and sediment that requires filtration and 
added treatment for effluent disposal. Furthermore, they do not want to pay for the transportation 
of these impurities in crude oil shipments. Water and sediment are also undesirable from the 
standpoint of pipeline operators because of the potential for internal corrosion, as discussed in 
Chapter 5. Canadian pipeline tariffs specify that basic sediment and water (BS&W) in crude oil 
shipments not exceed 0.5 percent by volume. While U.S. tariffs tend to allow higher BS&W 
limits (I percent in most cases), the lower Canadian threshold becomes the constraining factor 
for diluted bitumen and other crude oils piped into the United States from Canada. 

Data specifically on the water content of pipeline shipments are difficult to obtain (as 
distinguished from data on combined water and sediment volumes). Nevertheless, because the 
Canadian tariffs are generally more restrictive than those in the United States, it can be inferred 
that shipments of Canadian crude oils, including diluted bitumen, do not contain more water than 
other crude oils transported in U.S. transmission pipelines. In the case of sediment, any amounts 
measured in diluted bitumen are likely to derive from the bitumen, since the diluents are largely 
free of sediment (as shown in Table 3-2). Some sediment sampling data are available to compare 
diluted bitumen with other Canadian crude oils. Figure 3-7 shows the average sediment levels for 
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FIGURE 3-7 Average sediment content for nine diluted bitumen blends and 10 light, 
medium, and heavy Canadian crude oils. [Data obtained from CrudeMonitor.com by Crude 
Quality, Inc. (http://www.crudemonitor.ca/condensate.php?acr=SLD; 
http://www.crudemonitor.ca/crude.php?ac1=SYN). Accessed March 1, 2013.] 

 
011964



30 Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

nine diluted bitumen blends and 10 light, medium, and heavy Canadian crude oils. Average 
sediment levels range from 18 to 265 parts per million by weight C~pmw) for the diluted bitumen 
and from 98 to 322 ppmw for the selection of Canadian crude oils. Sediment quantities in this 
general range (<500 ppmw) will constitute less than 0.05 percent of the crude oil stream. The 
comparisons suggest that shipments of diluted bitumen contain sediment levels that are within 
the range of other crude oils piped into the United States. 

Other characteristics of entrained sediments, such as the size, shape, mass, and hardness 
of solid particles, are seldom measured in pipeline shipments or repo1ted in standard crude oil 
assays. Paiticle size is a potentially impo1tant factor in the tendency of sediments to clog pumps 
and other pipeline equipment and settle to the pipe bottom to form sludge. The shape, mass, and 
hardness of solid particles in sediment can also affect the potential for internal erosion. 

While data on physical properties are limited, some values for particle size and other 
properties have been repo1ted in laboratory studies of diluted bitumen and other crude oils. 
Figure 3-8 shows the particle size distribution of solids in diluted bitumen as measured by 
Mcintyre et al. (2012). Median particle size was 0.1 micron (µm) and rarely exceeded 1 µm. 
Other data indicate that the distribution of pmticle size observed by Mcintyre et al. (2012) is well 
within the range of other crude oils shipped by pipeline. The Canadian Crude Quality Technical 
Association (CCQTA) has spot sampled the desalter effluent from three refineries in Canada and 
the United States. The effluent was derived from crude oils other than diluted bitumen. The 

Volume Percentage 

16 •·"·--··---··-···"--···--·c------------·-·-----·-~·-,, ... ,, ...... ,.,", ..... ,,"."''i·....,,,c·····"··· _, ..... ,.;_, ............ _, .. _. ____ ,," ... ,, .. ,..,,,. •... , .. ,. .. , 

14•---~·-------~---'·-···-'---->~-co----••---------~----'-'·-----· 
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8 

6 
41-----·-·--+-------;~---··-•~·-c------~-''"" __ , ____ ,, ____ '" ____ _,, ... ~~-•·-··-l----'--'--'-·'·-

2 1-----------.---

8. o 1 0.1 

micron (µm) 

1. 

FIGURE 3-8 Particle size distribution of solids in diluted bitumen. (Source: Mcintyre et al. 
2012.) 

24 
Most contaminants are expressed as parts per million (ppm), which is I milligram per kilogram for weight (noted as I ppmw) 

or I milligram per liter for volume (noted as I ppmv). 1,000 ppmw = 0.1 percent of weight. 
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particle size distributions from these samples are shown in Table 3-5. The median paiticle sizes 
for the samples ranged from about 0.4 to 1.6 µm, higher than the median particle size reported 
for the diluted bitumen sampled by Mcintyre et al. (2012). 

31 

CCQTA data on the nature of solids filtered from five diluted bitumen and two heavy 
crude oil samples show median particle sizes that are comparable across the samples, ranging 
from 1.0 tQ 2.4 microns for four of the five diluted bitumen samples and from 1.9 to 2.3 microns 
for the two heavy crude oil samples.25 The fifth diluted bitumen sample had a median particle 
size of 5.6 microns. The maximum particle sizes in the five diluted bitumen samples ranged from 
11 to 92 microns, while the maximum value for the two heavy crude oils was 33 microns. 
Data are more limited for characterizing the shape, mass, and hardness of solids in diluted 
bitumen and other crude oils. As noted earlier, the sand grains in unprocessed bitumen contain 
hard silicate minerals such as quartz, feldspar, and mica, in addition to the softer minerals found 
in clay fines (Strausz and Lown 2003, 31-32). However, the in situ-produced bitumen that is 
processed and diluted for pipeline transpo1tation does not contain the same high levels of sand, 
clay fines, and other sediments found in bitumen in its native state. Mcintyre et al. (2012) 
rep01ted that about 1 percent of the solids in sampled diluted bitumen consisted of quartz, while 
clay materials (16 percent) and hydrocarbon and coke-like materials (83 percent) accounted for 
the remainder. X-ray diffraction analysis of the solids in the five diluted bitumen and two heavy 
oil samples taken by CCQTA indicate that silicate particles are more abundant in the solids of 
diluted bitumen (accounting for 13 to 45 percent of crystalline solids) than in the solids of other 
heavy crude oils sampled (accounting for 5 to 8 percent of crystalline solids).26 However, the 
five diluted bitumen samples did not contain high levels of sediment, with none exceeding 350 
ppmw (0.035 percent). 

TABLE 3-5 Size Distribution of Solid Particles Obtained from Refinery Effluent for Crude 
Oils Other Than Diluted Bitumen 

Refinery A Refinery B Refinery C 

Particle Sample Sample Sample Sample Sample Sample Sample Sample Sample 
Size (µm) 1 2 3 4 5 1 2 3 1 

Mean 0.85 1.1 1.13 0.74 1.14 2.67 1.23 0.82 0.98 

Mode 0.32 0.31 0.28 0.33 0.39 2.33 0.26 0.53 0.54 

Median 0.66 0.86 0.76 0.49 0.81 1.61 0.8 0.43 0.84 

Minimum 0.13 0.17 0.13 0.06 0.13 0.06 0.1 0.07 0.15 

Maximum 3.38 4.5 9.74 4.0 6.55 21.59 13.3 17.7 4.64 
Standard 
deviation 0.55 0.76 1.05 0.67 0.9 3.09 1.3 1.36 0.6 .. 
SOURCE: Data provided by CCQTA and derived from Oil Sands Bitumen Processab1hty Project. Presented to the 
committee on October 23, 2012 (http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimieuxl 02312.pdf). 

25 
Data obtained from the CCQTA Oil Sands Bitumen Processability Project. Presented to the committee on October 23, 2012 

(http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimieux I 023 12.pdf). 
26 

Data obtained from the CCQT A Oil Sands Bitumen Processability Project. Presented to the committee on October 23, 2012 
(http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimicux I 02312.pdf). According to the CCQTA representative presenting the 
data, X-ray diffraction analysis does not measure the noncrystalline solids, which can account for 30 percent or more of the solids 
of sediment. 
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Other Properties 

Pipeline tariffs in Canada and the United States generally do not contain specifications for 
shipment properties apart from those discussed above, although crude oil producers and refiners 
may have private agreements that specify qualities such as acidity and sulfur content. Table 3-6 
shows the acidity and sulfur content for several sampled Canadian heavy crude oils and diluted 
bitumen blends. 

The acidity of crude oil is generally referenced by using total acid number (TAN), a 
measure of the amount (in milligrams) of potassium hydroxide (KOH) needed to neutralize the 
acid in a gram of oil. TAN usually increases with the extent of oil biodegradation and generally 
is in the range of 0.5 to 3.0 for heavy oils (Strausz and Lown 2003, 430). Although it overlaps 
with the range ofTANs found in heavy Canadian crude oils (as shown in Table 3-6), the range of 
acid content in diluted bitumen blends is generally higher than the range in other crude oils 
because of the greater biodegradation of the natural bitumen and resulting concentrations of 
high-molecular-weight organic acids. 

The type of acid in diluted bitumen is more important to pipeline operators than total acid 
content. High-molecular-weight organic acids, such as naphthenic acids, are stable in the 

TABLE 3-6 Sulfur and Total Acid Content in Sampled Canadian Heavy Crude Oils and 
Diluted Bitumen Blends 

Total Sulfur 
(percentage by weight) TAN (mg KOH/g oil) 

Canadian Heavy Crude Oils 

Fosterton 3.26 0.2 

Lloydminster Blend 3.56 0.82 

Lloydminster Kerrobert 3.12 0.92 

Western Canadian Select 3.51 0.94 

Diluted Bitumen Blends 

Albian Heavy Synthetic 2.5 0.57 

Access Western Blend 3.93 1.72 

Black Rock Seal Heavy 4.32 1.72 

Cold Lake 3.75 0.99 

Christina Lake 3.79 1.53 

Peace River Heavy 5.02 2.5 

Smiley-Coleville Heavy 2.97 0.98 

Statoil Cheecham Blend 3.69 1.77 

Surmount Heavy Blend Synbit 3.02 1.38 

Western Canadian Blend 3.1 0.82 
SOURCE: TAN data obtained from CrudeMomtor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?acr=SLD; http://www.crudemonitor.ca/crude.php?acr=SYN). Sulfur 
data obtained from Enbridge 
(http://www.enbridge.com/DeliveringEnergy/Shippers/-/media/www/Site%20Documents/Delivering%20Energy/20 
12CrudeCharaceristics.ashx). Accessed March 1, 2013. 
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pipeline transportation environment. These acids have boiling points higher than water and do 
not react at pipeline operating temperatures. Although the organic acids can be corrosive to 
metals used in refineries processing crude oils at temperatures above 300°C (570°F), they are not 
corrosive to steels at pipeline temperatures (Nesic et al. 2012). This distinction is discussed 
further in Chapter 5. 

The Canadian heavy crude oils and diluted bitumen contain 2.5 to 5 percent sulfur by 
weight. Whereas condensate and synthetic crude oils are largely free of sulfur (as shown in Table 
3-2), natural bitumen contains 4 to 6 percent sulfur. As described earlier, most of the sulfur in 
bitumen is bound in stable hydrocarbon structures. Sulfur levels in the 2.5 to 5 percent range, as 
found in processed bitumen diluted for transportation, are high for light- and medium-density 
crude oils but not unusual for heavy crude oils. While high sulfur content in crude oil is generally 
undesirable for refining, it is problematic for transmission pipelines mainly if it exists in surface
active compounds and hydrogen sulfide (H2S). H2S is a weak acid that is corrosive to pipelines 
for reasons explained in Chapter 5. Available test data on the H2S content in crude oil indicate 
lower levels in diluted bitumen (less than 25 ppmw in liquid phase) than in other crude oils of 
various densities (Figure 3-9). 

H2S ppmw 
450 ------·-······-···-·--·· .... ··-·· ..... ··-. . ..... ··········--- --·-· 
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FIGURE 3-9 H2S content of diluted bitumen and other crude oils. (H2S is measured in 
liquid phase by using ASTM Test Method 5263. H2S remains in a liquid state in pipelines 
because the partial pressures of operating pipelines are below the bubble point.) (Data submitted 
to the committee on November 13, 2012, by the Pipeline Sour Service Project Group of 
CCQTA.) 
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Shipment Properties and Operating Parameters Reported by Operators 

For additional data on the transport properties of diluted bitumen, the committee prepared a 
questionnaire for the Canadian Energy Pipeline Association (CEPA). CEPA distributed the 
questionnaire to member companies that regularly transport diluted bitumen by transmission 
pipeline. The questionnaire and responses from five Canadian operators are provided in 
Appendix A. A summary of the operator responses on the properties of diluted bitumen is 
provided in Table 3-7. All of the reported values for BS&W, H2S, sulfur, density, TAN, and 
operating temperature are within the ranges provided in the preceding tables and figures. 

With respect to the pipeline flow regime, the surveyed pipeline operators reported 
average flow velocities of 0.75 to 2.5 meters per second (2.5 to 6.7 feet per second) in 
transmission pipelines that mostly range in diameter from 20 to 42 inches but that include some 
mileage consisting of pipe having smaller (8 inches) and larger (up to 48 inches) diameters. 
Without knowledge of the pipe diameter associated with each reported flow velocity, the 
resulting flow cannot be verified as turbulent. In general, flow velocities ranging between 0.75 
and 2.5 meters per second would be expected to maintain turbulent flow in pipelines ranging 
from 8 to 48 inches in diameter when they transport crude oils with the range of viscosities (113 
to 153 cSt at 20°C) repmted for the diluted bitumen and other heavy crude oils shown in 
Table 3-4. 

The committee asked pipeline operators for information on the content of oxygen and 
carbon dioxide in shipments because these dissolved gases can be an important factor in the 
corrosion of pipe steel, for reasons explained in Chapter 5. Pipeline operators do not routinely 
measure oxygen and carbon dioxide concentrations in crude oil shipments because of the 
difficulty associated with sampling and detecting these gases. Nevertheless, the operators 
repmted that because diluted bitumen and other crude oils enter the pipeline system deaerated, 
there should be no significant difference in the concentrations of oxygen and carbon dioxide gas 
in products transported in the same pipelines. Operators also repo1ted that as a general matter 
they aggressively seek to limit avenues for air entry into the pipeline at all times, including 
periods of storage and blending and pumping operations. 

TABLE 3-7 Properties and Operating Parameters of Diluted Bitumen Shipments 
R t d b F. c d. p· r o t epor e y lIVe ana ian 1pe me 'Pera ors 

Range of Lowest and Highest Highest 
Reported Values in Reported Reported 

Prooerty or Parameter Unit Averages Normal Ranges Extremes 
BS&W Volume percent 0.18to0.35 0.05 to 0.40 0.50 

H2S ppmw <0.50 to 6.77 <0.50 to 11.0 11.0 

Sulfur Weight percent 3.10 to 4.00 2.45 to 4.97 5.20 

Density API gravity 19.8to22.l 19.0 to 23.3 23.3 

TAN mgKOH/g 1.00 to 1.30 0.85 to 2.49 3.75 

Operating temperature oc (Of) 10 to 27 (50 to 81) 4 to 43 (39 to 109) 50 (122) 

Flow rate feet/second 2.5 to 6.7 0.5 to 8.2 8.2 

Pressure psi 430 to 930 43.5 to 1,440 1,440 

NOTE: Operators reported that oxygen and carbon dioxide concentrations are not routinely measured in shipments of 
crude oil. See Appendix A for complete survey results. 
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SUMMARY 

The bitumen imported into the United States is produced from Canadian oil sands. The bitumen 
is both mined or recovered in situ by using thermally assisted techniques. Because a large share 
of the bitumen deposits is too deep for mining, in situ recovery accounts for an increasing 
percentage of production. Because mined bitumen does not generally have qualities suitable for 
pipeline transportation and refinery feed, it is processed in Canada into synthetic crude oil. 
Bitumen recovered through use of thermally assisted methods has water and sediment content 
that is sufficiently low for long-distance pipeline transpo1tation. The bitumen impo1ted for 
refinery feed in the United States is recovered through in situ methods rather than mining. 

Like all forms of petroleum, Canadian bitumen is a by-product of decomposed organic 
materials and thus a mixture of many hydrocarbons. The bitumen contains a large concentration 
of asphaltenes and other complex hydrocarbons that give bitumen its high density and viscosity. 
At ambient temperatures, bitumen does not flow and must be diluted for transportation by 
unheated pipelines. The diluents consist of light oils, including natural gas condensate and light 
synthetic crude oils. Although the diluents consist of low-molecular-weight hydrocarbons, 
diluted bitumen does not contain a higher percentage of these light hydrocarbons than do other 
crude oils. The dilution process yields a stable and fully mixed product for shipping by pipeline 
with density and viscosity levels in the range of other crude oils transpo1ted by pipeline in the 
United States. 

Shipments of diluted bitumen are transported at operating temperatures, flow rates, and 
pressure settings typical of crude oils with similar density and viscosity. Water and sediment 
content conforms to the Canadian tariff limits, which are more restrictive than those in U.S. 
pipeline tariffs. Solids in the sediment of diluted bitumen are comparable in quantity and size 
with solids in other crude oils transported by pipeline. While the sulfur in diluted bitumen is at 
the high end of the range for crude oils, it is bound in stable hydrocarbon compounds and is not a 
source of corrosive hydrogen sulfide. Diluted bitumen has higher total acid content than many 
other crude oils because of relatively high concentrations of high-molecular-weight organic acids 
that are not reactive at pipeline temperatures. 
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4 

Review of Pipeline Incident Data 

This chapter reviews U.S. and Canadian pipeline incident statistics and investigations for 
insight into whether transmission pipelines experience more releases when they transport 

diluted bitumen than when they transport other crude oils. 

U.S. AND CANADIAN INCIDENT DATA 

The Pipeline and Hazardous Materials Safety Administration (PHMSA) requires that all 
regulated pipeline operators report unintended releases that meet certain thresholds of release 
quantities or impact severity. PHMSA tracks and analyzes these repo1is to inform its inspection, 
investigation, and enforcement activities.1 PHMSA inspectors also conduct more in-depth 
investigations of selected incidents. Incidents involving especially severe consequences, such as 
deaths, injuries, evacuations, and environmental damage, may also be investigated by the 
National Transportation Safety Board (NTSB). Through field and forensic investigations, NTSB 
assesses both causal and contributing factors and recommends preventive and follow-up actions, 
including regulatory responses.2 The National Energy Board (NEB) and Transportation Safety 
Board (TSB) serve similar functions, respectively, for incidents involving pipelines in Canada. 
PHMSA and NEB incident statistics and investigations, as well as relevant investigations by 
NTSB and TSB, are reviewed next. 

PHMSA Incident Data and Investigations 

PHMSA regulations require that operators of hazardous liquid pipelines, which include crude oil 
pipelines, report any incident that involves a release of 5 gallons or more or explosion, fire, 
serious injury, or significant property damage.3 Incidents that involve any component of the 
pipeline facility, including line pipe, tanks, valves, manifolds, and pumps, must be reported. A 
short reporting form is required for notifying the agency of small releases, and a longer form is 
required for larger releases and any release into water exceeding 5 gallons. Before 2002 the 
threshold for reporting releases was 50 barrels. The reporting changes make comparisons of 
recent release data with historical performance difficult. A further complication of the repo1iing 
system is that while PHMSA reporting covers most crude oil pipelines, there are exceptions to 
coverage, such as some intrastate pipelines and gathering systems. 

The number of incidents repo1ied for regulated crude oil pipelines during 2002 to 2011 is 
shown in Figure 4-1. During the 10-year period, the number of large incidents fluctuated from 
about 80 to 120 per year. Total releases trended downward from about 190 to 150 per year, with 
small releases accounting for between one-third and one-half of the total. System components 
involved in the releases are shown in Figure 4-2. Main-line pipe and tanks were involved in 

1 More discussion of PHMSA safety oversight programs can be found in Appendix B. 
2 NTSB recommendations pertaining to PHMSA's pipeline safety authorities can be found at 
http://www.phmsa.dot.gov/pipeline/regs/ntsb. 
3 

49 CFR 195.50. 
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about one-third of the incidents, while all other equipment, such as pumps, valves, and fittings, 
accounted for the rest. A generalization that can be made is that the larger releases tend to be 
associated with main-line pipe, and sometimes with tanks, whereas the other system components 
tend to experience smaller releases on average. For 2002 to 2012, the pattern of releases by 
system component and cause is shown in Figure 4-3 and Table 4-1. The causal distribution 
differed by component. For main-line pipe, internal corrosion was the cause of about one-third of 
releases, while external corrosion and outside force damage accounted for most of the remainder. 
For most other pipeline components, incorrect operation and malfunctioning equipment were the 
main causes of incidents. Most of the corrosion-related incidents reported to PHMSA occurred in 
pipes and pumps. Main-line pipe was the dominant location for external corrosion. Whereas 
main-line pipe also accounted for about one-third of incidents involving internal corrosion, more 
of these incidents occurred in pumps. 

Each year, PHMSA inspectors select as many as two dozen pipeline incidents for more 
thorough investigation on the basis of the severity of the consequences, the nature of the 
suspected failure modes, and the incident and compliance history of the pipeline system 
involved. The investigations normally consist of site visits, forensic tests, interviews with 
operating personnel, and reviews of operator records. Since 2005, PHMSA has conducted 63 
investigations of natural gas and hazardous liquid pipelines, including 14 incidents involving 
onshore crude oil transmission pipelines.4 The latter incidents are referenced in Table 4-2. In the 
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FIGURE 4-1 Crude oil pipeline incidents reported to PHMSA, 2002 to 2011. (Incident data 
were provided to the committee by PHMSA during the October 23, 2012, committee meeting.) 

4 
http://phmsa.dot.gov/pipeline/library/failure-reports. 
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Other equipment 
(e.g., pumps and 

gauges) 65% 

Mainline pipe with 
unknown diameter 

3% 

Mainline pipe 
diameter <16 in. 

18% 

Mainline pipe 
diameter>16 in. 

5% 

Tanks 7% 

FIGURE 4-2 Crude oil pipeline incidents reported to PHMSA by system component 
involved, 2002 to 2012. [Data were obtained from analysis of PHMSA data from the 
Environmental Impact Statement of TransCanada XL permit application (U.S. Department of 
State 2013, Volume IV, Appendix K).] 

39 

two cases found to have involved internal corrosion, factors other than the properties of the crude 
oils transported were cited as causes. In three other cases, investigators reported that internal 
pressure cycles and associated stress loadings may have contributed to the formation and growth 
of cracks initiated at sites of external corrosion. 

Apart from providing some examples of possible failures related to the transported 
product, the PHMSA investigations do not provide evidence that pipelines transporting diluted 
bitumen are more susceptible to release. In the next chapter, the chemical and physical prope1ties 
of diluted bitumen are examined to deduce possible susceptibilities to pipeline damage. 
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FIGURE 4-3 Crude oil pipeline incident reports to PHMSA by cause of release and system 
component involved, 2002 to 2012. (Source: U.S. Depaitment of State 2013, Volume IV, 
Appendix K.) 

TABLE 4-1 Crude Oil Pipeline Incident Reports to PHMSA by Cause of Release and 
S C I 1 d 2002 2012 ~vstem omponent nvo ve , to 

Reoorts of Pioeline Releases to PHMSA, 2002-2012 

Unspecified 
Pioe Tanks Valves Pumps Component Total 

Weather or natural force 10 10 0 29 20 69 

Incorrect ooerations 5 16 1 80 58 160 

Outside force 80 0 2 17 11 110 

Eauioment malfunction I 29 17 491 1 539 

Manufacture or construction 31 7 1 67 41 147 

Unsoecified corrosion 1 1 0 0 191 193 

Internal corrosion 103 7 3 165 3 281 

External c01Tosion 82 7 0 23 0 112 

Unsoecified cause 8 16 1 37 22 84 

Total 321 93 25 909 347 1,695 
SOURCE: U.S. Department of State 2013, Volume IV, Appendix K. 
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TABLE42 PHMSAC d 0·1p· r I "d tl l - ru e l me me DCI en f f nves 1ga 10ns, 2005 t 2012 0 

Date of Commodity System Attributed 
Failure Ooerator Location Released Component Cause Summary 

7-in. main- Sand and saltwater 

4/12/05 
Jayhawk Stevens, 

Crude oil line pipe 
Internal collected in a low point 

Pipeline Kansas 
section 

corrosion in the pipeline, resulting 
in corrosive conditions. 
Weld seams did not fuse 

Enbridge Clark 24-in. main-
during pipe manufacture. 

1/1107 Energy County, 
Crude oil 

line pipe 
Defect in The defect grew to a 

from Canada manufacture critical size by fatigue 
Partners Wisconsin section 

from operating pressure 
cycles. 
Pipe was transported to 
the construction site on 

Enbridge 34-in. main-
rail cars, causing fatigue 

Clearbrook, Crude oil Defect in cracks from cyclical 
I 1113/07 Energy 

Minnesota from Canada 
line pipe 

manufacture loading. Pressure cycling 
Partners section 

during operations may 
have caused the cracks to 
_grow to failure. 
The combined loading of 

Mid-
12-in. the branch connection, 

2/18/09 Valley 
Cygnet, 

Crude oil 
branch Material valve, 

Pipeline 
Ohio connection failure and flanging caused the 

to main line branch attachment to 
crack at the weld. 

Enbridge 26-in. main-
A sleeve installed 20 

Gowan, Crude oil Material years earlier to repair a 
619109 Energy 

Minnesota from Canada 
line pipe 

failure pipe split opened at a 
Partners section 

deficient weld. 
Cap screws on a stainless 

Crude oil Meter Material 
steel pressure switch 

12/23/09 
Enterprise Galveston, 

from station failure in a 
failed because of 

Products Texas 
offshore component fitting 

hydrogen-assisted 
cracking promoted by 
_galvanic corrosion. 
Internal corrosion 

Mid- Gregg Tank farm 
Internal 

occurred in a dead-leg 
3/1/10 Valley County, Crude oil manifold 

corrosion 
section of pipe with no 

Pipeline Texas piping flow during normal 
operations. 
An electric charge 

Chevron 
Salt Lake 10-in. main- Outside jumped from a metal 

6/11/10 
Pipe Line 

County, Crude oil line pipe force fence to the pipe, 
Utah section damage creating a 0.5-in. hole in 

the top of the pipe. 

Suncor 
Operating personnel did 

6/14/10 Energy 
Laramie, 

Crude oil 
Breakout Incorrect not respond to an alaim 

Wyoming tank operation indicating tank capacity 
Pipeline 

had been reached. 
(continued) 

011976



42 Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

TABLE4 2 ( i - contmue d) PHMSA C d 0 ·1 P° r I . d ru e I ipe me nc1 ent I nvest11?at10ns, 2005 2012 to 
Date of Commodity System 
Failure Operator Location Released Component 

Crude oil 22-in. main-
11/16/10 

Shell Vinton, 
from line pipe 

Pipeline Louisiana 
offshore section 

Salt Lake 
Valve used 

12/1/10 
Chevron 

County, 
Crude oil for water 

Pipe Line 
Utah 

(condensate) injection in 
main line 

10-in. main-

Chevron 
Plaquemine Crude oil line pipe 

1/26/11 
Pipe Line 

s Parish, from section at 
Louisiana offshore river 

crossing 

8-in. pipe 
Enterprise Cushing, within 

212111 l 
Products Oklahoma 

Crude oil 
terminal 

area 

ExxonMo 
Laurel, 

12-in. main-
7/1111 bi! 

Montana 
Crude oil line pipe 

Pipeline section 
SOURCE: PHMSA's pipeline failure investigation reports can be found at 
http://phmsa.dot.gov/pipeline/library/failure-reports. 

NEB Incident Statistics 

Attributed 
Cause Summary 

The coating disbonded at 
a bend in the pipe 
allowing the onset of 

Material corrosion. Cyclical 
failure loading due to normal 

batch operations may 
have contributed to crack 
growth. 
Water was not properly 
drained from the valve. 

Incorrect Internal pressure brought 
operation on by freezing water 

caused the valve 
connection to leak. 
The pipeline was being 
lowered while in service. 

Excavation 
Stress concentrations 

damage 
from the procedure 
caused fracturing in an 
area with preexisting 
dents. 
Personnel purging a pipe 
failed to shut down the 
pump, which resulted in 

Incorrect 
the delivery being 

operation 
pumped against a closed 
valve, causing a pipe 
with preexisting 
manufacturing defects to 
fail. 

Outside River flooding 
force caused debris to strike 

damage and rupture the line. 

NEB regulates interprovincial pipelines in Canada. The regulated network consists of 11,000 
miles of crude oil pipeline, nearly all of which are in transmission systems. Regulated operators 
must file an "accident" record if a pipeline facility experiences a fatal or serious injury, fire, or 
explosion due to a release; any other damage to the pipeline that causes a release; and any form 
of outside force damage, even if it does not lead to a release. In addition, operators are required 
to file an "incident" report in the event of an uncontrolled release, operations that exceed design 
limits, an abnormality that reduces structural integrity, or a shutdown for safety reasons. These 
reported incidents do not necessarily involve releases. 
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From 2004 to 2011,5 NEB received 12 accident reports and 292 incident reports 
involving crude oil transmission pipelines (TSB 2012, Table 5). Of the 292 incidents involving 
pipeline integrity issues-such as internal and external degradation-cracks accounted for the 
largest share, almost 30 percent (see Figure 4-4). Metal loss, mainly from corrosion, was 
reported in 16 percent of incidents. Of the 12 accident reports, one involved combined corrosion 
and cracking (stress corrosion cracking), as discussed in more detail below. 

NTSB and TSB Investigations 

The main transportation safety investigative bodies in the United States and Canada are NTSB 
and TSB, respectively. Although their pipeline investigations are thorough, they are infrequent 
and selective. For example, over the past decade NTSB has investigated fewer than a dozen 

Outside 
interference 

8% 

Metal loss. 
.16% 

Other causes 
3% 

Material, 
manufacturing, 
or construction 

deficiency 
22% 

Cracks 
30% 

FIGURE 4-4 Causes of crude oil transmission pipeline incidents reported to NEB, 2004 to 
2011. (Source: TSB 2012, Table 5.) 

5 Before 2004, the definition of reportable incident used by NEB was different from that used today. The reporting change makes 
longer-term trend analysis less meaningful. 
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pipeline incidents, most involving pipelines carrying volatile commodities such as natural gas 
and refined products.6 The investigations are helpful in understanding factors that can interact to 
cause pipeline damage and failures, but they produce limited information useful in assessing the 
effect of specific crude oil types or crude oil properties on pipeline release probabilities. 

In 2012, NTSB completed an investigation of a pipeline failure in which diluted bitumen 
was reported to have been released. The incident involved a 30-inch transmission pipeline that 
ruptured and released 20,000 barrels of product into a river near Marshall, Michigan (NTSB 
2012). The investigators determined that the cause of the rupture was cracks that had formed in a 
corrosion pit on the outside of the pipe under a dis bonded polyethylene tape coating. The cracks 
coalesced and grew as a result of stresses on the pipe, a process known as environmentally 
assisted cracking (EAC), which is described in more detail in Chapter 5. The Marshall release 
attracted considerable attention because of the consequences of the release and the actions of the 
operator. However, NTSB did not report that specific properties of the products transported 
through the pipeline at the time of the event or in the past had caused or contributed to the 
pipeline damage. 

As noted above, one of the 12 crude oil pipeline accidents reported to NEB since 2004 
involved a corroded and cracked pipeline. This release, which occurred in 2007, was investigated 
by TSB.7 The release was from a 34-inch transmission pipeline originating in Albe1ia and 
transp01iing crude oil to the United States (TSB 2007). A forensic analysis of the ruptured pipe 
joint detected a shallow corrosion pit at a weld on the outside of the pipe that led to a stress 
corrosion crack, which eventually spread and fractured the pipe. TSB investigators determined 
that the polyethylene tape coating had tented over the weld, shielding the pipe from the 
beneficial effects of the cathodic protection current.8 The corrosion pit that developed because of 
the tape failure became a stress concentration site where cracks formed and grew. TSB noted that 
2 years earlier the operator had conve1ied the pipeline to batch operations and surmised that this 
operational change may have contributed to crack growth as a result of more cyclic stress 
loadings from internal pressure fluctuations. Whether specific varieties of crude oil in the stream 
had properties that contributed to more severe pressure cycling was not reported by TSB. 

A review of other NTSB and TSB investigations over the past decade did not indicate 
any cases in which specific crude oil types or shipment properties were associated with causes of 
pipeline damage or failure. 

Assessment oflnformation from Incident Reports 

The causes of pipeline incidents reported to PHMSA are proximate and broadly categorized. 
Incidents categorized as corrosion damage, for example, do not distinguish among those 
occurring as a result of the action of microorganisms, in combination with stress cracking, or at 
sites of preexisting mechanical damage. Some types of damage, such as EA C, may be 
categorized alternatively as caused by corrosion, a manufacturing defect, or a material failure. 
Whereas NTSB and TSB investigations provide detailed information on factors causing and 

6 NTSB pipeline investigation reports are available at http://www.ntsb.gov/investigations/reports_pipeline.html. 
7 NEB may conduct its own investigations of a reported incident to ensure that safety regulations are being followed and to 
determine the need for remedial actions. 
8 When the tape disbands from the pipe steel, moisture can accumulate beneath the tape surface. Because the tape has fairly high 
electrical insulation properties, it can prevent cathodic protection current from reaching the exposed steel subject to corrosion. 
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contributing to pipeline releases, the investigations are too few in number to assess the causal 
effects of specific crude oil types and their properties. 

Because of the potentially large number of factors associated with a given release, it is 
often difficult to isolate the role of any single causative factor, such as the effect of the specific 
crude oil being transported on time-dependent mechanisms such as corrosion and cracking. 
Sources of pipeline damage affected by the crude oils transported, either at the time of the 
release or in earlier shipments, are most pertinent to this study. Neither PHMSA nor NEB 
incident data contain information on the types of crude oils transported or the prope1ties of past 
shipments in the affected pipeline. 

STATE AND PROVINCIAL INCIDENT DATA 

Some U.S. states and Canadian provinces maintain reporting systems for incidents in intrastate 
and intraprovincial pipeline systems, including gathering lines. The Energy Resources 
Conservation Board (ERCB) holds this responsibility in Alberta. In the United States, several 
state regulators have authority over intrastate pipelines, including the state fire marshal of 
California. Pipeline incident data and analyses derived from both of these jurisdictions were 
considered. 

Alberta ERCB Incident Data 

45 

The Alberta ERCB regulates and monitors the safe performance of oil pipelines in the province, 
with the exception of approximately 700 miles of NEB-regulated transmission pipeline crossing 
into other provinces and the United States.9 ERCB mandates reporting of all pipeline incidents 
involving a release or damage from an outside force. In 2007, the agency reviewed the causes of 
411 crude oil pipeline incidents repo1ted from 1990 to 2005 (EUB 2007). The ERCB analysis 
showed that the largest single cause was internal corrosion, which the agency ascribed to the 
effects of the large percentage of gathering pipelines in the province. These small-diameter lines 
were described as susceptible to internal corrosion because of repeated low-flow conditions; 
frequent stopping and idling of movements; and the mixture of raw crude oil, gases, sediments, 
and waters carried from production fields (EUB 2007, 30). About 29 percent of the roughly 
11,000 miles ofERCB-regulated pipeline mileage consisted of pipe with a diameter of 4 inches 
or less, and 73 percent had a diameter of 12 inches or less. Only about I percent of the mileage 
consisted of pipelines having a diameter of more than 22 inches. 

Although ERCB release statistics have at times been cited as evidence of a corrosive 
effect of diluted bitumen on pipelines (Swift et al. 2011 ), the regulated systems represented by 
these incident statistics are not comparable with transmission pipelines in size, operations, or, 
most important, contents. As a result, the committee concluded that the ERCB data were not 
useful for the purposes of this study. 

California Pipeline Safety Study 

Pipeline operators in California have a long history of transporting crude oils with physical 
properties similar to those of Canadian crude oils and diluted bitumen. Most of the oil from the 

9 The Energy and Utilities Board regulated pipelines in Alberta until it was replaced in 2008 by ERCB. 
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San Joaquin Valley, for instance, has an American Petroleum Institute (API) gravity of 18 
degrees or less, with the Kern River field producing especially dense crude oil with an API 
gravity of about 13 degrees (Sheridan 2006). Like bitumen producers, California oil producers 
commonly use thermal recovery techniques, such as injecting steam through the wellbore, to 
reduce crude oil viscosity and facilitate pumping to the surface. Heavier California crude oils are 
often transported undiluted through heated pipelines. This is not the case for Canadian bitumen, 
which is diluted for transportation. 10 

California has nearly 3,300 miles of transmission pipelines subject to federal safety 
regulation.11 In addition, the state contains 3,000 to 4,000 miles of state-regulated pipeline, most 
of it in gathering systems. Responsibility for regulating the safety of hazardous liquid pipelines 
in California is shared by PHMSA and the California State Fire Marshal (CSFM). 

In 1993, CSFM issued a rep01t of the incident history of hazardous liquid pipelines in the 
state from 1981 to 1990 (CSFM 1993). The rep01t examined releases from state and federally 
regulated lines, including those transpo1ting refined petroleum products. Operators were required 
to submit records of releases during the period regardless of release quantity or consequences, 
along with information on pipeline diameter, length, age, operating temperature, and external 
coating type. Although the report is now 20 years old, its results have been cited as indicative of 
the potential effects of diluted bitumen on pipeline integrity (NRDC 2011). 

The CSFM study documented 502 releases from hazardous liquid pipelines in California 
during the 10-year period. Analyses of the incident records indicated that external corrosion was 
the leading cause of releases, accounting for 59 percent, followed by third-patty damage (20 
percent), equipment malfunctions (5 percent), and weld failures ( 4 percent). Internal corrosion 
accounted for 3 percent, while operator error accounted for 2 percent. 12 Crude oil pipelines 
generated 62 percent of total releases, including 70 percent of the releases attributed to external 
corrosion. 

While the CSFM study did not investigate each repotted incident in depth, statistical 
analyses of the 502 records presented some patterns of interest. The age of the pipeline was 
correlated with a higher release rate. For example, 62 percent of the releases occurred in 
pipelines constructed before 1950, even though these lines accounted for only 18 percent of 
pipeline mileage. CSFM noted that many of the pipelines built in California during the first half 
of the 20th century lacked cathodic protection for most of their service lives, which suggests that 
the lack of cathodic protection, coupled with the absence of coatings or use of older coating 
materials, may have led to the high incidence of external corrosion relative to other failure 
causes. 13 The CSFM analysis revealed that 22 percent of the external corrosion incidents 
occmTed in pipelines that were uncoated, and another 53 percent occmTed in pipelines coated or 
wrapped with certain materials, most often asphalt and tar. 

One finding that stood out among pipelines experiencing external corrosion was the 
disproportionate number of small-diameter pipelines that were operating at relatively high 
temperatures. Operating temperature was highly correlated with external corrosion-more than 
half the releases from external corrosion occurred in the 21 percent of pipeline mileage in which 

10 As discussed in Chapter 2, California oil fields are served by transmission pipelines that connect to refineries elsewhere in the 
state. The transmission pipelines do not cross state borders. 
11 Pipeline mileage by state is available at the following PHMSA website: 
http://primis.phmsa.dot.gov/comm/reports/safety/CA_detaill.html?nocache=9253#_0uterPanel_tab_5. 
12 All other causes accounted for 7 percent of releases. 
13 As is discussed in Chapter 5, some older coating technologies shield cathodic protection currents. 
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the operating temperature regularly reached or exceeded 55°C (130°F). In addition, a large 
portion of the pipelines experiencing external corrosion consisted of small-diameter pipe. 
Although they accounted for only 13 percent of pipeline mileage, pipelines with diameters of 
less than 8 inches accounted for 21 percent of external corrosion incidents. Larger pipelines, with 
diameters of 16 inches or more, accounted for 23 percent of mileage but only 6 percent of the 
external corrosion incidents. 

The preponderance of external corrosion incidents in smaller-diameter pipe and pipelines 
with high operating temperatures does not indicate that transmission pipelines contributed to the 
high rate of pipeline releases in California during the 1980s. Instead, the results suggest that 
older lines, many of which lacked modern coatings and cathodic protection for much of their 
operating histo1y, were the main source of the releases. The high operating temperatures of many 
of these pipelines can be attributed to the thermal recovery methods used for California crude oil 
production. While the California experience illustrates the problems that can arise when 
pipelines are not properly protected against external corrosion, it is not indicative of the 
protections afforded crude oil transmission pipelines today. 14 

SUMMARY 

A logical step in addressing the question of whether shipments of diluted have a greater 
propensity to causes pipeline releases than shipments of other crude oils is to examine historical 
release records. The incident statistics can be used to identify the general sources of pipeline 
failure. However, the information contained in the U.S. and Canadian incident records is 
insufficient to draw definitive conclusions. One reason is that the causal categories in the 
databases lack the specificity needed to assess the particular ways in which transporting diluted 
bitumen can affect the susceptibility of pipelines to failure. Another reason is that incident 
records do not contain information on the types of crude oil transported and the properties of past 
shipments in the affected pipeline. Because many pipeline releases involve cumulative and time
dependent damage, there is no practical way to trace the transportation history of a damaged 
pipeline to assess the role played by each type of crude oil and its properties in transpo1t. 

Incident reporting systems in Canada and the United States do not have uniform repo1ting 
criteria and coverage. Given the relatively small number of pipeline incidents, even minor 
variations in reporting criteria can lead to significant differences in incident frequencies and 
causal patterns. Some reporting systems combine incident reports from oil gathering and 
transmission systems, while others do not. Variation in repo1ting coverage is problematic 
because gathering pipelines are fundamentally different from transmission pipelines in design, 
maintenance, and operations and in the quality and quantity of the liquids they carry. 
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Assessing the Effects of Diluted Bitumen on Pipelines 

This chapter examines the main causes of pipeline failure and the physical and chemical 
properties of the transported crude oils that can affect each. The relevant properties of 

diluted bitumen and other crude oil shipments are compared to make judgments about whether 
transporting diluted bitumen increases the likelihood that a pipeline will fail. Consideration is 
then given to whether pipeline operators, in transporting diluted bitumen, alter their operating 
and maintenance procedures in ways that can inadve1tently make pipelines more prone to failure. 

The following sections examine the potential sources of failure in pipelines from (a) 
internal degradation, (b) external degradation, and (c) mechanical forces. Because it is exposed 
to the shipped liquid, the inside of the pipe is the most obvious location to look for possible 
sources of damage from shipments. Corrosion is the main cause of internal degradation in crude 
oil transmission pipelines, followed to a lesser extent by erosion. Although the outside of the 
pipeline is not in contact with the shipped liquid, pipeline operating conditions associated with 
the shipment can affect the exterior of a transmission pipeline. Corrosion and cracking are the 
main sources of external degradation that can be affected by these conditions. Mechanical 
damage to the pipeline from overpressurization and outside forces also can be affected indirectly 
by the liquid in the pipeline. 

SOURCES OF INTERNAL DEGRADATION 

Pipelines sustain internal damage primarily as a result of progressive deterioration caused by 
corrosion and erosion of the mild steel used to manufacture line pipe. Internal corrosion is an 
electrochemical process that typically causes damage to the bottom of the pipe when water is 
present. Erosion is a mechanical process that causes metal loss along the interior wall of the pipe 
because of the repeated impact of solid particles, particularly at bends and other areas of flow 
disturbance. Both forms of attack reduce pipe wall thickness and can penetrate the wall fully to 
cause leaks or decrease the strength of the metal remaining in the wall to produce a rupture. 
Internal corrosion is more prevalent than erosion in crude oil transmission pipelines. Both 
sources of internal pipeline damage are reviewed next, and the potential for diluted bitumen to 
affect their occurrence in crude oil transmission pipelines is assessed. 

Internal Corrosion 

The electrochemical process that causes iron in steel to corrode involves anodic and cathodic 
reactions. The main anodic reaction is the oxidative dissolution of iron. The main cathodic 
reaction is reductive evolution of hydrogen. The main species that contribute to a higher rate of 
corrosion are dissolved acid gases such as carbon dioxide (C02) and hydrogen sulfide (H2S) as 
well as organic acids. For the electrochemical reactions to occur, an ionizing solvent must be 
present, which in the pipeline environment is usually water. Salts, acids, and bases dissolved in 
the water create the necessary electrolyte. 
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To prevent external corrosion, pipes are coated on the outside surface and cathodic 
protection is applied. In the case of internal corrosion, protecting the steel through the use of a 
coating or cathodic protection is impractical for various reasons. To prevent internal corrosion, 
therefore, pipeline operators try to keep water and other contaminants out of the crude oil stream 
and to design their systems so as to reduce places where any residual quantities can accumulate 
on the pipe bottom. They also use operational means to limit deposition, including maintenance 
of turbulent flow; periodic cleaning with pigs; and the injection of chemicals, called corrosion 
inhibitors, that disperse and suspend water in the crude oil and form a protective barrier on the 
pipe surface. 

When crude oil is pumped from the ground, it is accompanied by some water and varying 
amounts of C02 and H2S as well as ce1tain organic acids. Crude oil producers try to minimize 
these impurities in delivering a stabilized product to the transmission pipeline, but eliminating 
them is prohibitively expensive. Transmission pipelines carrying crude oil therefore typically 
have some small amount of water and sediment (usually less than 1 percent by volume), and 
dissolved C02 and H2S will exist in even smaller quantities. Of interest to this study is whether 
diluted bitumen contains any more of these corrosive contaminants than do other crude oils or 
whether these contaminants are more likely to settle and accumulate on the bottom surface of 
pipelines transporting diluted bitumen. 

The various means by which water, sediment, dissolved gases, and other materials can 
cause internal corrosion of crude oil transmission pipelines are reviewed next. 

Water Deposition and Wetting 

Oil by itself is not corrosive to mild steel pipe in the temperature range in which transmission 
pipelines operate, which is typically well below 100°C. Water contact with the inside pipe wall is 
an essential precondition for internal corrosion. Pure water is not a significant source of 
corrosion when it acts alone. As discussed in more detail below, however, water in the presence 
of ce1tain dissolved contaminants, such as C02, H2S, and oxygen (02), will cause corrosion if the 
water is allowed to contact and wet the steel surface of the pipe. In theory, a pipeline carrying oil 
and a small amount of water will not experience internal corrosion if the water is dispersed and 
suspended in the oil rather than flowing as a separate phase in contact with the bottom of the 
pipe. The following factors can affect whether water falls out of the oil flow to cause water 
wetting of the steel surface: 

• Flow rate: When oil and water move through a horizontal pipeline at low flow rates, 
gravitational force will dominate turbulent forces and cause the water to flow as a separate layer. 
As the rate of flow increases, the turbulence energy of the flow will increase, causing the water 
to become gradually more dispersed and entrained in the oil. The turbulence will cause water to 
break up into smaller droplets, and it will keep these finer droplets suspended. 

• Water content: The more water present in the flow, the harder it becomes for the 
flowing oil to suspend all water droplets. Thus, water settles more readily when there is more of 
it in the pipeline stream. 

• Pipe diameter and inclinaaon: Water is more difficult to keep entrained as the 
diameter of the pipeline increases as long as other parameters remain the same, including the 
flow rate and physical properties of the crude oil. Pipe inclination has a comparatively small 
effect on the ability of oil to entrain water if the inclination is less than 45 degrees. 
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• Physical properties of the oil and water: The density and viscosity of water and oil 
play an important role in water entrainment and settling. In general, oils that have high density 
and viscosity are better able to entrain water than are lighter oils, in pa1t because the density of a 
heavy oil will be close to that of water. Another imp01tant physical property is the oil and water 
interfacial tension, or tendency of the water and oil to mix or separate. Interfacial tension is 
affected by the presence of surface-active substances naturally found in the crude oil as well as 
by surfactant chemicals that may be injected into the flow by the pipeline operator. 

• Chemical additives: Chemicals injected into the flow stream can significantly 
influence water entrainment, primarily by affecting interfacial tension. As explained in Chapter 
2, pipeline operators add corrosion-inhibiting chemicals to the oil stream to adsorb onto the steel 
surface and provide a protective layer against corrosion and water wetting. Another benefit of 
these additives is that they usually contain surface-active compounds that decrease oil and water 
interfacial tension so as to make it more difficult for water to separate from the oil flow. 
Conversely, chemical demulsifiers that are added to oil to remove water during processing before 
delivery to the pipeline can have the undesired effect of increasing the inte1facial tension and 
thus causing easier separation of oil and water in the pipeline flow. Finally, the drag-reducing 
agents that are sometimes added by pipeline operators to enhance throughput can lower the 
ability of flowing oil to entrain water by dampening turbulence. 

Solids Deposition 

Solids in the crude oil stream settle to the pipe bottom for the same hydrodynamic reasons 
described above for water dropout. Typically the settled solids consist of a mix of inorganic and 
organic components. Sand, clay, detached scale, and corrosion products (such as carbonates and 
sulfides) are usually the main inorganic components of settled solids. Organic components 
commonly consist of asphaltenic and paraffinic compounds as well as other organic material 
formed by the action of microorganisms (Mosher et al. 2012; Friesen et al. 2012). The corrosive 
effect of microorganisms in pipeline deposits is discussed in more detail later in the section. 

When the flow rate and associated turbulence are low, solids can settle and accumulate, 
particularly at the bottom of horizontal lines. When no water is present, the deposition of solids 
can impede flow to create a flow assurance problem. When the solids settle with water, the mix 
is often referred to as sludge. A porous layer of settled solids can retard corrosion by water 
containing aggressive species, because the solids will cover pait of the steel surface and make it 
harder for those species to reach the surface. However, a porous layer of solids can also impede 
access to the steel surface by corrosion-inhibiting chemicals. In this case, the internal surface of 
the pipe that is covered by a layer of solids may corrode faster than the rest of the surface not 
covered by solids but protected by the chemical inhibitors. This adverse effect can be 
compounded by an unfavorable galvanic coupling between the unprotected area covered by the 
solids and the surrounding areas that are chemically inhibited. 

The basic sediment and water (BS& W) content of a crude oil shipment, as described in 
the previous chapters, is a common measure of the amount of solids and water carried and can be 
used to predict the likelihood of deposit formation. Even when BS& W is very low (Jess than 0.5 
percent by volume) and the fluid velocity is relatively high(> 1 meter per second or >2 miles per 
hour), some accumulated solids and water may be found in low spots in the pipeline and in dead 
legs, where the flow rate is low or stagnant. Sludge deposits holding water containing the 
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dissolved gases, acids, and microorganisms discussed next are the source of a common form of 
localized internal corrosion commonly referred to as underdeposit corrosion. 

Corrosive Effect of C02 

C02 dissolved in water can have a particularly corrosive effect in pipelines, as evidenced by the 
series of reactions that ensue (DeWaard and Milliams 1975). Water containing dissolved C02 
that forms carbonic acid (H2C03) and wets the pipe surface leads to the dissolution of iron (Fe) 
from the pipe steel and the evolution of hydrogen (H2) from the water. This weak acid partially 
dissociates in water to produce the bicarbonate ion (Heon and protons (H); in water the protons 
are present as hydronium ions (H30+). Bicarbonate ions dissociate further to produce more 
hydronium ions and carbonate ions (COl-). The hydronium ion is highly reactive as·it seeks to 
obtain a missing electron from nearby species. In giving up electrons to hydronium ions, the iron 
atoms on the pipe surface are destabilized, and they dissolve in the water to form iron ions 
(Fe21. By obtaining the resulting electrons, the hydronium ions are converted to dissolved 
hydrogen gas (H2). The corrosion by-product is iron carbonate (FeC03), which may deposit on 
the steel surface and be protective in some cases. 

Keeping C02 out of the crude oil stream is particularly important because the ensuing 
corrosion process can occur rapidly. The reason is that as the hydronium ions are consumed by 
the corrosion reaction, the carbonic acid dissociates fu1ther to replenish the reactive ions, which 
allows the corrosion process to continue at a fast rate. As long as there is sufficient C02 to 
produce the carbonic acid, the iron in pipe steel that is water wet will continue to corrode. The 
full series of chemical reactions involved in C02 corrosion is detailed in Box 5-1. 

Corrosive Effect of H1S 

H2S is another gas that may be present in the crude oil stream to create corrosive conditions 
inside pipelines when it is dissolved in water. Crude oil is often extracted with some amount of 
H2S. The concentrations in crude oil can be small [less than 100 parts per million (ppm) in the 
gas phase] or substantially larger. Other sulfur compounds in crude oil are less common, and 
they are typically soluble in oil rather than water, requiring high temperatures (> 300°C) to 
become reactive (Nesic et al. 2012). Thus, their concentrations do not present a corrosion 
problem in transmission pipelines. 

The reactions that cause H2S to corrode pipe steel are generally similar to those described 
for C02. Like C02, H2S gas is soluble in water. As a weak acid, the dissolved H2S behaves in a 
manner similar to carbonic acid (H2C03) by providing a reservoir of reactive hydronium ions. 
An impmtant difference is that the layer of protective iron sulfide (FeS) always forms on the 
steel surface as a result of the reactions involving H2S. Experimental evidence indicates that H2S 
corrosion initially proceeds by adsorption of the H2S to the steel surface. This adsorption is 
followed by a fast surface reaction at the steel and water interface to form a thin (about 1 micron) 
film of the iron sulfide mackinawite (Wikjord et al. 1980). The formation of mackinawite is an 
impo1tant factor governing the corrosion rate because the surface film can create a barrier that 
impedes the ability of other species to reach the steel. Accordingly, corrosion due to other 
contaminants such as C02 can be reduced when small amounts of H2S (in the low ppm range in 
the gas phase) are present in crude oil. 
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Box 5-1 

C02 Corrosion of Mild Pipe Steel 

C02 gas dissolved in water forms a weak carbonic acid (H2C03): 
C02 + H2 0 ¢=> H2 C03 

Carbonic acid partially dissociates in water to produce acidity [i.e., hydronium ions (Hl; 
water is omitted for simplicity]: 

H2 C03 ¢=> tt+ + HC03 

Fmiher dissociation occurs in the bicarbonate ion (Heon to produce more W and form 
carbonate ions (CO/-): 

ttco3 ¢=? tt+ + co~-
The surface atoms of iron (Fe) in the steel will readily give up electrons to hydronium 
ions and dissolve into the water in the form of iron ions (Fe2l: 

Fe ~ Fe2+ + 2e-
In obtaining the additional electron, the hydronium ion will form hydrogen gas (H2), and 
the reaction is complete. 

When the concentrations of the corrosion products in water (Fe2
+ and CO/- ions) exceed 

the solubility limit (typically at neutral and alkaline pH), they form solid iron carbonate 
on the surface of the steel: 

Fe2+ +co~- ¢=> FeC03 (s) 

The layer of iron carbonate can become fairly protective and reduce the rate of 
underlying steel corrosion by blocking the surface and preventing the corrosive species 
from reaching it. 
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The rapid kinetics of mackinawite formation favor it as the initial product ofH2S 
reactions. However, with time, and as H2S concentrations increase, mackinawite is less 
prevalent, and other forms of iron sulfide are seen, such as pyrrhotite. At high H2S 
concentrations, pyrite and elemental sulfur are formed. While layers of any iron sulfide will offer 
some corrosion protection, there is no well-defined relationship between the type of iron sulfide 
layer and the ensuing rate of corrosion. It is well understood that high H2S levels accompanied 
by elemental sulfur can lead to high rates of localized corrosion. However, elemental sulfur is 
usually associated with the production of natural gas with a high H2S content. For a crude oil to 
have similarly high H2S and elemental sulfur content would be unusual. 

Corrosive Effect of Oxygen 

Oxygen dissolved in water is undesirable in pipelines because it is highly reactive with iron. 
Corrosion generally becomes a problem when levels of dissolved oxygen reach those found in 
aerated surface water (typically about 8 ppm). Smaller amounts of oxygen (below 1 ppm) can 
become a problem when the oxygen reacts and impairs protective iron carbonate and iron sulfide 

 
011988



54 Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

layers. In general, the water associated with oil production does not contain oxygen, and 
therefore such high concentrations are seldom observed in shipments of stabilized crude oil 
transp01ted in pressurized pipelines with controlled air entry points. Oxygen may become 
elevated when air is introduced into the pipeline inadvertently. Air may be introduced during 
shutdowns for inspections and repairs. Chronic sources of air ingress, such as during injection of 
chemicals and in storage tanks holding liquids at atmospheric pressure, are potentially more 
problematic. Nevertheless, how and why these air entry points would differ from one crude oil 
shipment to the next in the same pipeline facility are not evident. 

Corrosive Effect of Organic Acids 

Organic acids with low molecular weights are water soluble and thus present a significant 
corrosion threat when they are found in settled water that wets the steel surface of crude oil 
pipelines. A common representative of the family of water-soluble organic acids is acetic acid 
(CH3COOH).1 Other low-molecular-weight organic acids that can lead to corrosion of mild steel 
include propionic and formic acids. These weak acids create a corrosion scenario similar to the 
one described for C02 attack, with the organic acid taking the place of carbonic acid. Much like 
carbonic acid, organic acids provide a reservoir of hydronium ions. Their corrosive effect is 
paiticularly pronounced at low pH and higher temperatures, when their abundance can increase 
corrosion rates dramatically. At a higher pH (>6), the corrosive effect of organic acids on mild 
steel is negligible, regardless of concentrations. 

Other organic acids found in crude oil-and notably in bitumen-are compounds with 
high molecular weight, which are often referred to as naphthenic acids. While these organic acids 
can be a significant corrosion threat at the high temperatures (> 300°C) reached in refineries, they 
are not a threat to pipe steel because they are not soluble in water but are rather dissolved in the 
oil phase (Nesic et al. 2012). Accordingly, high-molecular-weight organic acids do not pose a 
corrosion threat to steel at pipeline temperatures. In some crude oils these acids may even have 
moderately inhibitive properties (Nesic et al. 2012). 

Effect of Microbiologically Influenced Corrosion 

The term microbiologically influenced corrosion (MIC) is used to designate the localized 
corrosion affected by the presence and actions of microorganisms (Little and Lee 2007). The 
types of damage that can be caused by these microorganisms are not unique, which means that 
MIC cannot be identified by visual inspection of the damage. Although MIC is discussed here 
with respect to internal corrosion, it can also contribute to corrosion on the outside of the pipe, as 
noted later. 

Microorganisms that cause MIC are bacteria, archaea, and fungi. Some occur naturally in 
crude oils, while others may be introduced as contaminants from air, sediment; and water. The 
temperature range in which these organisms can grow is that in which liquid water can exist, 
approximately 0°C to 100°C (32°F to 212°F) (Little and Lee 2007). However, individual groups 
of microorganisms have temperature optima, including sometimes narrow ranges, for growth. 
The temperature range over which transmission pipelines operate will therefore select for 
specific microorganisms, but it will not prevent microbial growth. 

1 A household name for acetic acid is vinegar, which consists of2 to 3 percent acetic acid dissolved in water. 
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For microorganisms to grow and proliferate, they require not only liquid water but also 
nutrients and electron acceptors for respiration. Accordingly, how microorganisms use water, 
nutrients, and electron acceptors to grow and how they influence co1Tosion is explained, and 
consideration is then given to whether levels of any of these essentials are likely to be affected 
by diluted bitumen. 

Water Availability Microbial grO\vth is limited by the availability of liquid water. Growth is 
therefore concentrated at oil-water interfaces and in the aqueous phase, including the water in 
deposits of sludge in pipelines. The volume of water required for microbial growth in 
hydrocarbon liquids is extremely small (Little and Lee 2007). Because water is a product of the 
microbial mineralization of organic substrates, microbial mineralization of hydrocarbon can 
generate the additional water needed for proliferation. 
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Nutrient Availability Microorganisms need suitable forms of carbon, nitrogen, phosphorus, and 
sulfur as nutrients (Little and Lee 2007).2 In oil pipelines, hydrocarbons can be degraded by 
aerobic or anaerobic processes to yield assimilable carbon. Aerobic degradation of hydrocarbons 
is faster than anaerobic degradation, with the rate depending on the specific electron acceptors 
used in the process. In general, the susceptibility of hydrocarbon compounds to degradation can 
be ranked as follows: linear alkanes, branched alkanes, small aromatics, and cyclic alkanes 
(Atlas 1981 ; Das and Chandran 2011; Perry 1984 ). As the chain length of alkanes increases, 
bacteria show decreasing ability to degrade these compounds (Walker and Colwell 1975). Some 
high-molecular-weight polycyclic aromatics may not be degraded at all (Atlas 1981 ). As a 
practical matter, however, carbon availability is often not the main constraint for crude oil 
biodegradation. Both nitrogen and phosphorus are required for microbial growth. Low 
concentrations of assimilable forms of these elements can limit biodegradation.3 

Electron Acceptors Microorganisms can use a variety of electron acceptors for respiration. In 
aerobic respiration, energy is derived when electrons are transferred to oxygen, which is the 
terminal electron acceptor. In anaerobic respiration, a variety of organic and inorganic 
compounds may be used as the terminal electron acceptor, including sulfate, nitrate, nitrite, iron 
(III), manganese (IV), and chromium (VI) (Little and Lee 2007). Anaerobic bacteria can 
therefore be grouped on the basis of the terminal electron acceptor, such as sulfate-, nitrate-, and 
metal-reducing bacteria.4 In petroleum environments, the bacteria most often associated with 
MIC are sulfate reducers. In anaerobic environments, sulfate reducers produce H2S when they 
use the sulfate as an electron acceptor.5 In addition, many archaea can produce sulfides, and 
therefore the inclusive term for this group of anaerobes is sulfide-producing prokaryotes (SPP). 

SPP-related corrosion of metals used in oil exploration and production has been rep01ted 
around the world (Mora-Mendoza et al. 2001; Ciaraldi et al. 1999; El-Raghy et al. 1998; 
Jenneman et al. 1998). A main concern is that these microorganisms produce H2S. As discussed 

2 A representation of the major elements required for a typical microorganism composition is C169(H28o080)N30P2S. 
3 Atlas (I 981) reported that when a major oil spill occurred in marine and freshwater environments, the supply of carbon was 
significantly increased and the availability of nitrogen and phosphorus generally became the limiting factor for oil degradation. 
4 There is specificity among anaerobes for particular electron acceptors. Facultative anaerobic bacteria can use oxygen or other 
electron acceptors. Obligate anaerobic microorganisms cannot tolerate oxygen for growth and survival. Obligate anaerobic 
bacteria are, however, routinely isolated from oxygenated environments associated with particles and crevices and, most 
important, arc in association with other bacteria that effectively remove oxygen from the immediate vicinity of the anaerobe. 
5 Some anaerobes can also reduce nitrate, sulfite, thiosulfate, or fumarate (Little and Lee 2007). 
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earlier, H2S reacts with the iron ions to form a thin layer of the iron sulfide mackinawite that 
adheres to the steel surface. In the absence of oxygen, and if the concentration of iron ions in the 
solution is low, this mineral layer will protect the iron in the steel pipe surface from dissolution 
(Wikjord et al. 1980). However, if oxygen is introduced, the iron sulfide can be conve1ted to an 
iron oxide and elemental sulfur, which will cause the rate of corrosion to increase substantially 
for reasons already given.6 Pipelines operators, therefore, seek to prevent the formation of 
colonies of SPP and other microorganisms in pipelines through design, operations, maintenance, 
and chemical means. 

Internal Erosion 

Solid paiticles flowing in the crude oil stream can cause erosion of pipe wall, pa1ticularly at flow 
disturbances such as pipe bends. The propensity for erosion is affected by the pipe material; 
angles of flow impact; flow velocity; and the amount, shape, mass, and hardness of solid 
particles in the stream. While pipeline erosion is common in the oil production industry, it occurs 
to a greater extent in production (field) pipelines that contain fluids with high levels of sand and 
minerals. For example, sluny flow in the pipelines used to move oil sands ore before bitumen 
extraction can be highly abrasive (Zhang et al. 2012). Because processed crude oils do not 
contain similarly high concentrations of solids, erosion is not observed to a significant degree in 
transmission pipelines. Of interest to this study is whether the diluted bitumen delivered to 
transmission pipelines contains significantly higher concentrations of abrasive solids than do 
other crude oils and whether it is transpmted at higher flow rates conducive to erosion. 

Assessment of Effects of Diluted Bitumen on Sources oflnternal Degradation 

The properties of diluted bitumen as they pe1tain to the identified factors affecting susceptibility 
to internal degradation from corrosion and erosion are examined next. 

Internal Corrosion 

Water Wetting and Solids Deposition An important factor in water dropout and wetting is the 
total water content of the crude oil stream, which is measured by pipeline operators as part of 
shipment BS&W sampling. As reported earlier, Canadian transmission pipelines require that 
crude oil shipments not have a BS&W exceeding 0.5 percent. These levels are comparable with, 
and more often lower than, the levels commonly required by U.S. transmission pipelines. 
Accordingly, the level of water contained in shipments of diluted bitumen and other crude oils 
imported by pipeline from Canada will not be higher than that contained in shipments of other 
crude oils piped in the United States. 

Even relatively small amounts of water in crude oil can settle to the pipe bottom. In 
considering the propensity of water to drop out of the oil stream, important factors include the 
viscosity, density, and surface tension of the oil and whether it is transported in a flow that is 
sufficiently turbulent to disperse and suspend water droplets. Shipments of diluted bitumen are 

6 The impact of oxygen on corrosion from anaerobic SPP was examined by Hardy and Bown (1984) by using mild steel and 
weight loss measurements. Successive aeration-deaeration shifts caused variations in the corrosion rate. The highest corrosion 
rates were observed during periods of aeration. Hamilton (2003) concluded that oxygen was the terminal electron acceptor in all 
MIC reactions. In laboratory seawater and fuel incubations, Aktas et al. (2013) demonstrated that there was no biodegradation of 
hydrocarbon fuels, little sulfate reduction, and no corrosion of carbon steel in the absence of oxygen. 
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transported at the same pressures and under the same turbulent flow regimes as shipments of 
other heavy crude oils. The repo1t has demonstrated that diluted bitumen is more viscous than 
light and medium-density crude oils and is comparable in viscosity with heavy crude oils. A 
stream of diluted bitumen in turbulent flow should therefore confer the beneficial effect, relative 
to lighter crude oils, of dispersing and suspending any free water that may exist in the pipeline 
stream. 

A low likelihood that a shipment of diluted bitumen contains water that will settle and 
wet the bottom of the pipeline will lead to a low likelihood of internal corrosion regardless of the 
corrosion mechanism or the presence of other contaminants that can contribute to corrosion. All 
crude oil shipments can carry paiticles consisting of sand, clay, organic materials, and 
hydrocarbons that have the potential to drop out of the stream at vulnerable locations in the 
pipelines. Given its high viscosity, diluted bitumen will suspend the very fine pa1ticles that may 
be contained in its sediment. The solids contained in diluted bitumen are not unusual in quantity 
or particle size but are within the range of other heavy crude oils, as established in the earlier 
comparisons. Whether any of the sediments that settle to the pipe bottom threaten underdeposit 
corrosion will depend critically on associated water, as well as the presence of corrosive gases, 
acids, and microorganisms. 

Corrosive Gases (C02, H 2S, and Oxygen) If water does settle and wet the bottom of a pipeline 
carrying diluted bitumen, such as at low spots and dead legs, consideration of whether shipments 
of this type of crude oil contain comparatively high levels of dissolved gases that will increase 
the potential for corrosion is warranted. Data on the C02 contained in crude oil lines, including 
those carrying diluted bitumen, are not readily available. Nevertheless, concentrations can be 
inferred from the C02 levels present at the last point of gas-liquid separation upstream of 
delivery to the transmission pipeline. As is the case for shipments of other crude oils, various 
tanks will hold shipments of diluted bitumen before they are delivered to the transmission 
pipeline facility. This upstream storage, which occurs at atmospheric pressure, will provide the 
same oppo1tunity for shipments of diluted bitumen as it does for shipments of other crude oils to 
degas C02 before entry to transmission pipelines. Such a comparable upstream environment will 
produce similarly low C02 concentrations and corrosion rates. 

Likewise, the quantities of H2S rep01ted for diluted bitumen (>25 parts per million by 
weight in liquid phase), as repo1ted in Chapter 3, are lower than in many other crude oils and do 
not pose a c01Tosion threat. Even if other corrosive agents are present, the small concentrations 
of H2S would contribute little to the corrosive effect, except perhaps to provide a mildly 
mitigative impact because of the formation of protective iron sulfide layers. The conclusion is 
that concentrations of dissolved C02 and H2S in diluted bitumen shipments are likely to be low 
and not greater than those found in other crude oil shipments that are stored and transported 
similarly. 

Transmission pipeline operators restrict air entry points to prevent ingress of oxygen. 
There are no data on the oxygen content in crude oil pipelines to assess the effectiveness of these 
restrictions. However, diluted bitumen is transported in the same pipelines as other crude oils, 
and the number of air entry points can be assumed the same and purposefully restricted. Because 
crude oils are stored by pipeline operators in large atmospheric pressure tanks, the possibility of 
air ingress cannot be eliminated, but the ingress will be as low for shipments of diluted bitumen 
as it is for shipments of other crude oils stored similarly. Even if some free water is assumed to 
settle to the bottom of a pipeline carrying shipments of diluted bitumen, low levels of oxygen 
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(e.g., below I ppm) will not constitute a serious corrosion threat or one that differs from that of a 
pipeline carrying shipments of other crude oils. 

Acids In reviewing the chemistry of diluted bitumen in Chapter 3, no evidence emerged that it 
contains relatively high levels of low-molecular-weight organic acids such as acetic acid. The 
high total acid number of diluted bitumen derives from the presence of high-molecular-weight 
organic acids. These oil-soluble naphthenic acids do not pose an internal corrosion threat under 
pipeline conditions and may have mitigative effects on corrosion. The acid contained in diluted 
bitumen is therefore not a threat to internal corrosion of transmission pipelines. 

Microbiologically Influenced Corrosion To understand whether diluted bitumen is more likely 
than other crude oils to cause MIC, it is helpful to examine whether this crude oil is more prone 
to providing the essential resources required for microbial growth. The water content of diluted 
bitumen shipments is comparable with that of other crude oil shipments, and diluted bitumen 
does not have constituents or operating requirements that make pipelines more prone to forming 
sludge that can harbor microorganisms. The other essential resources that deserve consideration 
are the availability of critical nutrients (especially carbon and nitrogen) and electron acceptors 
(especially oxidized sulfur compounds). 

While microbial growth requires carbon, it may be limited more by the scarcity of 
nitrogen in petroleum. As reported earlier, most of the nitrogen in bitumen is bound in carbon 
structures and unavailable.7 Lighter oils provide a more readily available source of degradable 
carbon than do heavy oils, including bitumen. The percentage of low-molecular-weight 
hydrocarbons is similar in diluted bitumen and other heavy crude oils and lower than the 
percentages in lighter crude oils. More of the carbon in diluted bitumen is contained in relatively 
high concentrations of asphaltenes. The molecular weight and structure of asphaltenes vary, but 
biodegradation of these compounds is an extremely slow process that does not provide a readily 
available source of carbon for microorganisms (Pineda-Flores and Mesta-Howard 2001 ). 

With regard to the availability of electron acceptors, it was reported earlier that sulfur 
content is higher in diluted bitumen than in many other crude oils, but the sulfur is not in 
oxidized forms available for sustained sulfate reduction by SPP. Furthermore, the high sulfur 
content of bitumen is not correlated with high H2S content. Most of the sulfur in bitumen is 
organic sulfur bonded to carbon in heterocyclic rings, which are not easily degraded by 
microorganisms and thus largely unavailable for metabolism. 

In sum, the chemistry of diluted bitumen is not more favorable for microbial growth and 
activity than is that of other crude oils. 

Erosion 

The propensity for erosion is affected by the presence and physical properties of the solid 
particles in the stream, pipe material, angles of particle impact, and impact velocity. Pipe 
materials and impact angles are the same for diluted bitumen as for other crude oils transported 
through the same pipelines. Chapter 3 indicated that the velocity of diluted bitumen flowing 
through pipelines is notnigher than the velocity of other crude oil flows. Furthermore, the 
diluted bitumen imported by pipeline into the United States is produced by using in situ methods 
that limit the amount of sand, minerals, and other solid particles recovered with the bitumen. The 

7 See Chapter 3. 
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extracted bitumen is processed to remove water and solids to achieve the requisite BS&W for 
pipeline transp01iation to yield solids levels that are similar to those of other crude oil shipments. 
While limited data are available on the specific physical properties of the solid paiiicles in 
diluted bitumen, the generally low levels of solids (less than 0.05 percent) do not suggest that 
shipments of diluted bitumen increase the already low potential for erosion in crude oil 
transmission pipelines. 

Summmy of Effects on Sources of Internal Degradation 

A review of product prope1iies relevant to internal pipeline corrosion and erosion does not 
indicate that diluted bitumen is more likely than other crude oils to lead to these failure 
mechanisms. Shipments of diluted bitumen do not contain unusually high levels of water, 
sediment, dissolved gases, or other agents that can cause internal corrosion. The organic acids 
contained in diluted bitumen are not corrosive to steel at pipeline temperatures. Diluted bitumen 
has density and viscosity levels comparable with those of other crude oils, and it flows through 
pipelines with velocity and turbulence comparable with other crude oils so as to limit the 
accumulation of corrosive deposits. On the basis of an examination of the factors influencing 
microbial growth and activity, shipments of this crude oil do not have a higher likelihood than 
other crude oil shipments of causing MIC in pipelines. Because it has solids content and flow 
regimes comparable with those of other crude oils, diluted bitumen does not have a higher to 
propensity to cause erosion of transmission pipelines. 

SOURCES OF EXTERNAL DEGRADATION 

External Corrosion 

External corrosion of pipelines is usually characterized by uneven metal loss over localized areas 
covering a few to several hundred square centimeters of the outside steel surface of the pipe 
(Beavers and Thompson 2006). The electrochemical reactions that are involved usually occur at 
physically separate locations on the surface. While the anodic reaction is primarily oxidation of 
iron, the cathodic reaction can be either the hydrogen evolution that occurs in the anaerobic 
electrolyte trapped under an impermeable pipe coating or the reduction of oxygen under a 
permeable coating. The water and soluble compounds needed to create the electrolyte can be 
present in the soil surrounding the buried pipe or in the atmosphere when a pipe is above grade. 
In addition, a po1iion of external corrosion incidents involve MIC (Koch et al. 2002; Beavers and 
Thompson 2006). As discussed later in the section, external cotTOsion pits can also be sites for 
the formation and growth of stress corrosion cracks. 

External corrosion is thus affected by the pipe material, the corrosivity of the 
environment, and the performance of coatings and cathodic protection systems. For mild grades 
of carbon steel commonly used in transmission pipelines, the main concern is the corrosivity of 
the surrounding environment and the performance of coatings and cathodic protection systems. 
Although the transported product does not come in contact with either the coating or the 
environment surrounding the pipeline, it can influence both factors by affecting the operating 
pressure and temperature of the pipeline. 
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Because pipeline segments are located below and above ground, they can be exposed to 
corrosive conditions in the soil and atmosphere. Many factors affect soil corrosivity, including 
moisture and oxygen content, electrical resistivity, pH, temperature, porosity, microbial activity, 
and the presence of dissolved salts (Uhlig and Revie 1985; Escalante 1989; Beavers and 
Thompson 2006). For pipeline segments exposed to the atmosphere, the primary environmental 
factors influencing corrosion are relative humidity, salt deposition, pollution, and temperature. 
Operating pressure does not affect these corrosive conditions, but elevated pipeline temperatures 
and resulting heat flux to the air or soil medium can increase corrosion rates. 

Pipeline temperature and pressure can both affect the condition and performance of 
coatings and cathodic protection systems. As discussed in Chapter 2, coatings provide a barrier 
between the pipe and the corrosive environment. Coatings can fail in a variety of ways including 
disbonding from the steel surface. In pipelines using some older coating technologies, such as 
asphalt mastic systems, elevated temperatures can cause the coating material to deform and 
potentially reduce surface coverage. Elevated pipeline temperatures can also result in 
degradation of adhesive properties and increase the diffusion of moisture through the coating in 
the direction of the steel surface. Moisture diffusion can cause swelling of the coating relative to 
the steel and bring about increased surface stresses that lead to disbandment. Fluctuating line 
pressures can cause interfacial strain between the coating and the pipe surface to produce 
mechanical disbandment of the coating. 

An intact coating that prevents contact between the corrosive environment and the steel 
surface will generally prevent external corrosion. However, all coatings contain some defects 
that expose the steel. Accordingly, a critical defense against external corrosion is the application 
of cathodic protection. As discussed in Chapter 2, many cathodic protection systems use an 
electric current to prevent corrosion where coating coverage is imperfect. Temperature and 
pressure conditions that cause coating disbandment, therefore, can be more problematic if they 
impede, or shield, the distribution of cathodic current to sites where steel is exposed. An 
advantage of modern coating systems, such as fusion bonded epoxy, is that they are compatible 
with cathodic protection. Shielding is nevertheless a problem observed in some older pipelines 
wrapped with impermeable tapes and at gi11h welds treated with field applied shrink sleeves. 

Cracking 

The potential for transported products to affect the two main forms of cracking in pipelines is 
reviewed. Consideration is given to the mechanical process of fatigue cracking and forms of 
environmentally assisted cracking (EAC) that involve interactions of mechanical and corrosion 
processes. 

Fatigue Crachng 

Fatigue is characterized by the formation and growth of microscopic cracks on one or both sides 
of the pipe wall.8 The first stage in the fatigue process is crack initiation, or nucleation. 
Nucleated cracks do not cause a fracture, but some may coalesce into a dominant crack as the 
variable amplitude loading continues. In the second stage, the dominant crack grows in a more 
stable manner and may eventually reach the thickness of the wall to produce a leak. 
Alternatively, the dominant crack may grow to a critical length and depth that the pipe steel can 

8 See Beavers and Thompson (2006) for additional description of stress cracking processes. 
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no longer endure, leading to a rupture. Pipeline internal and external surface conditions caused 
by factors other than fatigue can lead to initial cracks or enhance crack fatigue crack growth from 
stress concentration. These factors can include preexisting dents, weld defects, corrosion pits, 
manufacturing flaws, and damage incurred during pipe transportation to the installation site. 

Fatigue cracking can ensue as a result ofrepetitive, or cyclic, stress loadings on a pipe. 
Cyclic stresses can be axial (parallel to the axis of pipeline), circumferential (stress in the 
tangential direction), or radial (perpendicular to the axis). Circumferential, or hoop, stress is 
usually the most impo1iant source of cyclic loadings because the stress created by internal 
pressure is normally the largest stress on the pipeline. 

Because viscous crude oils create more friction, they will require a higher operating 
pressure than do less viscous crude oils to achieve the same flow rate. In practice, pipeline 
operators reduce the flow rate when they transpoti viscous crude oils rather than increase 
operating pressure. Operating pressure cannot be increased if the pipeline is at the stress limit 
prescribed in regulations. Thus, only when a pipeline is operating below its stress limit can 
operating pressure be raised to increase the flow rate of a viscous crude oil. 

The pipe segments vulnerable to cracking are those with preexisting flaws or dents and 
other surface deformities caused by mechanical forces during installation or while in service. 
Stresses can concentrate at these damage sites, enabling cracks to form and grow after a 
relatively small number of load cycles, a phenomenon known as low-cycle fatigue.9 Other 
locations on the pipe susceptible to stress concentrations include discontinuities at longitudinal 
and girth welds and at voids formed during pipe manufacturing (Zhang and Cheng 2009). 

Pressure cycling is reported to have contributed to fatigue failures in crude oil 
transmission pipelines. An example is the July 2002 rupture of a 34-inch crude oil pipeline near 
Cohasset, Minnesota (NTSB 2004). In that incident, the originating crack formed at the seam of 
the longitudinal weld as a result of vibrations experienced during railroad transportation of the 
pipe to the installation site. According to the National Transpo1iation Safety Board repo1i, the 
preexisting crack grew to reach a critical size in response to pressure cycling stresses associated 
with normal in-service operations. 

Environmentally Assisted Cracking 

EAC results from the combined action of a corrosive environment and a cyclic or sustained 
stress loading. In general, EAC emerges in three basic forms: corrosion fatigue, stress corrosion 
cracking (SCC), and hydrogen-assisted cracking. EAC requires both a sufficient stress and a 
corrosive environment specific to the metal and thus is rare in crude oil transmission pipelines. 
However, when EAC failures do occur, they can be destructive; for example, the 2010 failure of 
a pipeline near Marshall, Michigan, was caused by EAC (NTSB 2012). 

Corrosion fatigue cracking arises from a combination of corrosion and the same pressure
related cyclic stresses that produce fatigue cracking. In corrosion fatigue, the stresses sufficient 
to cause failure can be less severe because of the corrosion reaction and resulting damage. For 
example, corrosion pits can become stress concentrators that allow normal in-service pressure 
cycling to cause the formation and growth of cracks in the pit. In the case of pipeline SCC, the 
same corrosive factors may exist, but the main acting stress is the sustained hoop forces 
generated by the operating pressure as well as its cycling. The acting stress may also be residual 

9 Conversely, high-cycle fatigue occurs under a low-amplitude loading in which a large number ofload cycles is required to 
produce failure. 
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in nature, introduced during bending and welding in manufacturing, or it may arise from external 
soil pressure or differential settlement. The same locations on the pipe that concentrate cyclic 
stresses, such as dents, scrapes, and other surface discontinuities, can concentrate static stresses. 
Fmthermore, breaks in the surface film may occur at these discontinuities to make the area more 
prone to electrochemical corrosion.10 

The factors that create corrosive environments enabling EAC, such as soil prope1ties and 
the performance of coatings and cathodic protection, have already been discussed with respect to 
external corrosion. As with external corrosion, the maintenance of coating performance and 
cathodic protection is critical in controlling EAC (CEP A 2007). In the case of SCC, limiting the 
introduction of residual stresses during pipe manufacturing, transpo1tation, and installation is 
also important in reducing susceptibility. Operating pressure is the major in-service source of 
static hoop stress. Lowering the operating pressure of a pipeline would be expected to reduce the 
potential for SCC. However, the specific relationship between SCC and hoop stress is not well 
established. For example, SCC failures have occurred in pipelines experiencing hoop stresses 
that have varied from 46 to 77 percent of the specified minimum yield strength of the pipeline.11 

Accordingly, adjusting operating pressures as a way to prevent SCC can be difficult. 
EAC can be caused or exacerbated by hydrogen-assisted cracking. For example, when 

sources of hydrogen are present-such as from agents in the crude oil stream (e.g., H2S) or from 
external sources (e.g., excessive cathodic protection voltage)--cracking potential may increase. 
Although hydrogen-assisted cracking is rare in crude oil transmission pipelines, it can occur as a 
result of the diffusion and concentration of atomic hydrogen at the crack tip or other 
microstructural trap site in a metal. The ingress of hydrogen into a metal is enhanced in the 
presence of sulfur species. The trapped hydrogen can cause internal stresses within the 
metallurgical structure favorable to enhanced cracking or act to reduce local roughness in the 
region of the crack tip. Hydrogen can also adsorb to the metal surface to reduce surface energy 
and migrate into the microstructure, thereby reducing interatomic bond strength and providing 
nucleation sites for cracks. Hydrogen-assisted cracking can occur on the inside or outside of the 
pipe, depending on the source of the hydrogen and its ability to reach the pipe surface. 

Assessment of Effects of Diluted Bitumen on Sources of External Degradation 

Because diluted bitumen only contacts the inside of a pipeline, it can contribute to external 
degradation only indirectly. In the case of external corrosion and EAC, one concern is that 
elevated operating temperatures can adversely affect the performance of the coating as a barrier 
to corrosion. The relevant question with respect to both external corrosion and EAC is whether 
diluted bitumen creates operating temperatures and pressures that are sufficiently different from 
those of other crude oils to increase coating disbandment. As has been reported, diluted bitumen 
and other heavy crude oils have similar densities and viscosities and flow through pipelines at 
the same rate and within comparable pressure and temperature ranges (see Chapter 3, Tables 3-4 
and 3-7). For this reason, the likelihood of coating degradation and any associated external 
damage resulting from the operating parameters of diluted bitumen should be equivalent to that 
of other crude oils with comparable density and viscosity. 

10 At sites of surface damage, such as dents and corrosion pits, stress levels in the circumferential and axial directions are higher 
than on undamaged portions of the pipe surface. 
11 National Energy Board, notes from January 12, 1996, meeting between National Energy Board SCC Inquiry Panel and 
Camrose Pipe Company Ltd., Exhibit No. A-58. 
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Pipelines transporting diluted bitumen and other heavy crude oils should not differ in the 
stress loadings generated by their transportation because operating pressures are comparable. 
Other sources of static stress, such as residual stresses from pipe fabrication and installation, 
would not be affected by the product in the pipeline. Transmission pipelines, therefore, should 
not experience more stress cracking from transporting diluted bitumen than from transporting 
other crude oils of similar density and viscosity. 

Finally, if the exterior coating of the pipe disbands, hydrogen may diffuse into the surface 
metal with a rate of uptake and subsequent potential for embrittlement that will depend on a 
number of factors, including pH and temperature. However, the operating parameters of diluted 
bitumen should not increase the potential for coating disbandment. With respect to the interior of 
the pipeline, the availability of H2S and free sulfur to form hydrogen in diluted bitumen is 
relatively low. Thus, transporting diluted bitumen is not likely to increase the potential for 
hydrogen-assisted cracking. 

SOURCES OF MECHANICAL DAMAGE 

Mechanical damage to the pipeline and its components can occur as a result of 
overpressurization or outside forces. Mechanical forces can cause an immediate, and sometimes 
catastrophic, breach and release or make the pipeline more susceptible to releases by 
destabilizing support structures and damaging other components such as valves, joints, and other 
fittings. Damage from mechanical forces can also weaken the resistance of the pipeline to other 
failure mechanisms. Sites on the pipeline that sustain even light damage, such as scrapes, are 
vulnerable to corrosion attacks and stress-related cracking. Accordingly, consideration of 
whether the transportation of diluted bitumen creates an elevated potential for phenomena that 
can lead to mechanical damage is warranted. 

Overpressurization 

Various events can generate excessive pressure in a pipeline, including surges, thermal 
overpressure, column collapse, and human error. If the pipe is already weakened by corrosion, 
cracking, or deformities from earlier mechanical damage, overpressure events can increase the 
potential for damage and failure. 

Pipeline operators prevent overpressure events through personnel training; standardized 
procedures; system design; and safety systems such as pressure relief valves, pressure switches, 
surge tanks, and bypass systems. Nevettheless, excessive pressure in a pipeline can occur as a 
result of operator error, thermal overpressure, and column separation. A transported fluid that 
increases the likelihood of any of these outcomes could increase the potential for mechanical 
damage. 

Surge 

Any action in a pipeline system that causes a rapid reduction in the velocity of the transported 
fluid could cause a pressure surge. Transient, high-amplitude pressure waves, or surges, are not 
normal and can cause mechanical damage to pipes, components (e.g., valves, seals, joints), 
instrumentation (e.g., meters and gauges), and suppo1t structures. Because all crude oils have 
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relatively high bulk modulus (incompressibility), they have a comparable propensity for energy 
to be transferred in high-pressure waves when events trigger abrupt reductions in flow velocity. 

Operator Error 

Overpressurization can be caused by direct human error. Unintentional pumping of fluids against 
a closed valve with coincidental failure of pressure switches, pressure relief valves, and other 
protective devices is an example of a rare-event overpressurization scenario. Most pipelines are 
equipped with safeguards such as pressure switches and relief devices to avoid damage from 
these scenarios. If a transpmted liquid adds complexity to operational requirements, operator 
errors could increase. 

Column Collapse 

Pressure surges can arise from pressure differentials, or slack conditions, in the pipeline. A slack 
line can occur when the liquid being transpo1ted develops a vapor void at a point in the pipeline 
where line pressure drops below the vapor pressure of the liquid. The void will temporarily 
restrict the flow of liquid. When the void collapses, a pressure wave comparable with that of a 
rapid valve closure can be produced. The transformation of the liquid into a vapor phase is 
known as column separation. To prevent the occurrence of column separation, pipeline operators 
strive to maintain line pressure above the vapor pressure of the liquid. Locations vulnerable to 
pressure differentials are elevation peaks and the downstream side of slopes. A liquid that has 
ce1tain prope1ties, such as a relatively high fraction of hydrocarbons with high vapor pressure, 
can theoretically increase the potential for column separation. 

Thermal Ove1pressure 

A pipe segment that is full of liquid will experience a rapid pressure increase when it is exposed 
to a heat source and when volume expansion is restricted. Special procedures and thermal relief 
valves are used to prevent this occurrence in aboveground pipe segments where the flow may be 
impeded or blocked and the segment may be subsequently exposed to a heat source such as 
sunlight or fire. Because the chemistry of the trapped fluid determines the amount of pressure 
increase corresponding to an incremental increase in temperature, some transported liquids could 
have greater potential for thermal overpressure. 

Outside Force Damage 

Pipelines can sustain external mechanical damage from both natural forces and human activity. 
Natural forces include seismic movements and other ground shifts, such as those from landslides 
and subsidence. Examples of damage from human activity include accidental strikes from 
vehicles, earth moving activity, and surface loading by farm equipment. Intentional damage to a 
pipeline, or sabotage, is a potential source of mechanical damage, although it is rare. 

There are ways in which the contents of a pipeline can affect or interact with an outside 
force failure mechanism. One possibility is that a denser, heavier fluid adds weight to a pipe that 
is free-spanning (i.e., unsupported) or traverses a terrain susceptible to inadequate support. 
Another possibility is that the heat flux from a fluid transpmted at an elevated operating 
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temperature reduces the stability of a pipeline in a frost zone. Similar interactions with the 
outside environment related to pipe vibrations, expansion, and contraction may be postulated as 
potential sources of mechanical damage. 

Assessment of Effects of Diluted Bitumen on Sources of Mechanical Damage 

Mechanical damage to the pipeline and its components can occur as a result of outside forces and 
overpressurization events. Several causes of outside force damage that could be affected to some 
degree by the prope1ties of the transpo1ted liquid have been postulated. The most relevant 
properties of the transpo1ted liquid are density, viscosity, and operating temperatures. However, 
because these properties are the same for diluted bitumen as many other crude oils, there is no 
reason to believe their interactions with outside forces will differ. The same conclusion can be 
reached concerning the potential for mechanical damage due to chemical or physical properties 
that can affect the propensity for surge, column separation, or thermal expansion. The potential 
for these sources of mechanical damage should be indistinguishable from that of other crude oils. 
Diluted bitumen is blended like many other crude oils to remain fully mixed in the pipeline 
environment and it does not contain a high percentage oflight (high vapor pressure) 
hydrocarbons. 

EFFECTS ON OPERATIONS AND MAINTENANCE PROCEDURES 

The preceding analysis has consistently found that the prope1ties of diluted bitumen are within 
the range of other crude oils. These findings do not indicate a need for operations and 
maintenance (O&M) procedures that are customized to diluted bitumen, nor do they suggest that 
pipeline operators apply O&M procedures in transp01ting diluted bitumen that are different from 
those applied in transpo1ting other crude oils with similar prope1ties. Of course, if operators who 
traditionally carry only light crude oils do not make appropriate adjustments to line pressure and 
flow rates when they transpo1t diluted bitumen or any other similarly dense and viscous crude 
oil, a greater potential for some of the failure mechanisms examined above could result. 

Because most pipeline operators transport many varieties of crude oil, they routinely 
make adjustments to operational parameters to accommodate different crude oil grades. There is 
no reason to believe that operators fail to make these adjustments when they transport heavy 
crude oils generally or, more specifically, when they transport diluted bitumen. Nevertheless, to 
be comprehensive, a search was unde1taken for evidence of O&M practices being altered in 
inadvertent ways that could be detrimental to pipeline integrity. 

Operational Procedures 

As discussed in Chapter 2, the operation of most pipelines is monitored and controlled by a 
combination of local and remote systems by using a centralized supervisory control and data 
acquisition system. Instrumentation at pump stations, tank farms, and other facilities includes 
sensors, programmable logic controllers, switches, and alarms. Remote systems allow for 
monitoring and coordination at centralized locations distant from the pipeline facilities. 
Together, these local and remote capabilities provide protection against abnormal operations
for example, by allowing for the orderly shutdown of pumps and cessation of flow if an alarm 
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condition occurs or if certain operating parameters are violated. Maintaining the integrity of 
control systems is essential in ensuring safe pipeline operations. 

Therefore, whether there are any characteristics of diluted bitumen that could introduce 
more complexity into or otherwise compromise the satisfactory functioning of pipeline control 
systems and their components is worth investigating. As previously noted, none of the chemical 
and physical properties of diluted bitumen suggests that such an effect could be expected, 
because the prope11ies fall within the range of other crude oils commonly transported by 
pipeline. Nevertheless, the committee undertook a search of any instances in which operators 
modified or were advised to modify their standard control and monitoring activities in 
transporting diluted bitumen. A search of published documents did not reveal any notewo11hy 
reports, special standards, or guidance documentation. In consulting Canadian pipeline operators 
(see Appendix A), the committee asked whether the transpo11ation of diluted bitumen required 
changes to set points for safety and control instrumentation. The response was as follows: "There 
are no differences. Standards and procedures are in place for control that are generic for all crude 
oil commodities shipped. The standards and procedures are structured to ensure safe operation 
regardless of the commodity." Likewise, all pipeline operators interviewed in public meetings 
convened by the committee stated that transpo11ing diluted bitumen did not require different 

I . . d 12 contra or momtormg proce ures. 
In its investigation of the July 25, 2010, EAC-related rupture near Marshall, Michigan, 

the National Transportation Safety Board found that the control center made repeated errors by 
increasing the delivery rate of the pipeline under the impression that low-pressure readings 
caused by the undetected rupture were indicative of slack line conditions caused by column 
separation (NTSB 2012). The product released in the incident, discussed in Chapter 4, was 
diluted bitumen. The phenomenon of column separation has already been reviewed, and no 
evidence that diluted bitumen has properties associated with it was found. Fmthermore, the 
National Transportation Safety Board did not indicate that the shipment of diluted bitumen that 
was being delivered through the ruptured pipeline had actually experienced column separation or 
that any of the properties of the shipment had any other specific effect on the actions of the 
control center. 

Maintenance Procedures 

As described in Chapter 2, pipeline operators use various methods for preventing, detecting, and 
mitigating damage in pipelines. Methods for preventing external cracking and corrosion include 
use of coatings and cathodic protection. Methods for preventing internal corrosion include 
chemical treatments, flow maintenance, and in-line cleaning. Operators also monitor pipeline 
conditions by using various inspection tools, probes, and surveys. If transp011ing diluted bitumen 
compromises the ability of operators to carry out any of these activities, more adverse conditions 
could arise and persist and thereby increase the potential for failures. 

12 
Representatives from Enbridge, Inc., and TransCanada Pipeline Company were invited to make presentations to the committee 

during its first meeting on July 23, 2012. During the public meeting, the representatives were asked to identify any special 
operational or maintenance demands associated with transporting diluted bitumen. None was identified. On October 9-10, 2012, 
committee members convened a public meeting in Edmonton, Alberta, in which representatives of several pipeline companies 
that transport diluted bitumen were interviewed. In conjunction with the meeting, committee members also visited a transmission 
pipeline terminal in Fort McMurray, Alberta, where representatives from the pipeline company explained operational and control 
procedures associated with diluted bitumen transportation. They also responded to questions from committee members. None of 
the interviews and infomrntion obtained from the site visit suggested that operators use different procedures for system control 
and monitoring when they transport diluted bitumen. 
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As with other potential issues, the absence of significant differences in the chemical and 
physical properties of diluted bitumen compared with other heavy crude oils suggests that no 
changes are required in pipeline maintenance and inspection regimes. Nevertheless, the 
committee searched for reports of operators experiencing difficulties in carrying out standard 
maintenance, mitigation, and inspection activities while transporting diluted bitumen. The 
committee also searched for standards and other guidance documentation alerting operators to 
issues associated with maintenance and inspection, such as advisories on the use of in-line 
inspection tools, chemical inhibitors, and coupons and probes for corrosion monitoring. The 
search did not uncover any issues or added complexities. 

In addition, in its questionnaire to Canadian pipeline operators (see Appendix A), the 
committee asked whether the transportation of diluted bitumen required changes in pipeline 
cleaning intervals or predictive and preventive maintenance programs. No differences in cleaning 
intervals or predictive and preventive maintenance programs were repo1ied. Pipeline operators 
who met with the committee during public meetings (as noted above) were asked similar 
questions, and all stated that no special maintenance and inspection issues arose in transporting 
diluted bitumen. They did not repo1i any adverse affects on their ability to carry out their normal 
maintenance and inspection activities. 

Assessment of Effects of Diluted Bitumen on O&M Procedures 

As common carriers, operators of transmission pipelines generally have the ability to transport 
the wide range of crude oil varieties that are in the commercial stream. Accordingly, operations 
and maintenance procedures are designed to be robust, capable of ensuring operational reliability 
and safety without the need for significant procedural modifications from one crude oil shipment 
to the next. The chemical and physical prope1iies of diluted bitumen do not suggest that 
transporting this product by pipeline requires O&M procedures that differ from those of other 
crude oils having similar properties. Likewise, inquiries with operators and searches of industry 
guidelines and advisories did not indicate any specific issues associated with transporting diluted 
bitumen that would negatively affect operators as they carry out their standard O&M programs, 
including their corrosion detection and control capabilities. 

SUMMARY 

The chemical and physical prope1iies of diluted bitumen shipments have been examined to 
determine whether there are any differences from those of other crude oil shipments that increase 
the likelihood of pipeline failures from internal degradation, external degradation, or mechanical 
damage. Any differences that could affect either the frequency or the severity of a failure 
mechanism or the ability to mitigate it would suggest a difference in failure likelihood. The 
chemical and physical properties of diluted bitumen shipments were not found to differ in ways 
that would be expected to create a likelihood ofrelease that is higher for a transmission pipeline 
transporting diluted bitumen than one transporting other crude oils. An assessment was also 
made with regard to whether pipeline operators transporting diluted bitumen alter their O&M 
procedures in ways that can inadvertently make pipelines more prone to the sources of failure. 
No differences were found in these procedures. The assessment results are summarized in the 
next chapter. 
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6 

Summary of Results 

The study charge and approach and the main points from the preceding chapters are 
summarized in this chapter. The discussion summaries provide the basis for the findings 

presented at the end of the chapter. 

RECAP OF STUDY CHARGE AND APPROACH 

Section 16 of the Pipeline Safety, Regulatory Ce1tainty, and Job Creation Act of 2011 calls for 
the Secretary of Transportation to "complete a comprehensive review of hazardous liquid 
pipeline facility regulations to determine whether the regulations are sufficient to regulate 
pipeline facilities used for the transportation of diluted bitumen. In conducting the review, the 
Secretary shall conduct an analysis of whether any increase in the risk of a release exists for 
pipeline facilities transporting diluted bitumen."1 A determination of release risk requires an 
assessment of both the likelihood and the consequences of a release. To inform its assessment of 
the former, the U.S. Department of Transportation contracted with the National Research 
Council to convene an expert committee to "analyze whether transp01tation of diluted bitumen 
by transmission pipeline has an increased likelihood of release compared with pipeline 
transpo1tation of other crude oils." 

As detailed in Chapter 1, the project statement of task calls for a two-phase study, with 
the conduct of the second phase contingent on the outcome of the first. In the first phase, the 
study committee was asked to examine whether shipments of diluted bitumen can affect 
transmission pipelines and their operations so as to increase the likelihood of release when 
compared with shipments of other crude oils transported by pipeline. In the potential second 
phase-to be unde1taken only if a finding of increased likelihood of release is made in the first
the committee was asked to review federal pipeline safety regulations to determine whether they 
are sufficient to mitigate an increased likelihood of release from diluted bitumen. If the 
committee did not find an increased likelihood of release, or the information available was 
insufficient to make a finding, the committee was expected to prepare a final report documenting 
the study approach and results. 

The committee reviewed data on repmted pipeline releases. The review provided insight 
into the general causes of pipeline failures, but the incident records alone could not be used to 
determine whether pipelines are more likely to fail when they transport diluted bitumen than 
when they transport other crude oils. Having examined the general causes of failures, the 
committee focused on the specific sources of pipeline damage that can be influenced by the 
transported crude oil. Specifically, it identified the chemical and physical prope1ties of crude oil 
that can cause or contribute to sources of pipeline failure from damage sustained internally or 
externally or as a result of mechanical forces. 

The committee did not perform its own testing of pipelines or crude oil shipments. 
Information on the prope1ties of shipments of diluted bitumen and other crude oils was obtained 
from public websites and assay sheets. Additional information was obtained from a review of 

1 Public Law 112-90, enacted January 3, 2012. 

70 

 
012005



Summary of Results 71 

government reports and technical literature, queries of oil producers and pipeline operators, field 
visits, and inferences from secondary sources such as the maximum water and sediment content 
for pipeline shipments as specified in pipeline tariffs. The committee then compared the relevant 
properties of shipments of diluted bitumen with the range of prope1ties observed in other crude 
oil shipments to identify instances in which diluted bitumen fell outside or at an extreme end of 
the range. 

In view of the possibility that some pipeline operators may modify their operating and 
maintenance practices in transp01ting diluted bitumen, the committee first posited potential 
differences and then sought evidence. Operators were questioned about their practices. The 
committee looked for indications of changes in standard procedures, including corrosion control 
practices, that could inadvertently make pipelines more susceptible to sources of failure. 

MAIN POINTS FROM CHAPTER DISCUSSIONS 

Crude Oil Pipeline Transportation in the United States 

As described in Chapter 2, the crude oil transmission network in the United States consists of an 
interconnected set of pipeline systems. Crude oil shipments traveling through the network often 
move from one pipeline system to another and are sometimes stored at terminals. Most operators 
of transmission systems are common carriers who do not own the crude oil they transport but 
provide transp01tation services for a fee. Few major transmission pipelines are dedicated to 
transporting specific grades or varieties of crude oil. They usually move multiple batches of 
crude oil, often provided by different shippers and encompassing a range of chemical and 
physical properties. Crude oil shipments are treated to meet the quality requirements of the 
pipeline operator as well as the content and quality demands of the refinery customer. 

Pipeline systems traverse different terrains and can vary in specific design features, 
components, and configurations. The differences require that each operator tailor operating and 
maintenance strategies to fit the circumstances of its systems in accordance with the federal 
pipeline safety regulations. Nevertheless, the systems tend to share many of the same basic 
components and follow similar operating and maintenance procedures. Together, regulatory and 
industry standards, system connectivity, and economic demands compel both a commonality of 
practice and a shared capability of handling different crude oils. 

Bitumen Properties, Production, and Pipeline Transportation 

As discussed in Chapter 3, the bitumen imported into the United States is derived from Canadian 
oil sands. Canadian bitumen is both mined and recovered in situ using thermally assisted 
techniques. A large share of the bitumen deposits is too deep for mining, so in situ recovery 
accounts for an increasing percentage of bitumen production. Because mined bitumen does not 
generally have qualities suitable for pipeline transportation and refinery feed, it is processed into 
synthetic crude oil in Canada. Bitumen recovered in situ with thermally assisted methods has 
lower water and sediment content and is thus better suited to long-distance transportation by 
pipeline than is mined bitumen. Bitumen imported into the United States is produced in situ 
through thermally assisted methods rather than by mining. 

Like all forms of petroleum, Canadian bitumen is a by-product of decomposed organic 
materials and thus a mixture of many hydrocarbons. The bitumen contains a relatively large 
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concentration of asphaltenes that contribute to its high density and viscosity. At ambient 
temperatures, bitumen does not flow and must be diluted for transportation by unheated 
pipelines. Diluents consist of light oils, including natural gas condensate and light synthetic 
crude oils created from bitumen. Although the diluents consist of low-molecular-weight 
hydrocarbons, shipments of diluted bitumen do not contain a higher percentage of these light 
hydrocarbons than do other crude oil shipments. The dilution process yields a stable and fully 
mixed product for shipment by pipeline with density and viscosity levels in the range of other 
crude oils transpmted by pipeline in the United States. 

Shipments of diluted bitumen are piped at operating temperatures, flow rates, and 
pressure settings typical of crude oils with similar density and viscosity levels. Shipment water 
and sediment content conforms to the Canadian tariff limits, which are more restrictive than 
those in U.S. pipeline tariffs. Solids in diluted bitumen shipments are comparable in quantity and 
size with solids in other crude oil shipments transported by pipeline. While the sulfur in diluted 
bitumen is at the high end of the range for crude oils, it is bound with hydrocarbons and not a 
source of corrosive hydrogen sulfide. Diluted bitumen has higher acid content than many other 
crude oils, but the stable organic acids that raise acidity levels are not corrosive at pipeline 
temperatures. 

Review of Pipeline Incident Data 

A logical step in addressing the question of whether shipments of diluted have a greater 
propensity to cause pipeline releases than shipments of other crude oils is to examine historical 
release records. The incident statistics can be used to identify the general sources of pipeline 
failure. However, the information contained in the U.S. and Canadian incident records is 
insufficient to draw definitive conclusions. As explained in Chapter 4, one reason is that the 
causal categories in the databases lack the specificity needed to assess the paiticular ways in 
which transporting diluted bitumen can affect the susceptibility of pipelines to failure. Another 
reason is that incident records do not contain information on the types of crude oil transported 
and the properties of past shipments in the affected pipeline. Because many pipeline releases 
involve cumulative and time-dependent damage, there is no practical way to trace the 
transpmtation history of a damaged pipeline to assess the role played by each type of crude oil 
and its properties in transport. 

Incident repmting systems in Canada and the United States do not have uniform reporting 
criteria and coverage. Given the relatively small number of pipeline incidents, even minor 
variations in reporting criteria can lead to significant differences in incident frequencies and 
causal patterns. Some repo1ting systems combine incident reports from oil gathering and 
transmission systems, while others do not. Variation in reporting coverage is problematic 
because gathering pipelines are fundamentally different from transmission pipelines in design, 
maintenance, and operations and in the quality and quantity of the liquids they carry. 

Effects of Diluted Bitumen on Sources of Pipeline Damage 

The chemical and physical properties of diluted bitumen were examined in Chapter 5 to 
determine whether any differ sufficiently from those of other crude oils to increase the likelihood 
of pipeline failures from sources of damage internally or externally or from mechanical forces. 
Any differences that could affect either the frequency or severity of the failure mechanism or the 
ability to mitigate a potential failure mechanism would suggest a difference in failure likelihood. 
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No properties were found to differ in any way that may change the likelihood of pipeline damage 
and failure. An assessment was also made with regard to whether pipeline operators transpo1ting 
diluted bitumen alter their operating and maintenance procedures in ways that can make 
pipelines more prone to the causes of failure the procedures are intended to prevent. No 
differences were found in these procedures. Summaries of the assessments are presented in 
Box 6-1. 

Box 6-1 

Summary of Assessments of the Effects of Diluted Bitumen on 
Causes of Pipeline Damage 

Internal Degradation 
A review of product prope1ties pe1taining to internal pipeline corrosion and erosion did 
not find that shipments of diluted bitumen are any more likely than shipments of other 
crude oils to cause these failure mechanisms. Shipments of diluted bitumen do not 
contain unusually high levels of water, sediment, dissolved gases, or other agents that can 
cause internal corrosion. The organic acids contained in diluted bitumen are not corrosive 
to steel at pipeline temperatures. The densities and viscosities of diluted bitumen 
shipments are within the range of other crude oils, and the velocity and turbulence with 
which shipments flow through pipelines are comparable and limit the formation of 
corrosive deposits. On the basis of an examination of the factors that influence microbial 
growth, diluted bitumen does not have a higher likelihood than other crude oils of 
causing microbiologically influenced corrosion. Because shipments of diluted bitumen 
have solids content and flow regimes comparable with those of other crude oil shipments, 
they do not differ in their propensity to cause erosion of transmission pipelines. 

External Degradation 
Pipelines can sustain external damage from corrosion and cracking. Because diluted 
bitumen only contacts the inside of a pipeline, it can contribute to external degradation 
only as a result of changes in pipeline operational parameters, specifically pipeline 
temperature and pressure levels. Elevated operating temperatures can increase the 
likelihood of external corrosion and cracking by causing or contributing to the 
degradation of protective coatings and by accelerating rates of certain degradation 
mechanisms. Elevated operating pressures can cause stress loadings and concentrations 
that lead to stress-related cracking, particularly at sites of corrosion and preexisting 
damage. Because the densities and viscosities of diluted bitumen are comparable with 
those of other crude oils, it is transpo1ted at comparable operating pressures and 
temperatures. For this reason, the likelihood of temperature- and pressure-related effects 
is indistinguishable for diluted bitumen and other crude oils of similar density and 
viscosity. Consequently, diluted bitumen will not create a higher propensity for external 
corrosion and cracking in transmission pipelines. 

(continued) 
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Box 6-1 (continued) 

Mechanical Damage 
Mechanical damage to the pipeline and its components can occur as a result of 
overpressurization or outside forces. Mechanical forces can cause an immediate release 
or make the pipeline more susceptible to release by destabilizing support structures; 
damaging other components such as valves and joints; and weakening resistance to other 
failure mechanisms, such as corrosion attack. The study examined several possible 
causes of an increased potential for mechanical damage due to the properties of the 
transpo11ed liquid, including the potential for shipments of diluted bitumen to cause 
pressure surges or to interact with outside forces that can cause damage in pipelines. 
None of the prope1ties or operating parameters of diluted bitumen shipments was found 
to be sufficiently different from those of other crude oils to suggest a higher potential to 
cause or exacerbate mechanical damage in pipelines. 

Effects on Operations and Maintenance Procedures 
As common carriers, operators of transmission pipelines generally have the ability to 
transp01t the wide range of crude oil varieties that are in the commercial stream. 
Accordingly, operations and maintenance procedures are designed to be robust, capable 
of ensuring operational reliability and safety without the need for procedural 
modifications from one crude oil shipment to the next. The chemical and physical 
prope1ties of diluted bitumen shipments do not suggest that transporting them by pipeline 
requires operations and maintenance procedures that differ from those of other crude oil 
shipments having similar properties. Likewise, inquiries with operators and searches of 
industry guidelines and advisories did not indicate any specific issues associated with 
transp01ting diluted bitumen that would negatively affect operators as they cany out their 
standard operations and maintenance programs, including their corrosion detection and 
control capabilities. 

STUDY RESULTS 

Central Findings 

The committee does not find any causes of pipeline failure unique to the transportation of diluted 
bitumen. Furthermore, the committee does not find evidence of chemical or physical properties 
of diluted bitumen that are outside the range of other crude oils or any other aspect of its 
transportation by transmission pipeline that would make diluted bitumen more likely than other 
crude oils to cause releases. 

Specific Findings 

Diluted bitumen does not have unique or extreme properties that make it more likely than other 
crude oils to cause internal damage to transmission pipelines from corrosion or erosion. Diluted 
bitumen has density and viscosity ranges comparable with those of other crude oils. It is moved 
through pipelines in a manner similar to other crude oils with respect to flow rate, pressure, and 
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operating temperature. The amount and size of solid paiticles in diluted bitumen are within the 
range of other crude oils so as not to create an increased propensity for deposition or erosion. 
Shipments of diluted bitumen do not contain higher concentrations of water, sediment, dissolved 
gases, or other agents that cause or exacerbate internal corrosion, including microbiologically 
influenced corrosion. The organic acids in diluted bitumen are not corrosive to steel at pipeline 
operating temperatures. 

Diluted bitumen does not have properties that make it more likely than other crude oils to 
cause damage to transmission pipelinesji·om external corrosion and cracking orfi·om 
mechanical forces. The contents of a pipeline can contribute to external corrosion and cracking 
by causing or necessitating operations that raise the temperature of a pipeline, produce higher 
internal pressures, or cause more fluctuation in pressure. There is no evidence that operating 
temperatures and pressures are higher or more likely to fluctuate when pipelines transp01t diluted 
bitumen than when they transport other crude oils of similar density and viscosity. Furthermore, 
the transportation of diluted bitumen does not differ from that of other crude oils in ways that can 
lead to conditions that cause mechanical damage to pipelines. 

Pipeline operating and maintenance practices are the same for shipments of diluted 
bitumen and shipments of other crude oils. Operating and maintenance practices are designed to 
accommodate the range of crude oils in transp01tation. The study did not find evidence 
indicating that pipeline operators change or would be expected to change such practices while 
transporting diluted bitumen. 

These study results do not suggest that diluted bitumen will experience pipeline releases 
at a rate that is higher than its propo1tion of the crude oil stream. Future pipeline releases can be 
expected to occur, and some will involve diluted bitumen. All pipeline releases can be 
consequential. As explained at the outset of this report, the committee was not asked or 
constituted to study whether pipeline releases of diluted bitumen and other crude oils differ in 
their consequences or to determine whether such a study is warranted. Accordingly, the report 
does not address these questions and should not be construed as having answered th ·m. 
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APPENDIX A 

Questionnaire to Pipeline Operators on 
Transporting Diluted Bitumen 

The following quest;ons were developed by the committee and given to the Canadian Energy 
Pipeline Association (CEPA) in Janumy 2013. CEPA distributed the questionnaire to member 
pipeline companies and returned the results in March 2013. Operator responses are indicated in 
bold text. 1 

1. Please provide the following information: 
a. Total amount of transmission crude oil pipeline mileage: Approximately 24,000 
b. Mileage dedicated to dilbit service: Approximately 890 
c. Mileage in batch service: Approximately 20,530 
d. Percentage of barrels transported per day consisting of diluted bitumen: 

Operator A: 82 percent 
Operator B: 15 to 65 percent 
Operator C: 65 percent 
Operator D: 65 percent 
Operator E: 28 percent dilbit; 3 percent synbit 

2. Please provide the following parameters on the properties of diluted bitumen measured at 
points of custody transfer or in-line (as appropriate and available): 
Table A-1 includes information gathered on a best-effort basis. One operator also 
reported some data for synbit, and these data were included for reference. In 
addition, H2S data for a large number of crude oils are available from a study 
performed by Omnicon supported by several pipeline operators. These data were 
collected by using ASTM D5263 and have been included below for reference (see 
Figure A-1). 

3. How often (e.g., percentage of barrels transported) is specified basic water and sediment 
(BS& W) exceeded at diluted bitumen initial custody transfer? 
For dilbit batches, between 0 and 0.6 percent of the barrels transported exceeded 
specified limits. 

4. Is BS& W exceeded more often for diluted bitumen compared with other crude oils 
transported? 
Three operators reported no differences. In two cases, dilbit batches did exceed 
specified limits more often than other crude oils by a small margin of between 0.1 
and 0.3 percent. 

1 API =American Petroleum Institute; C02 =carbon dioxide; H2S =hydrogen sulfide; KOH= potassium hydroxide; 0 2 = 
oxygen; ppm= parts per million; ppmw =parts per million by weight; psi= pounds per square inch; TAN= total acid number. 

76 
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TABLE A 1 0 - iperator R esponses to Q uest1on 2 

Parameter Operator Average Normal Range Extreme Hh~h 

A 0.35 0.25 to 0.40 0.5 

B 0.21 0.05 to 0.36 0.36 

Total BS&W (volume c 0.18 0.11to0.25 0.5 
percentage) D 0.26 0.05 to 0.5 0.5 

E (dilbit) 0.28 0.1 to 0.38 0.5 

E (synbit) 0.31 0.28 to 0.34 0.5 

Water share ofBS&W c 50 percent 40 to 60 percent 100 percent 

Sediment share ofBS&W c 50 percent 40 to 60 percent 100 percent 

Solid content (ppmw) B 0 to 0.01 
Solids particle size 
(microns) Not routinely measured in crude oil 

B 6.77 0.1 to 11.1 11.1 
H 2S (ppmw) c <0.5 10 

E <0.5 <0.5 

Carbon dioxide (nnm) Not routinely measured in crude oil 

Oxvgen (ppm) Not routine( v measured in crude oil 

A 3.8 3.62 to 3.85 

B 3.3 2.45 to 4.76 4.8 

Sulfur (weight c 3.8 3.79 to 3.89 4.0 
percentage) D 3.7 3.0 to 4.1 4.1 

E (dilbit) 4.0 3.46 to 4.97 5.2 

E (svnbit) 3.1 3.04 to 3.21 3.5 

A 21.5 19.0 to 23.l 

B 20.6 19.3 to 21.3 

APlgravity 
c 22.1 21.4 to 22.2 

D 21 19.0 to 23.3 

E (dilbit) 21.5 20.3 t 21.9 

E (synbit) 19.8 19.5 to 20.1 

B 5.1 2.54 to 7.58 7.58 

c 7 

Reid vapor pressure (psi) D 8 3 to 11.8 11.8 

E (dilbit) 7.3 5.85 to 7.79 14.9 

E (svnbit) 3.1 2.4 to 3.0 14.9 

A I 0.85 to 1.05 

B 1.6 1.0 to 2.17 3.34 

TAN (mg KOH/g) 
c 1.6 1.52 to 1.64 1.82 

D 1.06 0.6 to 1.9 1.9 

E (dilbit) 1.3 0.92 to 2.49 3.75 

E (synbit) 1.6 1.4 to 2.22 2.5 
(continued) 

 
012012



78 Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

TABLE A-1 (continued) Operator Responses to Question 2 
Parameter Operator Avera2e Normal Range Extreme Hie:h 

A 30 26 to 34 40 

Transport temperature 
10 (winter); 22 

B (summer) 4 to 29 32 
(°C), transmission c 15 5 to 35 50 pipelines 

D 27 13 to 43 43 

E 17 9.5 to 22.7 25.4 

A 4 2.0 to 6.0 

B 6.56 4.5 to 7.2 8.2 
Flow rate (ft/s) in c 2.5 0.5 to 4.7 5.0 transmission pipelines 

D 6.7 4.8 to 8.2 8.2 

E 3.63 3.63 4.04 

A 930 700 to 1,200 1,300 

B 600 43.5 to 1,160 1,440 
Pressure (psi) in c 500 175 to 1,350 1,440 transmission pipelines 

D 430 50 to 1,440 1,440 

E 750 750 1,095 

5. Do tank storage methods for diluted bitumen differ from those of other crudes to possibly 
affect level of 0 2, C02, water, and other contaminants? 
No, the storage method is the same as for all crude oil commodities. Dilbits are 
generally stored in their own commodity group to reduce downgrading. 

6. Note any differences in set points for safety and control instrumentation for pipelines in 
diluted bitumen service as opposed to lines in other service: 
There are no differences. Standards and procedures are in place for control that are 
generic for all crude oil commodities shipped. The standards and procedures are 
structured to ensure safe operation regardless of the commodity. 

7. Note any differences in the frequency of shutdowns, low-flow, and non-turbulent flow 
conditions while in diluted bitumen service: 
There are typically no differences that are related to dilbit service. One operator 
reported a small increase of shutdown frequency due to BS& W exceedance. 

8. Note any special surge control equipment and/or vibration monitors on pipelines that 
can-y diluted bitumen: 
No special equipment has been installed specifically to accommodate dilbit. 

9. Are drag reducing agents used for diluted bitumen transportation? 
If so, does their use differ (more or less?) compared with other crude types? 
Three of five operators are currently not using drag-reducing agents for dilbit 
transportation. The use of drag-reducing agents is not specific to dilbit 
transportation. Their use is based on the operational requirements of a particular 
pipeline segment and throughput required. 
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I 0. Do pipelines undergo more pressure cycling when in diluted bitumen service? 
The operating philosophy and function of a pipeline drive pressure cycling, not the 
type of product transported. Batching between heavy and light products in the same 
pipeline may cause additional cycling; however, this is related to the switch in 
products rather than the products themselves. One operator reported that dilbit 
service lines cycle less frequently than those in conventional crude oil service. 

11. Are pressure cycles measured and monitored for use in fatigue calculations? 
Three of five operators currently monitor and use pressure cycles in fatigue 
calculations, and one operator is planning to complete this activity in the future. 
One operator does not currently complete this activity. 

12. Are corrosion inhibitors, including biocides, used for diluted bitumen shipments? 
If so, do quantities differ from those used for other crude types? 
Three of the operators use chemical treatment for bacteria or corrosion control in at 
least some of their pipelines. Chemical treatment requirement is determined by the 
flow conditions and pipeline condition. When such treatments are required, the 
volume and quantities are the same as for other crude oil pipelines. 

13. Is cleaning required at different intervals for pipelines in diluted bitumen service versus 
pipelines in other service? 
The requirement for a cleaning program and cleaning intervals are primarily 
determined by consideration of flow conditions and the potential for water and 
sediment deposition for all crude oil types. No differences in cleaning intervals were 
reported by any operator. 

14. Is the debris from pig cleaning analyzed? 
If so, note any differences in composition for pipelines in diluted bitumen service? 
Four of five operators complete testing of debris from pig cleaning, and no 
differences in composition have been reported for pipelines in dilbit service versus 
other heavy commodity pipelines. For pipelines in batch service with multiple 
products including dilbit, it is not possible to differentiate the sediment collected. 

15. Is there any evidence from in-line inspection and/or other corrosion monitoring activities 
indicating unusual or unexpected corrosion locations for lines in diluted bitumen service? 
Corrosion in heavy-oil pipelines can occur in areas where water or sediment 
accumulates-including low areas, cl"itical inclines, and overbends. The latter 
location was unexpected when it was identified in 2005, but this does not appear to 
be unique to dilbit pipelines and is common to heavy commodities in general. No 
unusual or unexpected corrosion locations have been attributed to dilbit service. 

16. Note any difference in clogging or wear of equipment, such as pumps, for lines in diluted 
bitumen service: 
No clogging or unusual wear has been identified for lines in dilbit service. 
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17. Note any differences in predictive/preventive maintenance practices for lines in dilbit 
service: 
No special predictive or preventive maintenance practices are required for dilbit 
pipelines. 

18. More generally, do you have integrity management programs specific to lines in dilbit 
service? 

E 
a. 
a. 
.! 
VI .... 
:r: 

No, dilbit lines are incorporated into overall integrity management programs. In 
more than 25 years of diluted bitumen service on some pipelines, no unique or more 
severe threats specific to diluted bitumen service have been observed. 
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FIGURE A-1 Supplemental information on H2S content. 
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APPENDIXB 

Federal Pipeline Safety Regulatory Framework 

ORIGINS OF HAZARDOUS LIQUIDS PIPELINE SAFETY REGULATION 

The Hazardous Liquid Pipeline Safety Act (HLPSA) of 1979, as amended, provides the statutory 
authority for the U.S. Department of Transportation (USDOT) to establish regulatory standards 
for the transportation of hazardous liquid by pipelines, including those transporting crude oil.1 

Within the depaiiment, authority to carry out the act is delegated to the Pipeline and Hazardous 
Materials Safety Administration (PHMSA), which implements its authority through the Office of 
Pipeline Safety (OPS). OPS promulgates rules governing the design, construction, testing, 
inspection, maintenance, and operations of hazardous liquid pipelines. The regulations are 
intended to establish minimum safety standards applicable to all hazardous liquid pipeline 
facilities, thereby setting a safety floor that all operators must meet across the spectrum of 
pipeline systems. The regulations cover pipelines that transport crude as well as refined products. 

A review of past OPS rulemaking notices reveals that as the regulat01y program evolved 
and matured, USDOT and Congress began to question whether the regulatory program was 
having sufficient effect in reducing the risk of transporting hazardous liquid by pipeline. A 
central concern was that individual pipeline operators could be complying with each of the 
actions prescribed in the federal rules in a procedural, or "checklist," manner without really 
knowing whether these actions were collectively producing the desired safety assurance. Because 
pipeline facilities vary in their designs, construction, environments, and operating histories, 
specific safety assurance methods-including those not prescribed in federal rules-might be 
more suitable for one facility than for another. Moreover, OPS had long been concerned that it 
could not identify all facility-specific risks, which made a strictly prescriptive approach to safety 
regulation impractical. The changes made in response to these concerns have led to changes in 
the role of OPS and to new expectations for safety assurance by the pipeline industry. 

PRESCRIPTIVE AND PERFORMANCE-BASED STANDARDS 

After several major pipeline releases during the late 1980s and early 1990s, OPS sta1ied 
experimenting with other regulatory approaches to accompany its rules, which prescribed such 
specific actions as maintaining operating pressure at levels not to exceed 72 percent of specified 
minimum yield strength (SMYS).2 The agency sponsored a series of demonstration projects that 
gave operators the incentive and flexibility to tailor their safety assurance methods to their 
specific circumstances. OPS reasoned that because pipeline operators have the most 
comprehensive and detailed knowledge of their systems, they are in the best position to devise 
their safety assurance programs, as long as they are given the motivation, tools, and regulatory 
flexibility to make effective choices.3 

1 Rulemaking to begin implementation ofHLPSA began in 1981 (Federal Register, Vol. 46, No. 143, July 27, 1981) and can be 
found at http://phmsa.dot.gov/staticfiles/PHMSA/hnnpdfs/198 I %20hist%20rulemakings/46%20FR%2038357.pdf. 
2 

§195.406. 
3 

See Federal Register, Vol. 65, No. 237, Dec. 8, 2000. 
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In 2000, OPS issued a landmark rulemaking titled Pipeline Integrity Management in High 
Consequence Areas.4 Rather than prescribing specific operations and maintenance procedures, 
new rules laid out the key steps to be followed in developing and implementing a rationalized 
integrity management program based on principles of risk management. The regulations defined 
the core elements of the required program, such as the development of a written plan explaining 
how risks are to be identified; the logic used in choosing the tools, methods, and schedules 
employed for detecting and assessing risks; and the timetable for completing risk assessments 
and correcting deficiencies. The rules were written in performance-based language that does not 
tell operators exactly how they must conduct the risk assessments or precisely how they must act 
to mitigate identified risks. For example, if internal corrosion is identified as a threat in a 
particular pipeline segment, the operator is held responsible for selecting the best means to 
mitigate it-by using corrosion inhibitors, increasing the frequency of line cleaning, shortening 
inspection intervals, or selecting other defensible options. 

Although performance-based rules have the advantage of allowing customized responses 
to specific circumstances, they can at times lack the clarity of a specific measure prescribed in 
rules applicable to all.5 Accordingly, OPS has retained many of its prescriptive rules and 
continues to adopt new ones, depending on the safety concern. Box B- I outlines the basic set of 
rules governing the transportation of hazardous liquids by pipeline, as contained in the Code of 
Federal Regulations, Title 49, Part 195. Examples of prescriptive rules, in addition to the 
aforementioned standard for maximum operating pressure, are those concerning pipeline design 
and construction features, such as the requirement for shutoff valves located at each side of a 
water crossing.6 Nevertheless, in instances where alternatives to prescribed measures have safety 
merit, the operator can seek a waiver, or special permit, from OPS by demonstrating that the 
alternative measures will yield the same or higher levels of safety than the prescribed ones.7 

An example of a special permit application is the original plan of TransCanada 
Corporation to construct the Keystone XL pipeline. When the pipeline was first proposed in 
2008, the company petitioned OPS to allow for maximum operating pressures of 80 percent of 
SMYS. OPS agreed to the special permit conditioned on TransCanada Corporation implementing 
57 measures not currently delineated in the regulations and on adding a degree of rigor not 
currently required. The conditions covered, among other things, quality control checks during the 
manufacture and coating of the pipe, tighter valve spacing, remote control valves, monitoring 
and control of operating temperatures, more frequent pig cleaning, and specific limits on the 
levels of water and sediment contained in the products transported. Although TransCanada 
Corporation eventually withdrew the special permit application, it agreed to comply with the 57 
conditions as part of its separate presidential application to build and operate a pipeline that 
crosses a national border.8 

4 See Federal Register, Vol. 65, No. 237, Dec. 8, 2000. 
5 For example, the National Transportation Safety Board recently urged PHMSA to revise the integrity management-high 
consequence area rule to better define when an assessment of environmental cracks must be performed, acceptable engineering 
methods for such assessments, and specific treatments that must be applied when cracks are found. http://www.ecfr.gov/cgi
bin/text-idx?c=ecfr&SID=4c83a26cf5 fcbaf90e350dddcff30 l 66&rgn=div8&view=text&node=49:3. l. l. l. l l .6.22.28&idno=49. 
6 

§195.260. 
7 These are general regulations also pertaining to natural gas pipelines and are thus contained in 49 CFR Part 190. 
8 In 2008, TransCanada Corporation proposed the addition of a new hazardous liquid transmission pipeline, called the Keystone 
XL, which would originate in Alberta and terminate in Steele City, Nebraska. Because the pipeline crossed the U.S. border, it 
required presidential approval. Public Law 112-78 required the president to act on the application within 60 days of the law's 
enactment on December 23, 2011. In early 2012, President Barack Obama denied the application, citing a review by the U.S. 
Department of State that expressed the need for more information to consider relevant environmental issues and the 
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Finally, in addition to having special permit authority, OPS has broad authority in the 
name of public safety to demand that pipeline operators take certain actions not specifically 
called for in regulations. For example, if the agency discovers a hazardous condition, it can issue 
orders requiring operators to take certain responsive or precautionary measures.9 On discovering 
a condition that may be of concern to multiple pipelines, OPS can issue advisory bulletins that 
notify operators about the condition and how it should be corrected. 

SUPPORTIVE PROGRAMS 

The emphasis on risk- and performance-based standards has not only affected OPS rulemaking 
activity but also changed other aspects of its safety oversight program. Where it does not 
prescribe specific safety actions or practices, OPS seeks to ensure that operators are in 
compliance with the pe1formance-oriented demands outlined in the regulations. Aided by its 
inspection and enforcement capabilities, OPS will verify that pipeline operators are developing 
and implementing risk management programs that have a rigorous and technically sound basis. A 
checklist compliance inspection approach is not considered adequate. Inspecting for compliance 
under these circumstances requires an approach more akin to a quality assurance audit to ensure 
that operators are following a well-defined set of actions. In addition, the advent of performance
based regulations has meant that OPS safety researchers now have responsibility for providing 
technical guidance to aid operators in developing rigorous risk management programs, including 
development of the requisite analytic tools. 

About half of the 200-person OPS staff is responsible for inspecting pipeline facilities, 
with assistance from more than 300 state inspectors. Inspectors are authorized to review the 
manual for operations and maintenance required of each operator. Inspectors also review records 
documenting the evaluations that have been performed to identify and prioritize risk factors, 
devise integrity management strategies, and prioritize the preventive and mitigative measures. If 
OPS has reason to believe that a specific risk factor is escaping the scrutiny of a pipeline 
operator, it can review company records to determine whether and how the risk is being treated. 
As described in Chapter 4, PHMSA also requires operators to report incidents involving releases 
from pipelines. The agency uses the reports to guide its regulatory, inspection, and enforcement 
priorities. 

Tvrough its research and engineering capacity, OPS can assist pipeline operators in 
complying with both prescriptive and performance-based rules. In 2012, the agency funded about 
$7 million in research, with most projects conducted in collaboration with industry through 
cooperative programs such as the Pipeline Research Council International, Inc. Much of the 
research is designed to help operators comply with regulatory demands; for example, by 
developing tools and methodologies to detect and map pipeline leaks, locate and diagnose faults 
in cathodic protection systems, inspect lines that cannot be pigged, and conduct risk analyses. 
Research projects are also designed to provide technical suppo1i for industry standard-setting 
activities; for example, by evaluating new test methods being considered by standards 
development committees. 

consequences of the project on energy security, the economy, and foreign policy (Federal Register, Vol. 77, No. 23, Feb. 3, 2012, 
p. 5614). 
9 49 CFR §190. 
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Box B-1 

Summary of Coverage of Federal Hazardous 
Liquid Pipeline Safety Regulations 

Title 49, Part 195-Transportation of Hazardous Liquids by Pipeline 

Subpart A-General 

§195.0 to 
§195.12 

Subpart B-Reporting 

§195.48 to 
§195.64 

Subpart C-Design 

§195.100 to 
§195.134 

Subpart D-Construction 

§195.200 to 
§195.266 

Regulation coverage, definitions, incorporations by 
reference of consensus standards, and compliance 
responsibility. 

Includes reporting requirements for accidents and 
safety-related conditions as well as requirements for 
operators to provide assistance during investigations. 

Includes pipe and component design requirements 
governing design temperature, internal design 
pressure, external pressure and loads, valves and 
fittings, closures and connections, and station pipe 
and breakout tanks. 

Includes construction-related requirements governing 
material inspection, transportation of pipe, location of 
pipe, installation and coverage of pipe, welding 
procedures and welder qualifications, weld testing and 
inspection, valve location, pumping stations, and 
crossings of railroads and highways. 

Subpart E-Pressure Testing 
§ 195.300 to Includes requirements governing pressure testing of 
§ 195.31 o pipe, components, tie-ins, and breakout tanks. Also 

contains requirements for risk-based alternatives to 
pressure testing of older pipelines. 

Subpart F-Operations and Maintenance 

§195.400 to Includes requirements for an operations, maintenance, 
§195.452 and emergency response manual; maximum operating 

pressure; inspections of breakout tanks and rights-of
way; valve maintenance; pipe repairs; line markers 
and signs; public awareness and damage prevention 
programs; leak detection and control room 
management; and integrity management in high
consequence areas. 

(continued) 
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Box B-1 (continued) 

Subpart G-Qualification of Pipeline Personnel 

§ 195.50 I to Requirements for qualification programs and record 
§195.509 keeping. 

Subpart H-Corrosion Control 

§ 195.551 to Includes regulations on coatings for external 
§195.589 corrosion control, coating inspection, cathodic 

protection and test leads, inspection of exposed pipe, 
protections from internal corrosion, protections 
against atmospheric corrosion, and assessment of 
corroded pipe. 

Appendix A 

Appendix B 

Appendix C 

Delineates federal and state jurisdiction. 

Risk-based alternative to pressure testing older 
pipelines. 

Guidance for integrity management program 
implementation. 
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July 23 

9:45 a.m. 

11:30 a.m. 

1:00 p.m. 
Crude 

1:45 p.m. 

2:30 p.m. 

3:30 p.m. 

4:15 p.m. 

APPENDIXC 

Data-Gathering Sessions 

Committee for a Study of Pipeline Transportation of Diluted Bitumen 

First Meeting 
July 23-24, 2012 
Washington, D.C. 

Briefing by study sponsor, Pipeline and Hazardous Materials Safety 
Administration (PHMSA) 

Linda Daugherty, Deputy Associate Administrator for Policy and Programs 
Alan Mayberry, Deputy Associate Administrator of Field Operations 
Jeffery Gilliam, Senior Engineer and Project Manager 

• Origins and scope of study 
• Overview of PHMSA's regulatory program 
• Agency data sources and technical rep01is 
• Additional background 

Overview ofrelevant industry consensus standards and state of the practice in 
detecting, preventing, and mitigating internal corrosion of oil pipelines 

Oliver Moghissi, President, National Association of Corrosion Engineers 
(NACE), and Director, DNV Columbus, Inc 

Albe1ia Innovates report, Comparison of Corrosivity of Dilbit and Conventional 

John Zhou, Albe1ia Innovates Energy and Environment Solutions 
Harry Tsaprailis, Alberta Innovates Technology Futures 

Industry associations 
Peter Lidiak, Director, Pipelines, American Petroleum Institute 

Operator experiences-Enbridge Pipelines, Inc. 
Scott Ironside, Director, Integrity Programs 

Operator experiences-TransCanada Corporation 
Bruce Dupuis, Program Manager, Liquid Pipeline Integrity 
Jenny Been, Corrosion Specialist, Pipe Integrity 

Concerns raised in Natural Resources Defense Council (NRDC) rep01i 
Anthony Swift, Attorney, International Program, NRDC 

86 

 
012021



Appendix C 

5:00 p.m. 

5:45 

July 24 

9:35 a.m. 

10:15 a.m. 

11 :00 a.m. 

12:15 p.m. 

8:40 a.m. 

9:30 a.m. 

10:45 a.m. 

12:30 p.m. 

1:30 p.m. 

3:00 p.m. 

General discussion 

Adjournment 

National Energy Board (NEB)-Overview of Regulatory, Data, and Technical 
Activities 

Iain Colquhoun, Chief Engineer, NEB 

Standard and Non-Standard Methodologies to Evaluate Crude Oil C01Tosivity 
Under Pipeline Operating Conditions 

Sankara Papavinasam, Senior Research Scientist, CanmetMA TERIALS 

Public forum 

Adjournment 

Subcommittee Meeting 
October 9, 2012 

Edmonton, Alberta 

Introductions: Enbridge Pipelines, Inc.; TransCanada; Inter Pipeline; Kinder 
Morgan; Crude Quality, Inc. 

Experience with diluted bitumen quality and cleanliness when entering the 
pipeline system 

Pipeline control and operations: diluted bitumen versus conventional crude oils 

Integrity knowledge of pipelines 
Findings from inspecting pipelines in high consequence areas for anomalies 

Other presentations 

Tour of Natural Resources Canada, CanmetENERGY laboratory 
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10:50 a.m. 

1:30 p.m. 

2:30 p.m. 

3:30 p.m. 

4:30 p.m. 

5:00 p.m. 

10:30 a.m. 

11:15 a.m. 

1:00 p.m. 

2:00 p.m. 

3:00 p.m. 

Special Report 311: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

Second Committee Meeting 
October 23, 2012 
Washington, D.C. 

Overview of pipeline equipment, field operations, control center, leak detection, 
maintenance, regulation, and economics 

Thomas Miesner, Pipeline Knowledge and Development 

Background on crude oils and diluted bitumen 
Harry Giles, Executive Director, Crude Oil Quality Association 
Randy Segato, Suncor Energy 
Andre Lemieux, Canadian Crude Quality Technical Association 

Diluted bitumen: chemical and physical prope1ties 
Heather Dettman, Natural Resources Canada, CanmetENERGY 

Evidence from pipeline incident repo1ting systems 
PHMSA data: Jeffery Gilliam and Blaine Keener, PHMSA 
Pipeline Performance Tracking System: Peter Lidiak, American Petroleum 
Institute, and Cheryl Trench, Allegro Energy Consulting 

Overview of PHMSA supplemental regulatory authorities to mitigate risk 
Jeffery Gilliam, PHMSA 

Adjournment 

Third Committee Meeting 
January 31, 2013 
Washington, D.C. 

Summary of NACE conference proceedings on heavy oil and corrosion 
Sankara Papavinasam, Senior Research Scientist, Natural Resources Canada, 
CanmetMA TERIALS 

Operational experience transporting heavy crude oils by pipeline in California 
Art Diefenbach, Vice President of Engineering, Westpac Energy 

Overview of federal hazardous liquid pipeline regulatory approach 
Jeffrey Wiese and Jeffery Gilliam, PHMSA 

Changing patterns of crude oil supply and demand 
Geoffrey Houlton, Senior Director, Global Crude Oil Market Analysis, IHS 

Adjournment 
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Low-Level Benzene Exposure 
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Lin Fritschi, § Geoffi·ey G. Adams, 11 John A. Bisby,# and Richard Manuell# 

Background: Men who were part of an Australian petroleum 
industry cohort had previously been found to have an excess of 
lympho-hematopoietic cancer. Occupational benzene exposure is a 
possible cause of this excess. 
Methods: We conducted a case-control study of lympho-hemato
poictic cancer nested within the existing cohort study to examine the 
role of benzene exposure. Cases identified between 1981 and 1999 
(N = 79) were age-matched to 5 control subjects from the cohort. 
We estimated each subject's benzene exposure using occupational 
histories, local site-specific information, and an algorithm using 
Australian petroleum industry monitoring data. 
Results: Matched analyses showed that the risk of leukemia was 
increased at cumulative exposures above 2 ppm-years and with 
intensity of exposure of highest exposed job over 0.8 ppm. Risk 
increased with higher exposures; for the 13 case-sets with greater 
than 8 ppm-years cumulative exposure, the odds ratio was 11.3 
(95% confidence interval = 2.85-45. I). The risk of leukemia was 
not associated with start date or duration of employment. The 
association with type of workplace was explained by cumulative 
exposure. There is limited evidence that short-te1m high exposures 
carry more risk than the same amount of exposure spread over a 
longer period. The risks for acute nonlymphocytic leukemia and 
chronic lymphocytic leukemia were raised for the highest exposed 
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workers. No association was found between non-Hodgkin lym
phoma or multiple myeloma and benzene exposure, nor between 
tobacco or alcohol consumption and any of the cancers. 
Conclusions: We found an excess risk of leukemia associated with 
cumulative benzene exposures and benzene exposure intensities that 
were considerably lower than repo1ted in previous studies. No 
evidence was found of a threshold cumulative exposure below 
which there was no risk. 

Key Words: benzene, occupational exposure, leukemia, 
lymphoma, multiple mycloma, petroleum industry 

(Epidemiology 2003;14: 569-577) 

Benzene is present in crude oil, at most stages of petroleum 
production and distribution, and is a component of gas

oline fuels, typically less than 3%. It is also a byproduct of 
combustion of fuels and other materials such as tobacco, 
wood, and coal. Benzene is present in indoor environments 
from activities such as cooking and heating, and it is ubiqui
tous in urban air at low concentrations. Nonsmokers living in 
an urban environment are typically exposed to average ben
zene concentrations in the order of 0.005 ppm. 1 

Benzene is classified as a group 1 human carcinogen by 
the International Agency for Research on Cancer,2 and there 
is general agreement that benzene can cause leukemia in 
highly exposed individuals.3 The extent of the risk of leuke
mia with exposure to low concentrations of benzene (less 
than IO ppm) has been debated.3

-
11 This debate has centered 

on 2 issues: whether the exposures were underestimated in 
previous epidemiologic studies and what model should be 
used to extrapolate the risk to lower concentrations of ben
zene, including whether there is a threshold exposure below 
which there is no risk. 

In addition, there is debate about which subtypes of 
leukemia are associated with benzene exposure. Some but not 
all authorities consider that acute nonlymphocytic leukemias 
or, more specifically, acute myeloid leukemia, are the only 
subtypes clearly associated with benzene exposure.3•

8
•
9

•
12·13 

Benzene has also been associated with increased risk of 
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multiple myeloma,3•
14

•
15 although this too is disputed.9

•
16 A 

review of308,000 benzene-exposed workers from 26 cohorts 
in 5 countries found no increased rate of non-Hodgkin lym
phoma.17 In the U.K., the occupational exposure limit for 
benzene (maximum exposure limit) is 3 ppm as an 8-hour 
time-weighted average.18 This was introduced in 2000 as the 
first part of a phased reduction to 1 ppm in 2003 in accor
dance with the Carcinogens Directive of the Council of the 
European Union. 19 The current American Conference of 
Governmental Industrial Hygienists' threshold limit value for 
benzene is 0.5 ppm.20 

A prospective cohort study of all-cause mortality and 
cancer incidence in the Australian petroleum industry, known 
as Health Watch, was established in 1980 at the University of 
Melbourne for the Australian Institute of Petroleum. In 1999 
the study was transferred to the University of Adelaide. The 
cohort consists of all employees except head office staff and 
those employed at Australian sites with fewer than 10 em
ployees. Employees in the industry have been surveyed at 
approximately 5-year intervals using an interviewer-admin
istered job and health questio1maire. This questionnaire ob
tained infonnation on jobs and tasks, on possible confound
ing variables (including smoking and alcohol), and on 
specific health outcomes. The first survey was conducted 
from 1981-1983 and resulted in an original cohort of 10,979 
men and 626 women. More subjects were recruited in the 
second and subsequent surveys. Approximately 95% of eli
gible employees in the industry have participated in Health 
Watch surveys. Employees were recruited into the Health 
Watch cohort after having served 5 years in the petroleum 
industry, and they remain in the coho1t for life. Copies of 
death certificates are obtained and cancer incidence is vali
dated through state cancer registries and the treating doctor. 
Cancer registration in Australia is a legal requirement of 
pathology laboratories and hospitals. In 1998 the cohort 
comprised 15, 732 men and 1178 women. 

Men in the cohort have been shown to have increases in 
the standardized incidence ratios for leukemia of 2.0 (95% 
confidence interval [CI] = 1.3-2.9) and for multiple myeloma 
of 1.9 (95% Cl = 1.0-3.3).21 We designed a case-control 
study to assess the association bel:\veen lympho-hematopoi
etic cancers and occupational benzene exposure among men 
in the cohort. We report the exposure-response relationships 
for lympho-hematopoietic cancers, including the subtypes of 
leukemia, and benzene exposure based on matched analyses. 

METHODS 
This case-control study is nested within the Health 

Watch cohort. We estimated the occupational exposure to 
benzene of the cases and control subjects, drawing on the 
subject's entire job history and using measured exposures for 
a wide range of tasks in the petroleum industiy. 
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Cases were defined as men in the Health Watch cohort 
who reported a newly diagnosed lympho-hematopoietic can
cer to Health Watch (either by himself or by his family) that 
was confinned by pathology report, cancer registration, letter 
from a medical practitioner, or death certificate. Registry 
cases who had not self-reported to Health Watch could be 
included under the terms of the ethics conunittee approval 
only if the man had been lost to follow up or had died. 

Seventy-nine cohort members met the definition of 
lympho-hematopoietic cancer cases. They were identified by 
searching the cancer registries and through self-report to 
Health Watch. One man was found in the cancer registry, but 
under the tenns of the ethics approval he could not be a case 
because he had not self-reported the disease and was not 
deceased or lost to contact. 

All documentation on the cases was reviewed by the 
investigators and cases were assigned to International Clas
sification of Diseases groupings according to the highest level 
of evidence (Table I). For 9 cases with uncertain histology 
the documentation was reviewed by a hematologist who 
classified cases using the French-American-British system.22 

We selected 5 male control subjects for each case. 
Control subjects were selected randomly from a list of all 
coh01t members who were eligible at the time of diagnosis 
and matched by year of birth. As a result of the random 
selection, 5 workers were used as control subjects for more 
than 1 case, 4 of whom were used in 2 case-control sets and 
1 in 3 sets. Thus, the total number of control subjects was 
395. One worker selected as a control subject subsequently 
became a case; this subject was retained as a control subject 
because he was not diagnosed at the time of selection. As a 
control subject, his exposure was truncated at the time of the 
matched-case diagnosis (as with all control subjects). As a 
case his exposure was estimated up to the time of his 
diagnosis. 

Each subject's smoking, alcohol, and job history had 
been collected as part of the Health Watch cohort surveil
lance.21 For employees interviewed in either the first or 
second Health Watch surveys in 1981-1983 and 1986-1987, 
detailed infommtion had been collected only on their current 
job and jobs held in the previous 5 years. During the third 
Health Watch survey in 1991-1993, full job histories were 
obtained for all cmrent employees interviewed. For those 
Health Watch members no longer employed in the petroleum 
industiy, lists of jobs held in the industry were obtained 
during the ammal health check mail-out in 1994. The lists 
included job titles, company, site, area of work and dates, but 
no details of individual tasks or products handled. The job 
histories were cross-checked with company personnel 
records. In those instances in which discrepancies were 
found, the more detailed record (usually the subject's) was 
used. 

© 2003 Lippincott Williams & Wilkins 
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TABLE 1. Type of Cancer by Highest Level of Evidence for the Diagnosis 

Highest Level of Evidence 

Cancer 
Doctors' Registry Death 

Type of Lympho-hematopoietic Histology Letters Alone Certificate Total No. 
Cancer ICD-9 Code (N = 39) (N = 17) (N = 14) (N = 9) (N = 79) 

Non-Hodgkin lymphoma 200,202 14 6 5 6 31 
Multiple myeloma 203 8 4 2 15 
Leukemia 204--208 17 7 7 2 33 

Chronic lymphocytic leukemia 204.1 5 5 0 11 

Chronic myeloid leukemia 205.l 4 0 6 
Acute lymphocytic leukemia 204.0 2 0 0 0 2 
Acute nonlyrnphocytic leukemia* 205.0, 208.0 7 I 2 11 
Other leukemia t 202.4, 204.9 2 0 0 3 

*This group includes 9 acute myeloid leukemias and 2 acute undifferentiated leukemias. 
tThe 3 "other" leukemias were a hairy cell leukemia and 2 unspecified lymphocytic leukemias. ICD-9, World Health Organization International 

Classification of Diseases, 9th revision. 

Cases were not themselves interviewed about their 
tasks, because this infonnation might have been subject to 
recall bias. Instead, we interviewed contemporaries at the site 
who were familiar with the requirements of the job. These 
surrogate respondents provided infonnation on the tasks that 
each subject would have perfom1ed for each job he had 
recorded in the job hist01y, the technology used at that time, 
and products handled. Current and past employees were 
interviewed, and the interviews were structured using stan
dard questionnaires for each job type based on those devel
oped for previous petroleum industry epidemiologic stud
ies.23·24 The interviewers had no knowledge of the names and 
health status of the subjects. 

We calculated the benzene exposure of each individual 
using a task-based algoritlun involving the subject's occupa
tional history; previously measured exposures for particular 
tasks in the Australian petroleum industry; and task-, site-, 
and period-specific data. This exposure model was similar to 
those used in some other petroleum industry epidemiologic 
studies23·24 but more detailed in that it was task-based and 
applied to each individual's job history. This provided an 
estimate of cumulative exposure to benzene in parts per 
million-years (ppm-years) for each subject. The subjects were 
divided into geometric exposure groups. The exposure esti
mation process is described more fully elsewhere.25·26 

We used the following additional exposure metrics to 
test the association with risk of leukemia, with and without 
adjustment for cumulative exposure: 

l. Start date: Subjects were divided into 3 groups by their 
start date in the indushy: pre-1965, 1965-1975, and post-
1975. 

© 2003 Lippincott Williams & Wilkins 

2. Duration of employment: The duration of employment (in 
participating companies) was defined as the difference 
between the earliest start date and the latest finish date for 
each subject, truncated by date of diagnosis. We calculated 
quintiles of duration with cut-points approximately every 7 
years. 

3. Whether most of the career was spent as an office worker 
or as a blue collar worker. 

4. Site oflongest-heldjob and highest-exposed job: Each site 
where a subject worked was allocated to a site type. The 
period of time and associated exposure for each subject 
was then allocated to that site type. If a subject worked in 
the office at a refine1y or a distribution tenninal, he was 
included as an office worker rather than being assigned to 
a site type. 

5. Intensity of exposure: We calculated the average exposure 
intensity (cumulative benzene exposure estimate divided 
by duration of employment) in ppm for each job. We 
divided the subjects into geometric exposure intensity 
groups based on their highest exposed job. 

6. Subjects with exposure to benzene concentrate: We iden
tified those subjects who had handled benzene concentrate 
that is I 00% benzene or BTX (benzene-toluene-xylene, 
which is principally an aromatic fraction derived from 
coke oven operations, containing approximately 70% 
benzene). 

All odds ratios and 95% confidence intervals are from 
matched analyses. 

The study was carried out with the clearance of Monash 
University Standing Conm1ittee on Ethics in Research In
volving Humans, and the Ethics Conm1ittees from Melbourne 
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and Adelaide Universities. All subjects signed a consent fom1 
to allow access to their job histories, and cases consented to 
our contacting their treating doctor for diagnostic details. 

RESULTS 
The cases and control subjects were well matched 

demographically (Table 2). They were similar with regard to 
alcohol consumption and country of birth. Control subjects 
were slightly more likely than the cases to be exsmokers. The 
risk of leukemia was not associated with smoking; odds ratios 
(ORs) were 0.55 (95% CI= 0.18-1.32) for previous smokers 
and 1.28 (95% Cl = 0.52-3.14) for c1ment smokers com
pared with never-smokers. We estimated the OR for leukemia 
associated with smoking score (pack-years) and alcohol score 
(standard drink-years) both as continuous measures. The OR 
per 100 pack-years was 0.98 (95% CI = 0.80-1.19) and per 
1000 drink-years was 0.78 (95% CI = 0.52-1.16). 

The ages of the cases at the date of case diagnosis 
ranged from 26-79 years with a mean of 54 years (Table 2). 
The mean duration of employment, prior to diagnosis, was 
20.4 years (standard deviation, 9.0 y), and ranged from 4.3-43 
years. A control subject, employed for only 4.3 years at the 
time of diagnosis of the case to which he was matched, had 
satisfied the cohort criteria of being employed in the industry 
for 5 years or more. 

Cases had, on average, a higher lifetime cumulative 
exposure than control subjects, and a greater proportion of 
cases were in higher exposure categories (Table 3). The 
subjects were grouped by cumulative exposure (ppm-years) 
into 6 geometric groups, and conditional logistic regression 
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(case-matched) was used to calculate stratum-specific ORs 
(Table 4). No increase in risk for non-Hodgkin lymphoma/ 
multiple myeloma was found with increasing exposure to 
benzene. However, the ORs for leukemia were found to be 
elevated for 3 of the 5 exposure groups compared with the 
lowest (::51 ppm-years) as illustrated in Figure I. The highest 
exposure group(> 16 ppm-years) contained 7 of33 leukemia 
cases, but only 3 of their 165 matched control subjects. For 
the 2 highest exposure categories combined (13 case-sets 
with >8 ppm-years cumulative exposure), the OR was 11.3 
(95% CI = 2.85-45.1). 

In a comparable study in the U.K. petroleum industry,27 

a cut-point of 4.79 ppm-years was used in the analysis. For 
comparison purposes we analyzed our data using the same 
cut-point and obtained an OR of2.51 (95% CI= 1.1-5.7). 

The OR associated with cumulative exposure as a 
continuous measure was 1.65 (95% CI = 1.25-2. 17), which is 
consistent with an increase of 65% for each doubling of mean 
cumulative exposure. 

There was no association between leukemia (with or 
without adjustment for cumulative benzene exposure) and 
date of starting work in industry or duration of employment 
(Table 5). Blue collar workers had a 3-fold risk of leukemia 
compared with office workers, but this risk disappeared when 
adjustment was made for cumulative benzene exposure (data 
not shown). Subjects who had worked longest at an airport 
had nearly 4 times the risk of leukemia compared with 
tenninal workers but this result was based on small numbers. 
This finding did not change after adjustment for cumulative 

TABLE 2. Lifestyle and Demographic Characteristics of the Cases and Control Subjects 

Types of Cancer 
Control 
Subjects All Cases Leukemia NHL/MM MM NHL 

Characteristic (N = 395) (N = 79) (N = 33) (N = 46) (N = 15) (N = 31) 

Age in years; mean (range) 54 (26-76) 54 (26-79) 52 (34-71) 54 (26-75) 55 (39-75) 54 (26-70) 

Tobacco; no. (%)* 
Never smoked 125 (32) 28 (35) 11 (33) 17 (37) 8 (53) 9 (29) 

Previous smoker 166 (42) 21 (27) 8 (24) 13 (28) 6 (40) 7 (23) 
Current smoker 103 (26) 30 (38) 14 (42) 16 (35) I (7) 15 (48) 

Alcohol; no.(%) 
Never drank 79 (20) 16 (20) 7 (21) 9 (20) 1 (7) 8 (26) 

Previous drinker 10 (3) 2 (3) 1 (3) 1 (2) 0 I (3) 

Current drinker 305 (77) 61 (77) 25 (76) 36 (78) 14 (93) 22 (71) 

Country of birth; no.(%) 
Australia 259 (66) 56 (71) 25 (76) 31 (67) 10 (67) 21 (68) 

UK 75 (19) 14 (18) 4 (12) 10 (22) 3 (20) 7 (23) 

Other 60 (15) 9 (11) 4 (12) 5 (11) 2 (13) 3 (10) 

*One control did not record smoking data. 
NHL/MM, combined non-Hodgkin lymphoma and multiple mycloma; MM, multiple myeloma; NHL, non-Hodgkin lymphoma. 
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TABLE 3. Cases and Control Subjects Grouped by Exposure to Benzene Expressed as Cumulative Exposure (ppm-years) 

Control 
Types of Cancer 

Subjects All Cases Leukemia NHL/MM MM NHL 
Characteristic (N = 395) (N:::: 79) (N = 33) (N = 46) (N = 15) (N = 31) 

Mean and range 
of cumulative exposure 
(ppm-years) 4.7 (0.01-57.3) 7.27 (0.01-52.7) 10.63 (0.09-52.7) 4.85 (0.01-23.4) 4. 73 (0.17-23.4) 4.91 (0.01-21.8) 

Cumulative exposure 
(ppm-years); no. (%) 
::;; I 138 (35) 18 (23) 3 (9) 15 (33) 4 (27) 11 (35) 

>1-2 56 (14) 12 (15) 6 (18) 6 (13) 2 (13) 4 (13) 

>2-4 67 (17) 16 (20) 8 (24) 8 (17) 5 (33) 3 (10) 

>4-8 64 (16) 12 (18) 3 (9) 9 (20) 2 (13) 7 (23) 

>8-16 53 (13) 11 (14) 6 (18) 5 (11) I (7) 4 (13) 

>16 17 (4) 10 (13) 7 (21) 3 (7) I (7) 2 (6) 

NHUMM, combined non-Hodgkin lymphoma and multiple myeloma; MM, multiple myeloma; NHL, non-Hodgkin lymphoma. 

benzene exposure. Similar results were found for those whose 
highest benzene-exposed job was at an airport. 

There was a strong association between leukemia risk 
and exposure to benzene concentrate that was somewhat 
reduced when cumulative exposure was controlled for. That 
is, exposure to benzene concentrate resulted in a higher risk 
of leukemia than exposure to the same amount of benzene 
encountered in a more dilute fonn such as in gasoline. 

The proportion of subjects whose highest exposed job was 
in high-intensity exposure categories was greater for cases than 
control subjects (Table 5). Exposure intensity in the highest 
exposed job was strongly related to leukemia risk, with the 
increase starting at around 0.8-1.6 ppm and with those in the 
highest exposure category being nearly 20 times more likely to 
develop leukemia than those who were unexposed. Adjusting for 

TABLE 4. Association of Leukemia and Non-Hodgkin 
Lymphoma/Multiple Myeloma by Benzene Exposure Group, 
From Conditional Logistic Regression Analysis 

Cumulative Lifetime 
Benzene Exposure Leukemia NHL/MM 
(ppm-years) OR (95% CI) OR (95% CI) 

::;; 1 • 1.0 1.0 
>l-2 3.9 (0.9-17.l) 1.1 (0.4-2.9) 
>2-4 6.1 (1.4-26.0) 1.2 (0.5-3.0) 
>4-8 2.4 (0.4-13.6) 1.3 (0.5-3.2) 
>8-16 5.9 ( 1.3-27 .0) 0.8 (0.3-2.6) 
> 16 98.2 (8.8-1090) 1.1 (0.3-4.5) 

* Reference category. 
NHL/MM, combined non-Hodgkin lymphoma and multiple myeloma; 

OR, odds ratio; CI, confidence interval. 
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cumulative exposure removed the association between high
intensity exposure and leukemia. However, exposure intensity 
and cumulative exposure are highly correlated, and goodness
of-fit statistics and the stepwise conditional logistic regression 
algoritlun did not provide unequivocal evidence that would 
distinguish between the relative contributions of cumulative 
exposure and exposure intensity to leukemia iisk. 

The ORs were also calculated by using conditional logis
tic regression for the leukemia subtypes acute nonlymphocytic 
leukemia, chronic lymphocytic leukemia, and chronic myeloid 
leukemia (Table 6); such calculations were not possible for acute 
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FIGURE 1. Leukemia and Non-Hodgkin Lymphoma/Multiple 
Myeloma (NHL/MM) odds ratios by geometric benzene expo
sure groups (ppm-years) displayed at the midpoint of the 
exposure group. (Circles indicate odds ratios; vertical lines 
depict confidence intervals). 
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TABLE 5. Distribution of Exposure Variables for Leukemia Cases and Control Subjects and Results of Matched Analyses of the 
Risk of Leukemia Using These Variables 

Exposure 
Characteristic 

Start date in industry 

Cases 
(N = 33) 
No.(%) 

Before 1965t 15 (45) 
1965-1975 12 (36) 
1975 or later 6 (18) 

Duration of employment truncated at date of diagnosis (y) 
s11t 15 (19) 
>11-17 18 (23) 
> 17-22.5 12 (15) 
> 22.5-29 16 (20) 
>29-43 18 (23) 

Exposure to benzene concentrate 

Control Subjects 
(N = 165) 
No.(%) 

63 (38) 
60 (36) 
42 (25) 

77 (19) 
83 (21) 
81 (21) 
80 (20) 
74 (19) 

Not 28 (84) 163 (99) 
Yes 5(16) 2(1) 

Exposure intensity group based on highest benzene-exposed job (ppm) 
so.it 5 (15) 65 (39) 
>0.1-0.2 9 (27) 26 (16) 
>0.2-0.4 4 (12) 25 (15) 
>0.4-0.8 4 (12) 11 (7) 
>0.8-1.6 3 (9) 31 (19) 
>1.6-3.2 6(18) 6(4) 
>3.2 2 (6) 1 (1) 

*Adjusted for cumulative benzene exposure. 
tReference category. 
er, confidence interval. 

Odds Ratio Adjusted Odds 
(95% CI) Ratio* (95% CI) 

1.0 1.0 
0.6 (0.2-1.9) 0.9 (0.3-3.2) 
0.4 (0.1-1.6) 1.0 (0.2-4.8) 

1.0 1.0 
1.2 (0.4-4.0) 0. 7 (0.2-2.5) 
1.6 (0.4-5.5) 1.2 (0.3-5.4) 
1.0 (0.2-4.2) 0.4 (0.1-1.9) 
1.6 (0.4-6.8) 0.4 (0.1-2. 7) 

1.0 1.0 
12.5 (2.4-64) 6.3 (l.1-36) 

1.0 1.0 
3.9 (1.2-12.6) 1.2 (0.3-4.9) 
2.2 (0.5-9.4) 0.5(0.1-3.2) 
6.6 (1.7-25.7) 0.6 (0.1-6.2) 
1.6 (0.4-6.7) 0.2 (0.0-2.0) 
5.6 (1.0-31.2) 0.4 (0.0-6.1) 

20.4 (1.6-270) 1.6 (0.1-38) 

lymphocytic leukemia because there were only 2 cases. Because 
there were relatively few cases of the leukemia subtypes, it was 
necessary to combine the 3 lowest exposure groups and the 2 
highest exposure groups. The ORs in the combined higher 
exposure group were raised relative to the combined lower 
exposure group for both chronic lymphocytic leukemia and 
acute nonlymphocytic leukemia. 

leum industry and an increased risk of leukemia. However, 
we did not find an association of benzene with multiple 
myeloma or non-Hodgkin lymphoma, which is consistent 
with previous findings.9

•
16

•
17 

DISCUSSION 
These data provide strong evidence for an association 

between previous benzene exposure in the Australian petro-

In our data, leukemia seems to be associated with lower 
cumulative exposures than has been observed in other stud
ies. The estimated cumulative exposures were generally sim
ilar to those reported for other petroleum industry studies, 
except that the most highly exposed subjects in our study had 
cumulative exposures of less than 60 ppm-years, whereas 
those in other studies were as high as 220 ppm-years.27

•
28 
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TABLE 6. Association of Leukemia Subtype With Cumulative Benzene Exposure From 
Conditional Logistic Regression Analysis 

Leukemia Subtype 

Cumulative Lifetime Benzene ANLL CLL CML 
Exposure (ppm-years) (N = 11) (N = 11) (N = 6) 

S4* 1.00 1.00 1.00 
>4-8 0.52 (0.05-5.Q) 2.76 (0.42-18.1) 
>8 7.17 (1.27-40.4) 4.52 (0.89-22.9) 0.91 (0.08-9.8) 

*Reference category. 
ANLL, acute nonlymphocytic; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia. 
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It has been suggested that there might be no increased 
risk at cumulative exposures below 200 ppm-years9 or inten
sity of less than 20-60 ppm. 10 In a recent large cohort study 
of Chinese workers, the relative risk for all hematologic 
neoplasms was 2.2 (95% CI = 1.1-4.2) for workers exposed 
to benzene at estimated average levels of less than 10 ppm. 11 

Over a working lifetime this could amount to a cumulative 
exposure of up to several hundred ppm-years. In our study, 
the risk of leukemia was increased at all cumulative expo
sures above 1 ppm-year, with a strong exposure-response 
relationship. There was no evidence of a threshold. 

Leukemia risk in the highest exposure catego1y was 98 
(95% CI = 8.8-1090). Combining the 2 highest cumulative 
exposure groups resulted in an OR of 11.3 (95% Cl = 
2.85-45.1). This is considerably higher than that observed in 
a similar petroleum industry study,28 which found an OR of 
2.11 (95% Cl = 0.01-138) for leukemia for those in the 
highest quartile of exposure (8-220 ppm-years). In a similar 
study,27 the leukemia OR was 2.13 (95% Cl = 0.90-5.03) for 
those in the highest quintile of exposure (>4.79 ppm-years). 
In our study, the matched OR for those exposed to greater 
than 4.79 ppm-years was similar at 2.51 (95% CI= 1.1-5.7). 

We found a positive association of benzene exposure 
with both acute nonlymphocytic leukemia and chronic lym
phocytic leukemia. An association between acute nonlym
phocytic leukemia and benzene exposure has only been 
reported previously associated with exposures above 200 
ppm-years.9•

16 In a U.K. petroleum indust1y study,27 the risk 
of acute myeloid and monocytic leukemia did not increase 
with cumulative exposure when analyzed as a continuous 
variable. However, when categorized into discrete ranges, an 
odds ratio of 2.8 (95% CI = 0.8-9.4) was found for a 
cumulative exposure of 4.5-45 ppm-years.27 

There are a number of possible confounders, including 
tobacco and alcohol consumption and exposure to other 
chemicals and radiation. Tobacco and alcohol were not con
founding factors in our data. Workers in the petroleum 
industry are exposed to a wide range of aliphatic and aromatic 
hydrocarbons found in or derived from crude oil, ranging 
from natural gas (methane) to bitumen. Known carcinogenic 
exposures include sunlight, polycyclic aromatic hydrocar
bons, asbestos, and possibly other insulating materials. A 
few, mainly older, workers have had exposure to paint, and 
some workers in the lubricating oils operations had exposure 
to white spirit (Stoddard Solvents), methyl ethyl ketone, and 
toluene. The subjects include some laboratory workers who 
have had exposure to a number of laboratory reagents. 

In 1996, a comprehensive review of risk factors for 
leukemia concluded that the only confirmed occupational risk 
factors were exposure to benzene, radiation, and some retro
viruses. There is some inconsistent evidence for leukemo
genic potential from some pesticides, styrene and butadiene 
manufacturing, and ethylene oxide.29 We consider it unlikely 
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that subjects in this study were occupationally exposed to 
retroviruses or these other agents. Some workers employed in 
the petroleum extraction, refining, and distribution industries 
might have used x-ray machines in laboratories or pipe 
surveys, but the sources are thought to have been well 
shielded. 

The present study has a number of strengths and weak
nesses. The diagnoses of the cases were well established. 
However, the study was based on a relatively small number79 

of lympho-hematopoietic cancer cases, including 33 leuke
mias of which there were only 11 acute nonlymphocytic 
leukemias and only 11 chronic lymphocytic leukemias. This 
limits the power of the study to detect excess risks for 
leukemia subgroups, particularly when we stratified the sub
jects by exposure. 

The cases were individually age-matched to control 
subjects, and both were drawn from the same prospective 
cohmt of workers in the Australian petroleum industry. The 
cohort has been followed for 20 years with serial identifica
tion of jobs, smoking habits, and health status. Only 10 of the 
474 subjects (2%) had incomplete job histories. Relatively 
few subjects in the cohort (6%) have been lost to follow up,21 

and vital status was confirmed every 5 years; thus we are 
confident that the control subjects were selected from an 
appropriate risk set. 

We estimated the subjects' exposure to benzene quan
titatively, on an individual basis, with an algorithm based on 
a substantial body of exposure data from the Australian 
petroleum industry.25 The exposure assessment method was 
validated,26 but there are always uncertainties and unknown 
sources of variation in retrospective exposure assessments. 
Between-worker variation in exposure measurements, result
ing from personal factors such as individual work practice, 
was not included in the exposure assessment reported here. 
There was also uncertainty about exposures before 1975 
because jobs have changed over the years, but the available 
exposure data used in the algorithm postdated this period. 
However, the Health Watch cohort is relatively recent com
pared with other similar studies in which jobs held before 
1920 were assessed.27

•
28 Most of the subjects in our case

control study started work after 1965; the earliest start date 
was 1941. This means that jobs have changed less in our 
study, and for most jobs we were able to identify changes by 
interviewing contemporary coworkers. These individuals did 
not have to recall far distant exposure conditions so their 
uncertainty was reduced. 

For 33 cases, including 13 leukemia cases, the complete 
job histmy was obtained after lympho-hematopoietic cancer 
diagnosis. These cases provided infonnation after diagnosis, 
about jobs held before 1975, thus introducing some potential 
for recall bias. These subjects' job histories were constructed 
from the infonnation gathered during the Health Watch 
surveys and from company records. This was then sent to the 
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subject for cross-checking. However, the high degree of 
agreement with the company records suggests that the self
reported job histories were reasonably accurate and that 
possible recall bias was low. For the remaining 46 cases, 
either the complete job history was obtained before diagnosis 
or only the company job history was used because, for 
example, the case died before the complete job hist01y col
lection. 

All smoking and drinking data were collected before 
individual diagnoses, thereby avoiding a potential cause of 
recall bias. 

The benzene exposure assessments were caITied out 
without any knowledge of the names and health status of the 
subjects to reduce observer bias. Detailed infommtion on the 
circumstances of the exposure was provided, usually by 
contemporary work colleagues of the cases and control sub
jects. Some of the site interviewees might have been able to 
identify the subjects but were instructed not to reveal their 
names or health status to the interviewer. This could have 
given rise to some recall bias, because more effort might have 
been applied to recalling the tasks with benzene exposure for 
some of the cases because the connection between benzene 
exposure and lympho-hematopoietic cancer is widely known 
within the industry. However, it is unlikely that the employ
ees would distinguish between the risk from benzene expo
sure of different cancers (leukemia compared with multiple 
myeloma or non-Hodgkin lymphoma). Our finding of in
creased risk specifically for leukemia but not for multiple 
myeloma or non-Hodgkin lymphoma suggests that recall and 
observer biases do not affect our main results. 

It is unlikely that the baseline comparison group was 
incorrectly defined because this was a nested case-control 
study with the control subjects selected from the coho1t 
matched by age. However, misclassification of only a few 
cases from the baseline group into higher exposure groups 
could markedly distort the exposure-response relation. Al
though the lowest exposed group contained many office 
workers, there is no strong socioeconomic gradient for risk of 
leukemia and the analysis of smoking suggested that this was 
not a confounding exposure. If there was a strong bias in the 
exposure estimates leading to differential misclassification, 
this should have affected the results for multiple myeloma 
and non-Hodgkin lymphoma as well; the questionnaire re
spondents would have been unlikely to draw a distinction 
between one form of hematopoietic cancer or another. The 
fact that no association was found between multiple myelo
ma/non-Hodgkin lymphoma and benzene exposure suggests 
that such bias, if present, was small. We cannot rule out the 
possibility that some bias was introduced in gathering the 
occupational histories, although such an effect would pre
sumably be small. If such bias occmTed, it could not explain 
the association between leukemia and benzene exposure that 
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was found, but might have exaggerated the exposure-risk 
relationship and hidden a low-exposure threshold. 

In summary, these data demonstrate a strong associa
tion between benzene exposure and the risk of acute and 
chronic leukemia. No association was found between ben
zene and non-Hodgkin lymphoma or multiple myeloma, or 
between any of the cancers and tobacco or alcohol consump
tion. The excess risk of leukemia was associated with lower 
cumulative exposures and lower exposure intensity than have 
been observed in other studies. We found no evidence of a 
threshold cumulative exposure below which there is no risk. 
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EXECUTIVE SUMMARY 

RESULTS FROM FOUR STUDIES 

C.J. Newell and J.A. Connor, Groundwater Services, Inc. 
AP/ Soil I Groundwater 
Technical Task Force 

Recent studies of over 600 groundwater contamination sites throughout the U.S. provide important information regarding the fate 
and transport of petroleum hydrocarbons in the subsurface. This API research summary examines the findings of four independent 
research studies and addresses several key technical issues regarding the assessment and remediation of BTEX {benzene, toluene, 
ethylbenzene, xylene) plumes. On-going research regarding MTBE plume characteristics will be addressed in a future bulletin as 
data become available. 

Key Finding: Most BTEX groundwater plumes are less than 200 ft in length and are in a STABLE or SHRINKING condition. 

II. STABLE 

THE FOUR STUDIES 

This bulletin summarizes information from four separate multi-site plume studies. Each study involved detailed analysis of data 
from a large number of sites (primarily underground storage tank facilities) to identify the key characteristics of groundwater 
contaminant plumes caused by petroleum hydrocarbon releases. Two comprehensive studies (California and Texas) evaluated how 
dissolved petroleum hydrocarbon plumes change over time. 

In all four studies, detailed technical information regarding groundwater flow parameters and plume characteristics for each site 
were compiled from technical reports or questionnaires completed by site hydrogeologists or engineers. In combination, the four 
studies define the typical features of a dissolved hydrocarbon plume based on a cumulative database of 604 sites. 

This API bulletin reviews the general methodology and principal conclusions of each study and uses these findings to answer 
several important questions related to the assessment and remediation of groundwater impacts associated wiU1 petroleum releases. 

Technical Issues Regarding Dissolved BTEX in Groundwater: 

• Typical plume length 
• Persistence over time 

California Leaking 
Underground Fuel 

• Effect of remediation 
• Key factors in plume length 

Tank (LUFT) Historical Case 
Analysis 
(Rice et al., 1995) 

• plume length • temporal trends 
• impact of remediation 
• drinking water impact 

Extent, Mass, and Duration of 
Hydrocarbon Plumes from Leaking 
Petroleum Storage Tank Sites in Texas 
(Mace et al., 1997) 

• plume length • temporal trends 
• impact of remediation 

• Plume stability condition • Drinking water impacts 
• BTEX vs. other contaminants 

1 of 8 

Hydrogeologic Database for 
Ground-Water Modeling 
(Newell et al., 1990) 

• plume length 
• comparison to other plumes 

Florida RBCA Planning Study 
(Groundwater Services, Inc., 1997) 

• plume length 
• impact of remediation 

~lmllli~X~i~:B~IT~~ 
I 
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THE FOUR STUDIES (Cont'd) 

California Leaking Underground Fuel Tank (LUFT) Historical Case Analysis 

Rice. D. W., R.D. Grose, J.C. Michaelsen, B.P. Dooher, D.H. MacQueen, S.]. Cullen, W.E. Kastcnberg, L.G. 
Everett, M.A. Marino. CA Environmental Protection Dept., Nov. 16, 1995. 

iB APPROACH: This study, also referred to as the Lawrence Livermore National Laboratory (LLNL) 
Study, involved compilation and analysis of a detailed electronic database for 271 LOFT sites. 
Groundwater flow gradients and the average length and concentration of benzene plume were 
characterized on the oasis of static water level data and groundwater time-series sampling records. 

~ KEY RES UL TS: Plume lengths "change slowly and stabilize at relatively short distances from the 
FHC (fuel hydrocarbon) release site" (90% of sites less than 255 ft). The median plume length was 101 
ft for one of the two methods of calculation (see the following page). Plume lengths tend to change 
slowly with time, while average plume concentrations decline more rapidly. Hydrogeologic 
parameters (e.g .. hydraulic conductivity, gradient) appear to have little relationship to plume length. 
Finally, "while active remediation may help reduce plume benzene concentrations, significant 
reductions in benzene concentrations can occur over time, even without active remediation." 

Extent, Mass, and Duration of Hydrocarbon Plumes from Leaking Petroleum 
Storage Tank Sites in Texas 

Mace, R.E., R.S. Fisher, D.M. Welch, and S.P. Parra. Bureau of Economic Geology. University of Texas at 
Austin, Austin, Texas. Geologic Circular 97-1, 1997. 

~ APPROACH: The Texas Bureau of Economic Geology (BEGl evaluated groundwater impacts from 
fuel hydrocarbon releases at 217 sites in Texas. Grouncfwater p ume lengths and concentrafion trends 
were analyzed in a manner similar to the California study (see Rice et al., above). In addition, 
hydraulic gradient and groundwater flow directions were characterized for various hydrogeologic 
and climatic regions of Texas. 

E'J1 KEY RESULTS: Most benzene plumes (75%) are less than 250 ft long and have either stabilized or 
are decreasing in length and concentration. The median plume length was 181 ft. Only 14% are 
increasing in concentration. and only 3% are increasing in length. The length of a benzene plume 
cannot be predicted on the basis of either site hydrogeology or previous remediation activities. 
Benzene plume characteristics are not statistically different between sites where groundwater 
remediation activities have or have not been implemented, although the authors state that these 
activities should "logically shorten the time required to decrease plume length and concentration." 

Florida RBCA Planning Study 

Groundwater Services. Inc. Prepared for Florida Partners in RBCA Implementation, Groundwater Services, 
Inc., Houston, Texas. 1997. www.GSI-net.com 

!l:i APPROACH: The Florida RBCA (Risk-Based Corrective Action) Planning Study involved 
collection and analysis of groundwater data from 117 leaking underground storage tank (LUST) sites 
distributed throughout 33 counties in Florida. Using these data, the report addresses the cost 
significance of various policy decisions related to development of the Florida RBCA regulations. For 
use in this bulletin. the plume maps and detailed site questionnaires compiled for 74 sites were 
reanalyzed to define typical plume properties. 

!a KEV RESULTS: The median plume length among these Florida LUST sites is 90 ft based on 
available benzene and BTEX data. The shorter plume lengths observed in this database may be related 
to the varying detection limits used for plume delineation. For plumes delineated to a 50 ppb benzene 
limit (51 sites), median plume length was 90 ft, compared to 120 ft for plumes delineated to 1 ppb 
benzene (21 sites). In addition, 51% of the Florida database sites are currently or had previously been 
subject to groundwater remediation efforts. 

A Hydrogeologic Database for Ground-Water Modeling 
Newell, C.]., L.P. Hopkins, and P.B. Bedient. Ground Water, Vol. 28, No. 5, Sept./Oct. 1990. pp. 703-714. 
API, 1989. Hydrogeologic Data Base for Groundwater Modeling. API Publication No. 4476, Was/Jington, D.C. 

fil1l APPROACH: Hydrogeologic and chemical information from 400 site investigations across the U.S. 
was obtained in a national survey of National Ground Water Association members conducted in 1990. 
This 400-site database (available in spreadsheet form from the AP! Information Specialist. 
ehs@api.org) includes groundwater plume dimensions for a broad range of groundwater contaminants, 
including 42 service station BTEX sites, 40 non-service station BTEX sites, 78 chlorinated ethene 
sites, 25 non-ethene solvent sites, and 21 inorganic sites. For use in this bulletin, these data were reana
lyzed to define typical plume properties for each chemical class. 

'.'lff KEV RESULTS: The 42 service station sites show a median benzene/BTEX plume length of 213 ft. 
This database includes a higher percentage of longer plumes, with six BTEX plume lengths greater 
than 900 ft. On average, however, BTEX plumes are significantly smaller than the other chemical 
classes reported in this study, as discussed later in this Bulletin. 
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COMBINED RESULTS FROM FOUR STUDIES: 
PERCENTAGE OF PLUMES OF DIFFERENT 
LENGTHS (604 SITES) 
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INDIVIDUAL STUDY 
RESULTS: 

Maximum Length: 
90th Percentile: 
75th Per 

25th Percentile: 
Minimum Length: 

3020 ft 
319 ft 
203 ft 

80 ft 
8 ft 

• LOCATION OF SITES: 

• Plume constituent(s): 

• Plume Delineation Limit: 

• Types of Sites: 

• Method For Determining 
Plume Length: 

• Sites w/ Soil Vapor Extract. 
• Sites w/ GW Pump & Treat 
• Sites w/ GW Sparging 

(note different #s of sites reported) 

CALIFORNIA 

\11 Sites 
Max 1713 ft 
90th % 255 ft 
75 % 146 ft 

Q1MWIH.hhil 
25th% 66ft 
Min 8ft 

CALIFORNIA 

Benzene 

lOppb 

UST sites with 
affected groundwater. 
No fractured rock 
sites. 

Modeled: Length 
extrapolatedfrom2-D 
transport models fit to site 
monitoring data Reported 
results for exponential and 
error-function equations 
(summarystatsabovefrom 
errorfw1Ction). 

- Not reported 
- 53 of 208 sites (26 %) 
- Not reported 
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TEXAS 

,,, 
Max 1619 ft 
9oth % 382 ft 
75% 250ft 

Dl:l·fofoif;iiill 
25th% 137 ft 

Min 54ft 

TEXAS 

Benzene 

10 ppb 

UST sites with affected 
groundwater. 
Includes limestone 
aquifers. 

Modeled: Length 
extrapolated from 2-D 
GW transport model 
fit to site monitoring 
data. Used exponential 
equation only. 

-105 of 479 (22%) 
-92 of 479 sites (19 %) 
-22 of 479 sites (5 %) 

Pt~ 
~e 

200 ft l..e,, 
400 ft 'l?tt, (/'~ 

600 ft 

FLORIDA 

74~ 

Max 

9oth % 
75% 

25th% 

Min 

FLORIDA 

600 ft 
211 ft 
158 ft 

60 ft 
12 ft 

Benzene,BTEX 

I - 50 ppb 

UST sites with 
affected groundwater. 

Measured: Length 
derived from site 
plume maps. Data 
analyzed as part of this 
bulletin. 

- Not reported 
- 32 of 7 4 sites (43 %) 
-6 of74 sites (8 %) 

HGDB 

Max 3020 ft 
90th % 945 ft 
75 % 400 ft 

MWMM~i'Uml 
25th% 85 ft 
Min 15 ft 

ENTIRE U.S. 

Most\Y benzene. BTEX 
constituents 

Not reported: probably 
analytical detection limit. 

UST sites at service 
stations located in 
various hydrogeologic 
settings. 

Reported: Plume 
lengths reported by site 
consultants in survey 
questionnaires. Data 
analyzed as part of this 
bulletin. 

-Not reported 
-Not reported 
-Not reported 
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·:HOW MANY·PET:ROUEUM:PLUMES iARE:'SHRINKING? ·:STABLE? EXPANDING?. 
~ h ' - ' ' • ' - "' ' ,~ ' ' ~-. ' ,. ' .... , • • 

APPROACH 
Both the California and the Texas studies (Rice et al., 
1995; Mace et al., 1997) analyzed changes over time in 
the length and average concentration of dissolved 
hydrocarbon plumes. For the California study, these 
evaluations were conducted on a subset of sites having 
at least 6 wells and 8 sampling episodes extending over 
multiple years. Typical monitoring records for the 
Texas study ranged from 4 to 7 years as shown in data 
from two typical sites to the right. 

Plume stability trends were determined as follows: 
Plume Length Trend: For each sampling episode, the 
plume length from the source to the 10 ppb 
concentration point was extrapolated using a 2-D 
groundwater transport model calibrated to the site 
monitoring data. Length vs. time was plotted for each 
site to define change over time. 
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Plume Concentration Trend: For each sampling episode, the average benzene concentration in the plume area was estimated using 
Delauney triangulation (Isaaks and Srivastava, 1989), an area-weighted averaging procedure involving subdivision of the plume area 
into triangular segments defined by adjacent wells. Average concentration vs. time was plotted for each site to define change over 
time. 

These methods do not account for plume spreading beyond the area described by the monitoring well array. However. both studies 
found this approach to be sufficiently robust to accurately characterize plume trends over time. 

KEY RESULTS 

' LLNL y 

Based on the observed trends, the studies grouped the plumes into four categories: 

• Expanding: Residual source present. Mass flux of contaminants exceeds assimilative capacity of aquifer. 

• Stable: Insignificant changes. Active or passive remediation processes are controlling plume length. 

• Shrinking: Residual source nearly exhausted, and active or passive remediation processes significantly reducing plume mass. 

• Exhausted: Average plume concentration very low (e.g .. 1 ppb) and unchanging over time. Final stages of source zone dissolution 
over a relatively small area at a site. 

As shown in the conceptual plume lifecycle figures below, of the nearly 500 sites addressed by this analysis, nearly 75% were found 
to be in either a stable or shrinking condition, based on analyses of both plume length and concentration. Plume concentrations were 
predominantly shrinking (47 to 59%), whereas lengths were frequently stable (42 to 61 %). These results suggest that dissolved 
hydrocarbon plumes tend to reduce more rapidly in concentration than in length. Similar results were observed in a plume study 
performed by Buscheck et al. (1996). where 67% of 119 plumes in northern California were found to be stable/shrinking in length, 
and 91 % had stable/ diminishing concentrations. 
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CALIFORNIA & TEXAS STUDIES: 90% Attenuation of Average Concentration of Shrinking Plumes 

For those plumes characterized as 
shrinking (see page 4), both the 
California and Texas studies (Rice et 
al., 1995; Mace et al., 1997) included 
an evaluation of the time required 
for the average plume concentration 
to reduce by 90%. The rates of 
change calculated for each data set 
are shown in the table to the right. 

Time Required for 90% Attenuation in Average Concentration for Shrinking Plumes: 

MEDIAN SITE 
IN CALIFORNIA: 

10th Percentile: 
90th Percentile: 

1.5 yrs 
7 yrs 

MEDIAN SITE 
INTEXAS: ~ 

;~:~ ~:~~:~~::; ~:; ~~: 
Note that, in these analyses, the aver-
age concentration term corresponds to an area-weighted average BTEX concentration derived using the Delauney triangulation 
method for each groundwater sampling episode. Consequently, trends in this concentration term should be representative of the 
total plume mass. Data from the California and Texas studies show that, once a dissolved BTEX plume begins to shrink (a condition 
observed at roughly 50 - 60% of the LUST sites in these studies), the rate of decline in plume mass is relatively rapid. Based on the 
median rate of mass reduction reported in these studies, for a shrinking plume, only 5 to 10 years are required for the average plume 
BTEX concentration to drop from an initial level of 1 ppm down to 1 ppb. (This assumes a first order decay model applies over three 
orders of magnitude of concentration reduction.) At this point. the plume reaches an exhausted condition, which may represent low 
levels of BTEX persisting in source-area wells for an extended time period thereafter. 

WHATJS THE EFFEc;;r;()f''REMEDIA7[10N ·oN BTEX PLUMES? ' . ~ ' ~ ' , ' . ' ' ., •,, ~ ' , ' ' 

Three of the four studies evaluated the performance of remediation efforts in reducing or controlling petroleum hydrocarbon 
plumes. Based on a review of large site populations, the studies consistently draw a conclusion that runs counter to expectations: 
soil and groundwater remediation efforts did not result in smaller BTEX plumes. 

QUOTES 

(Rice et al, 1995) 

(Mace er. al, 1997) 

(GS/, 1997) 

"While active remediation may help reduce plume benzene concentrations, significant 
reductions in benzene concentrations can occur with time, even without active 
remediation." (pg. EX-2) 

"At low concentration sites, pump and treat increases the probability of having a 
negative average benzene concentration trend by roughly a factor of two, while it has 
essentially no impact on probability at high concentration sites." (pg. 13) 

Pump& 
Treat Site? 

p 

52% 
71 % 
64% 
80% 

"An analysis of plume length categories shows that none of the remediation treatment 
variables have a significant impact on the relative frequencies of the different 
categories." (pg. 13) 

• 208 Sites> I ppb "'!l· cooc 

"The use of active ground-water remediation has not yet resulted in a 
lower median plume length at LPST sites throughout the state where 
corrective action is under way. This does not mean that remediation 
does not improve ground-water conditions at individual sites, but that 
when all LPST sites are reviewed, plume lengths at sites with 
remediation do not appear different from plume lengths at sites 
without remediation." (pg. 34) 

"This probably means that significant spills occur before being detected 
and that most plumes are in place and in equilibrium before active 
remediation takes effect." (pg. 34) 

67 Sites WITH 
Pump & Treat 

117WITHOUT 
Pump & Treat 

Stable 

35 % 

38% 

Shrinking Exhaus. 

61 % 4 % 

52% 10% 

"We found no difference in plume length between different remediation techniques and sites with no remedial action." (pg. 33) 

"Of the 117 sites included in this study, affected soils have been previously removed at 
28 sites. For these 28 sites, the estimated median groundwater source mass is 
approximately 34% lower than the median groundwater source mass where overlying 
soils have not yet been removed. These data suggest that, while the soil removal actions 
have served to reduce groundwater impacts, a significant percentage of the contaminant 
source (66%) remains in place in the saturated, water-bearing unit." (pg. 21) 

" .. soil removal would not significantly affect groundwater remediation requirements." (pg. 21) 
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TEXAS AND CALIFORNIA STUDIES 

The California and Texas studies attempted to correlate plume length with various hydrogeologic factors. In both studies, plumes 
were segregated into two subsets (shallow vs. deep) and correlation coefficients were calculated for plume length vs. a range of site 
parameters. Results of these analyses are summarized below. 

The Texas study (Mace et al., 1997) con
cluded that plume length could not be 
predicted by the following variables: 

• Depth to water 
• Hydraulicgradient 
• % Organic Carbon in water-bearing zone 
• Thickness of sweep (smear) zone 
• Hydrogeologic setting (in unconsolidated media) 
• Previous remediation activities (see page 5) 

The authors concluded that "hydrogeologic site charac
teristics and site activities considered in this study do not 
explain the variation in average plume length or plume 
mass and concentration." 

The report identifies other factors, 
such as the amount of spilled fuel 
and natural biodegradation rate, 
as having a greater influence than 
hydrogeology or previous reme
diation activities. 

-The California study (Rice et al., 1995) concluded 
that plume length was not correlated to: 

• Groundwater dcptl1 
• Saturated tl!ickness 
• Free product tllickness 
• Hydraulic gradient 

• Number of site layers 
• Previous remediation 

activities (sec page 5) 

The authors concluded that: "Individual or combinations of 
other hydrogeologic variables have little apparent rela
tionship to plume characteristics. Correlations among a 
variety of hydrogeologic variables and plume length show 
no indications of interaction. Transport indices that in 
theory should affect plume length, such as groundwater 
flow velocity, show no correlation." 

They attributed the lack of correlation to the presence of 
controlling but not measured variables (such as source mass 
and biodegradation rate). scatter in the hydrogeologic data, 
and cyclical change in hydrogeologic variables that causes a 
delayed effect on plume length, and general site complexity 
wherein each site has a unique set of controlling variables. 

These studies suggest that the size of the release is probably one of the key variables that controls plume length. Larger sources (in 
terms of mass, width, and affected soil volume) mean that more dissolved-phase constituents are transferred to groundwater, creating 
longer dissolved phase plumes. 

HOW.MUCH GROUND WAT:tRJS,AEEECTED,'BY,:B"fEX PLUMES? . 

An upper-range estimate of the total volume of groundwater resources impacted by releases from LUST sites can be obtained using a 
calculation method described in the California study (Rice et al., 1995). In this method. the 95th percentile BTEX plume volume 
observed in the California study (i.e., 0. 7 acre ft. or 230,000 gallons) is multiplied by the total number of reported LUST sites to obtain 
a total affected groundwater volume. Dividing this value by the total groundwater basin storage capacity provides an estimate of the 
percentage of resources impacted by LUST sites. Results for both California and the U.S. are provided below. Note that LUST sites 
usually aTfect shallow water table aquifers not typically used for public supply. 

El 
TotalGW BTEXPlume x No.of """"" - """"" Volume (95%) LUST Sites - f!I Resource Volume """""' 

\ 0.7 acre-ft 10,000 7000 acre-ft 1.3 billion acre-ft 0.0005 % 

- 0.7 acre-ft. 358,000 250,000 acre-ft 614.3 billion acre-ft 0.00004 % 
(U.S. EPA, 1998) (Lehr, 1985) 
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The HGDB Study (Newell et al., 1990) provides 
plume length data for a variety of contaminants, 
including BTEX, chlorinated solvents, and brine 
releases. This chart shows plume widths and lengths 
as reported by HGDB respondents. As shown, BTEX 
plumes are much smaller than other types of plumes. 
Likely causes for this difference include: i) the 
smaller source zone area associated with BTEX 
releases from LUST sites. and ii) the more bio
degradable nature of BTEX constituents relative to the 
other contaminants. Note that other studies arc in 
progress to characterize other types of plumes (e.g., 
Happel et al., 1998; Mace, 1998; Newell et al., 1998). 
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EXHIBIT 

IQ 
Use of Long-Term Monitoring Data to Evaluate Benzene, 

MTBE, and TBA Plume Behavior in Groundwater 
at Retail Gasoline Sites 

R. Kamath1
; J. A. Connor2; T. E. McHugh3

; A. Nemir4
; M. P. Le5

; and A. J. Ryan6 

Abstract: Long-term groundwater monitoring data for 48 retail gasoline sites were analyzed to define the characteristics of affected ground
water plumes containing benzene, methyl tert-butyl ether (MTBE), and tert-butyl alcohol (TBA). Results of this analysis were used to de
termine the observed range and statistical distribution of current plume lengths, plume stability conditions, constituent concentration trends 
and attenuation rates, and the remediation timeframe for this population of sites. The goal of this evaluation was to characterize plume 
behavior as observed across a variety of hydrogeologic settings, on the basis of detailed groundwater monitoring records, rather than to 
define the site-specific factors controlling plume behavior. The results indicate that MTBE plumes in groundwater underlying a majority 
of these underground storage tank sites that were monitored for five years or longer (1) have significantly diminished in concentration over 
time, (2) are comparable in length to benzene plumes, (3) are, like benzene plumes, principally stable or shrinking in size and concentration, 
and (4) are on track to achieve remedial goals within a timeframe comparable to or faster than that of benzene plumes. At these same sites, 
TBA plumes were found to be comparable to benzene and MTBE plumes in terms of plume length. However, whereas most TBA plumes are 
also stable or shrinking, the percentage of TBA plumes that are currently stable or shrinking (68%) is less than that for benzene plumes (95%) 
or MTBE plumes (90% ), likely reflecting the temporary build-up of TBA concentrations in groundwater attributable to methyl tert-butyl ether 
(MTBE) biodegradation. Nevertheless, overall trends for TBA concentrations in groundwater indicate that TBA is attenuating at rates 
comparable to benzene and MTBE and can be expected to meet applicable remediation goals in a similar timeframe as the other gasoline 
constituents. DOI: 10.1061/(ASCE)EE.1943-7870.0000488. © 2012 American Society of Civil Engineers. 

CE Database subject headings: Groundwater pollution; Benzene; Plumes; Remediation; Gasoline. 

Author keywords: MTBE; Benzene; TBA; Reformulated gasoline; RFG; UST; Groundwater plume behavior; Plume length; Attenuation 
rate decay rate; Remediation timeframe; Plume stability. 

Introduction 

In the 1990s, detections of methyl tert-butyl ether (MTBE) in the 
groundwater at petroleum storage tank sites and water supply wells 
generated considerable scientific and regulatory concern regarding 
the potential effect of this relatively new gasoline fuel additive on 
groundwater resources [USGS 1995; California Environmental 
Protection Agency (CEPA) 1999; USGS 2001]. In contrast to 
non-oxygenated gasoline fuel constituents, MTBE was known to 
be highly soluble in water, with low sorption coefficients, and 
was understood to be relatively recalcitrant to natural biological 
activity (Yeh and Novak 1991; Suflita and Mormile 1993; Hubbard 
et al. 1994; Mormile et al. 1994; Neilson 1994). As a result, some 
scientists predicted that, in comparison with non-MTBE gasoline, 
releases of MTBE-containing gasoline from underground storage 
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2President, GSI Environmental Inc., Houston, Texas. 
3Vice-President, GSI Environmental Inc., Houston, Texas. 
4Environmental Scientist, GS! Environmental Inc., Houston, Texas. 
5Environmental Engineer, GS! Environmental Inc., Houston, Texas. 
6Stanford Univ., Stanford, California. 
Note. This manuscript was submitted on November 15, 2010; approved 
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viro11111e11tal E11gi11eeri11g, Vol. 138, No. 4, April 1, 2012. ©ASCE, ISSN 
0733-9372/2012/4-458-469/$25.00. 

tank (UST) sites would result in relatively long plumes of affected 
groundwater that would cause much longer-term effects on ground
water resources and drinking water supplies (Fogg et al. 1998; 
Odencrantz 1998; Weaver and Small 2002). These predictions were 
supported by the discovery of a few exceptionally long MTBE 
plumes extending thousands of feet down-gradient of the release 
point, such as in Long Island, New York (Weaver et al. 1996; 
Weaver et al. 1999). 

However, studies evaluating actual field measurements of hun
dreds of MTBE plumes across the United States and abroad have 
found the true extent and duration of MTBE effects on groundwater 
to be much less than previously anticipated. Specifically, monitor
ing data for groundwater plumes at nearly 400 gasoline release sites 
in California (Happel et al. 1998; Shih et al. 2004), Texas (Mace 
and Choi 1998; Shorr and Rifai 2002; Rifai et al. 2003), South 
Carolina (Wilson et al. 2003), and Florida (Reid et al. 1999; 
Reisinger et al. 2000) show that MTBE plumes typically stabilize 
at relatively short lengths ( < 200 ft), which are comparable to those 
of benzene plumes. Additionally, groundwater monitoring results 
from a total of 81 sites evaluated in Texas in 2002 (Shorr and Rifai 
2002) and in Florida in 1999 (Reid et al. 1999) indicate that the 
majority of MTBE plumes (75%) are stable or decreasing in length. 
Furthermore, with regard to MTBE concentrations in individual 
monitoring wells, data from a total of 1628 monitoring wells in 
Texas (Rifai et al. 2003) and Connecticut (Stevens et al. 2006) in
dicate that MTBE concentrations in the groundwater are stable or 
decreasing over time in 74% of the wells evaluated. Research out
side of the United States similarly reported the effects of MTBE 
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on potable groundwater sources to be relatively limited on a 
regional scale. For example, in England and Wales, modeling 
analyses based on 3,000 groundwater samples from over 800 sites 
found that the potential plume dimensions for ether oxygenates, 
such as MTBE, did not pose a major threat to public water 
supplies (Environment Agency 2000). Additionally, a review of 
groundwater conditions at a number of sites with exceptionally 
large MTBE plumes discovered in the 1990s (Fogg et al. 1998; 
Odencrantz 1998; Weaver and Small 2002) indicate that the MTBE 
plume length and concentrations have diminished significantly 
over time [Environmental Assessment & Remediations (EAR) 
2005; EAR 2011; New York State Department of Environmental 
Conservation (NYSDEC) 2011]. 

Nevertheless, some of these studies indicate that their conclu
sions may be of limited applicability or certainty owing to the short 
duration of groundwater monitoring history analyzed for individual 
sites ( < 1 to 3 years) and/or insufficient evaluation of the plume 
stability condition (Happel et al. 1998; Shih et al. 2004). Employ
ing short-term data to predict long-term plume trends can entail 
uncertainty because (1) short-term groundwater monitoring data 
are more vulnerable to seasonal fluctuations and sampling variabil
ity; and (2) employing short-term monitoring records could under
estimate the true rate of attenuation of compounds, such as MTBE, 
that require longer acclimation periods to undergo biodegradation. 
Similarly, characterization of the plume stability condition is im
portant for understanding whether the current plume length repre
sents the maximum area of effect or if further plume expansion 
could occur. 

In addition, recent reports on complex groundwater plumes 
(e.g., detached and/or diving plumes), such as those located in 
the Long Island, New York area (Weaver and Wilson 2000; Nichols 
and Roth 2006), in California (Wilson et al. 2004), in Illinois 
(Wilson et al. 2005), and in dual-porosity aquifers such as the 
Cretaceous Chalk in the United Kingdom (Thornton et al. 2006), 
note the importance of adequate monitoring networks to achieve 
detailed horizontal and vertical delineation of groundwater plumes 
at typical UST sites. In the absence of adequate horizontal and ver
tical delineation, failure to identify detached plumes or diving 
plume conditions could result in misinterpretation of the ground
water conditions at UST sites, such as underestimation of actual 
plume lengths. This study evaluates hydrogeologic conditions at 
each site to identify those sites at which diving plumes may be 
of concern because of elevated recharge rates, vertical flow gra
dients, and/or absence of stratigraphic features serving to impede 
downward plume migration. 

The present study attempts to improve the understanding of 
MTBE plume behavior by (1) evaluating a database of geographi
cally diverse sites with long-term groundwater monitoring records 
and (2) employing a comprehensive analytical approach that in
cludes evaluation of current plume stability (including the potential 
for detached and diving plume conditions), current plume length, 
temporal concentration trends in groundwater, and attenuation rates 
for MTBE at these sites. In addition to MTBE, the behavior of 
benzene and tert-butyl alcohol (TBA) plumes in groundwater are 
evaluated and the long-term behavior of these three constituents in 
groundwater at these sites are compared. Benzene is used in this 
study as a representative component of non-MTBE fuel, for which 
the fate and transport characteristics in groundwater were well de
fined in prior studies, such as Weidemeier et al. 1999. TBA, an 
intermediate biodegradation product of MTBE, was shown to bio
degrade in both aerobic and anaerobic environments (Zeeb and 
Weidemeier 2007). Evaluation of these three chemicals in ground
water at petroleum release sites is intended to characterize the 

behavior of MTBE relative to that of benzene, and the MTBE 
degradation product, TBA. 

Methodology 

This study was conducted using monitoring records from a data
base of 48 retail gasoline sites with historical detections of benzene 
and MTBE in groundwater. For this purpose, long-term monitoring 
records for UST sites, corresponding to sites with complete records 
for at least six monitoring wells for five years or more, were soli
cited from regulatory agencies, energy companies, and environ
mental consultants. Of an initial population of 54 sites, the 
number of sites found to meet the screening criteria was 48 for 
benzene, 48 for MTBE, and 38 for TBA. At each site meeting 
the minimum data requirements, plume behavior for each constitu
ent was characterized by evaluating the current length, the current 
stability condition, the temporal concentration trends, the observed 
attenuation rates, and the timeframe necessary to achieve applicable 
remediation goals. 

The groundwater remediation goals used to define the length of 
the affected groundwater plumes and evaluate the timeframe to 
achieve remediation endpoints are as follows: 5 µg/L for benzene, 
IO µ,g/L for MTBE, and 12 p.g/L for TBA. For benzene, the 
remediation goal corresponds to the federal maximum contaminant 
level (MCL) for drinking water (5 µg/L), (EPA 2009). For MTBE, 
the value corresponds to the New York State Department of Envi
ronmental Conservation (NYSDEC) groundwater standard for 
MTBE (10 µg/L), (NYSDEC 2008) and for TBA, the value cor
responds to the California drinking water action goal (12 µg/L) 
(RWQCB 2004). The reported laboratory detection limits for 
groundwater analyses at the 48 sites evaluated in this study were 
rarely above the concentration limits (benzene= 6%; MTBE = 9%; 
TBA= 14% ), providing an appropriate level of sensitivity to evalu
ate current compliance with remediation goals. 

The following section describes the site database used in this 
study and the methodology used to evaluate plume behavior at each 
site. 

Database of Long-Term Groundwater Monitoring 
Records for UST Sites 

Key characteristics of the groundwater monitoring database for the 
48 sites included in this study are as follows: 

Geographic location: The sites are located in various states in 
the United States with different histories of MTBE use; speci
fically, 63% of the sites are in California, 19% in New Jersey 
I 0% in Alaska, 6% in Oregon, and 2% in Nevada. A majority of 
the sites (82%) are located in California and New Jersey, two 
states that together, represented 45% of the total MTBE con
sumption in the United States in 2001 (Lidderdale 2003). 
Current site use: Of the 48 UST sites, 30 are active service sta
tions and 18 are inactive stations or vacant lots with no further 
potential for releases of gasoline. 

• Release history: Available information indicates that under
ground fuel storage tanks and dispenser islands were principal 
sources of release of leaded and/or unleaded gasoline at the 48 
sites evaluated. More than 70% of the 48 sites have records of 
releases occurring after 1992 or are active service stations that 
handled MTBE reformulated gasoline (RFG) after 1992. 

• Environmental effects: Non-aqueous phase liquid (NAPL) or 
sheen was reported in monitoring wells at 34 of the 48 sites. 
Groundwater impacts were reported to be limited to a shallow 
aquifer unit at a majority of the sites, with only 6% of the sites 
reporting effects to more than one aquifer zone. 
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• Groundwater monitoring program: For the 48 sites included 
in this study, the median number of groundwater monitoring 
wells per site is 17, with a median of four wells located in the 
source area ("source wells"), seven wells located within the 
plume downgradient of the source ("plume wells"), and six wells 
located outside of the affected groundwater plume ("delineation 
wells"). In this study, only wells designated as either source wells 
or plume wells were used to evaluate plume concentration trends. 
The median length of time that groundwater monitoring was un
derway at the 48 sites is 15 years for benzene, 11 years for 
MTBE, and eight years for TBA. Additionally, for the purpose 
of calculation of point attenuation rates, only those wells with 
more than eight years of monitoring data were used. 

• Remediation history: For 44 of the 48 sites evaluated in this study, 
information was available regarding past or on going remedial 
actions for affected groundwater. In sum, seven sites (16%) were 
managed only by monitored natural attenuation (MNA); nine 
sites (20%) were addressed only with NAPL recovery; 13 sites 
(30%) received some form of active groundwater remediation 
(e.g., pump and treat, air sparging) without NAPL recovery; 
and 15 sites (34%) received some form of active groundwater 
remediation in combination with NAPL recovery. 
As indicated by the relatively extensive monitoring well net

works, the long groundwater monitoring periods, the past presence 
of NAPL, and the implementation of active remedies at a majority 
of the sites in this study, this database is more representative of sites 
with larger fuel releases and more extensive groundwater impacts 
as opposed to sites with only minor MTBE effects on groundwater 
(e.g., with a few monitoring wells showing low-µg/L concentra
tions of MTBE in groundwater). Consequently, the findings of this 
study should be understood to pertain to plumes at sites with rel
atively significant fuel releases and not to sites with de minimis 
releases of MTBE at which much shorter plume lengths and dura
tions may be observed. 

Evaluation of Groundwater Plume Behavior 

For each of the 48 sites in this study, the behavior of the affected 
groundwater plume was evaluated as follows: 

1. Plume stability: The current plume stability condition was 
characterized by two methods: (1) comparing the maximum 
spatial extent of the groundwater plume observed historically 
with the spatial extent observed during the most recent sam
pling event at the site and (2) evaluating long-term concentra
tion trends in the wells located at the downgradient edge of 
the plume using the Mann-Kendall statistical method, as de
scribed in the MAROS software system [Air Force Center 
for Environmental Excellence (AFCEE) 2000]. For each con
stituent, the plumes were then classified as shrinking, stable, 
expanding, no trend, or detached. Plume concentration trends 
were characterized using the Mann-Kendall statistical method, 
as described in Aziz ct al. (2003), as follows: (1) an increasing 
trend refers to a Mann-Kendall result of increasing with a sig
nificance level > 903; (2) a decreasing trend refers to a Mann
Kendall result of decreasing with a significance level > 903; 
(3) a stable condition refers to a Mann Kendall result of no 
trend at a significance level > 903 and with a coefficient of 
variation (COV) < I (indicating low degree of variability); and 
(4) no trend refers to a Mann-Kendall result of no trend but 
with a significance level < 903 and a high degree of variabil
ity (COV > 1). Using this approach, plume stability was eval
uated for benzene at 42 sites, for MTBE at 41 sites, and for 
TBA at 34 sites. 

2. Current measured and estimated plume length: Current plume 
lengths were determined either by (I) measuring the distance 

1200 •. -----------~ ... 

0 400 

y = 1.2695x + 60.595 

R2 = 0.4387 

+ 

800 1200 
Measured Plume Length (ft) 

Fig. 1. Correlation between estimated ersus measured plume lengths at 
30 UST sites with well-delineated MTBE, benzene, and TBA plumes 

from the source location to the downgradient location meeting 
the remediation goal (i.e., a clean location), for those sites in 
which the existing monitoring well network included at least 
one clean downgradient well (designated as well-delineated 
plumes in this study); or (2) estimating the distance from the 
source to a clean downgradient location, using an empirical 
estimation method on the basis of the observed bulk attenuation 
rate (Newell et al. 2002), for those sites at which the current mon
itoring well network did not include a clean downgradient well. 
Plumes for which the lengths could not be either directly mea
sured or estimated were designated as indeterminate. 

The available data were sufficient to provide measurements 
of plume length for 26 benzene plumes, 28 MTBE plumes, and 
19 TBA plumes. These well-delineated plumes were consid
ered the more reliable measure of plume length and were con
sequently used to check the plume length estimation method 
used for plumes with less complete delineation. As shown in 
Fig. I, the estimated plume lengths for the well-delineated 
plumes, derived using the bulk attenuation rate, show a reason
able correlation to the true measured plume lengths at these 
sites (slope = 1.2, R2 = 0.43), with the error tending toward 
overestimation of the true plume length in most cases. On this 
basis, this calculation method was considered a conservative 
method for estimating the plume length for those sites with 
less complete delineation. Using this methodology, estimated 
plume lengths were derived for an additional eight sites for 
benzene, seven sites for MTBE, and three sites for TBA. 

Indeterminate plume lengths were found at 19% of the ben
zene sites, 15% of the MTBE sites, and 35% of the TBA sites 
in this study. To account for the effect of these indeterminate 
lengths on the plume population statistics (specifically, the 
median plume length), as a highly conservative measure the 
indeterminate plumes were assumed to be equal to or longer 
than the longest measured or estimated plume length deter
mined for each constituent. 

Additionally, to ensure that the available monitoring data 
provided a reliable measure of true plume dimensions, at each 
site and for each constituent the possible occurrence of a diving 
plume was evaluated on the basis of available data for vertical 
delineation of the plume. This entailed review of groundwater 
test results from the deeper monitoring wells on each site to con
firm that the plume did not extend downward beyond the depth 
of the monitoring network, resulting in possible mischaracteri
zation of the true plume length. Furthermore, each site was 
evaluated using the EPA plume dive calculator (Weaver and 
Wilson 2000) to determine whether site-specific hydrogeologic 
conditions could result in downward displacement of the plume 
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sufficient to extend beyond the depth of the monitoring welI net
work. Results of this analysis found none of the sites to pose a 
concern with regard to diving plumes. Stratigraphic features at 
each site may have played an important role in limiting plume 
dive in the groundwater underlying these sites (Wilson 
et al. 2005). 

3. Current plume concentration trends: To evaluate the long-term 
temporal trends of constituent concentrations in groundwater 
at the 48 sites, monitoring data from individual wells that was 
sampled during eight or more sampling events, with detectable 
concentrations reported in four or more of these sampling 
events, were evaluated as follows: 

(1) Concentration trends in individual wells: To assess the 
trend of concentration versus time within each well, mon
itoring data from individual wells were statistically eval
uated using the Mann-Kendall method, as described in 
the MAROS software system (AFCEE 2000). Addition
ally, to minimize the effect of analytical variability and 
data censoring attributable to the detection limit, only 
wells in which individual constituents had historically 
been detected above 20 1ig/L were evaluated for concen
tration trends. Of the 589 source wells and plume wells 
installed at the 48 sites, 288 wells (43 sites), 306 wells 
(42 sites), and 241 wells (34 sites) met these minimum 
criteria for benzene, MTBE, and TBA, respectively. 

(2) Current versus historical compliance with applicable reme
diation goals: Monitoring data from individual wells that 
were sampled during at least one event after 2007 were 
evaluated for past and current compliance with the applic
able remediation goals. In total, 218 wells (33 sites), 279 
wells (34 sites), and 134 wells (22 sites) met these selec
tion criteria for benzene, MTBE, and TBA, respectively. 

(3) Changes in maximum groundwater concentrations at 
individual sites over time: Additionally, as a simple mea
sure of the change in plume concentrations over time on 
a site-wide basis, the maximum historical concentration 
of each gasoline constituent detected in any well during 
the initial 20% of the monitoring history at a site was 
compared with the maximum concentration reported al 
any well during the most recent sampling event conducted 
at the site after 2007. At the 48 sites, maximum concen
trations of gasoline constituents measured in groundwater 
ranged between 45 µg/L and 120,000 µg/L for benzene, 
between 23 1ig/L and 1, 700,000 /J,g/L for MTBE, and 
between 68 µ.g/L and 700,000 pg/L for TBA. Reduction 
in maximum groundwater concentrations over time were 
evaluated at 42 sites for benzene, 41 sites for MTBE, 
and 34 sites for TBA. 

4. Point attenuation rates in individual wells and at sites: A first
order rate of attenuation of chemical concentrations in the 
groundwater aquifer was calculated for each source well and 
plume well that exhibited a stable or decreasing concentration 
trend by estimating the slope of the lognormal plot of concen
tration versus time [lnC versus t; point attenuation rate, as de
fined in Newell et al. (2002)) for benzene, MTBE, and TBA at 
each well. 

5. Additional and total remediation timeframe: For the purpose of 
this study, the additional remediation timeframe corresponds to 
the estimated future period required from the date of the last 
monitoring episode for each site (typically 2009) until the max
imum constituent concentration measured at the site is reduced 
to the applicable remediation goal. This additional timeframe 

for each site was calculated using the site-specific average 
point attenuation rates (see point 4 above) and the most recent 
maximum concentration for each constituent (Newell et al. 
2002). The total remediation timeframe for each compound 
was calculated as the sum of (I) the duration of groundwater 
monitoring period following the first detection of the constitu
ent at the site and (2) the maximum estimated additional reme
diation timeframe necessary to meet the applicable remediation 
goal for that constituent. Using this approach, additional and 
total remediation timeframes were evaluated at 37 sites for 
benzene, 31 sites for MTBE, and 15 sites for TBA. 

MTBE-degrading microbes are understood to require longer ac
climation periods than the microbes that degrade benzene, toluene, 
ethylbenzene, and xylene (BTEX) constituents (Shah et al. 2009). 
Consequently, lo avoid underestimating the true rate of biodegra
dation of MTBE in the groundwater, this evaluation included only 
those wells with long-term monitoring records (> 8 years) with de
tectable concentrations of gasoline constituents measured above the 
detection limit during four or more sampling events. Additionally, 
to ensure that the observed changes in the concentration were 
attributable to attenuation rather than an artifact of variable labo
ratory results or detection limits between sampling events, only 
those wells that exhibited concentrations above 200 µg/L for each 
gasoline constituent during the initial 20% of its monitoring history 
were used to calculate the point attenuation rate for that constituent. 
Using this approach, point attenuation rates were calculated for 187 
wells (38 sites), 165 wells (30 sites), and 62 wells (16 sites) for 
benzene, MTBE, and TBA, respectively. 

The "total remediation timeframe" for each compound was cal
culated as the sum of (l) the duration of groundwater monitoring 
period following the first detection of the constituent at the site and 
(2) the maximum estimated additional remediation timeframe nec
essary to meet the applicable remediation goal for that constituent. 
Using this approach, additional and total remediation timeframes 
were evaluated at 37 sites for benzene, 31 sites for MTBE, and 
15 sites for TBA. 

Results of Data Evaluation 

Plume Stability 

The results show that the vast majority of the benzene plumes 
(95%) and the MTBE plumes (90%) evaluated in this study are 
stable or diminishing in size (see Fig. 2). Less than 5% of benzene 
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Fig. 2. Results of groundwater plume stability evaluation at individual 
sites 
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plumes (2 of 42 sites) and MTBE plumes (2 of 41 sites) were 
observed to be expanding in size over time. MTBE plumes showed 
evidence of being detached from the original release area at a small 
number of sites (2 of 41 sites); however, comparison of the past and 
current dimensions of these detached MTBE plumes shows that the 
spatial extent of on-site and off-site groundwater impacts for these 
detached plumes is also diminishing in size. None of the 42 ben
zene plumes exhibited detached conditions. 

For TBA, 68% of the plumes evaluated (23 of 34 sites) are 
currently stable or shrinking in size, whereas 26% (9 of 34 sites) 
were observed to be expanding in size over time. At the remaining 
two sites (6%), TBA was detected at higher concentrations in the 
plume wells than in the source wells, indicating a detached plume 
condition. The higher percentage of expanding TBA plumes (26%) 
compared with that of its parent compound MTBE (approx. 5%) 
suggests that, at some sites, biodegradation of MTBE has contrib
uted to increased concentrations of TBA in the areas downgradient 
of the plume source area. 

In summary, in terms of plume stability, MTBE plumes closely 
match the behavior of benzene plumes, with the vast majority of the 
MTBE plumes investigated (> 90%) being in a stable or diminish
ing condition. Additionally, preliminary evaluation of the MTBE 
footprint at the few sites with detached plumes shows that on-site 
and off-site groundwater impacts are now much smaller in size than 
in the past, thus suggesting that, similar to normal groundwater 
plumes, detached plumes also stabilize and attenuate over time 
and distance. Although a majority of the observed TBA plumes 
are also stable or diminishing (68%), the lower percentage relative 
to MTBE and benzene plumes likely reflects the temporary build
up of TBA concentrations in groundwater attributable to MTBE 
biodegradation. In general, TBA may persist within the portion 
of the plume where biodegradation of benzene, MTBE, and other 
gasoline constituents has depleted available electron acceptors, and 
then preferentially biodegrade in the downgradient portions of the 
plume, where higher concentrations of suitable electron acceptors 
are encountered. 

Current Measured and Estimated Plume Lengths 

For the purpose of this evaluation, plumes lengths were (1) mea
sured directly for well-delineated plumes, (2) estimated using 
a conservative empirical relationship, or (3) characterized as 
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(n = 19) 
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indeterminate on the basis of available data (see the discussion 
in the Methodology section above). Results of the plume length 
evaluation for each category of plume are provided below and 
in Fig. 3. 
(1) Measured plume lengths for well-delineated plumes: For sites 

with well-delineated plumes, the current median plume 
lengths, as measured by the monitoring well network, are 
105 feet for benzene (26 sites), 75 feet for MTBE (28 sites), 
and 118 feet for TBA (19 sites) [see Fig. 3(a)]. The 90th per
centile plume lengths for benzene, MTBE, and TBA at these 
same sites were 208 ft, 210 ft, and 226 ft, respectively. As a 
population, no statistically significant difference existed be
tween MTBE plume lengths and benzene plume lengths at the 
same sites, as determined using the Student's I-test (p = 0.69). 
The two MTBE plumes found to be detached from the source 
area exhibited plume lengths of 550 ft (with a maximum down
gradient extent 700 ft from the original source zone) and 510 ft 
(with a maximum downgradient extent 885 ft from the original 
source zone). 

(2) Estimated plume lengths: For sites with stable or shrinking 
plumes at which the existing well network was not adequate 
to delineate the plume length but for which a bulk attenuation 
rate could be calculated (on the basis of a lnC versus distance 
plot), plume lengths were estimated using the method de
scribed in Newell et al. (2002) (see the discussion in the Meth
odology section above). For this population of sites, the current 
median estimated plume lengths are 354 feet for benzene (eight 
sites), 379 feet for MTBE (seven sites), and 371 feet for TBA 
(three sites) [see Fig. 3(b)]. 

(3) Measured and estimated plume lengths: In combination, the 
cun-ent median plume lengths were measured or were esti
mated to be 125 feet for benzene (34 of 42 sites), 110 feet 
for MTBE (35 of 41 sites), and 145 feet for TBA (22 of 34 
sites) [see Fig. 3(c)]. For this data set, the 90th percentile plume 
lengths for benzene, MTBE, and TBA are 356 ft, 454 ft, and 
366 ft, respectively [see Fig. 3(b)]. 

(4) Measured, estimated and indeterminate plume lengths: The 
plume length values presented above do not include inde
terminate plumes, for which the plume lengths could not be 
measured or estimated on the basis of available data, corre
sponding to 19% of the benzene plumes (8 of 42), 15% of 
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Fig. 3. Distribution of (a) measured plume lengths for well-delineated plumes; (b) measured and estimated plume lengths for all plumes 

462 f JOURNAL OF ENVIRONMENTAL ENGINEERING© ASCE f APRIL 2012 

 
012050



0 200 400 600 800 

Measured or Estimated MTBE Plume Length (It) 

Fig. 4. Comparison of measured or estimated plume lengths for ben
zene versus MTBE 

MTBE plumes (6 of 41), and 35% ofTBA plumes (12of34) in 
our data set. 

Given that these indeterminate plumes extended beyond the 
extent of the existing monitoring well networks, expecting that 
the average length of these plumes would exceed the average 
length of the plumes whose lengths were delineated or esti
mated is reasonable. Therefore, as a conservative measure, 
the median lengths of the full plume population, including 
the indeterminate plumes, were estimated using highly 
conservative assumption that all of the indeterminate plumes 
are equal to or longer than the longest measured or estimated 
plume length. Given this assumption, the adjusted median 
plume lengths for the full population of measured, estimated, 
and indeterminate plumes are 171 feet for benzene, 140 feet for 
MTBE, and 235 feet for TBA. These values correspond to a 
very conservative high-end estimate of median plume lengths 
and may significantly over estimate the tme median 
plume length for this population. 

(5) Comparison of MTBE and benzene plume lengths: On a site
by site basis, at the 33 sites at which both MTBE and 

0 All Plumes 
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Plumes 

benzene plumes were measured or estimated, the MTBE 
and benzene plumes are not statistically different on the basis 
of a Student's t-test analysis (assuming two-tail distribution and 
unequal variances between populations; p = 0.23). Fig. 4 pro
vides a comparison of the MTBE and benzene plume lengths 
determined for these 33 sites. As shown, 70% of the MTBE and 
benzene plumes (23 of33) are within+/ - 100 feet in length, 
whereas only 12% of sites ( 4 of 33) contained plumes that dif
fered by more than 200 ft (see Fig. 4). 

In summary, for the sites in this study, the lengths of MTBE 
plumes are comparable to those of benzene plumes (adjusted 
median values of 140 feet for MTBE versus 171 feet for benzene 
for all plumes, and unadjusted 90 percentile plume lengths of 
454 feet for MTBE versus 356 feet for benzene for measured 
and estimated plumes). TBA plume lengths are also comparable 
to those of MTBE plumes (adjusted medians of 235 feet for 
TBA versus 140 feet for MTBE for all plumes, and unadjusted 
90 percentile plume lengths of 366 feet for TBA versus 454 feet 
for MTBE for measured and estimated plumes). 

Note that the applicable MTBE remediation goal employed 
in this study (i.e., 10 µg/L) is more stringent than groundwater 
standards applied in some states in the United States, including 
California (primary MCL = 13 µg/L) [California Department of 
Public Health (CDPH) 2009] and New Jersey (MCL = 70 µg/L) 
[New Jersey Department of Environmental Protection (NJDEP) 
1997). Consequently, the plume lengths presented in this paper re
present a conservative overestimate of MTBE plume lengths sub
ject to remedial action goals in those states. 

Current Groundwater Concentrations and 
Concentration Trends 

(l) Reductions in the maximum plume concentrations observed at 
each site: The monitoring records show that the maximum plume 
concentrations recorded within the initial 20% of the monitoring 
period decreased over time for 93, 90, and 74% of the benzene 
(40 sites), MTBE (38 sites), and TBA (26 sites) plumes evaluated 
in this study. Among these sites, the median reductions over time 
in the maximum historical groundwater concentration were 90% 

l 

! 90% 

l 83%80% 
_______________ J >. 

"' 
80% 

Im! Benzene (n = 288) 

D MTBE (n = 306) 

rz::d TBA (n = 241) 100% -
90% 92% x 90% .. 

Ill 
::i!ai 
c::::: 80% 
·-(/) 
c-om 70% 

=c g,Q 60% .,,-
ad~ 50% 
o::-c 40% .. 
~"' I 0 u 
cC 30%. 
mO 

20% .: :00 

"' I 
::;! 10% ·] 

0% ~---
(n=42)(n=40) 

(a) Benzene 

99% 99% 

88% 

(n=41)(n=37) (n=34)[n=23) 

MTBE TBA 

:> 
ijj 

"' = 
.!: 

"' "' "' :> 
0 
.s 
.!'l 
c; 
5: 
~ 
0 
"$. 

(b) 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 

Decreasing Stable No Trend Increasing 

Concentration Trend over Time 
Individual Wells 

Fig. 5. Concentration Trends: (a) Median percent reduction in maximum groundwater concentration at all sites; (b) distribution of groundwater 
concentrations trends versus time in individual wells (Both stable plumes and no trend plumes have a Mann-Kendall result of "no trend." However, 
for our evaluation, consistent with the MAROS guidelines (Aziz et al. 2003), "stable" is used for "no trend" results for which the level of significance 
is > 90% and COV < 1, whereas no trend refers to no trend results with level of significance < 90% and/or COV > I) 
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for benzene, 99% for MTBE, and 69% for TBA [see Fig. 5(a). For 
those sites with shrinking or stable plumes, the percentage 
reductions in the maximum historical concentrations were slightly 
higher than for the full plume population, at 92% for benzene 
(40 sites), 99% for MTBE (37 sites), and 88% for TBA (23 sites). 
At sites with detached MTBE plumes (two sites) or TBA plumes 
(two sites), the concentration reduction was observed to be approx
imately 92% for MTBE and 81 % for TBA. 

(2) Concentration Trends in Individual Monitoring Wells: 
Evaluation of the concentration trends in individual monitoring 
wells found concentrations to be stable or diminishing over time 
for 90% of wells with detectable benzene and for 86% of wells 
with detectable MTBE [see Fig. 5(b)]. Less than 2% of the wells 
containing benzene and less than 4% of the wells containing MTBE 
exhibit increasing concentration trends. For TBA, 58% of individ
ual wells show stable or diminishing concentration trends over 
time, whereas 13% of the wells exhibit increasing trends. 

(3) Current versus histotical compliance with applicable 
remediation goals: 

All wells: The number of monitoring wells that meet the 
remediation goals for benzene and MTBE increased significantly 
over the monitoring periods [see Fig. 7(a)]. Specifically, the per
centage of individual monitoring wells that meet the selected 
remediation goals (i.e., 5 µg/L for benzene and 10 µg/L for 
MTBE) increased from I 0 to 48% for benzene and from 11 to 
57% for MTBE, representing an approximate five-fold increase 
in compliance for each constituent. The percent of individual mon
itoring wells for which TBA meets the selected remediation goal 
( 12 µg/L) also increased, but by a lesser margin than the other two 
constituents, increasing to 25% in the most recent sampling epi
sodes compared with 16% historically, an approximate 60% in
crease. In general, the percentage of plume wells in compliance 
with the remediation goal is greater than those located in the source 
area, which is consistent with the commonly observed pattern of 
concentrations diminishing more rapidly in the downgradient por
tion of the plume, with measurable concentrations persisting for a 
longer period in the source area. 

Site-wide evaluation: On a site-wide basis (i.e., in 100% of 
monitoring wells), 12% of the 43 sites affected by benzene, 
24% of the 42 sites affected by MTBE, and 14% of the 35 sites 
affected with TBA presently meet the applicable remediation goal 
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for all monitoring wells [see Fig. 6(b)]. Historically, none of these 
sites met the remediation goal on a site-wide basis for all monitor
ing wells. 

In summary, during the monitoring period, the majority of sites 
investigated in this study experienced significant reductions in 
maximum plume concentrations for benzene, MTBE, and TBA 
(i.e., > 69% of sites for all three compounds). The median reduc
tion observed in the maximum concentration in MTBE plumes 
(99%) exceeds that of benzene plumes (90%) for the full plume 
populations [see Fig. 5(a)]. Within individual monitoring wells, 
MTBE exhibits concentration trends comparable to those of ben
zene, with 86 to 90% of wells showing stable or diminishing con
centrations over time. As a result, a much larger percentage of wells 
now comply with these remediation goals than was observed at the 
beginning of the monitoring period. Relative to benzene and MTBE 
plumes, a smaller percentage of TBA wells (58%) exhibit stable or 
diminishing concentrations, whereas a larger percentage indicate 
increasing concentrations (13%), which may reflect the temporary 
increase in TBA concentrations attributable to biodegradation 
ofMTBE. 

Detached MTBE and TBA plumes exhibit concentration reduc
tions (MTBE: 85 to 99% reduction; TBA: 71 to 91% reduction) 
similar to those of non-detached plumes (MTBE: 29 to 100% re
duction; TBA: 11 to 100% reduction). The median concentration 
reduction exhibited by all TBA plumes (69%) is less than that of 
MTBE (99%) and benzene plumes (90%), possibly reflecting the 
temporary build-up of TBA concentrations attributable to biodeg
radation of MTBE. 

Point Attenuation Rates in Individual Wells 

For wells exhibiting a trend of stable or diminishing concentrations 
over time, the data are amenable to calculation of a point attenu
ation rate (i.e., on the basis of C versus t) using the standard meth
ods described in Newell el al. (2002). (Note that, in this paper, 
when concentrations are declining over time, the rate constant has 
a negative value; when concentrations are increasing over time, the 
rate constant is positive). The concentration attenuation rates ob
served in individual wells for the three gasoline constituents under 
study are as follows. 
(I) Point attenuation rates in individual wells: First-order point 

attenuation rates estimated for benzene in 188 wells (39 sites) 
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Fig. 6. Comparison of historical versus current compliance with remediation goals 
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Fig. 7. Comparison of point attenuation rates for benzene, MTBE, and TBA at sites with stable or shrinking plumes 

ranged from -5.8 per year to 0.52 per year, with a median 
value of -0.59 per year [see Fig. 7(a)]. For MTBE, first-order 
attenuation rates were estimated for 175 wells (33 sites) and 
were observed to range from -3.6 per year to 0.29 per year, 
with a median value of -0.63 per year. TBA degradation rates 
were estimated for l 10 wells (21 sites) and ranged from -4.9 
per year to 1.71 per year, with a median value of -0.52 
per year. 

(2) Median point attenuation rates in wells at each site: Site-wide 
attenuation rates obtained by calculating the median attenua
tion rate for individual wells al each site are shown in 
Fig. 8(b). Attenuation rates ranged between -0.12 and 
-2.9 per year (median = -0.65 per year) for benzene, 
-2.7 and 0.01 per year (median = -0.69 per year) for 
MTBE, and -2.94 and 0.025 per year (median= -0.63 
per year) for TBA. These median attenuation values are com
parable, but slightly faster (i.e., more negative), than the va
lues detennined for each chemical on the basis the full well 
population [see Fig. 7(a)]. 

In summary, concentration trends in individual wells and on a 
site-wide basis indicate that the point attenuation rates of benzene, 
MTBE, and TBA are similar 
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As an alternative measure of the relative behavior of benzene, 
MTBE, and TBA in groundwater, the overall concentration trend 
for each constituent among the full population of sites was char
acterized as the change in the median and maximum concentrations 
versus time among all sites, as shown on Figs. 9(a) and 9(b) and 
discussed below. 

(1) Reduction in overall median concentration versus time for 
full site population: The median concentrations of benzene, 
MTBE, and TBA in groundwater for the full site population 
all decreased significantly over the past 10 years. As indicated 
in Fig. 8(a), the overall attenuation rates (C versus t) exhibited 
by these median concentration values over the past 10 years 
are -0.20 per year, -0.47 per year, and -0.27 per year for 
benzene, MTBE, and TBA, respectively, corresponding to half 
lives of 3.4, 1.5, and 2.5 years. 

(2) Reduction in maximum concentration versus time for full 
site population: Similar to the median values, the maximum con
centrations of benzene, MTBE, and TBA in groundwater for this 
site population also decreased significantly over the past 10 years. 
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Fig. 8. Trend in site-wide median and maximum plume Concentrations versus time 
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Fig. 9. Time to Remediation for Sites with Stable or Shrinking Plumes ("Benzene Only" refers to those sites where only benzene, not MTBE or TBA, 
exceeded the applicable remediation goal.) 

As indicated in Fig. 8(b), the overall attenuation rates (C versus t) 
exhibited by these maximum concentration values over the past 
10 years are -0.20 per year, -0.43 per year, and -0.29 per year 
for benzene, MTBE, and TBA, respectively, corresponding to half 
lives of 3.5, 1.6, and 2.4 years. 

In summary, when evaluated on the basis of the full site pop
ulation, both the median and maximum MTBE concentrations mea
sured in groundwater are observed to decrease at a faster rate than 
the median and maximum concentrations of benzene. The faster 
attenuation rate observed for MTBE relative to benzene may reflect 
the effect of (1) the discontinued use of MTBE in the past decade, 
as a result of which unlike benzene, additional releases of MTBE 
cannot occur at active UST sites and/or (2) the much higher solu
bility of MTBE, compared with benzene, which can result in a 
more rapid rate of dissolution and depletion of MTBE from the 
source, eventually resulting in lower contributions of MTBE from 
the source to the plume, relative to benzene. 

The median and maximum TBA concentrations observed for 
this site population are generally higher than either MTBE or ben
zene. In addition, TBA exhibits an overall average attenuation rate 
that is slower than MTBE. These observations are consistent with a 
temporary build-up of TBA, as a biodegradation product ofMTBE, 
and limited biodegradation of TBA within the more concentrated 
portions of the plume in which electron acceptors were depleted 
by preferential biodegradation of BTEX and MTBE. 

Effect of Active Groundwater Remediation on Plume 
Attenuation Rates 

To evaluate the influence of active remediation on plume concen
tration trends, attenuation rates at sites at which active groundwater 
remediation and/or LNAPL recovery were conducted were com
pared with attenuation rates at those sites that were managed by 
MNA only. Table 1 summarizes the median attenuation rates de
termined for sites classified as: (I) MNA only, (2) NAPL recovery 
only, (3) groundwater remedy only, or (4) groundwater remedy plus 
NAPL recovery, on the basis of whether such actions were con
ducted for any period of time in the site history. 

Student's t-tests (two-sided) comparing these four groups found 
that, for all three plume constituents, no statistically significant dif
ference existed between the attenuation rates observed between 
(1) MNA-only sites versus groundwater remedy only sites (groups 1 
and 3 in Table l; p-value range for the three compounds= 0.10-
0.43) or between (2) the combined population of MNA-only plus 
NAPL recovery only sites (groups l and 2 in Table 1) versus the 
combined population of groundwater remedy only and ground
water remedy with NAPL recovery sites (groups 3 and 4 in Table 1) 
(p-value range for the three compounds = 0.33-0.62). This analysis 
indicates that, for this set of sites, active groundwater remedies did 
not serve to measurably alter the rate of attenuation of plume con
centrations versus time for the benzene, MTBE, or TBA. Rather, 
the fact that groundwater remedy only sites display attenuation 
rates comparable with those of MNA-only sites suggests that 

Table 1. Comparison of Attenuation Rates of Median Plume Concentration versus Time for Different Remedial Action Conditions 

Benzene MTBE TBA 

No. of Median attenuation No. of Median attenuation No. of Median attenuation 
Groundwater remediation method Sites rate (I/yr) sites rate (I/yr) sites rate (l/yr) 

I) MNA only 7 -0.20 6 -0.56 3 -0.23 

2) NAPL recovery only 9 -0.13 9 -0.42 7 -0.18 

3) Groundwater remedy only 13 -0.27 14 -0.47 12 -0.24 

4) Groundwater remedy with NAPL recovery 13 -0.09 13 -0.46 11 -0.06 
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natural attenuation is likely the dominant attenuation mechanism 
for this population of sites. This observation is supported by the 
overall trend of TBA and MTBE concentrations across the full pop
ulation of sites (see point 5 above). The presence of TBA in ground
water at concentrations greater than MTBE similarly indicates that 
biodegradation of MTBE (i.e., conversion to TBA) is the dominant 
mass removal mechanism for MTBE and that this natural attenu
ation process is more significant than active remediation for this site 
population. 

The finding that groundwater plumes at sites managed by MNA 
only versus sites managed by active groundwater remediation are 
comparable is consistent with prior investigations of large popula
tions of BTEX plumes (benzene, ethylbenzene, toluene, and 
xylene), as reported in Newell and Connor (1998). Specifically, 
studies by Rice et al. (1995) of 208 BTEX plumes in California 
and by Mace et al. (1997) of 93 BTEX plumes in Texas found 
no statistical difference in plume lengths between active ground
water remediation sites and MNA only sites. 

In summary, the attenuation rates of the median concentrations 
of the three plume constituents are equivalent for sites in which 
active groundwater remediation was conducted versus sites in 
which only MNA was applied. In the absence of more detailed in
formation regarding the remediation activities at each of the sites in 
this study, particularly with regard to the mass of constituents re
moved or destroyed, and a comparison of plume conditions before 
and after the remedy, a degree of uncertainty in this analysis is rec
ognized with respect to the effect of remediation on plume condi
tions. For example, remediation efforts that remove a significant 
portion of the source mass from the groundwater can certainly serve 
to reduce the maximum plume size and increase the rate of plume 
shrinkage. However, at face value, the similarity of the attenuation 
rates observed at actively remediated versus nonactively remedi
ated sites suggests that natural attenuation of benzene, MTBE, 
and TBA may be the principal mechanism of mass removal for this 
population of plumes. 

Additional and Total Remediation Timeframe 

For sites with stable or shrinking plumes, which are amenable to 
calculation of point attenuation rates (C versus t), the average at
tenuation rates calculated for each site (see item 4b above) were 
used to calculate the additional time necessary for the site to meet 
the applicable groundwater remediation goal [see Fig. 9(a)]. The 
additional remediation timeframe was estimated to range from 0 
to 43 years for benzene (median = 6.4 years for 36 sites), 0 to 
28 years forMTBE (median=4 years for 31 sites), and 2 to 18 years 
for TBA (median = 4.5 years for 15 sites). 

For this same population of sites, the total remediation time
frame was determined as the sum of the additional remediation 
timeframe plus the number of years since monitoring first began 
on the site. The total remediation timeframe was estimated to range 
from 12 to 52 years for benzene (median = 24 years for 36 sites), 7 
to 41 years for MTBE (median= 15 years for 31 sites), and 9 to 
29 years for TBA [median= 17 years for 15 sites; see Fig. 9(b )]. For 
sites with MTBE and/or benzene plumes, the combined total time
frame to reach applicable remediation goals is within the range 16 
to 53 years, with a median timeframe of 28 years. For sites at which 
only benzene ever exceeded the applicable remediation goal (i.e., no 
exceedance for either MTBE or TBA), the total remediation time
frame was estimated to be from 14 to 52 years (median= 24 years; 
7 sites). 

In summary, evaluation of the additional and total timeframe 
required to achieve remediation goals again shows benzene and 
MTBE plumes to exhibit similar behavior. Note that the total 
remediation timefrarnes for benzene and/or MTBE plumes 

combined (range of 16 to 53 years, with a median timeframe of 
28 years) are comparable to the total remediation timeframes for 
sites at which groundwater impacts are limited to the presence 
of benzene only, with no MTBE effects above the applicable 
remediation goal (range of 14 to 52 years, with a median of 
24 years). These results indicate that MTBE plumes are not 
recalcitrant in comparison to benzene plumes; in contrast, they 
can be expected to attenuate within the same general timeframe. 
Indeed, as suggested by the data in this study, at many sites, MTBE 
plumes may be observed to reach remediation goals more quickly 
than the benzene plume. 

Comparison to Previous Studies 

Earlier studies predicted that, in comparison to non-MTBE gaso
line, releases of MTBE-containing gasoline from UST sites would 
result in relatively long plumes and much longer-term effects on 
groundwater resources (Fogg et al. 1998; Odencrantz 1998; Weaver 
and Small 2002). However, the results of the evaluation of gasoline 
plume behavior at 48 sites located in diverse hydrogeologic settings 
across the nation indicate that at a majority of UST sites that were 
monitored for five or more years: (I) the MTBE concentrations in 
groundwater significantly diminished over time, (2) MTBE plume 
lengths and stability conditions are comparable to benzene plumes, 
and (3) MTBE plume attenuation is on track to achieve remedial 
goals within a timeframe comparable to or less than that of benzene 
plumes. These findings are consistent with other studies that exam
ined monitoring data for large populations of UST sites across the 
nation and found that the spatial extent and duration of MTBE ef
fects on groundwater resources is much less than previously antici
pated (Mace and Choi 1998; Reid et al. 1999; Shorr and Rifai 2002; 
Rifai et al. 2003; Wilson et al. 2003; Shih et al. 2004; Stevens et al. 
2006). Review of our specific findings with regard to those of pre
vious studies is summarized in Table 2 and discussed in further 
detail below. 
1. Plume stability: The percentage of stable or shrinking MTBE 

plumes at the 41 sites evaluated in this study (90%) is toward 
the upper end of the range of values (50 to 96%) published in 
previous studies for a total of 81 sites evaluated in Texas in 2002 
(Shorr and Rifai 2002) and in Florida in 1999 (Reid et al. 1999). 
These results suggest that, given the longer monitoring periods 
that were the focus of the current study and the greater passage 
of time since the release, a larger percentage of MTBE plumes 
will attenuate to a stable or shrinking condition. 

2. Plume length: The median MTBE plume length determined in 
this study (adjusted upper-end median of 140 feel) is on the low
er end of the range of median lengths (140 feet to 178 feet) re
ported in earlier studies (Mace and Choi 1998; Wilson et al. 
2003; Reid et al. 1999). Again, this shorter median plume length 
may reflect the longer monitoring periods for the sites included 
in this study, which is consistent with continued attenuation of 
MTBE plume lengths over time. 

3. Point attenuation rate: The median attenuation rate for MTBE in 
groundwater (-0.63 per year) reported for the sites include in 
this study is faster than the attenuation rate values published 
in previous studies (median of -0.35 per year) for MTBE
affected sites undergoing natural attenuation only (Schirmer 
et al. 1999; Wilson and Kolhatkar 2002; Hansen et al. 2003; 
Rifai et al. 2003; EPA 2005). The faster MTBE attenuation rates 
observed in this study may reflect the effect of the longer mon
itoring period, which may provide a more accurate estimate for 
attenuation rates for compounds, such as MTBE, that entail 
longer periods for acclimation of the in situ bacterial population. 

JOURNAL OF ENVIRONMENTAL ENGINEERING© ASCE I APRIL 2012 / 467 

 
012055



Table 2. MTBE Plume Characteristics Reported in the Current Study versus that Reported in Literature 

Results for MTBE plumes 

Current study Prior studies of data for multiple plumes 

MTBE plume No. of No. of 
characteristic sites Value sites Value Reference Comments 

Percent of stable or 41 90% 81 50% to 96% (Shorr and Rifai 2002; Reid Results fit within the range 

shrinking plume et al. 1999) of previous findings, but 

indicate higher % of stable/ 

shrinking plumes. 

Plume length (feet) 35 Median= 140 ft" 356 Median= 140-178 ft (Mace and Choi 1998; The study finds median 

Wilson et al. 2003; Reid MTBE plume length to be at 

et al. 1999) lower end of range in prior 

studies. 
Point attenuation 33 -3.6to0.29 lOOb -l.2to - 0.15 (Schirmer et al. 1999; The study finds MTBE 

rate (per year) (Median = -0.63) (Median = -0.35) Wilson and Kolhatkar 2002; attenuation rates to be faster 

Hansen et al. 2003; EPA than previous studies. 

2005; Rifai et al. 2003) 

"Table shows the adjusted median plume length for sites at which plume lengths were either measured, estimated, or considered indeterminate. 
bResults reported from MNA-only sites. 

In addition, given the discontinued use of MTBE as a fuel addi
tive, additional releases of MTBE can no longer occur at active 
UST sites; therefore, in the absence of such additional source con
tributions, faster attenuation rates are likely to be observed within 
the population of existing MTBE plumes (Stevens 2006). 
Furthermore, the higher solubility of MTBE compared with ben
zene may contribute to more rapid dissolution and depletion of 
MTBE from the source, resulting in larger reductions in source 
contributions of MTBE to the plume over the long tem1. 

Conclusions 

This study addresses the characteristics of benzene, MTBE, and 
TBA plumes in groundwater for a population of 48 retail service 
station sites, specifically in terms of plume length, plume stability 
condition, concentration reduction trends over time, attenuation 
rates, and the timeframe within which natural attenuation achieved 
remedial goals for each constituent. The goal of this evaluation was 
to charactedze plume behavior as observed across a variety of hy
drogeologic settings on the basis of detailed groundwater monitor
ing records, rather than to define the site-specific factors controlling 
plume behavior. The groundwater monitoring data analyzed in this 
study confirm that, over the long term for this site population, the 
behavior of MTBE plumes in groundwater is similar to that of 
benzene plumes with respect to current plume lengths and plume 
stability trends. However, overall MTBE concentrations are de
creasing more quickly than benzene, and may, on average, reach 
the applicable remediation goals more quickly than benzene 
plumes. The faster attenuation of MTBE plumes compared with 
benzene is consistent with the discontinued use of MTBE as a fuel 
additive. 

TBA plumes were also found to be comparable to benzene and 
MTBE plumes in terms of plume length. However, whereas most 
TBA plumes are stable or shrinking, the percentage of TBA plumes 
currently stable or shrinking (68%) is less than that for benzene 
plumes (95%) and MTBE plumes (90%), likely reflecting the tem
porary build-up of TBA concentrations in groundwater attributable 
to MTBE biodegradation. Nevertheless, overall trends for the 
median and maximum concentrations of TBA in groundwater at 
these sites indicate that TBA is attenuating at rates somewhat faster 

than benzene and can therefore be expected diminish to applicable 
remediation goals in a similar timeframe as the other gasoline 
constituents. 
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Review Paper/ 

Review of Quantitative Surveys of the Length 
and Stability of MTBE, TBA, and Benzene Plumes 
in Groundwater at UST Sites 
by John A. Connor1 , Roopa Kamath2 , Kenneth L. Walker2 , and Thomas E. McHugh2 

Abstract 
Quantitative information regarding the length and stability condition of groundwater plumes of benzene, 

methyl tert-butyl ether (MTBE), and tert-butyl alcohol (TBA) has been compiled from thousands of underground 
storage tank (UST) sites in the United States where gasoline fuel releases have occurred. This paper presents 
a review and summary of 13 published scientific surveys, of which 10 address benzene and/or MTBE plumes 
only, and 3 address benzene, MTBE, and TBA plumes. These data show the observed lengths of benzene and 
MTBE plumes to be relatively consistent among various regions and hydrogeologic settings, with median lengths 
at a delineation limit of 10 µg/L falling into relatively narrow ranges from 101 to 185 feet for benzene and 
110 to 178 feet for MTBE. The observed statistical distributions of MTBE and benzene plumes show the two 
plume types to be of comparable lengths, with 90th percentile MTBE plume lengths moderately exceeding 
benzene plume lengths by 16% at a 10-µg/L delineation limit (400 feet vs. 345 feet) and 25% at a 5-µg/L 
delineation limit (530 feet vs. 425 feet). Stability analyses for benzene and MTBE plumes found 94 and 93% 
of these plumes, respectively, to be in a nonexpanding condition, and over 91 % of individual monitoring wells 
to exhibit nonincreasing concentration trends. Three published studies addressing TBA found TBA plumes to be 
of comparable length to MTBE and benzene plumes, with 86% of wells in one study showing nonincreasing 
concentration trends. 

Introduction 
Over the past two decades, thousands of underground 

storage tank (UST) sites across the United States have 
been investigated to assess the potential impacts of gaso
line fuel leaks on the underlying soil and groundwa
ter. This experience has generated extensive information 
regarding the nature and extent of groundwater plumes 
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containing benzene, methyl tert-butyl ether (MTBE), and 
tert-butyl alcohol (TBA). In the 1990s, when regulations 
required that gasolines be blended with oxygenate addi
tives like MTBE for more efficient combustion, some 
researchers predicted that, in the event of a gasoline 
release to groundwater, MTBE would form much longer 
groundwater plumes compared to benzene (Fogg et al. 
1998; Odencrantz 1998; Weaver and Small 2002). These 
authors based their predictions upon considerations that 
(1) MTBE is more soluble and less sorptive than ben
zene and could therefore travel farther than benzene in 
groundwater, in the absence of other attenuation mech
anisms; and (2) MTBE, unlike benzene, was suspected 
to be relatively resistant to biodegradation by native soil 
bacteria (Yeh and Novak 1991; Suftita and Mormile 1993; 
Mormile et al. 1994 ). 

These predictions were initially supported by the 
discovery of a few exceptionally long MTBE plumes 
extending thousands of feet downgradient of the release 
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point, such as in Long Island, New York (Weaver et al. 
1996, 1999). In contrast to these few exceptionally long 
plumes, several studies conducted in the mid-1990s that 
compiled infonuation from numerous UST sites found the 
measured lengths of benzene and MTBE plumes to be 
comparable (Happel et al. 1998; Mace and Choi 1998). 
However, some authors questioned whether these results 
were reliable, postulating that younger MTBE plumes 
could be continuing to expand while older benzene plumes 
might be stable or diminishing in size, and/or noting that 
proper delineation of plume lengths could be hampered 
by diving plume conditions or other limitations (Happel 
et al. 1998; Mace and Choi 1998; Shih et al. 2004). 

Subsequent scientific studies have improved our 
understanding of the lifecycle of contaminant plumes 
and the behavior of gasoline additives in groundwater. 
Specifically, field and laboratory investigations have 
found MTBE to biodegrade in groundwater under both 
aerobic and anaerobic conditions (Mackay et al. 2001, 
2007; Wilson et al. 2002; Gray et al. 2002; McKelvie 
et al. 2007a). Published studies conducted from 1995 
to 2013 have compiled field data from thousands of 
UST sites across the country, providing information on 
the measured lengths of MTBE and benzene plumes in 
groundwater and/or the observed plume stability condition 
(Rice et al. 1995; Buscheck et al. 1996; Mace et al. 1997; 
Happel et al. 1998; Reid et al. 1999; Reisinger et al. 2000; 
Shorr and Rifai 2002; Wilson 2003; Rifai and Rixey 
2004; Shih et al. 2004; Stevens et al. 2006; Tarr and 
Galonski 2007; Karnath et al. 2012). In addition, three 
studies have addressed the behavior of TBA plumes found 
in conjunction with MTBE gasoline releases (Shih et al. 
2004; Karnath et al. 2012; McHugh et al. 2013). 

Purpose of Review 
In this paper, we have reviewed the results of 13 

published studies of multiple plumes to characterize the 
statistical distribution of plume lengths, plume stability 
conditions, and concentration trends for benzene, MTBE, 
and TBA plumes at UST sites. These studies have 
applied a variety of technical criteria and methodologies 
to achieve a representative measurement of plume lengths 
and stability conditions at retail gasoline sites. In total, 
the studies provide quantitative data on over 550 MTBE 
plumes and over 1300 benzene plumes at retail gasoline 
sites in a variety of hydrogeologic settings. 

This review paper updates prior publications that 
compiled information on large populations of benzene 
and MTBE plumes (Newell and Connor 1998) by 
incorporating the results of additional multi-plume studies 
conducted over the past 15 years. In addition, this 
study incorporates the results of three studies that 
have addressed TBA plume behavior in addition to 
benzene and MTBE (Shih et al. 2004; Karnath et al. 
2012; McHugh et al. 2013). This paper describes the 
methodology employed to review and compile these data, 
presents statistical summaries of benzene, MTBE, and 
TBA plume characteristics, and addresses the significance 
and limitations of these data. 
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Compilation of the data from these 13 separate studies 
is intended to provide a more complete understanding 
of plume behavior across multiple regions, as well as 
summary statistics on the observed length and stability 
condition of these plumes. This review serves to compile 
information generated over two decades of scientific 
investigation so as to provide the reader the benefit of the 
accumulated knowledge and weight of evidence that could 
not be obtained from the individual studies on their own. 

Compilation of Data from Published Studies 
We have surveyed the published literature to iden

tify prior studies that have compiled quantitative data on 
groundwater plume conditions at multiple UST sites in the 
United States. Table 1 lists 13 studies that provide quan
titative information and statistical summaries regarding 
the lengths and/or stability conditions of benzene, MTBE, 
and/or TBA groundwater plumes. Appendix SI includes 
summary data from each paper tabulated as the basis for 
this paper. 

Technical Specifications of Quantitative Surveys 
of Plume Characteristics 

Each of the studies compiled in this paper has 
employed one or more technical criteria to obtain a 
representative sampling of plume characteristics from 
among existing groundwater monitoring records at UST 
sites. Key considerations include the following: 

1. Nature of Release. These studies provide information 
on plume conditions associated with gasoline fuel 
releases from UST systems, principally retail fuel 
marketing facilities. Plumes associated with other 
potential sources of release (pipelines, refineries, tank 
farms, truck spills, etc.) or materials (diesel fuel, bulk 
additives, etc.) were not included in these databases. 

2. Survey of Multiple Site Locatio11s. Each of the studies 
provides quantitative data on multiple benzene, MTBE, 
and/or TBA plumes. Individual studies on plume 
lengths include 22 to 289 sites per study. Studies on 
plume stability conditions include 34 to 271 sites per 
study, with one study addressing the overall plume 
concentration trends observed at over 4000 UST sites 
in California (McHugh et al. 2013). 

3. Duration of Groundwater Mo11itori11g History. A num
ber of the studies selected sites with longer-term 
monitoring periods so as establish plume trends with 
less uncertainty associated with seasonal fluctuations, 
sampling variability, and attenuation rates for com
pounds, such as MTBE, which have been observed 
to require longer acclimation periods for biodegrada
tion. For those studies that specified minimum monitor
ing periods, the minimum monitoring periods required 
exceeded one year in duration, with most of the studies 
requiring three or more years. 

4. Number of Groundwater Mo11itori11g Poi11ts. For most 
of the studies reviewed, plume characterization was 
based upon a minimum number of three to eight 
monitoring points per site to define the plume length or 
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Table 1 
Summary of Studies on Plume Length and Plume Stability Conditions Based upon Data from Multiple UST Sites 

No. of Sites 
Plume Stability Condition Evaluated? Meeting Minimum Minimum Specifications Plume Length M,B in 

Study State Specifications for Evaluation Sites Reported? Same Wells? Length Versus Time GW Cone. Trend 

I. Rice et al. (1995) CA 271 8 events; 6 wells B (271 sites) - B (271 sites) B (271 sites) 
2. Buscheck et al. (I 996) CA 119 NR BTEX/Benzcnc (62 - - BTEX (119 sites) 

sitcs)1 

3. Mace ct al. (1997) TX 227 6 wells B (217 sitcs)2 - B (217 sites) B (227 sites) 
4. Happel ct al. ( 1998) CA 63 1 sampling event; 8 wells M (50 sites), B (50 Yes (43 sites) - -

sites)3 

5. Mace and Choi (1998) TX 289 Three events (1995-1997) M (89 sitcs4), B (289 - M, B (20 sites)5 M (471 wells) 
sites) 

6. Reid ct al. ( 1999), Reisinger FL 55 3 years; Minimum 3 wells M (55 sites), B (54 sites) Yes M (45 sites) -
ct al. (2000) with detections MTBE 

7. Shorr and Rifai (2002), Rifai TX 36 3 years; Minimum 6 wells; M (36 sites), B (36 sites) Yes M (36 sites), B (36 sites) M (1074 wells), B (1206 
et al. (2003), Rifai and Rixey Minimum 3 years MTBE wells)6 

(2004) data 
8. Wilson (2003) SC 212 NR M (212 sites), BTEX Yes - -

(212 sites) 
9. Shih ct al. (2004) CA 96 l year; sufficient wells; M (96 sites), B (95 Yes M (96 sites), B (94 -

proper lab QA/QC sites), TBA (86 sites) sites), TBA (86 sites)7 
JO. Stevens ct al. (2006) CT 22 4 years; active UST; no - - - M (83 wells) 

NAPL; consistent 
monitoring program; no 
active remediation 

11. Tarr and Galonski (2007) NH 25 M detections - - - M (78 wells) 
12. Kamath et al. (2012) CA, NJ, AK, 48 Min. 6 wells M (35 sites), B (34 Yes, including TBA M (41 sites), B (42 M (42 sites, 306 wells), 

OR. NV sites), TBA (22 sites) sites), TBA (34 sites) B (43 sites, 288 wells), 
TBA (34 sites, 241 
wells) 

13. Mc Hugh et al. (2013) CA >4000 2001to2011 - - - M (4190 sites) B (4404 
sites), TBA (3675 
sites) 

Total - - - M (573 sites), B (1320 474 sites M (238 sites), B (680 -
sites), TBA ( 108 sites) sites), TBA ( 120 sites) 

M = Mc1hyl 1crt·butyl clhcr (MTBH): B =Benzene: llTEX = 13cnzcnc, lolucnc, crhylhcnzcnc, 11nd xylcncs; TBA= lcrt-hutyl alcohol: NR =not reported: - =not m1ulyzcd; NAPL= nonnqucous phnsc liquid: QNQC =qunlity assurnncc/qualily control; UST= underground ~toragc tm1k. 
I lluscht:ck ct ol. (1996) reportl!d the percentage or sites with UTEX plume lcng1hs less tlmn 50fct:I, between 50 nm.l IOOfcct, bc1wccn 100 and 200fce1. and gremcr than 200fcct. The 1crms UTEX and benzene appcnr to he used interchangeably within this study. 
2Macc nml Choi (1998) nlso presented bcm~cnc plume length data. and these darn were used 10 compnrc wilh MTUC: Mncc ct al. (1997) benzene plume lcnglh results arc not prcscnlcd in 1his paper 10 prevent c.loublc-coun1i11g the snmc da1usct. 
3 Ocnzenc phunc lengths were cs1imatcd based on :1 I ·Jtg/L contour limil. inconsistcm with lhc other smdics, and therefore could not he used for wciglncd mean cafcuhltions in our paper. 
4Mi1CC :md Choi (1998) estimated plume lcnglhs nt 99 sites, hut JO of these sites hnd plume lcnglhs ofOfect. 
5 Mnce and Choi ( 1998) estimated plume behavior (i.e .. plume smhilily) over time tn 20 sites hasctl on phunc lcnglhs mca~urcd oat duce difTcrcnr events but did 1101 prcscnr the full results of !heir analysis, nnd their incomplclc results arc not •mnlyicd in this pnpcr. 
6 Shorr 1md Rifai (2002) only prcscnll!d 1hc number of wclli; willt near 4".Cro or tlcercusing 1rcntls. nnd 1hcir plume s1uhility rcsuhs nrc not nggrcga1cd in this paper hccam•c relative pen:cn1ugcs of wells in each trcml category well! not specified. 
1 Shih ct nl. (2004) ni;grcga1ed 1hc plume length tl;:itai>ct before su11is1ical unnly~is of plume srnbility ond concluded that while the phtmc length tk1..-rcuscd for MTllli nnd increased ror hc1p·ene 11111..I TllA, these re~ults were not s1:i1is1ic:illy significant :tt a 95% confillcncc intcrv:il, 
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stability condition, with most of these studies requiring 
six or more monitoring points. The actual number of 
monitoring wells employed at most sites exceeded this 
minimum specification, with reported average numbers 
of monitoring points ranging from approximately 4 to 
17 per site. 

Methodologies for Characterization of Plume Length 
The studies reviewed for this paper evaluated plume 

length based upon a site-by-site evaluation of groundwater 
monitoring data. Plume lengths were determined based 
upon measured site data by either of two methods: (1) 
hand-contouring of the measured concentrations on a 
scaled map of the sampling locations to the designated 
concentration limit, or (2) using an empirical or analytical 
method to estimate the plume length when the existing 
monitoring well network did not extend downgradient to 
the specified plume delineation limit. We refer the reader 
to the individual studies for method particulars. 

The prior studies have employed a variety of 
concentration limits for the purpose of delineating plume 
length. In our review, based upon consideration of the 
action levels employed under many state regulatory 
programs in the United States, we have focused on MTBE 
and benzene plumes that have been delineated to a 5 or 
10 µg/L (micrograms per liter) concentration limit. For 
benzene, many state agencies employ a 5 µg/L action 
level (corresponding to the Federal Primary Maximum 
Contaminant Level [MCL] for benzene in drinking water) 
for remediation of groundwater that is considered a 
potential drinking water source. MTBE action levels 
are generally higher and more variable among state 
agencies, with levels as low as 5 µg/L applied in California 
(Secondary MCL for MTBE; CDPH 2006). Evaluation 
of the plumes delineated to concentration limits of 5 or 
10 µg/L provides a conservative basis for characterization 
of plumes subject to remedial action, as a number of 
states employ less stringent groundwater cleanup criteria, 
particularly for MTBE. TBA plumes were evaluated at 
a 10 µg/L (Shih et al. 2004) and 12 µg/L (Karnath et al. 
2012) limit, consistent with California's drinking water 
notification level of 12 µg/L. Although these contour 
limits were not identical, the two datasets were combined 
in this study at an assumed level of 10 µg/L to increase 
the number of TBA sites, which have been evaluated in 
far fewer studies than either benzene or MTBE. 

Methodologies for Classification of Plume Stability 
Conditions 

As defined in prior publications (Rice et al. 1995; 
Newell and Connor 1998; ASTM 2010), the stability 
condition of an affected groundwater plume can be 
characterized according to the following stages (Figure 1 ): 

1. Expanding Plume: The plume length and/or concen
trations are increasing over time. Commonly observed 
immediately after the spill material reaches the ground
water and the dissolved chemicals are transported by 
moving groundwater. 
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2. Stable/No Trend Plume: The plume length and/or 
concentrations are not changing over time, indicating 
that the rate at which the dissolved chemical mass 
is entering the groundwater is balanced by natural 
attenuation mechanisms, such as dilution, dispersion, 
sorption, and biodegradation. "Stable" and "No Trend" 
were considered equivalent designations in a number of 
the studies. For those papers that distinguished between 
stable and no trend plumes, both designations indicate 
the plume concentration to be neither decreasing 
nor increasing with time; however, the "No Trend" 
designation entails a higher amplitude of variation 
(i.e., higher coefficient of variation) than the "Stable" 
designation. 

3. Shrinking Plume: The plume length and/or concentra
tions are diminishing over time, indicating that the rate 
of mass release from the source area has reduced to the 
extent that the attenuation factors remove and disperse 
mass faster than it is entering the groundwater system. 

4. Non-Detect or Exhausted Plume: In some cases, the 
affected groundwater zone may diminish to non
detectable levels in the groundwater, while at other 
sites, the process may slow or terminate in an 
"exhausted" condition, with trace concentrations of 
gasoline components remaining near the original 
source location. 

At a given site, measurements can be conducted to 
determine if a plume is in an expanding, stable, shrinking, 
or exhausted condition (ASTM 2010). The plume stability 
condition can be characterized either on the trend of 
the plume length over time or the trend of plume 
concentrations over time in individual monitoring wells. 

In the various studies identified on Table l, the stabil
ity of the plume length over time was determined either 
by: (I) evaluating plume contour maps at different times 
to determine changes in the length of the plume, or (2) 
conducting statistical trend analyses on the concentra
tions measured at monitoring wells, typically located at 
the downgradient toe of the plume. For the purpose of 
analysis of plume concentration trends over time, various 
visual and statistical methods were employed to catego
rize trends as increasing, decreasing, or stable; we refer 
the reader to the individual studies for method particulars. 
While the reports used a variety of methods to character
ize plume stability, the similarity of their results points 
to the consistency of MTBE, benzene, and TBA plume 
behavior across the various published studies and supports 
aggregating these results, as done in our study. 

Statistical Review of Published Studies 
To facilitate comparison of the typical lengths of 

MTBE, benzene, and TBA plumes at UST sites, overall 
median and 90th percentile plume lengths have been 
estimated as the weighted mean of the median and 
90th percentile values reported in the individual studies. 
This calculation is based upon the understanding that, 
for sufficiently large datasets, order statistics, such as 
the median and 90th percentile values, are normally 
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Figure I. Schematic of groundwater plume stages at a typical UST site following termination of a spill or leak. 

distributed, even if the underlying populations are not 
normally distributed. A weighted mean, based on the 
number of samples, has been employed to reduce the 
influence of smaller sample populations, which may 
exhibit greater variability in order statistics than larger 
sample populations. In other words, studies with more 
sites were weighted more heavily than studies with 
fewer sites. Similarly, the weighted mean approach was 
utilized to combine the results of the plume stability and 
concentration trend analyses. 

The McHugh et al. (2013) study considered over 
4000 UST sites to evaluate the overall lrends of the 
maximum concentrations of MTBE, TBA, and benzene in 
groundwater over time. They did not address site-specific 
plume length or stability conditions, but provided impor
tant information regarding the net change in chemical 
concentrations over time in groundwater across these 
sites. Given the large number of sites they evaluated 
compared to the other published studies we reviewed, 
these results were not combined into the concentration 
trend summary statistics because they would overwhelm 
the weighted mean calculations; however, the results of 
McHugh et al. (2013) are compared with the summary 
statistics in this paper. 

Limitations of These Studies 
The authors of the various studies have identified 

possible limitations in their databases and, when feasible, 
have employed steps to mitigate the effects of these 
limitations on their findings. For example, a number of 
the studies note that, at many UST sites, the affected 
groundwater plumes are not fully delineated due to 
access restrictions or other limitations on the number and 
placement of groundwater sampling points. In addition, 
some authors note that, if the plume stability condition is 
not considered, comparison of older, stable plume lengths 
to younger, expanding plumes could be misleading, as 
the expanding plumes will not have achieved full length. 
Some authors also suggest that differences in MTBE and 
benzene plume lengths could reflect the effect of variable 
site conditions if the MTBE and benzene plumes are from 
different sites with distinctly different distributions of key 
attenuation parameters. 
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These limitations have been addressed by the authors 
of the 13 plume studies in a variety of manners. In 
some studies, plume lengths have been evaluated only 
for plumes with full delineation, based on a specified 
minimum number of monitoring points. In other studies, 
the maximum downgradient extent of the plume has 
been estimated based upon extrapolation of measured 
monitoring points, using the method described by Freeze 
and Cherry (1979) or Newell et al. (2002). Karnath et al. 
(2012) found this plume length estimation method to 
provide a reasonably conservative match to measured 
plume lengths on sites where both measurement and 
estimation methods were applied. Furthermore, six of the 
IO studies that evaluate plume length compare benzene 
and MTBE plumes lengths from the same sites under the 
same hydrogeologic conditions. 

In addition, 11 of the 13 studies have addressed 
the stability condition of the plumes, providing a basis 
for determining whether variations in plume age and 
associated stability condition (e.g., young expanding 
plume vs. older shrinking plume) could account for 
observed differences in the lengths of MTBE and benzene 
plumes. The vast majority of both benzene and MTBE 
plumes were found to be in a nonexpanding condition, 
showing that the concern of young versus old plumes is 
not a factor for plume length. The McHugh et al. (2013) 
study relied upon the maximum annual concentration of 
each plume constituent as a conservative basis to track 
plume concentration trends over time, based upon the 
consideration that the maximum concentration is likely 
near the source and therefore less likely to be affected 
by the extent of plume delineation or the change in the 
number of monitoring wells over time. 

Findings of Previous Studies 

Evaluation of Plume Lengths: MTBE, Benzene, and TBA 

Statistical Distribution ofMTBE, Benzene, and TBA Plume 
Lengths 

As identified in Table l, IO of the 13 published studies 
address benzene and MTBE plume lengths, providing data 
on a total of 391 and 132 sites for MTBE plumes at 10 
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and 5 µg/L delineation limits, respectively, and 826 and 
165 sites for benzene plumes at IO and 5 µg/L delineation 
limits, respectively. Two published studies also estimated 
plume lengths for TBA at a total of 108 sites (see Table 
SI for tabulated values). Figure 2A and 2B provides side
by-side comparisons of the reported lengths of benzene 
and MTBE plumes from each of the 13 studies that 
evaluated plumes at a 5 and 10 µg/L plume delineation 
limit. Figure 3A and 3B summarize the weighted mean 
plume dimensions for MTBE, benzene, and TBA at 
delineation limits of 10 and 5 µg/L, respectively. 

Consistency of MTBE and Benzene Plume Lengths Among 
Various Studies 

The distributions of plume lengths shown in Figure 2 
are relatively consistent among studies conducted in a 
variety of regions in the United States. For example, 
for plumes delineated to a 10 µg/L concentration limit 
(see Figure 2A), the median lengths of benzene plumes 
(826 sites) fall within the range of 101 to 185 feet, 
while the median lengths of MTBE plumes (391 sites) 
fall within a slightly narrower range of 110 to 178 feet 
(Table Sl). Similarly, at this same delineation limit, the 
90th percentile plume lengths range from 386 to 454 feet 
for MTBE (336 sites) and 261 to 480 feet for benzene 
(772 sites; Table Sl). 

The relatively narrow range of these plume length 
statistics across hundreds of UST sites suggests that plume 
lengths are consistent across a broad range of hydro
geologic settings and conditions. This observation is in 
agreement with prior studies that have found factors such 
as groundwater hydraulic conductivity and site lithology 
to be poor predictors of plume length among large num
bers of plumes (Reid et al. 1999; Mace et al. 1997; Newell 
and Connor 1998; Shorr and Rifai 2002; Wilson 2003). 

Comparable Lengths of MTBE and Benzene Plumes 

The lengths of the benzene and MTBE plumes 
reported in the various studies are relatively comparable at 
both the median and 90th percentile levels, as illustrated 
by the weighted means of plume length statistics shown 
in Figure 3. The 90th percentile statistic is of particular 
interest in this regard as it incorporates the vast majority 
(90%) of gasoline plumes for which these data have 
been compiled. At a IO µg/L delineation limit, the 90th 
percentile MTBE and benzene plume lengths are 400 feet 
(336 sites) and 345 feet (772 sites), respectively, showing 
MTBE plume lengths to be only 16% greater than those 
of benzene plumes (Figure 3A; Table SI). 

At a delineation limit of 5 µg/L, the MTBE and 
benzene plume lengths are still found to be comparable, 
although with a moderately more pronounced difference; 
the 90th percentile MTBE (only evaluated in the Shih 
et al. 2004 study) and benzene plume lengths are 530 feet 
(96 sites) and 425 feet (165 sites), respectively, showing 
MTBE plumes to be 25% longer than benzene plumes 
(Figure 3B; Table SI). In general, the benzene plume 
lengths reported in the various studies are consistent with 
the study by Buscheck et al. (1996) that evaluated 62 
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UST sites in California and found that 85% of benzene 
plumes were less than 200 feet long. The Buscheck et al. 
(1996) study presented a range of plume lengths rather 
than a statistical distribution and thus could not be directly 
included in our statistical summary. 

In absolute terms, the difference in these MTBE 
and benzene plume lengths ranges from only 55 to 
105 feet (for 90th percentile plume lengths at the 10 
and 5 µg/L delineation limits, respectively). The similar 
plume behavior of benzene and MBTE may reflect their 
biodegradation characteristics, as both compounds are 
biodegraded in aerobic groundwater and in most anaerobic 
geochemical settings. 

Exceptionally Long Plumes 

The maximum MTBE plume lengths identified in the 
studies addressed in this review paper generally fall in 
the range of 1000 to 1700 feet (see Figure 2). However, 
other publications have reported longer MTBE plumes 
(e.g., greater than 2000 feet) at individual UST sites 
(Weaver et al. 1996, 1999; ESTCP 2003; Thuma et al. 
2001; McKelvie et al. 2007b). Consequently, while it is 
recognized that such exceptionally long MTBE plumes 
do exist, the small number of such plumes is consistent 
with the statistical distribution observed in the 13 studies, 
where MTBE plumes greater than 1400 feet in length 
correspond to less than 1 % of the plume population. 
Incorporation of this small number of exceptionally long 
MTBE plumes into the data sets addressed in our review 
would not affect the weighted means of the median and 
90th percentile plume lengths presented on Figure 3. 

Lengths of TBA Plumes Compared to MTBE and Benzene 
Plumes 

Two studies addressed the behavior of TBA plumes in 
addition lo benzene and MTBE (Karnath et al. 2012; Shih 
et al. 2004) for a total of 108 sites. The weighted mean 
results from these studies (Figure 3A) indicate that the 
90th percentile TBA plume length ( 420 feet at 10 µg/L; 
Table Sl) is 5% greater than the 90th percentile MTBE 
plume determined from these and other studies. Similarly, 
the median TBA plume from the two studies at 10 µg/L 
is 15% longer than the median MTBE plume determined 
from a larger number of studies. However, the two studies 
that addressed TBA (Shih et al. 2004; Karnath et al. 2012) 
found TBA plume lengths to be comparable to benzene 
and MTBE plume lengths, with TBA plume lengths 
falling in between benzene and MTBE plume lengths. 
Shih et al. (2004) calculated 90th percentile values of 
the benzene, MTBE, and TBA plume lengths to be 
341, 531, and 433 feet, respectively. Kamath et al. (2012) 
calculated the 90th percentile values of the measured and 
estimated plume lengths for benzene, MTBE, and TBA 
to be 356, 454, and 366 feet, respectively. Taken together, 
the aggregated results and individual studies suggest that 
TBA plume lengths are similar to MTBE and benzene 
plumes. 
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Figure 2. Summary of surveys of plume lengths in groundwater: MTBE versus benzene. 

Evaluation of Plume Stability Conditions: MTBE, 
Benzene, and TBA 

Stability Condition of Plume Lengths Over Time 

have computed a weighted mean of the percentage of sites 
falling into that category. Table S2 reports these weighted 
mean values, as well as the values reported in each study, 
rounded to the nearest whole number for consistency. 

Five studies have evaluated the stability of plume 
length over time for a combined 122 sites for MTBE 
plumes, 566 sites for benzene plumes, and 34 sites for 
TBA plumes (Reid et al. 1999; Reisinger et al. 2000; 
Karnath et al. 2012; Shorr and Rifai 2002; Rice et al. 
1995; Mace et al. 1997). For each stability category, we 
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Figure 4 compares the combined plume length trend 
distributions for MTBE, benzene, and TBA. These studies 
consistently found that the vast majority of both MTBE 
and benzene plume lengths are not increasing in length 
over time. For MTBE plumes, the percent of plume 
lengths found to be stable, no trend, decreasing, or 
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Figure 3. Weighted means of median lengths and 90th percentile lengths of MTBE, TBA, and benzene plumes. (A) Weighted 
means of plume lengths defined by 10 µg/L concentration limit. (B) Weighted means of plume lengths defined by 5 µg/L 
concentration limit. Lengths are estimated as the weighted mean of median and 90th percentile plume length values reported 
in various scientific surveys, rounded to the nearest 5 feet, for plumes delineated to a 10 µg/L concentration limit and 5 µg/L 
concentration limit. Data have been compiled for MTBE, benzene, and TBA plumes in groundwater underlying UST sites 
across the nation (see Table Sl for studies used to compile these summary lengths). 

exhausted ranges from 90 to 96% among tlu-ee studies, 
with the weighted mean percentage of plumes that 
are nonincreasing equal to 93%. Similarly, for benzene 
plumes, among four studies, the percent of plume lengths 
found to be stable, no trend, decreasing, or exhausted 
ranges from 92 to 97%, with the weighted mean 
percentage of plumes found to be nonincreasing equal lo 
94%. The overall percentages of plume lengths observed 
to be increasing over time is 6% for both MTBE plumes 
and benzene plumes. 

The study by Karnath et al. (2012) specifically 
addressed the presence of detached MTBE plumes, that is, 
displacement of the plume mass downgradient from the 
original source point. They found this condition to occur 
at only 5% of MTBE sites (2 of 41 sites). Furthermore, 
these detached plumes were observed to be decreasing in 
area over time (Karnath et al. 2012). For the purposes of 
our analysis, the detached plumes were not considered as 
either increasing or nonincreasing. 

Figure 4 also displays the trend distributions for 
TBA, as determined by Karnath et al. (2012). These data 

202 J.A. Connor et al. Groundwater 53, no. 2: 195-206 

show that the majority of TBA plumes (68%) are stable 
or shrinking in length, while 26% are increasing. The 
percentage of nonincreasing plumes for TBA is lower than 
for benzene and MTBE (94 and 93%, respectively, are 
not increasing in length), which may reflect the temporary 
build-up of TBA concentrations in groundwater following 
biodegradation of MTBE (Karnath et al. 2012). 

Concentration Trends in Individual Monitoring Wells Over 
Time 

Seven studies have evaluated concentration trends 
of benzene and MTBE in individual wells over time 
(Mace and Choi 1998; Stevens et al. 2006; Tarr and 
Galonski 2007; Kamath et al. 2012; Buscheck et al. 1996; 
Rice et al. 1995; Mace et al. 1997), for a combined 938 
wells for MTBE and 905 wells for benzene. Karnath 
et al. (2012) evaluated TBA concentration trends over 
time in 241 wells. Figure 5 shows the concentration 
trend distributions for MTBE, benzene, and TBA, with 
the percentage of plumes falling into each stability 
category calculated as weighted means among the seven 
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Figure 4. Comparison of plume length stability conditions for MTBE, benzene, and TBA plumes at UST sites. Data have 
been compiled for MTBE, benzene, and TBA plumes in groundwater underlying UST sites across the nation (see Table S2 
for studies used to compile these stability percentages). 

studies (see Table S3 for detailed data). In addition to 
these studies, McHugh et al. (2013) evaluated overall 
plume concentration trends for MTBE, benzene, and 
TBA for over 4000 sites in California. The McHugh 
study addressed the net change in the maximum plume 
concentrations at each site but did not characterize the 
plume stability condition per se in the same manner as the 
other studies; consequently, the weighted means shown 
on Figure 5 do not include the McHugh et al. (2013) 
results. 

Figure 5 compares the combined distributions of well 
concentration trends for MTBE (938 wells), benzene (905 
wells), and TBA (241 wells). As shown, MTBE and 
benzene again exhibit similar distributions, with the vast 
majority of wells showing nonincreasing concentrations 
over time for both MTBE (91 %) and benzene (92%). 
However, unlike the plume length distribution, a higher 
percentage of wells exhibit decreasing concentrations for 
benzene (63%) than for MTBE (45%). Nevertheless, 
the combined percentage of stable, decreasing, or no 
trend wells is again comparable for the two compounds, 
corresponding to 80% of wells for MTBE and 84% of 
wells for benzene. 

Evaluation of TBA concentration trends by Kamath 
et al. (2012) found stability condition distributions to be 
roughly comparable to those of benzene and MTBE, with 
86% of the wells demonstrating nonincreasing trends. The 
moderately higher percentage of wells with increasing 
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TBA concentration trends (14%, compared to 9% and 
8% for MTBE and benzene, respectively) may reflect 
the production of TBA as a by-product of MTBE 
biodegradation, resulting in temporary replenishment of 
TBA concentrations until the MTBE source is depleted. 
Under this scenario, TBA concentrations in turn decrease 
as the MTBE source mass diminishes and the TBA itself 
is biodegraded. 

Two studies specifically addressed MTBE plume 
conditions before and after the end of MTBE use as a 
gasoline additive in Connecticut (Stevens et al. 2006) and 
New Hampshire (Tarr and Galonski 2007). In both studies, 
in the 2 years following termination of MTBE use, the 
percentage of monitoring wells displaying a decreasing 
MTBE concentration trend was observed to increase. In 
Connecticut, Stevens et al. (2006) found that 93% of 
the 83 monitoring wells evaluated showed decreasing 
concentrations of MTBE 2 years after termination of 
MTBE use. By pooling the monitoring wells across 22 
sites, they also determined that 55% of the sites showed a 
statistically significant decrease in MTBE concentrations 
between pre- and post-ban data (90th confidence level); 
only 5% (1 site) showed a statistically significant increase 
in MTBE concentrations. A similar study of 78 wells 
in New Hampshire (Tarr and Galonski 2007) reported 
that, after termination of MTBE use, 85% of monitoring 
wells exhibited decreasing concentrations, compared to 
decreasing concentrations at 68% of monitoring wells 
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Figure 5. Comparison of concentration versus time trends for MTBE, benzene, and TBA in monitoring wells at UST sites. 
Data have been compiled for MTBE, benzene, and TBA concentration trends in groundwater underlying UST sites across 
the nation (see Table S3 for studies used to compile these concentration trends). 

prior to the termination of MTBE use in gasoline. 
These studies demonstrated the decrease in MTBE 
concentrations with time following termination of MTBE 
use in these states. 

McHugh et al. (2013) compiled data from over 
4000 UST sites from the California GeoTracker database 
to evaluate the overall trends of benzene, MTBE, 
and TBA concentrations in groundwater over time. 
These monitoring data showed a large decrease in the 
groundwater concentrations of gasoline constituents over 
the period of 2001 to 2011 (85% decrease for benzene, 
96% for MTBE, and 87% for TBA), measured as the 
change in the median of the maximum site concentrations 
over time. In addition, records of the sites for which 
continuous monitoring records were available for the full 
10-year period (benzene: 1128 sites; MTBE: 1109 sites, 
TBA: 816 sites) showed benzene and MTBE levels to 
decrease continuously over this time period, while the 
maximum concentrations of TBA increased moderately 
over the period of 2001 to 2004 and then decreased 
from 2005 to 2011. The study found that the temporary 
build-up and subsequent decrease of TBA concentrations 
could be closely matched by a sequential first-order 
degradation model, which accounted for the generation 
of TBA as a product of MTBE degradation, followed 
by the biodegradation of the TBA itself (McHugh et al. 
2013). 
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Conclusions 
In this paper, we have combined the results of 13 

previously published studies that surveyed the length and 
stability condition of affected groundwater plumes associ
ated with releases of gasoline fuels from USTs at numer
ous service station facilities. These studies combined have 
addressed over 500 plumes for MTBE, over 1300 plumes 
for benzene, and 108 plumes for TBA, plus evalua
tion of concentration trends of all three gasoline con
stituents over a 10-year period for over 4000 UST sites in 
California. Employing a variety of approaches, these stud
ies arrive at similar findings with regard to plume length 
and stability, which suggests that, in combination, these 
data and the related statistical parameters presented in this 
review paper provide a reliable characterization of ben
zene, MTBA, and TBA plume behavior at the majority of 
UST sites across the United States. Key findings regard
ing the statistical distribution of plume lengths and plume 
stability conditions at UST sites include the following: 

I. Comparison of MTBE and Benzene Plumes. The plume 
delineation studies show MTBE and benzene plumes to 
be of comparable length at most sites. For example, al 
a IO µg/L delineation limit, the 90th percentile MTBE 
and benzene plume lengths are 400 feet (336 sites) and 
345 feet (772 sites), respectively, a relative difference 
of 16%. Similarly, at a 5 µg/L delineation limit, the 
90th percentile MTBE and benzene plume lengths are 
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530 feet (96 sites) and 425 feet (165 sites), respectively, 
a relative difference of 25%, although these values 
should be considered tentative due to smaller numbers 
of wells and only one study for MTBE. The vast 
majority of wells for both MTBE (91 %) and benzene 
(92%) exhibit nonincreasing concentrations over time 
(i.e., stable, no trend, decreasing, or exhausted), and 
plume lengths also are predominantly nonincreasing 
over time for MTBE (93%) and benzene (94%). 
Consequently, reported plume lengths for benzene and 
MTBE are likely indicative of their maximum future 
lengths, as the plumes are generally not increasing in 
size and concentration. 

2. TBA Plumes Compared to MTBE and Benzene Plumes. 
TBA plumes have been found to be of comparable 
length to benzene and MTBE plumes, with the majority 
of TBA plumes also nonexpanding (68%), although 
at a lower percentage than observed for MTBE or 
benzene plumes (Karnath et al. 2012). At over 4000 
sites evaluated, TBA concentration trends over time 
showed an initial increase, followed by a decreasing 
concentration at rates comparable to those observed 
for MTBE and benzene (McHugh et al. 2013). 

3. Consistency Among Various Studies: The various 
plume studies, conducted in different geographic 
regions and in a variety of hydrogeologic regimes, 
have found plume length statistics to fall into a rel
atively narrow range, suggesting that hydrogeologic 
conditions may be less important than other factors 
(such as the spill volume and biodegradation effects) 
in defining plume behavior, as has been observed in 
these and other studies (Reid et al. 1999; Mace et al. 
1997; Newell and Connor 1998; Shorr and Rifai 2002; 
Wilson 2003). Rather, the similar biodegradation char
acteristics of MTBE and benzene, both of which are 
degradable in aerobic and most anaerobic geochem
ical settings, may be responsible for the comparable 
dimensions and stability conditions of these plumes. 

Supporting Information 
Additional Supporting Information may be found in the 
online version of this article: 

Appendix Sl. Review of Quantitative Surveys of the 
Length and Stability of MTBE, TBA, and Benzene Plumes 
in Groundwater at UST Sites. 
Table Sl. Statistical plume length data from the literature 
for MTBE, benzene, and TBA 
Table S2. Plume stability results for MTBE, benzene, and 
TBA 
Table S3. Concentration trend results for MTBE, benzene, 
and TBA 
Table S4. Results from Stevens et al. (2006) analysis 

References 
ASTM. 2010. Standard Guide for Remediation of Ground 

Water by Natural Attenuation at Petroleum Release Sites. 
Designation: El943-98 (Reapproved 2010), 374-416. 

NGWA.org 

Buscheck, T.E., D.C. Wickland, and D.L. Kuehne. 1996. Mul
tiple lines of evidence to demonstrate natural attenua
tion of petroleum hydrocarbons. In Proceedings of the 
Petroleum Hydrocarbons and Organic Chemicals in Ground 
Water, 445-460, Houston, Texas, National Groundwater 
Association/American Petroleum Institute, November. 

California Department of Public Health (CDPH). 2006. Sec
ondary Maximum Contaminant Levels and Compliance. 
California Code of Regulations, Title 22, Division 4: Envi
ronmental Health, Chapter 15: Domestic Water Quality and 
Monit01ing Regulations, Article 16, Secondary Water Stan
dards, Section 64449. 

ESTCP. 2003. Technical Report TR-2222-ENV, In Situ Biore
mediation of MTBE in Groundwater, ESTCP Project No. 
CU-0013. Prepared by: Dr. Paul Johnson, Dr. Cristin Bruce, 
and Karen Miller for the Environmental Security Technol
ogy Certification Program and Naval Facilities Engineering 
Service Center, June. 

Fogg, G.E., M.E. Mays, J.C. Trask, C.T. Green, E.M. LaBolle, 
T.W. Shenk, and D.E. Rolston. 1998. Impacts of MTBE 
on California Groundwater. In Health and Environmellfal 
Assessment of MTBE: Report to the Governor and Legisla
ture of the State of California as Sponsored by SB 521 , vol. 
4, Ground and Surface Water. 101 pp. 

Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood 
Cliffs, New Jersey: Prentice Hall. 

Gray, J.R., G. Lacrampe-Couloume, D. Gandhi, K.M. Scow, 
R.D. Wilson, D.M. Mackay, R.D. Wilson, and B. Sherwood 
Lollar. 2002. Hydrogen isotopic fractionation: A new 
approach for monitoring biodegradation of methyl tert-butyl 
ether. Environmental Science and Technology 36, no. 9: 
1931-1938. 

Happel, A.M., E.H. Beckenbach, and R.U. Halden. 1998. 
An Evaluation of MTBE Impacts to California Ground
water Resources. Lawrence Livermore National Labora
tory: UCRL-AR-130897. Report submitted to the California 
State Water Resources Control Board Underground Stor
age Tank Program, Department of Energy Office of Fos
sil Fuels, and the Western States Petroleum Association. 
68 pp. 

Karnath, R., J.A. Connor, T.E. McHugh, A. Nemir, M.P. Le, 
and A.J. Ryan. 2012. Use of long-tenn monitoring data 
to evaluate benzene, MTBE, and TBA plume behavior in 
groundwater at retail gasoline sites. Journal of Environmen
tal Engineering 138, no. 4: 458-469. 

Mace, R.E., and W.J. Choi. 1998. The size and behavior of 
MTBE plumes in Texas. In P1vceedings of the Pe11vleu111 
Hydrocarbons and Organic Chemicals in Gmund Water, 
1-11, November 11-13, Houston, Texas. 

Mace, R.E., R.S. Fisher, D.M. Welch, and S.P. Parra. 1997. 
Extelll, Mass, and Duration of Hyd1vcarbon Plumes from 
Leaking Petroleum Storage Tank Sites in Texas. Austin, 
Texas: Bureau of Economic Geology, University of Texas 
at Austin. Geologic Circular 97-1. 

Mackay, D.M., N.R. de Sieyes, M.D. Einarson, K.P. Feris, 
A.A. Pappas, I.A. Wood, L. Jacobson, L.G. Justice, M.N. 
Noske, J.T. Wilson, C.J. Adair, and K.M. Scow. 2007. 
Impact of ethanol on natural attenuation of MTBE in a 
normally sulfate-reducing aquifer. Environmental Science 
and Technology 41, no. 6: 2015-2021. 

Mackay, D.M., R.D. Wilson, K.M. Scow, M.D. Einarson, B. 
Fowler, and I.A. Wood. 200 !. In situ remediation of MTBE 
at Vandenberg Air Force Base, CA. Contaminated Soil, 
Sediment & Water: 43-46. 

McHugh, T.E., P.R. Kulkarni, C.J. Newell, J.A. Connor, and 
S. Garg. 2013. Progress in remediation of groundwater at 
petroleum sites in California. Groundwater [Epub ahead of 
print]. 

McKelvie, J.R., D. Mackay, N. de Sieyes, G. Lacrampe
Couloume, and B. Sherwood Lollar. 2007a. Quantifying 
MTBE biodegradation in the Vandenberg Air Force Base 

J.A. Connor et al. Groundwater 53, no. 2: 195-206 205 

 
012069



ethanol release study using stable carbon isotopes. Joumal 
of Contaminant Hydrology 94, no. 3-4: 157-165. 

McKelvie, J.R., S.K. Hirschorn, G. Lacrampe-Couloume, J. 
Lindstrom, J. Braddock, K. Finneran, D. Trego, and B. 
Sherwood-Lollar. 2007b. Evaluation of TCE and MTBE 
in situ biodegradation: Integrating stable isotope, metabolic 
intermediate, and microbial lines of evidence. Ground 
Water Monitoring & Remediation 27, no. 4: 63-73. 

Mormile, M.R., S. Liu, and J.M. Suflita. 1994. Anaerobic 
biodegradation of gasoline oxygenates: Extrapolation of 
information to multiple sites and redox conditions. Envi
ronmental Science and Technology 28, no. 9: 1727-1732. 

Newell, C.J., and I.A. Connor. 1998. Characteristics of dissolved 
petroleum hydrocarbon plumes: Results from four studies. 
American Petroleum Institute Soil and Groundwater Bul
letin 8. Washington, DC: American Petroleum Institute. 

Newell, C.J., H.S. Rifai, J.T. Wilson, J.A. Connor, J.A. Aziz, 
and M.P. Suarez. 2002. Groundwater issue: Calculation 
and use of first-order rate constants for monitored natural 
attenuation studies. In EPA/540/S-02/500. Washington, DC: 
United States Environmental Protection Agency. 

Odencrantz, J.E. 1998. Implications of MTBE for inltinsic 
remediation of underground fuel tank sites. Remediation 
Journal 8, no. 3: 7-16. 

Reid, J.B., H.J. Reisinger, P.G. Bartholomae, J.C. Gray, and A.S. 
Hullman. 1999. Comparative MTBE Versus Benzene Plume 
Behavior. BP Oil Company Flotida Facilities. Marietta, 
Georgia: Integrated Science & Technology, Inc. 

Reisinger, H.J., J.B. Reid, and P.J. Bartholomae. 2000. MTBE 
and benzene plume behavior: A comparative perspective. 
Soil, Sedimellt and Groundwater Journal, 43-46. 

Rice, D.W., R.D. Grose, J.C. Michaelsen, B.P. Dooher, D.H. 
MacQueen, S.J. Cullen, W.E. Kastenberg, L.G. Everett, 
and M.A. Marino. 1995. California Leaking Under
ground Fuel Tank (LUFT) Historical Case Analyses. 
UCRL-AR_122207, Environmental Protection Department, 
Environmental Restoration Division, Lawrence Livermore 
National Laboratory, Livermore, California. Submitted to 
the California State Water Resources Control Board Under
ground Storage Tank Program and the Senate Bill 1764 
Leaking Underground Fuel Tank Advisory Committee. 

Rifai, H.S., and W.G. Rixey, 2004. Final Report: Character
izing the Intrinsic Remediation of MTBE at Field Sites. 
EPA Grant Number: R828598C791, Subproject 791. 
http://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/ 
display.abstractDetail/abstract/5882/report/F (accessed 
October 21, 2013). 

Rifai, H.S., G.G. Shorr, and A. Bagga. 2003. MTBE behavior at 
field sites and plume characterization. In Proceedings of the 
Petroleum Hydrocarbons and Organic Chemicals in Ground 
Water, 138-145, August 19-22, Costa Mesa, California. 

Shih, T., Y. Rong, T. Harmon, and M. Suffer. 2004. Evalua
tion of the impact of fuel hydrocarbons and oxygenates on 
groundwater resources. Environmental Science & Tecf111ol
ogy 38, no. 1: 42-48. DOI:I0.1021/es0304650. 

206 J.A. Connor et al. Groundwater 53, no. 2: 195-206 

Shorr, G.L., and H.S. Rifai. 2002. A closer look at MTBE 
behavior within the subsurface. In Proceedings of the 
International Petroleum Environmental Conference, Octo
ber 22-25, Albuquerque, New Mexico. 

Stevens, G.J., M.J. Metcalf, and G.A. Robbins. 2006. Evaluation 
of the Effects of the Connecticut Ban of MTBE 011 Ground 
Water Quality. Storrs, Connecticut: Department of Natural 
Resources Management and Engineering, University of 
Connecticut. 

Suflita, J.M., and M.R. Mormile. 1993. Anaerobic biodegrada
tion of known and potential gasoline oxygenates in the 
terrestrial subsurface. Environmental Science and Tecfuzol
ogy 23, no. 5: 976-978. 

Tarr, J.M., and A.M. Galonski. 2007. MTBE after the Ban. In 
Proceedings of tlze Petroleum Hydrocarbons and Organic 
Chemicals in Ground Water, 148, November 5-6, Houston, 
Texas, National Groundwater Association. 

Thuma, J., G. Hinshalwood, V. Kremesec, and R. Kolhatkar. 
2001. Application of ground water fate and transport mod
els to evaluate contaminant mass flux and remedial options 
for a MTBE plume on Long Island, N.Y. In Proceed
ings of the National Ground Water Association Conference: 
Petroleum Hydrocarbons and Organic Chemicals in Ground 
Water, November 14-16. Houston, Texas. 

Weaver, J.W., and M.C. Small. 2002. MTBE: Is a little bit 
ok? In Proceedings of the Petroleum Hydrocarbons and 
Organic Chemicals in Ground Water, 206-219, November 
6-8, Atlanta, Georgia. 

Weaver, J.W., J.E. Haas, and C.B. Sosik. 1999. Characteristics 
of gasoline releases in the water table aquifer of Long 
Island. In Proceedings of the Petroleum Hydivcarbons and 
Organic Chemicals in Ground Water, November 17-19, 
262, Houston, Texas, National Ground Water Association/ 
American Petroleum Institute. 

Weaver, J.W., J.E. Haas, and J.T. Wilson. 1996. Analysis of the 
gasoline spill at East Patchogue, New York. In Proceed
ings of the American Society of Civil Engineers Conference 
011 Non-Aqueous Phase Liquids in the Subswface Envi
ronment: Assessment and Remediation, November 12-14, 
Washington, DC. 

Wilson, B.H. 2003. Comparison of plume lengths for MTBE and 
BTEX at 212 South Carolina sites. In MBTE Remediation 
Handbook, ed. E.E. Moyer and P.T. Kostecki, 635-638. 
Amherst, Massachusetts: Amherst Scientific Publishers. 

Wilson, R.D., D.M. Mackay, and K.M. Scow. 2002. In situ 
MTBE degradation supported by diffusive oxygen release. 
Environmental Science and Tec/1110/ogy 36, no. 2: 190-199. 

Yeh, C.K., and J.T. Novak. 1991. Anaerobic biodegradation 
of oxygenates in the subsurface. In Proceedings of the 
Petroleum Hydrocarbons and Organic Chemicals in Ground 
Water, 427-441, Houston, Texas, National Ground Water 
Association/American Petroleum Institute. 

NGWA.org 

 
012070



Monltotr1ng&Remed1at1on-------, 
FORUM 

A Comparison of Benzene and Toluene 
Plume Lengths for Sites Contaminated with 

Regular vs. Ethanol-Amended Gasoline 
by G.M.L. Ruiz-Aguilar; K. O'Reilly, and P .J.J. Alvarez 

Abstract 
This article describes various statistical analyses of plume-length data to evaluate the hypothesis that the presence of ethanol 

in gasoline may hinder the natural attenuation or hydrocarbon releases. Plume dimensions were determined for gasoline-conta
minated sites to evaluate the effect of ethanol on benzene and toluene plume lengths. Data from 217 sites in Iowa (without ethanol; 
set 1) were compared to data from 29 sites in Kansas that were contaminated by ethanol-amended gasoline (I 0% ethanol by vol
ume; set 2). The data were log-normally distributed, with mean benzene plume lengths (± standard deviation) of 193 ± 135 feet 
for set l and 263 ± 103 feet for set 2 (36% longer). The median lengths were 156 feet and 263 feet (69% longer), respectively. 
Mean toluene plume lengths were 185 ± 131 feet for set I and 211±99 feel for set 2 ( 14% longer), and the median lengths were 
158 feet and 219 feet (39% longer), respectively. Thus, ethanol-containing BTEX plumes were significantly longer for benzene 
(p < 0.05), but not for toluene. A Wilcoxon signed rank test showed that toluene plumes were generally shmter than benzene plumes, 
which suggests that toluene was attenuated to a greater extent thrui benzene. This trend was more pronounced for set 2 (with ethanol), 
which may reflect that benzene attenuation is more sensitive to the depletion of electron acceptors caused by ethanol degradation. 
These resulls support the hypothesis that the presence of ethanol in gasoline can lead to longer benzene plumes. The importance 
of this effect, however, is probably site-specific, largely depending on the release scenario and the available electron acceptor pool. 

Introduction 
The use of ethanol as a gasoline additive is likely to 

increase in the near future as a substitute for the oxygenate 
MtBE (Powers et al. 2001a, 200lb). Regulatory renewable fuel 
requirements will also lead to additional ethanol use. There
fore, it is important to understand how ethanol affects the 
fate and transport of hydrocarbons in ground water. Previous 
laboratory studies have shown that the presence of ethanol 
could have undesirable effects on the biodegradation of BTEX 
(i.e., benzene, toluene, ethylbenzene, and ortho-, para-, and 
meta-xylene). Specifically, ethanol is often degraded prefer
entially and contributes lo the depletion of nutrients and elec
tron acceptors (e.g., 0 2) that would otherwise be available to 
support BTEX biodegradation (Corseuil et al. 1998; da Silva 
and Alvarez 2002; Ruiz-Aguilar et al. 2002). In addition, 
high ethanol concentrations (> l 0% ), which could occur initially 
at the source, could also enhance BTEX solubility and decrease 
sorption-related retardation, enhancing hydrocarbon migration 
(da Silva and Alvarez 2002; Powers et al. 200Ib; Rao et al. 
1990). These findings suggest that ethanol may hinder BTEX 
natural attenuation, which could result in longer BTEX plumes 
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and a greater risk of exposure. Nevertheless, little is known 
about the magnitude and significance of this potential plume
elongalion effect. 

Plume dimensions and stability are important parameters 
to characterize for risk management because they detc1minc 
the area of influence and the potential duration of exposure. 
Several investigators have developed mathematical models for 
predicting the effect of ethanol (added to gasoline at 10% by 
volume) on BTEX plume length (Table 1). These screening 
models predict that ethanol would increase the maximum 
BTEX plume length (i.e., when steady state is reached) by <my
where from ~10% to 150%. Whereas these models provide 
valuable insight into the potential ground water impacts of 
ethanol in gasoline, they are based on simplifying and influ
ential assumptions and have not yel been validated with field 
data. Therefore, there is a need for empirical evaluations of the 
effect of ethanol on BTEX plume length. 

This article describes statistical analyses of plume-length 
data to evaluate the general hypothesis that the presence of 
ethanol in gasoline hinders the natural attenuation of hydro
carbons, resulting in longer BTEX plumes com ared to re -

EXHIBIT 
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Table 1 
Modeling Efforts to Assess the Effect of Ethanol on Benzene Plume Length 

Increase in Benzene 
Citation Conceptual Model Plume Length 

Heermann and Powers (1996) 2-D transport from a pool of gasoline. 
Focus on cosolvency and interface 
mass transfer. Biodegradation not included. :5 + 10% (for xylene not benzene) 

Malcom Pirnie Inc. (1998) Steady-State, 2-D transport from a gasoline pool. 
First-order decay of benzene when CE108<3 mg 1-1• 

First-order decay of ethanol. + 17-34 % 

McNab et al. ( 1999) 3-D aqueous transport. 
Continuous slow release of gasoline (up to 3 gpd) 
to a growing NAPL pool at the water table. 
First-order decay of ethanol and benzene. 
Benzene degradation rate constant defined by 
inverse correlation to BOD cone. at the source. ~+ 100% 

Molson et al. (2002) 3-D transport from a gasoline source at the water 
table at a residual saturation. 
Aerobic decay with 0 2 as the sole electron acceptor 
quantified by Monad kinetics. 
Microbial growth incorporated. + 10-150 % 

ular-gasoline releases. This article also addresses the likelihood 
that ethanol would hinder the natural attenuation of benzene 
to a greater extent than toluene due to differences in their 
biodegradability under the strictly anaerobic conditions induced 
by ethanol. 

Methodology 

Plume Data 

Two sets of ground water data were collected from about 
600 gasoline-contaminated sites. One of the data sets (set 1) 
was obtained from the Iowa Department of Natural Resources, 
Underground Storage Tanks Section (IDNR TIER-2 data
base). This database contained no info1mation about the pres
ence of ethanol; thus, the data were screened to exclude sites 
with suspected contamination by ethanol-amended gasoline. 
A review of site investigation reports and telephone surveys 
were conducted for this purpose. Many of the set 1 sites were 
also discarded because of insufficient data to plot the required 
plume contours (e.g., plumes not bracketed by downgradient 
wells) or because contamination resulted from multiple sources 
(e.g., overlapping plumes). Therefore, only 217 Iowa sites 
(contaminated with regular gasoline) were included in set 1. 
The other data set (set 2) was obtained from the Kansas 
Department of the Environment and Health (KDEH), and 
corresponded to 29 sites contaminated with gasohol (i.e., 
gasoline with 10% ethanol by volume). Site investigation 
reports did not show salient difterences between the two data 
sets regarding release and response scenario (e.g., amount 
released, age of spill, or remedial activities). None of these sites 
repo11ed MTBE contamination. In addition, MTBE is unlikely 
Lo affect BTEX or ethanol degradation in contaminated aquifers 

(da Silva and Alvarez 2002; Deeb et al. 2001; Ruiz-Aguilar et 
al. 2002). Thus, MTBE was not a factor in this study. 

Determination of Plume Lengths 

Benzene and toluene plume lengths were determined by 
contouring data from monitoring wells (which were typically 
separated by about 100 feet), using a computer algorithm 
based on Hardy's multiquadric method for plotting two
dimensional concentration contours (Saunderson 1994). This 
algorithm was incorporated into the Iowa RBCA TIER2 Inter
polation Program version 2.17, which interfaces with the 
IDNR TIER-2 database. This approach eliminated subjectiv
ity associated with drawing the plumes by hand. Selected 
computer-generated plumes were compared to the corre
sponding hand-drawn plumes for validation purposes. Plume 
lengths were then measured as the longest distance between 
lhe identified source and the 5 µg/L contour, which conesponds 
to the drinking water standard for benzene. 

Statistical Analyses 

Plume length data were imported into Minitab (version 
13.1, State College, Pennsylvania), which was used to calcu
late population statistics for each data set. These statistics 
included the population mean, standard deviation, median, 
maximum, and minimum. Distribution analyses were per
formed using the Anderson-Darling test for log-normality at 
the 95% significance level (Freedman et al. 1998). A Kmskal
Wallis test was also performed to determine whether BTEX 
plumes were significantly longer in set 2 (with ethanol) than 
in set l (without ethanol). This nonparametric test, which 
ranks plume lengths from low to high and then analyzes the 
ranks (Lehmann 1975), is ve1y robust to test differences in pop
ulation medians (Johnson and Mizoguchi 1978). Two-sample 
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Figure 1. Cumulative distribution of (a) benzene and (b) toluene 
plume lengths for set 1 (Iowa data, without ethanol) and set 2 
(Kansas data, with ethanol). 

Student's t-tests (Freedman et al. 1998) were also perfonned 
to determine if average benzene and toluene plume lengths 
were significantly different between the two data sets. Finally, 
a Wilcoxon signed-rank test was performed to test if benzene 
plumes were generally longer than toluene plumes, and to 
determine if this trend was statistically significant. 

Results and Discussion 
Plume length data were log-normally distributed (p = 

0.275 for benzene and 0.394 for toluene) according to an 
Anderson-Darling test. The cumulative distribution of the 
plume lengths shows that benzene plumes were generally 
longer for set 2 (with ethanol) than for set l (without ethanol) 
(Figure la). For example, 92% of benzene plumes in set 2 were 
longer than 150 feet, compared to only 74% for set I. The same 
trend was observed for plumes longer than 250 feet. Jn this case, 
69% of benzene plumes in set 2 were longer than 250 feet, 
compared to 45% for set l. However, none of the 29 plumes 
in set2 was longer than 500 feet, compared to 12% of the 217 
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Figure 2. Box plots of the benzene and toluene plume length 
data. The line across the box represents the median. The bottom 
and top of the box represent the first and third quartiles (Q1 and 
03). The whiskers extend to the lowest and highest observations 
inside the region defined by Q1 -1.5(QJ-Q1) and 03 +1.5(Q3-
Q1). Individual points with values outside these limits (outliers) 
are plotted with asterisks. 

plumes in set 1. This trend reversal reflects that set 1 was a 
much larger data set and contained both the smallest and 
largest plumes. Note that these longer plumes are statistical out
liers, as dete1mined by the Tukey method (Tukey 1977; Fig
ure 2). Similar results were observed for toluene, although the 
apparent elongation effect of ethanol was not as pronounced 
(Figure 1 b). 

Box plots cmroborated that BTEX plumes with ethanol (set 
2) were generally longer than those from set 1, without ethanol 
(Figure 2). A Kruskal-Wallis test showed that the median 
length of benzene plumes was significantly longer for set 2 than 
for set 1 (263 versus 156 ftp < 0.00 l; Figure 3). On the other 
hand, the difference for toluene plumes was not statistically sig
nificant (219 versus 158 feet, p = 0.073). Note that the median 
length for benzene and toluene plumes without ethanol is 
within 15% of that reported by Newell and Connor (1998) (i.e., 
132 feet). This value was obtained from a compilation of 
four surveys (Groundwater Services 1997; Mace et al. 1997; 
Rice et al. 1995; Newell and Connor 1990), covering a total 
of 604 sites presumably contaminated with gasoline without 
ethanol. 
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Table 2 
Summary Statistics for Benzene 
and Toluene Plume Length Data 

Compound 
Benzene Toluene 

Seti Sct2 Set 1 Set 2 
Parameters (no EtOH) (with EtOH) (noEtOH) (with EtOH) 

Number of sites 217 29 211 26 
Minimum(ft) 18 90 14 75 
Median (ft) 156 263 158 219 
Maximum (ft) 1005 500 973 450 

Mean (ft) ±Std. 
deviution 193± 135 263± 103 185± 131 211 ±99 

p-valuc 0.002* 0.243 

*Dala were significantly rliffcrenl (p < 0.05) as dc1cnnincd by a lWO·samplc studcnl"s 
t-test. 

Benzene 

Toluene 

0 75 150 225 300 

Median plume length (ft) 

Figure 3. Median length of set 1 (Iowa data, without ethanol) 
versus set 2 plumes (Kansas data, with ethanol). The difference 
was significantly different for benzene (p < 0.001 ), but not for 
toluene (p = 0.073), as established by a Kruskal-Wallis test. 

Table 2 summarizes the central tendencies of benzene 
and toluene plume lengths. The average length of BTEX 
plumes with ethanol was higher than the co1Tesponding value 
without ethanol (by 36% or 70 feet for benzene, and by 17% 
or 26 feet for toluene). Similar to the Kruskal-Wallis test, 
two-sample student's t-tests showed that these differences 
were statistically significant for benzene (p = 0.002) but not for 
toluene (p = 0.243). Whereas an increase of70 feet in the aver
age length of benzene plumes is statistically significant, this 
does not imply that the co1Tesponding increase in public health 
risk will also be significant. 

Benzene plumes were generally longer than toluene 
plumes, and this difference was more pronounced for the data 
set with ethanol (set 2). Specifically, the average benzene 
plume was 20% longer than the average toluene plume for set 
2, compared to a 4% difference for the data set without ethanol 
(set l ). A Wilcoxon signed rank test showed that both of these 

Table 3 
Predominant Lithologic Characteristics 

of the Sites Considered in This Study 

Percent of Sites Where Material was Dominant 
Set1 Set 2 

Material (no etlrnnol) (with ethanol) 

Clay 40 31 
Limestone 4 0 
Mixed 28 34 
Sand 15 23 
Shale 0 3 
No data available 13 9 

Table 4 
Benzene Plume Length Statistics, Segregated 

by Dominant Type of Aquifer Material* 

Dominant Num!Jer Benzene Plume Length 
Aquifer of Average Standard 
Material sites (ft) Deviation (ft) 

Set 1 (no ethanol, Iowa) 
Clay 85 184 !07 
Limestone 8 155 !05 
Mixed 59 172 84 
Sand 35 249 215 
No data available 31 199 164 

Set 2 (with ethanol, Kansas) 
Clay 8 242 89 
Mixed 9 283 !05 
Sand 8 250 92 
Shale I 288 0 
No data available 3 292 201 

"'For a given set. differences between cutcgories were not significantly different. 

differences were statistically significant (p < 0.05), which 
suggests that the potential elongating effect of ethanol could 
be more pronounced for benzene than for toluene (Figure 3). 
Benzene, which is the most toxic of the BTEX compounds, is 
relatively recalcitrant under the anaerobic conditions exacer
bated by an ethanol-driven consumption of electron acceptors 
(Corseuil et al. 1998; Heider et al. 1998). Toluene is more fre
quently reported to degrade under anaerobic conditions. The 
methyl group in toluene is electrophilic and facilitates nucle
ophilic attack by water (Alvarez and Vogel 1995) or by anaer
obic catabolic enzymes such as benzyl suceinate synthase 
(Heider et al. 1998). This facilitates the initiation of degrada
tion without the action of an oxygen requiring oxygenase 
enzyme. The higher biodegradability of toluene and its higher 
tendency than benzene to be retarded by sorption (Alvarez et 
al. 1998) are conducive to shorter plumes. 

As is commonly the case for many epidemiological stud
ies, it should be pointed out that the inferences of our statis
tical analysis are constrained by other factors besides the 
presence of ethanol that could influence plume length. 
Although Iowa and Kansas have a similar geologic history, 
unaccounted confounding factorn include hydrogeologic and 
geochemical characteristics that control the rates of advection, 
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dilution, sorption, volatilization, and biodegradation, as well 
as site heterogeneity and the release and response scenarios. 
Unfo1tunately, logistical and cost constraints often preclude the 
quantification of these processes at gasoline-contaminated 
sites. Therefore, these factors could not be included in our sta
tistical analysis, with the exception of considering borehole data 
that permitted the categorization of the sites according to the 
dominant type of aquifer material (Table 3). These data sug
gest that a slightly higher percentage of sites in set 1 were less 
permeable than in set 2 (i.e., 46% vs. 33% were clay-rich 
and 19% vs. 24% were sandy). Although plumes were gener
ally longer in sandy than in clay-rich aquifers, the standard devi
ations for a given lithologic category were relatively large, as 
illustrated for benzene plumes (Table 4 ). Therefore, the dom
inant type of aquifer material did not have a statistically sig
nificant effect on plume length. This finding is consistent 
with previous plume studies (Rice et al. 1995; Mace et al. 
1997). This does not mean that the type of aquifer material (and 
its associated permeability and sorption capacity) does not 
affect plume length. Rather, it implies that other factors that 
were not quantified could be more influential. 

Jn spite of the many potentially confounding factors asso
ciated with field data, it should be recognized that ( 1) such con
founding factors were likely randomized by the relatively 
large data set considered; (2) Kansas plumes were longer 
even though temperatures tend to be slightly wanner in Kansas 
than in Iowa, which is conducive to faster biodegradation; and 
(3) the results of the statistical analysis show a strong consis
tency of association with experimental and modeling results 
and with biologically plausible explanations discussed previ
ously. Therefore, this work supports the hypothesis that the 
presence of ethanol in gasoline can lead to longer benzene 
plumes. These results should provide a basis for further field 
studies involving controlled gasohol releases to improve our 
gasohol-release risk assessment capabilities. 

Conclusion 
This study investigated the potential magnitude and sig

nificance of BTEX plume elongation by the presence of 
ethanol in gasoline. There was a statistically significant dif
ference in mean benzene plume lengths between gasoline- ver
sus gasohol-contaminated sites. The mean toluene plume 
lengths were not significantly different. Ethanol apparently hin
ders the biodegradation of benzene to a greater extent than 
toluene because benzene is less degradable under strictly 
anaerobic conditions that are exacerbated by the depletion of 
electron acceptors during ethanol degradation. The significance 
of this effect, however, is probably site-specific, largely 
depending on the release scenario and the available electron 
acceptor pool. 
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Evaluation of the Impact of Fuel 
Hydrocarbons and Oxygenates on 
Groundwater Resources 
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The environmental behavior of fuel oxygenates (other 
than methyl terr-butyl ether [MTBE]) is poorly understood 
because few data have been systematically collected 
and analyzed. This study evaluated the potential for 
groundwater resource contamination by fuel hydrocarbons 
(FHCs) and oxygenates (e.g .. terr-butyl alcohol [TBA], tert
amyl methyl ether [TAME], diisopropyl ether [DIPE], 
ethyl terr-butyl ether [ETBE], and MTBE) by examining 
their occurrence, distribution, and spatial extent in 
groundwater beneath leaking underground fuel tank 
(LUFT) facilities, focusing on data collected from over 
7200 monitoring wells in 868 LUFT sites from the greater 
Los Angeles, CA, region. Excluding the composite measure 
total petroleum hydrocarbons as gasoline (TPHG). TBA 
has the greatest site maximum (geometric mean) groundwater 
concentration among the study analytes; therefore, its 
presence needs to be confirmed at LUFT sites so that 
specific cleanup strategies can be developed. The alternative 
ether oxygenates (DIPE, TAME, and ETBE) are less likely 
to be detected in groundwater beneath LUFT facilities in the 
area of California studied and when defected are present 
at lower dissolved concentrations than MTBE, benzene, 
or TBA. Groundwater plume length was used as an initial 
indicator of the threat of contamination to drinking 
water resources. Approximately 500 LUFT sites were 
randomly selected and analyzed. The results demonstrate 
MTBE to pose the greatest problem, followed by TBA 
and benzene. The alternative ether oxygenates were relatively 
localized and indicated lesser potential for groundwater 
resource contamination. However, all indications suggest 
the alternative ether oxygenates would pose groundwater 
contamination threats similar to MTBE if their scale of usage 
is expanded. Plume length data suggest that in the 
absence of a completely new design and construction of 
the underground storage tank (UST) system, an effective 
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management strategy may involve placing greater 
emphasis on UST program for ensuring adequate enforcement 
and compliance with existing UST regulations. 

1. Introduction 
The production and use of fuel oxygenates, particularly 
methyl tert-butyl ether (MTBE), have increased dramatically 
since the early 1990s as a consequence to federal and state 
regulations designed to improve air quality. The 1990 Federal 
Clean Air Act (CAA) Amendments mandated the use of winter 
oxyfuel or reformulated gasoline (RFG) to reduce carbon 
monoxide or ozone-forming hydrocarbon emissions in 
carbon monoxide and ozone nonattainment regions. re
spectively (J). In theory, the federal oxyfuel and RFG 
requirements do not specify a particular oxygenate, and 
gasoline refiners have several oxygenate options, including 
ethers (e.g., MTBE, diisopropyl ether [DIPE], ethyl tert-butyl 
ether [ETBE]. tert-amyl methyl ether [TAME]) and alcohols 
(e.g., ethanol or tert-butyl alcohol [TBA]). In practice, however, 
MTBE has emerged as the dominant oxygenate in oxyfuel 
and RFG due to its lower cost and favorable transfer and 
blending characteristics (Z). Currently, MTBE accounts for 
85% of all oxygenates used in the United States or roughly 
15 billion L year-1 (3). While ethanol accounts for about 7% 
of the United States oxygenated fuel supply, ethanol is 
generally not used outside of the Midwest (4). 

Fuel oxygenates can be accidentally introduced to sub
surface environments during the refining, distribution, and 
storage of oxygenated fuels. Spills and leaks of oxygenate
containing gasoline pose a greater risk to groundwater 
resources as compared to that caused by other petroleum 
constituents (e.g., monoaromatics such as benzene, toluene, 
ethyl benzene, and total xylenes [BTEX]). Comparing to other 
petroleum constituents, fuel oxygenates are significantly 
more water soluble and are not adsorbed as readily to soil 
particles (see Table Sl, Supporting Information), allowing 
them to travel farther and faster in groundwater (4-6). In 
addition. owing in part to their molecular structure, ether 
oxygenates including MTBE have been shown to resist 
biodegradation (7-11). The persistence and mobilityofMTBE 
in subsurface environment, combined with its relative 
quantity in oxyfuel and RFG as compared to other gasoline 
constituents, have contributed to its dominant presence and 
frequent detection in groundwater plumes (4) and com
munity water systems (CWS) (IZ). The relatively low odor 
threshold of MTBE renders many of these drinking water 
supplies with even low-level MTBE contamination to be 
unusable (13). 

Concerns about potential groundwater contamination 
from MTBE have led several states to consider or enact MTBE 
bans (4). Unless the oxygenate requirements are removed 
through modification of the CAA, state- and federal-level 
bans ofMTBE mean refiners must replace MTBE with another 
oxygenate. As a result, interest in the use and the environ
mental fate and transport of alternative oxygenates has 
increased significantly (14). However, to date, the state of 
knowledge is still quite limited for oxygenates DIPE, ETBE, 
TAME, and TBA (which together make up a total of up to 8% 
of United States oxygenates market). There are virtually no 
data on the environmental behavior of these other oxygenates 
(15), due primarily to difficulties in delineating their extent 
in the environment, lack of systematic analytical procedures 
for their determination as a group. and lack of regulatory 
requirement for their analysis. The extent and magnitude of 
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oxygenate contamination (other than MTBE) in the United 
States remains unknown. It is imperative that the environ
mental impacts of alternative oxygenates be properly as
sessed, since limited evidence available suggests they would 
pose groundwater contamination threats similar to MTBE 
(4), if used in similar percent by volume amounts. 

This paper characterizes the potential for groundwater 
contamination of fuel hydrocarbons (FHCs) and oxygenates 
by examining their occurrence, distribution, and extent at 
leaking underground fuel tank (LUFT) sites. Specifically, data 
on the frequency of detection, maximum concentration, and 
contaminant plume length in groundwater of FHCs and 
oxygenates at LUFT sites in the greater Los Angeles region 
are presented. Contaminant plume length is the primary 
measure in this research because it reflects the potential of 
the contaminant to impact receptors. Secondary analysis of 
the correlation among FHC and oxygenate plume lengths 
and concentrations and time series analysis of contaminant 
plume length are also presented. In addition, this paper 
addresses the role of fuel oxygenates in influencing the 
behavior ofFHC plumes at LUFT sites. Analysis of these data 
provides information on the current extent/magnitude of 
impact to groundwater resources caused by fuel releases, 
addresses the fate and transport of released gasoline con
stituents, and provides a basis for making preliminary 
predictions on the implications of the expected shift to 
alternative oxygenates as MTBE is phased out, or reduced, 
in gasoline. 

The approach utilized is to treat LUFT sites as statistical 
populations (1). LUFT sites are particularly important because 
they represent major point sources of gasoline constituents 
and the leading cause of FHC and oxygenate groundwater 
contamination. According to U.S. Environmental Protection 
Agency's (USEPA) Safe Drinking Water information System, 
some 385 000 known releases of gasoline have already 
occurred at LUFT sites nationally ( 5) and approximately 35% 
of the CWS wells have one or more LUFT sites within a 1-km 
radius of the well (5). This paper focuses California, specif
ically the Los Angeles region, as California's large consump
tion of fuel oxygenates makes the state an important 
environmental indicator for the national impacts of oxygen
ates. In fact, California's consumption ofMTBE accounts for 
approximately one-fourth of global MTBE consumption ( 4) 
and some 6700 MTBE LUFT sites arc located within 0.8-km 
radius of CWS wells in the state (16). Los Angeles, which 
comprises about 28% of the population in California (11), 
exemplifies a typical RPG-program participating metropolitan 
area. 

2. Experimental Section 
2.1.1. Characterization of Contaminant Spatial Extent at 
LUFT Sites. Groundwater plume length for a given con
taminant is defined as the distance from the source area to 
the farthest edge of the plume at a predetermined concen
tration contour. In this paper, the dissolved plume length in 
groundwater for FHC (benzene), oxygenates (MTBE, DIPE, 
ETBE. TAME, and TBA), and total petroleum hydrocarbons 
as gasoline (TPHc) were investigated. TPHc is a useful 
indicator of the presence and magnitude of gasoline con
tamination and includes C4-C12 compounds. Dissolved 
concentration contours were defined to 511g L - 1 for benzene 
and ether oxygenates to I 0 pg L - 1 for TBA, and to I 0011g L - 1 

forTPHc. taking into account both uniformity across different 
analytes as well as their method detection limits (MD Ls). For 
each site, analytical data from groundwater monitoring wells, 
estimates of average groundwater gradient directions, and 
best professional judgment in extrapolating the most down
gradient well contaminant concentrations to the respective 
predetermined concentration contours were used to contour 
the groundwater plume for estimating spatial extent. Other 

investigators (1, 16, 18) have applied similar methods for 
characterizing plume length. 

Clearly, plume length as defined is two-dimensional. The 
lack of depth-specific data and other site-specific knowledge 
across the population of LUFT sites investigated in this paper 
preclude evaluation of plume transport in the vertical 
direction. In areas of significant recharge, this can bias the 
measurements toward shorter plumes, since a typical 
monitoring well screened across the water table may fail to 
detect the leading edge of the plume as it is deflected 
downward in response to the infiltration of recharge from 
above. Further, fluctuating flow directions as well as errors 
in their determination can result in monitoring well network 
configurations that create additional biases in plume length 
measurement. Despite these shortcomings, plume length 
remains an important indicator of the spatial extent of solute 
plumes and, in this paper, reflects the potential/relative 
potential of the FHCs and oxygenates to impact receptors. 

2.1.2. Site Selection and Sampling Protocol for Con
taminant Plume Length Study. From a list of over 1100 active 
LUFT facilities in the greater Los Angeles region, 500 facilities 
were randomly selected for site evaluation. Facilities qualified 
for inclusion in the plume length study if (a) sufficient 
groundwater monitoring data were available to define the 
contaminant plume lengths, (b) groundwater monitoring data 
covered at least the time period from 3rd quarter 2000 to 2nd 
quarter 2001, (c) at least one of the five fuel oxygenates of 
interest (MTBE, TBA, DIPE, ETBE, and TAME) was used or 
detected at the site, (d) at least one of the FHCs (TPHc and 
benzene) was used or detected at the site, and (e) site 
analytical data met California Regional Water Quality Control 
Board-Los Angeles Region's (CRWQCB-LA) laboratory qual
ity assurance testing requirements (19). 

To investigate the influence ofoxygenates on FHC plume 
length at LUFT sites, a distinct "FHC-only" population of 
LUFT facilities was identified for comparison. From the same 
list of LUFT facilities referenced above, 700 facilities were 
randomly selected for site evaluation. The "FHC-only" 
population was selected based on identical facility inclusion 
criteria as above, with the exception that none of the five 
oxygenates of interest was used or detected at the site (as 
demonstrated by soil and groundwater historical data). For 
TPHc and benzene, only for 53 and 52 facilities, respectively, 
were plume lengths able to be estimated after examination 
of all 700 randomly selected sites. 

2.2. Occurrence and Distribution ofFHCs and Oxygen
ates at LUFT Sites. To investigate the occurrence/ distribution 
ofFHCs and oxygenates, data from LUFT sites were analyzed 
to determine the frequency of detection of FHCs and 
oxygenates at LUFT sites, their maximum site concentrations, 
and the correlation among these gasoline constituents. As 
part of the recent regulatory requirements adopted by the 
California State Water Resources Control Board, responsible 
parties for LUFT sites were required to submit laboratory 
analytical data and reports to the state Geotracker Internet 
Database in the Electronic Deliverable Format (EDF). From 
a list of over llOO active LUFT facilities in the greater Los 
Angeles region, over 850 facilities had submitted their 
laboratory analytical data and reports in EDF, which ensured 
the data that were transmitted were of known quality and 
met all laboratory testing requirements specified by the 
regulatory agency (section 2.4). The resulting EDF from these 
facilities uniformly analyzed, at a minimum, FHC (BTEX), 
oxygenates (MTBE, DIPE, ETBE, TAME, and TBA) and TPHc. 
An extensive data analysis was conducted of the electronic 
data and hardcopy reports from these facilities. For the time 
period between January and March of 2002, a total of over 
7200 monitoring wells were sampled for these facilities. 

2.3. Site Setting and Representativeness. To determine 
whether the LUFT sites selected for this study were repre-
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TABLE 1. Summary Statistics on LUFT Site Maximum Analyte Concentrations and Site Analyte Detection Frequencies• 

MTBE TPHG benzene DIPE ETBE TAME TBA 

minimum (ug L-1) 0.46 30 0.3 0.36 0.35 0.38 6 
maximum (ug L -1) 1.6 x 107 9.98 x 108 4.2 x 107 4 700 7 500 12 000 4.4 x 106 

1 880 
30120 

median (ug L-1) 1 200 15 000 1 370 30 4 20 
mean (ug L - 1) 44 840 3 783 500 83 750 290 260 240 
g-mean (ug L - 1) 900 11 400 
LUFT sites with detected analyte (n) 718 797 
analyte site detection frequency (%) 82.7 91.8 

•Note: g-mean denotes geometric mean. 

sentative of the majority of LUFT sites in California, statistical 
analyses of site hydrogeology and contaminant impact were 
conducted in manner similar to Happel et al. (J) and reported 
in detail in text and figures in the Supporting Information. 

2.4. Analytical Methods. The analysis of oxygenates as a 
group using conventional analytical procedures designed for 
petroleum hydrocarbons has been shown to be problematic 
(1, 20'). USEPA Method 8020/218, a protocol routinely 
employed for the analysis of LUFT samples, was unfit for 
monitoring of TBA and frequently yielded false-positive and 
inaccurate results when ether oxygenates were monitored in 
aqueous samples containing high TPHc concentrations 
(> 1000 µg L - 1). In contrast. Halden et al. (20') demonstrated 
that USEPA Method 8260B (gas chromatography/mass 
spectrometry) was a robust protocol for oxygenates over a 
wide range ofTPHc background concentrations. To ensure 
that appropriate protocols for the analysis of oxygenates were 
utilized, only those groundwater samples from LUFT sites 
that had been analyzed for BTEX and ether and alcohol 
oxygenates using USEPA Method 8260B were used for this 
study. TPHc was analyzed using USEPA Method 8015 
nonaromatic, nonhalogenated chromatograph procedure. 
Laboratory MD Ls forTPHc. BTEX, TBA, and etheroxygenates 
were set at 100, 1, 10, and 2 Jig L - 1• respectively. 

3. Results and Discussions 
3.1. Occurrence and Distribution ofFHCs and Oxygenates 
at LUFT Sites. To determine the frequency of detection of 
FHCs and oxygenates at LUFT sites, their maximum site 
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concentrations, and the correlation among these gasoline 
constituents, groundwater monitoring data from over 7200 
monitoring wells in EDF were analyzed from 868 LUFT sites 
in the greater Los Angeles region. At a reporting limit of 100, 
I. 10, and 2 Jig L - 1• for TPHc. benzene. TBA. and ether 
oxygenates, respectively, 96% of the EDF-LUFT sites con
tained at least one FHC or oxygenate. 92% contained at least 
two analyzed compounds, 60% contained at least four 
compounds, and 1.5% contained all seven FHC and oxygenate 
compounds. TPHc was the analyte most frequently detected 
at 91.8% of EDF-LUFT study sites. followed by MTBE and 
benzene at 82. 7% and 82.5%, TBA at 61.l %, and the alternative 
ether oxygenates DIPE, TAME. and ETBE at 23.7%, 18.3%, 
and 8.9%, respectively. 

The site maximum analyte concentration (SMAC) was a 
good indicator of the source analyte concentration or strength 
in groundwater. SMAC was determined for each of the seven 
FHCs and oxygenates at individual EDF-LUFT study sites. 
Figure 1 depicts a comparison of the SMAC cumulative 
distributions. The results indicate that. excluding the com
posite measure TPHc. TBA has the greatest site maximum 
concentrations, followed by MTBE/benzene and DIPE, 
TAME, and ETBE. The mean, geometric mean, median, and 
other relevant measures are displayed in Table 1 for LUFT 
sites with detectable levels of analyte. The log-normality of 
the data sets, confirmed by graphical tools and more 
quantitative measures (e.g.. coefficient of variation, the 
Shapiro-Wilk Test (21), and skewness), necessitated a natural 
log data transformation before computation of the t-test (21-
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23) to examine the significance of variations in concentration 
observed among the FHC and oxygenate compounds. 
Bonferroni probability (Bon. p) was provided as protection 
for performing multiple t-tests simultaneously. Among the 
FHC and oxygenates, TPHc has the greatest geometric mean 
site maximum concentration, followed by TBA, MTBE, 
benzene, and the ether oxygenates DIPE, TAME, and ETBE 
(Table 1), confirming what is observed in Figure 1. The student 
t-test verified statistically significant (a.= 0.05, Bon. p < 0.05) 
differences for 20 out of 21 possible pairwise comparisons 
among the seven FHC and oxygenate compounds. 

The study observations indicate low concentrations of 
alternative ether oxygenates (DIPE, ETBE, and TAME) at LUFT 
sites (e.g., 50% of the detected maximum site concentrations 
for ETBE, TAME, and DIPE were less than 5, 20, and 30 11g 
L - 1, respectively (Figure 1)). Examinations of gasoline surveys 
provide definitive knowledge of which oxygenate and what 
volumes of that oxygenate are being used in a particular 
region of the country. As demonstrated by the 1995-1997 
EPA Oxygenate Type Analysis and RFG Survey Data (24), the 
quantity of alternative ether oxygenates (DIPE, ETBE, and 
TAME) in Los Angeles area gasoline are near trace amounts 
(«1 % by weight), which may explain their low soluble source 
concentrations observed. 

In addition, high TBA source concentrations were ob
served. In fact, excluding the composite measure TPHc, TBA 
has the greatest geometric mean site maximum groundwater 
concentration among our study analytes. This finding may 
be explained in terms of the solubility and sources of TBA. 
Even though TBA was added to gasoline in significantly lesser 
amounts than MTBE or benzene, its high miscibility meant 
that small quantities of TBA could translate into high 
groundwater concentrations. Further, different sources of 
TBA (as gasoline additive, impurity, or oxidation byproduct 
of MTBE) could by themselves, or in combination, result in 
the detected TBA in groundwater at LUFT sites. 

3.2. Characterization of Contaminant Spatial Extent at 
LUFf Sites. Contaminant plume length was used as an initial 
indicator of the threat of contamination to drinking water 
sources by contaminants present in shallow groundwater at 
LUFT sites and was estimated according to procedures in 
section 2.1.1. Figure 2 presents FHC and oxygenate plume 
lengths in terms of cumulative percentile. The results indicate 

that among the FHCs and oxygenates, MTBE has the greatest 
plume length, followed by TBA/TPHc, benzene, and the 
alternative oxygenates DIPE,TAME, and ETBE. The difference 
in plume length is clearly distinguishable, as in the case of 
MTBE versus FHC and MTBE versus other oxygenates. In 
contrast, pairwise comparisons between TBA/TPHc. benzene/ 
DIPE, and TAME/ETBE cumulative distributions indicate that 
for these pairs, the variation in plume length is difficult to 
distinguish as demonstrated by the overlapping cumulative 
percentile curves. 

The statistical significance of the plume length differences 
among the FHC and oxygenate groups was examined using 
the two sample t-test (after log-transformation). The log
normality of the data sets indicates that the geometric mean 
and the median are better descriptors of the LUFT plume 
population. Table 2 summarizes the data. Among the FHC 
and oxygenates. MTBE has the greatest geometric mean 
plume length at 83 m, followed by TPHc/TBA at 64 and 63 
m, benzene/DIPE at 51 and 50 m, and TAME/ETBE at 36 and 
34 m. The student t-test verified statistically significant (a.= 
0.05, Bon. p < 0.05} differences for pairwise comparisons of 
MTBE and TBA to DIPE, ETBE, and TAME as well as 
comparisons between MTBE and TBA, MTBE and benzene, 
and TBA and benzene. In contrast. pairwise comparisons of 
DIPE, ETBE. and TAME to one another as well as benzene 
to DIPE or ETBE were not. 

Contaminant groundwater plume length is influenced by 
factors such as hydrogeologic characteristics, matrix chemical 
interactions, source strength, biodegradation, and intrinsic 
properties of the chemical of interest. Under steady-state 
conditions, the differences in plume length among the FHCs 
and oxygenates at a particular site may be attributed primarily 
to differences in source strength and degradability of the 
contaminant. The lower source strengths ofalternative ether 
oxygenates (DIPE, ETBE, and TAME) (Figure 1) as compared 
to MTBE, TBA, or FHCs may have contributed in large part 
to the observed localization of these plumes. In contrast, 
since the FHCs have source strengths of similar magnitudes 
as compared to MTBE and TBA (Figure I). it is likely the 
significantly greater biodegradability of the FHCs (TPHc and 
benzene) relative to TBA and ether oxygenates favored the 
more restricted plume migrations from the source areas as 
compared to MTBE and TBA plumes. 
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TABLE 2. Summary Statistics on Estimated LUFT Site Analyte Plume length in Groundwater• 

MTBE TPHa benzene DIPE ETBE TAME TBA 
(5µ9 L-1) (100 119 L-1) (5119 L-1) (5µ9 L-1) (5 µ9 L-1) (5 µ9 L-1) (10119 L-1) 

facilities (n) 96 99 95 34 17 37 86 
min(m) 26 11 7 14 15 6 15 
max (m) 317 259 168 119 94 137 192 
median (m) 84 66 51 58 35 40 61 
mean (m) 96 75 60 55 39 47 73 
g-mean (m) 83 64 51 50 34 36 63 

•Note: g-mean denotes geometric mean. 

TABLE 3. Change in Analyte Groundwater Plume Length over Time (1 year)• 

MTBE TPHa benzene DIPE ETBE TAME TBA 
(5119 L-1) (100µg L-1) (5119 L-1) (5 µg L-1) (5µ9 L-1) (5 µg L-1) (10 µg L-1) 

case (n) 96 99 94 33 16 35 86 
g-mean change (m) -1.5 -0.3 0.6 0 1.5 1.2 3.7 
g-mean (m) 83 64 51 50 34 36 63 
% change -1.8 -0.5 1.2 0 4.4 3.3 5.9 
Pvalue 0.28 0.89 0.61 0.94 0.58 0.19 0.06 

•Note: negative g-mean change indicates that the plume length for the selected analyte decreased over time, while positive g-mean change 
indicates the opposite. 

3.3. Time Series Analysis of Contaminant Spatial Extent 
at LUFT Sites. Contaminant plume lengths in groundwater 
were tracked for I year for a population of LUFT sites (section 
2.1.2 for site selection). A total of 464 individual plumes were 
tracked resulting in a total of 1856 plume lengths estimated 
over four quarters (Figure S3. Supporting Information). 
Comparison of the cumulative percentile (CP) curves over 
four quarters indicate that for MTBE, TPHc. and benzene, 
the overlapping CP curves suggest the changes in plume 
length over this time period are not discernible-either the 
plume lengths are stable or the time period examined is not 
sufficient for changes to develop and/or be detected. In 
contrast, comparison of the CP curves for the alternative 
oxygenates ETBE, TAME, and TBA indicates a somewhat 
discernible trend ofincreasing plume lengths over the I-year 
period. This trend is most apparent in the case of TBA, where 
the plume length increase over I year is ~6%. Decreases in 
contaminant plume length beneath LUFT study sites over 
time are likely to be the result of decreasing source strength 
from ongoing source removal and cleanup as well as 
biodegradation. Increases in contaminant plume length over 
time, on the other hand, may be due to a variety of factors. 
The more recent release of gasoline formulations containing 
significantly greater quantities of oxygenates may not have 
afforded sufficient time for oxygenate plumes to reach 
maximum plume configurations. As for TBA. since it is also 
a degradation product of MTBE, it is possible that as the 
MTBE plume farther away from the source area continues 
to degrade into TBA at concentrations above detection limit; 
these changes in TBA concentration would be detected by 
the peripheral monitoring network and thus result in 
increases in plume length contour. 

To assess whether the plume length differences that 
develop overtime were statistically significant, paired t-tests 
were performed (after log-transformation) for each FHC and 
oxygenate compound. The results indicate that after I year, 
none of the plume length differences that occurred during 
this period was significant at a.= 0.05 (Table 3). 

Rice et al. (25) conducted a trend analysis for benzene 
plume lengths with time and determined that approximately 
60% of the sites studied contained no significant temporal 
trends, while 32% and 8% of the sites have decreasing and 
increasing temporal trends, respectively. While the vast 
majority of benzene and TPHc plumes are apparently stable 
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(1, 25), it remains to be seen whether oxygenate plumes have 
reached steady state. The different release histories of these 
compounds can be a factor in interpreting the plume length 
results. ff the oxygenate plumes have not reached steady 
state, then the observed plume length results may not be 
indicative of future plume lengths. Time-series analysis of 
plume length data presented in this paper does lend some 
support to the stability of the plumes, FHC or oxygenate. 
However, substantially longer time-series analyses are needed 
to verify this assumption. 

3.4. Impact of Fuel Oxygenates on FHC Plume Lengths. 
Several laboratory, modeling. and small-scale case studies 
have been conducted to investigate the impact of ethanol on 
FHC plumes (26-28). It has been demonstrated that high 
concentrations of ethanol have the potential to increase the 
spatial extent of FHC plumes primarily through (I) the 
reduction in the biotransformation rates of FHC attributed 
to a reduction of available electron-acceptor species that 
participate in biogeochemical oxidation/reduction reactions 
(27} and (2) increases in the solubility of FHCs through a 
cosolvency effect (26). To investigate whether the presence 
of fuel oxygenates other than ethanol can influence the 
mobility and spatial extents ofFHC in a similar manner, two 
distinct populations of LUFT sites were identified. One 
population was composed of LUFT sites where oxygenates 
had been used or detected, versus another where none of 
the five oxygenates of interest had been used or detected 
(see section 2.1.2 for site selection/protocol). Figure 3 
compares the FHC plume lengths at "FHCs only" versus at 
"FHCs and oxygenates" LUFT sites. A student t-test (after 
log-transformation) was used to test the significance of 
variations in TPHc and benzene plume lengths between the 
two populations ofLUFTsites. The results indicate thatTPHc 
and benzene plumes are significantly (at a. = 0.1) longer 
(+20-30%) in the presence of oxygenates. 

By comparing FHC (TPHc and benzene) plume lengths 
at LUFT sites that differonly in one respect (e.g., the presence 
or absence of oxygenates), an attempt was made to adjust 
for other differences between the population of LUFT sites. 
However, the presence or absence of oxygenates at LUFT 
sites may itself be indicative of the relative age of the spill. 
Not until the passage of 1990s CAA mandating the use of 
RFG or oxyfuel has the addition of oxygenate been so 
widespread and at such a dramatic scale. Consequently, LUFT 
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TPHG and benzene plume lengths were defined to 100 and 5 µg L - 1 dissolved concentration contours, respectively. 

sites contaminated with both FHCs and oxygenates tend to 
have at least one or more recent fuel release(s). Conversely. 
LUFT sites impacted by only FHCs tend to have more aged 
source zones created by older spills from gasoline without 
oxygenate additives. Differences in the age of the spill can 
influence the length of FHC plumes since LUFT sites with 
more aged source zones also tend to have plumes that. relative 
to plumes at newer source zones, are stabilized or shrinking. 
Future work is needed to determine whether the increase in 
the FI-IC spatial extent is caused by the presence of oxygenates 
(e.g .. through the mechanism of competition for electron 
acceptor species or the cosolvency effect) or is merely an 
artifact created by the inherent differences in the age of the 
spill resulting from the study design of separating LUFT sites 
into discrete populations ('FHCs-only' versus 'FHCs and 
oxygenates'). 

4. Implications 
The site detection frequencies and maximum groundwater 
concentrations for TBA, MTBE, and benzene were elevated. 
While the groundwater samples beneath LUFT sites across 
the states frequently are analyzed for a suite of FHC (e.g., 
BTEX) and some oxygenate (e.g., MTBE) compounds, the 
analysis for other oxygenates in most states has seldom been 
performed. Site groundwater concentrations and plume 
length data indicate TBA contamination at a scale similar to 
MTBE. In addition, due to its physical/chemical properties, 
TBA is often the regulatory driver for treatment considerations 
at LUFT sites. Therefore. the presence of TBA needs to be 
confirmed at gasoline-impacted sites, and if confirmed, a 
specific cleanup strategy needs to be developed that accounts 
for its presence along with any other FHC or oxygenate 
compounds that are present. In contrast to benzene, MTBE, 
and TBA, the site detection frequencies and maximum 
groundwater concentrations for alternative ether oxygenate 
DIPE, ETBE, and TAME beneath LUFT facilities were low. 
Plume length comparisons also indicate these alternative 
ether oxygenates to be localized relative to MTBE, TBA, or 
FHCs. Even though data from this study suggests that current 
risk from the alternative ether oxygenates to groundwater 
resources at LUFT sites should be minimal, caution should 
be applied against over-interpretation of the data in antici-

pating the consequences of possible scale-up in usage of 
these compounds. An appropriate parallel may be found in 
the progression of the MTBE problem. Prior to the 1990s, 
when MTBE was used primarily as an octane booster, it made 
up only 1-3% by volume of some gasoline. It was only after 
the scale of MTBE usage escalated in response to the 1990s 
CAA Amendments that the environmental consequences 
associated with its use became apparent. All indications (e.g., 
physical/chemical characteristics such as high solubilities 
and low biodegradabilities (relative to FHCs)) suggest that 
the alternative ethers would pose groundwater contamination 
threats similar to MTBE if their scales of usage were expanded. 

With the staggering number of LUFT facilities located in 
close proximity to community drinking water sources, LUFT 
sites represent major point sources of gasoline constituents 
and the leading cause of FHC and oxygenate groundwater 
contamination. There is little doubt that a large proportion 
of underground storage tank (UST) systems at gasoline 
stations leak, and that is apparently true even for upgraded, 
double-tank systems. The number ofleaks indicates that the 
problem is primarily in the design of the system, which arises 
from real estate limitations, fire defense considerations, and 
a defense against accidents ahd vandalism (29). In the absence 
of completely new design and construction of the system 
that emphasizes detection, repair, and containment, an 
effective management strategy may involve placing greater 
emphasis on a UST program for ensuring adequate enforce
ment and compliance with existing UST regulations. In 
California, existing UST regulations require, specifically, the 
upgrading of USTs and the institution of leak detection 
systems. The plume lengths data indicate that under a well
managed UST program, with prompt detection and cleanup 
of source contaminants associated with failed UST systems, 
FHC and oxygenate plume lengths in the hundreds of meters 
were quite rare. The overwhelming majority of plumes 
associated with release(s) from LUFT facilities were relatively 
"localized". For instance, an examination of plume lengths 
of alternative etheroxygenate DIPE, ETBE, and TAME found 
90% of the plumes were less than 100 m from the source 
area. Even in the case of MTBE. 90% of the MTBE plumes 
were observed to be less than 165 m. The adequate compli
ance with existing UST regulations may decrease the prob-
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ability of future leakage and allow for prompt response and 
cleanup of possible sources. This scenario could provide 
adequate safeguard against widespread and catastrophic 
impact of FHC and oxygenate plumes on groundwater 
sources since under these conditions the FHC and oxygenate 
plumes are likely to be localized. 
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United States Department of State 12.1 

Reference: Keystone XL Project 

Risk Analysis 

Request: 

DOS recently received a copy of a repo1t that questions the validity of the risk analysis for the 
proposed Keystone XL Project that is summarized in the Section 3.13 of the supplemental draft 
EIS and included, in part, in Appendix P to the draft EIS. The undated report, Analysis of 
Frequency, Magnitude and Consequence of Worst-Case Spills From tlze Proposed Keystone 
XL Pipeline, was prepared by John Stansbury, Ph.D., P.E. DOS requests that Keystone provide a 
response to that repo1t, indicating whether or not the author has accurately po1trayed the 
Keystone risk analysis, whether or not the author has made valid assumptions regarding the 
analysis of risk included in the report, and any other responses that would assist DOS in 
comparing the information in the report to the risk analysis submitted by Keystone. Please 
include in your response any clarification to the existing risk assessment that may be required to 
adequately address valid concerns (if any) raised in the Stansbury repo1t. 

Response Part A: 

An initial response to the Stansbury Repo1t was previously provided to DOS. That response is 
repeated below. It is supplemented with the information in Response Pait B. 

The Stansbury/Friends of the Eaith Repo1t (Stansbury Report) attempts to build on a foundation 
of inaccurate assumptions that lead to greatly exaggerated estimates of releases of oil and 
consequences. This is simply the latest case of opportunistic fear-mongering, dressed up as an 
academic study. 

The Keystone Pipeline system is subject to comprehensive pipeline safety regulation under the 
jurisdiction of the U.S. Department of Transportation, Pipeline and Hazardous Materials Safety 
Administration (PHMSA). As the recent State Department Supplemental Draft Environmental 
Impact Statement (SD EIS) recognizes, PHMSA is responsible for protecting the American 
public and the environment by ensuring the safe and secure movement of hazardous materials to 
industry and consumers by all transpo1tation modes, including pipelines. To protect the public 
and environmental resources, Keystone is required to construct, operate, maintain, inspect, and 
monitor the pipeline in compliance with the PHMSA regulations at 49 CFR Part 195, as well as 
relevant industry standards and codes. These regulations specify pipeline material and 
qualification standards, minimum design requirements, required measures to protect the pipeline 
from internal, external corrosion, and many other aspects of safe operation. 

Above and beyond the PHMSA regulations, Keystone has agreed to comply with 57 additional 
Special Conditions developed by PHMSA for the Keystone XL Project. Keystone has agreed to 
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incorporate these conditions into its design and construction, and its manual for operations, 
maintenance, and emergencies required by 49 CFR 195.402. These 57 Special Conditions are 
attached as Appendix C to the SDEIS. 

PHMSA and the State Depa1tment took these 57 Special Conditions into account in the SDEIS. 
It is significant to note the finding in the SD EIS with respect to these conditions: 

Incorporation of those conditions would result in a Project that would have a degree of safety 
over any other typically constructed domestic oil pipeline system under current code and a 
degree of safety along the entire length of the pipeline system similar to that which is required in 
High Consequence Areas (HCAs) as defined in 49 CFR 195.450. (SDEIS p. 2-9) 

Based on an initial review, below are some of the major mistakes and misrepresentations in the 
Stansbury Report. 

1. Stansbury Report Mistake: "River crossings are especially vulnerable," going on to 
describe "the pipeline is more susceptible to corrosion because it is below ground and 
pressures are relatively high." 

The Facts: Keystone XL Pipeline is not vulnerable at river crossings; document referenced 
in report does not suggest it is. 

Background: The Summary report states (p. 2) that that "River crossings are especially 
vulnerable," going on to describe that here "the pipeline is more susceptible to corrosion because 
it is below ground and pressures are relatively high." 

In the corresponding section of Professor Stansbury's full report, headed "Most Likely Spill 
Locations" (p. 6), the author states that adjacent to rivers, "the pipeline is susceptible to high 
rates of corrosion because it is below ground (DNV, 2006)." (Note that there is no reference in 
this section of the report to the additional claim in the Summary that at river crossings "pressures 
are relatively high.") 

Nowhere in the 2006 DNV document cited is there any suggestion that buried pipe at river 
crossings is more vulnerable to corrosion than any other po1tion of the buried pipeline. Nor is 
there any support for the statement in the summary about relative operating pressure at river 
crossings increasing susceptibility to corrosion. 

The only statement in the DNV report remotely related to this unfounded asse1tion is this: "The 
Keystone Pipeline is being designed to consist entirely of below ground pipe except within Pump 
Station fence lines. Sections of the pipeline below ground were considered to be more likely to 
incur corrosion than above ground sections." 

Fmther, the statement in the DNV report was made within a section that highlights special 
measures Keystone will employ to eliminate risk of external corrosion. Keystone employs an 
approach to corrosion protection that has virtually eliminated failure due to external co1rnsion in 
the 30-plus years it has been in use. It includes fusion bond epoxy coating (FBE) coupled with 
active cathodic protection, which places a small current on the pipe preventing loss of metal due 
to corrosion. Keystone also will be inspected more frequently than standard regulations require, 
to ensure the effectiveness of this system. 
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Relative to other failure modes at river crossings, such as flooding or increased river flows 
scouring the river bottom or banks and exposing the pipe and making it vulnerable to damage or 
breakage, Keystone will utilize the horizontal directional drill (HDD) crossing method that 
places the pipe 25 feet or more below the river bottom at locations where scour is considered a 
potential threat. Other measures at river crossings further reduce the likelihood of failure. For 
instance, each of the river crossings mentioned in the report (Yellowstone, Missouri, Platte) will 
be installed using the HDD method and will utilize heavy-walled pipe with sacrificial abrasion
resistant coating applied over the FBE to further ensure the protective capability of the coating. 
These measures make these locations among the least likely for a release on the entire pipeline. 

2. Stansbury Report Mistake: The report incorrectly asserts that TransCanada ignored 
23% of statistical pipeline failures (pp. 1, 4). 

The Facts: TransCanada's analysis accurately represents historical data and does not 
overlook 23% of incidents as claimed 

Background: The repo11 incorrectly asserts that TransCanada ignored 23% of statistical pipeline 
failures (pp. 1, 4). In part because the PHMSA data does not identify the cause for 23% of 
pipeline incidents, TransCanada used a more detailed assessment of causes of historical pipeline 
incidents, evaluating Keystone against each of these threats to establish an accurate risk profile. 
The applicable threats to the pipeline were determined using established pipeline industry 
standards ASME B31.8S and API 1160. This fact was noted within the DNV repmt itself: 

"It should be noted that the factors are similar but not identical to the U.S. Department of 
Transpo11ation Office of Pipeline Safety (OPS) categories of failure (e.g., third patty 
harm)." (DNV 2006, p. 3) 

3. Stansbury Report Mistake: TransCanada "arbitrarily assigned a drain-down factor" for 
the pipeline 

The Facts: TransCanada estimates of volume released- arbitrarily adjusted in the 
Stansbury Report - use results of a detailed study prepared by the California Fire Marshal 

In calculating how much oil might be released from a pipeline after it is secured and isolated, the 
author claims TransCanada "arbitrarily assigned a drain-down factor" for the pipeline (p. 9). Not 
noted, however, is that TransCanada's methodology reflects not TransCanada's judgment but 
rather the results of an independent assessment by the California Fire Marshal in its role as a 
regulator in California. The report is well known and respected among pipeline regulators and 
risk assessors. After labeling use of the California Fire Marshal figure for retained volume 
"arbitrary," it is ironic that the author goes on to say the factor "is likely too high" and cuts it in 
half with no fmther justification. 

4. Stansbury Report Mistake: TransCanada's adjustment to risk factors arc arbitrary and 
improper 

The Facts: TransCanada adjustments to risk factors are consistent with industry 
experience 
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Background: The Summary report states that "TransCanada arbitrarily and improperly adjusted 
spill factors" (p. 1 ). The full rep01t written by Professor Stansbury is less strident, suggesting the 
adjustments are "probably not appropriate" (p. 4). 

The majority of pipeline infrastructure in North America was constructed many decades ago at a 
time when the materials, coating systems, and ongoing inspection capabilities that will be used 
for Keystone XL were not available. Studies show the benefits of these technologies in reducing 
pipeline incidents. For instance (as described in para. #1 above), the corrosion protection 
Keystone uses has virtually eliminated external corrosion as a cause of failure. Approximately 
two thirds of the pipelines in the US were constructed prior to 1970. It is therefore entirely 
appropriate to use an incident frequency for Keystone XL that is derived from pipelines of its 
class. To do otherwise would be like trying to estimate the gas mileage of a 2011 model car by 
using the average gas mileage of all cars built since the 1920s. 

This is corroborated by observations included in the SDEIS, including: 

"It is likely that both incident frequency analyses tend to overestimate the likely spill 
frequency of the proposed Project since both analyses rely on data that include incidents 
on older pipelines that would not be operated under the Project-specific Special 
Conditions developed by PHMSA and incorporated into the design, construction, 
operations, and maintenance plans for the proposed Project." (SD EIS, p. 3-98) 

Examples of measures taken by TransCanada to reduce risk on Keystone include: 

• External corrosion - Keystone employs an approach to corrosion protection that has 
virtually eliminated failure due to external corrosion in the 30-plus years it has been in 
use. It includes fusion bond epoxy coating and active cathodic protection, which places a 
small current on the pipe preventing loss of metal due to corrosion. Keystone has agreed 
to a special regulatory condition requiring the pipeline to be internally inspected with an 
instrumented device that monitors the pipe wall for anomalies. Any wall degradation due 
to corrosion would be detected and addressed prior to failure. (These requirements are 
covered by several PHMSA Special Conditions, including #9, 10, 11, 33, 35-39, 42, 53.) 

• External impact - Keystone will be buried at a deeper depth to minimize risk of external 
impact. In addition, pipe walls will exhibit greater puncture resistance and fracture 
control properties. Keystone will take additional steps to minimize risk of accidental 
excavation damage. (Required by PHMSA Special Conditions #7, 19, 40, 41, 48, 53, 
54). 

• Internal corrosion - Limit sediment and water content of oil shipped to 0.5%. Run 
cleaning tools twice per year in the first year and as necessary based on integrity analysis. 
Implement a crude oil monitoring and sampling program to ensure products transported 
meet specifications. Perform internal inspections at increased frequency. (Required by 
PHMSA Special Conditions #33, 34, 42, 53) 

• Mechanical defect - enhanced material requirements and QA/QC program as described 
in PHMSA Special Conditions #1, 2, 4, 5, 6, 8, 12, 22. 

5. Stansbury Report Mistake: The report erroneously relies on disproven assumptions on 
corrosivity of oil to be shipped. 
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The Facts: Independent analysis of oil sands derived crude oils has conclusively 
demonstrated that, below 450 degrees Fahrenheit, these oils are not corrosive to steel. 

Background: The Stansbury Report states Keystone is subject to higher failure rates due to 
corrosivity of oil to be shipped (p. 5). Independent analysis of oil sands derived crude oils has 
conclusively demonstrated that, below 450 degrees Fahrenheit, these oils are not corrosive to 
steel. The maximum operating temperature anywhere in the pipeline is 150 degrees. 
(Supplemental Draft EIS, Keystone XL, p. 3-112.) A recent independent assessment of crude oil 
quality by the firm Crude Quality Inc., including corrosion potential, has been completed and 
provided to the U.S. Department of State suppo1ting these findings. 

Keystone XL will ship a wide variety of crude oil types including conventional oil, shale oil, 
partially upgraded synthetic oil and oil sands derived bitumen blends. None of these crude types 
create a risk of destroying the pipeline from within and causing leaks. Furthermore these 
products have shipped and are currently being shipped across to the US via other cross-border 
pipelines from Canada. It would be an uneconomic business proposition to spend $13 billion 
dollars constructing a pipeline system that would be destroyed by the product it transported. 

6. Stansbury Report Mistake: The erroneously states that abrasive sediment in the crude 
oil will cause higher failure rates 

The Facts: The oil that will be shipped on Keystone XL "shall have no physical or 
chemical characteristics" that would damage or harm the pipeline. 

Background: Report states Keystone is subject to higher failure rates due to abrasive sediment (p. 
5). However, as clarified in the SD EIS, oil transported by Keystone must meet strict limits for 
sediment and water. (SDEIS, p. 3-116) 

Special Condition 34 (see Appendix C of this SDEIS) addresses the sediment and water 
content of the crude oil that would be transported by the proposed Project and states the 
following: 

"Internal Corrosion: Keystone shall limit basic sediment and water (BS&W) to 0.5% by 
volume and repo1t BS&W testing results to PHMSA in the annual report." 

The FERC-approved tariff for transport of oil on the Keystone Pipeline system also requires that 
all oil to be shipped: 

"shall have no physical or chemical characteristics that may render such Petroleum not 
readily transportable by Carrier or that may materially affect the quality of other 
Petroleum transpo1ted by Carrier or that may otherwise cause disadvantage or harm to 
Carrier or the Pipeline System, or otherwise impair Carrier's ability to provide service on 
the Pipeline System." (SD EIS, Pp. 3-116.) 

7. Stansbury Report Mistake: The report erroneously states bitumen will sink, therefore 
"posing significant threat" to water resources. 

The Facts: The gravity of crude oils that Keystone XL would transport are less than the 
specific gravity of water. 
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Background: The rep01t states bitumen will sink "posing significant threat" (p. 19). This issue 
was addressed in the SDEIS, which includes the following summary statement: "the specific 
gravity of the crude oils that would be transported on the proposed pipeline ranges from about 
0.85 to about 0.93, less than the specific gravity of water. These crude oils, therefore, tend to 
float on water ... " (SDEIS, p. 3-104) 

8. Stansbury Report Mistake: The report suggests that TransCanada will cut back on 
monitoring and maintenance activities, causing increased risk in out years (p. 5). 

The Facts: Contrary to a suggestion in the Stansbury Report, monitoring and maintenance 
activities are a required condition of operation. 

Background: The repo1t suggests that TransCanada will cut back on monitoring and maintenance 
activities, causing increased risk in out years (p. 5). However, the U.S. Code of Federal 
Regulations requires many of these monitoring and maintenance activities as a condition of 
operation. TransCanada has voluntarily committed to 57 additional safety conditions that include 
other enhanced monitoring and maintenance activities as additional conditions of continued 
operation. For instance, in order to continue to operate the pipeline, TransCanada must perform 
in-line inspection with a smart pig, conduct corrosion surveys, and perform valve inspections at 
specified frequencies - these are not discretionary. Additionally, TransCanada must meet 
requirements to patrol the pipeline every two weeks. 

In addition to regulatory requirements, continuing to invest in the safety of the pipeline makes 
sense from a business perspective. Paying for increased maintenance is built into TransCanada's 
contracts with its shippers such that variable integrity spending costs are flowed through to the 
shippers. Additionally, the FERC rate allows the uncommitted toll to rise at a greater than 
inflation rate which allows for recovery of maintenance costs. There is therefore no financial 
incentive for TransCanada to cut back on monitoring and maintenance and a substantial financial 
penalty associated with leaks in the form of fines, cleanup costs, lawsuits and reputational 
damage. It is therefore not reasonable to suggest that TransCanada or another owner would 
increase their liability in order to reduce an expense that is flowed through to the customers. 

9. Stansbury Report Mistake: The report tries to suggest that because shutdown on another 
pipeline took longer, that increased time should be the new assumption on shutdown time 
(pp. 7-8). 

The Facts: Keystone time to shutdown has been accurately reflected in the risk analysis 
and is consistent with Keystone's record. 

Background: The Stansbury Report tries to suggest that because shutdown on another pipeline 
took longer, that increased time should be the new assumption on shutdown time (pp. 7-8). 
However, the author does not address the differences in system design and operating 
characteristics (including single phase flow in Keystone) that make it unlikely that Keystone 
operators would experience difficulty detecting a leak. Nor does he address industry information 
sharing nor the workings of the regulatory regime, both of which serve to make it unlikely that 
operational errors are repeated. 
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Additionally, Keystone has established its own operating record that demonstrates prompt 
reaction time to any indication of an operational abnormality. These response records align with 
the shut down times conveyed in Keystone's risk assessment repott. 

10. Stansbury Report Mistake: Report suggests that enough oil to fill a dozen Olympic
sized swimming pools would go unnoticed in Nebraska (pp. 8-9). 

The Facts: The report's calculation of spill volume for "small" leak not credible because it 
ignores leak detection methodologies designed to detect low rate or seepage releases. 

Background: In assessing worst-case "small" leak, the Stansbury Repo1t suggests that enough oil 
to fill a dozen Olympic-sized swimming pools would go unnoticed in Nebraska (pp. 8-9). The 
estimate ignores leak detection methodologies designed to detect low rate or seepage releases. 

As described below, Keystone will utilize a state-of-the-ait integrated leak detection system. 
Real-time computerized systems can detect spills as low as 1.5 percent of throughput. In addition 
to surveillance and public reporting, Keystone will implement a non-real time mass balance 
procedure that can detect spills below 1.5 percent of throughput. 

Data from actual pipeline spills demonstrate that substantial leaks do not go undetected for long 
periods of time. Fmther, those spills that are not detected within the first 48 hours are typically 
relatively small. PHMSA records (2001 through 2009) indicate that the majority of spills are 3 
barrels or less, regardless of detection time. These data also indicate that the majority of spills are 
detected within 2 hours, with 99 percent of spills detected within 7 days. Of those spills not 
detected within the first 48 hours, the majority of spills were 15 barrels or less. In summary, 
large spills do not remain undetected for substantial periods of time. 

The pipeline will be monitored 24 hours a day, 365 days a year from the Operations Control 
Center (OCC) using a sophisticated Supervisory Control and Data Acquisition (SCAD A) system. 
Keystone will utilize multiple leak detection methods and systems that are overlapping in nature 
and progress through a series of leak detection thresholds. The leak detection methods are as 
follows: 

• Remote monitoring performed by the OCC Operator 24/7, which consists of monitoring 
pressure and flow data received from pump stations and valve sites fed back to the OCC by 
the Keystone SCAD A system. Remote monitoring is typically able to detect leaks down to 
approximately 25 to 30 percent of the pipeline flow rate. 

• Software-based volume balance systems that monitor receipt and delivery volumes. These 
systems are typically able to detect leaks down to approximately 5 percent of the pipeline 
flow rate. 

• Computational Pipeline Monitoring or model-based leak detection systems that break the 
pipeline into smaller segments and monitor each of these segments on a mass balance basis. 
These systems are typically capable of detecting leaks down to a level of approximately 1.5 
to 2 percent of pipeline flow rate. 

• Computer-based, non-real time accumulated gain/(loss) volume trending to assist in 
identifying low rate or seepage releases below the 1.5 to 2 percent by volume detection 
thresholds. 
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• Direct observation methods, which include aerial patrols, ground patrols, and public and 
landowner awareness programs that are designed to encourage and facilitate the reporting of 
suspected leaks and events that may suggest a threat to the integrity of the pipeline. 

The leak detection system will be configured in a manner capable of sending an alarm to the 
OCC operators through the SCADA system and also will provide the OCC operators with a 
comprehensive asso1tment of display screens for incident analysis and investigation. In addition, 
there will be a redundant, stand-by OCC to be used in case of emergency. 

Keystone also will have an Emergency Response Program (ERP) in place to respond to 
incidents. The ERP contains comprehensive manuals, detailed training plans, equipment 
requirements, resources plans, auditing, change management and continuous improvement 
processes. The Integrity Management Program (IMP) ( 49 CFR Part 195) and ERP will ensure 
Keystone will operate the pipeline in an environmentally responsible manner. 

11. Stansbury Report Mistake: The report relies on old claims that the emergency response 
plan for the Keystone pipeline is "woefully inadequate" 

The Facts: Contrary to assumptions in the Stansbury Report, the Emergency Response 
capability for Keystone XL will meet or exceed requirements. 

Background: The Stansbury Report relies on old claims that the emergency response plan for the 
Keystone pipeline is "woefully inadequate" (p. 3). This accusation was one of the items reviewed 
in detail in the SDEIS. 

"DOS and PHMSA have reviewed these hypothetical spill response scenarios prepared by 
Keystone and would also review a final ERP to be prepared by Keystone prior to startup of 
the proposed pipeline ... Based on its review of the hypothetical spill response scenarios, DOS 
considers Keystone's response planning appropriate and consistent with accepted indust1y 
practice." (SDEIS, p. 3-122) 

12. Stansbury Report Mistake: The report includes exaggerated descriptions of the 
physical extent of benzene. 

The Facts: The exaggerated claims in the report do not match any oil-spill experience; 
furthermore, benzene concentration in heavy oils Keystone will ship will be comparable to 
other heavy oils shipped in the U.S. and will generally be lower than benzene 
concentrations in lighter crudes and in refined products such as gasoline. 

Background: Benzene concentration in heavy oils Keystone will ship will be comparable to other 
heavy oils shipped in the U.S. and will generally be lower than benzene concentrations in lighter 
crudes and in refined products such as gasoline. 

Exaggerated descriptions of the physical extent of benzene in the Stansbury Report do not match 
any oil-spill experience. The repmt does not account for emergency response containment and 
cleanup. Examination of field data collected from large spills into rivers typically finds that 
concentrations of petroleum products become undetectable in a relatively short distance. For 
example, following a 10,000 barrel release in 2007 from the Coffeeville Refinery in Kansas into 
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the Verdigris River, the EPA found no detectable concentrations of petroleum products 20 miles 
downstream at the closest municipal water intake. 

13. Stansbury Report Mistake: The report claims TransCanada cut risk factors in half. 

The Facts: TransCanada reflected the results of industry studies regarding failure rates of 
pipe-related equipment, reducing by half the anticipated number of failures caused by 
material defect. 

Background: TransCanada assumed that its pipeline would be constructed so well that it would 
have only half as many spills as the other pipelines in service. Not true. Rather, TransCanada 
reflected the results of industry studies regarding failure rates of pipe-related equipment, 
reducing by half the anticipated number of failures caused by material defect. As discussed in 
item #4 above, measures that help achieve this performance are among the Special Conditions to 
which TransCanada has committed. 

Here is the statement from the TransCanada report: "A 50% reduction in the DOT leak 
frequency was applied to the entire pipeline because the U.S. portion of Keystone will consist of 
entirely new materials and be constructed to meet current standards and requirements." [DNV 
section 4.1.13, page 13] The statement occurs in a section of the DNV report describing risk of 
mechanical defect. Other risk factors are adjusted differently for above-ground and below
ground pipe for instance. 

14. Stansbury Report Mistake: The report suggests that releases at pump station sites 
means Keystone is using less reliable pipe. 

The Facts: None of the pump stations releases involved pipeline. 

Background: As of June 1, 2011 the Keystone pipeline has experienced fomteen (14) unplanned 
releases within pump/valve station facility sites, averaging 5-10 barrels each. None of these 
incidents have involved the pipeline itself. In two cases, nearby adjacent property was affected 
by spray. Otherwise, the incidents were contained within our pump station facility. Equipment 
has been replaced or repaired. In all cases, Keystone's operation personnel immediately isolate 
all releases and clean up and remediation efforts are employed to mitigate any effects to the 
environment. 

TransCanada meets or exceeds all notification and reporting requirements to all state and federal 
agencies. In many of these cases, reporting to regulatory agencies was not required due to the 
very small volume of these spills. TransCanada has taken a transparent approach to proactively 
report all spills to federal and state regulatory agencies regardless of volume. Pipelines are the 
safest method of transporting the oil that must be moved throughout Nmth America everyday. 
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Response Part B: 

Mr. Stansbury's document referenced above (the "Stansbury document") does not accurately 
po1tray the Keystone XL risk analysis nor has the author made valid assumptions regarding the 
analysis of the risk included in the repo1t. The discussion below responds to a number of the 
points in the Stansbury document. 

1. The expected frequency of spills from the Keystone XL pipeline reported by 
TransCanada (DNV, 2006) was evaluated. (Stansbury document at p. 1) 

The DNV 2006 report is irrelevant to Keystone XL Pipeline Project. The Keystone XL pipeline 
project risk assessment is based on the Keystone XL Pipeline Project Risk and Consequence 
Analysis, April 2009 and Appendix A, Analysis of Incident Frequencies and Spill Volumes For 
Environmental Consequence Estimation for the Keystone XL Project, July 2009. 

2. The worst-case spill volume at the Hardisty Pumping Station was understated. 
(Stansbury document at pp. 1-2). 

The Hardisty Pump Station in Alberta Canada is irrelevant to the risk assessment for the US 
segments of the Keystone XL pipeline Project. Moreover, Stansbury's worst case spill estimates 
are based on incorrect assumptions, as discussed below. 

3. The primary difference between Stansbury's worst-case spill estimate and 
TransCanada's estimate is that TransCanada used 19 minutes as the expected time 
to shut down pumps and close valves (TransCanada states that it expects the time to 
be 11.5 minutes for the Keystone XL pipeline). Since a very similar pipeline recently 
experienced a spill (the Enbridge spill), and the time to finally shut down the 
pipeline was approximately 12 hours, and during those 12 hours the pipeline pumps 
were operated for at least 2 hours, the assumption of 19 minutes or 11.5 minutes is 
not appropriate for the shut-down time for the worst-case spill analysis. Therefore, 
worst-case spill volumes are likely to be significantly larger than those estimated by 
TransCanada. (Stansbury document at p. 2). 

Keystone has calculated the worst case discharge for the Keystone XL pipeline in accordance 
with 49 CFR §194.105. The Stansbury document suggests that, because shutdown on another 
pipeline took longer, that increased time should be used as the shut down time assumption for the 
Keystone XL Pipeline. Enbridge's pipeline was constructed in 1969, while Keystone XL 
Pipeline would be constructed in 2013 and would meet or exceed current regulatory standards. 
Stansbury does not take into account that the Keystone XL pipeline is instrumented at every 
mainline valve and has new, state-of-the-mt leak detection and operator training systems that 
make it unlikely that Keystone operators would experience difficulty detecting a leak. Nor does 
he address industry information sharing or the workings of the regulatory regime, both of which 
serve to make it unlikely that alleged operational errors on one system are repeated on another 
system. 

In addition, Stansbury does not take into account the fact that worst case discharge is determined 
using a large leak that would be instantaneously detected by the leak detection system resulting 
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in immediate initiation of shut down procedures. Nonetheless, in determining its worst case 
discharge, Keystone conservatively assumed a 10 minute leak confirmation period, plus nine 
minutes for pump shut down, plus a 3 minute valve closure time, for a total of 22 minutes. 
While detection of a smaller leak may require additional confirmation time, the small volumes 
released would not approach worst case discharge amounts. For example, Keystone has 
experienced small leaks at pumping stations on the Keystone system which resulted in releases 
that were a fraction of the estimated worst case discharge volumes. Despite being small, these 
leaks were identified by the sophisticated leak detection system employed on the pipeline and 
appropriate shut down and isolation measures were initiated. It is incorrect to assume that there 
could be a small leak that remained undetected for an extended period of time, as suggested by 
the Stansbury document (see item 15). 

4. The worst-case spill volumes from the Keystone XL pipeline for the Missouri, 
Yellowstone, and Platte River crossings were estimated by Stansbury to be 122,867 
Bbl, 165,416 Bbl, and 140,950 Bbl, respectively. In addition, this analysis estimated 
the worst-case spill for a subsurface release to groundwater in the Sandhills region 
of Nebraska to be 189,000 Bbl (7.9 million gallons). (Stansbury document at p. 2) 

The results of the risk assessment for the Keystone XL pipeline are conservative as the largest 
spill on record from PHMSA records January 1986-May 2011 for large diameter hazardous 
liquid pipelines is 40,500 bbl of which 39,800 bbl was recovered. This occurred in 1991 on a 
1967 vintage pipeline. Spills greater than 10,000 barrels are uncommon, occurring in less than 
0.5 percent of all pipeline spills. Moreover, these estimates are based on incorrect assumptions 
regarding shut down times as outlined in response #3. 

5. The benzene released by the worst-case spill to groundwater in the Sandhills region of 
Nebraska would be sufficient to contaminate 4.9 billion gallons of water at 
concentrations exceeding the safe drinking water levels. This water could form a plume 
40 feet thick by 500 feet wide by 15 miles long. (Stansbury document at p. 2). 

This claim is unsupported and disproven by field studies throughout the US. The groundwater 
study (Newell and Connor 1998) summarized the results of four nationwide studies looking at 
groundwater plumes from petroleum hydrocarbon contamination. The results show that 
movement of petroleum hydrocarbons is very limited, moving 312 feet or less in 90 percent of 
the cases. The longest plume was approximately 3,000 feet in length. Therefore, if groundwater 
became contaminated, any plume would be expected to result in highly localized effects. 
Imp01tantly, these limits tend to be independent of the rate of groundwater flow. In contrast, 
chemicals used in some industries and in agriculture, such as commercial solvents, such as PCE 
and TCE (tetrachloroethylene and trichloroethylene) and pesticides, have much greater mobility 
and environmental persistence when compared to oil and its constituents. 

6. Among numerous toxic chemicals that would be released in a spill, the benzene (a 
human carcinogen) released from the worst-case spill into a major river (e.g., 
Missouri River) could contaminate enough water to form a plume that could extend 
more than 450 miles. (Stansbury document at p. 2). 
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This claim is unsubstantiated and unsupported by actual field data nor does it account for 
containment and cleanup efforts by the operator that limit downstream movement. For example, 
reference is made to a 2007 spill in Coffeeville, Kansas that released I 0,000 barrels of crude oil 
that entered the flooded Verdigris River. EPA samples reported concentration of petroleum 
hydrocarbons to be below threshold limits at the first sampling point, located 12 downstream 
miles of the spill. In 2010, an Enbridge 30-inch pipeline ruptured, spilling 19,500 barrels ofoil 
into the Kalamazoo River system. EPA reports that contamination has been documented in 
localized areas within 30 miles of the spill's origin. These case studies demonstrate that actual 
contamination is much less than implied by the Stansbury document. 

7. In estimating spill frequency, TransCanada ignored historical data for spills from 
"other causes," which represents 23 percent of historical pipeline spills (Stansbury 
document at pp. 1, 4). 

In its failure frequency analysis, Keystone determined the threats that are actually applicable to 
the Keystone XL Pipeline by using the combination of variables in the Time Dependant, Stable 
and Time Independent categories listed in API 11601 Section 8. 7 and ASME B3 I .8S2

• Keystone 
then used the PHMSA data for the categories of incidents that are associated with these 
applicable threats. The data for "other causes" was not used because it consists of offshore 
pipeline, offshore platform, tankage, tankage piping and terminal incidents data that are not 
applicable to the Keystone XL Pipeline. Keystone did however consider spills at pumping and 
metering facilities in its analysis of the PHMSA data. 

8. In estimating spill frequency, TransCanada assumed that its pipeline would be 
constructed so well that it would have only half as many spills as the other pipelines 
in service. The modification of historical pipeline incident data to account for 
modern pipeline materials and methods is "probably" overstated for this pipeline. 
(Stansbury document at pp. 1, 46) 

The modification for modern materials and methods is fully appropriate. Based on the PHMSA 
incident database January I, 1986 through May 31, 2011, there are two (2) reported pipeline 
incidents on crude oil pipelines manufactured with high strength steel (grade X70 or higher) due 
to pipeline material and methods. This first incident was due to external corrosion and occurred 
in 1998 on a 1985 vintage pipeline. The second pipeline incident occurred on small diameter 
(24inch or less). This incident was due to electric flash resistance (ERW) pipe seam failure and 
occurred in 2007 on a 1998 vintage pipeline. As Keystone is a large diameter pipeline, its 
method of joining is double submerged arc welding (DSA W) and not ERW. Fmthermore, 

1 Section 8.7. In any risk assessment method, the likelihood is estimated using a combination of variables in 
categories such as the following: external corrosion, internal corrosion, third party damage, ground movement, 
design and materials, system operations 
2 ASME B3 l .8 S "iVfanaging System Integrity of Gas Pipelines" classifies threats to pipelines in terms of "Time 
Dependant", "Stable" and "Time Independent" categories. Time Dependant Threats include: External Corrosion; 
Internal Corrosion; and, Stress Corrosion Cracking (SCC); Stable Threats include: Manufacturing Defects; Welding 
I Fabrication Related; and, Equipment Failure; and, Time Independent Threats include: Third Party I Mechanical 
Damage; Incorrect Operations, and Weather and Outside Force (Geotechnical) 
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Keystone will protect the pipeline from external corrosion using fusion bond epoxy (FBE) and a 
cathodic protection (CP) system. The combination of FBE and CP has proven effective over 
TransCanada's 30+ years of operation. Keystone implements 24 hour surveillance during pipe 
manufacturing and coating. Lastly, Keystone has implemented nine (9) specific material related 
conditions and will implement thirteen (13) construction method related conditions set forth in 
the PHMSA Special Condition Appendix C, over and above current regulations, which would 
ensure that Keystone is the safest pipeline built in Nmth America, thereby minimizing any 
potential for spills resulting from materials and construction methods. 

In order to establish the particular incident threats that would apply to the Keystone XL pipeline 
during its operational life, three key points were considered: 

• Keystone XL is a new construction project, developed with the benefit of TransCanada's 
more than 50 years of pipeline construction and operating experience; 

• The pipeline will be constructed and operated in accordance with comprehensive 
regulatory guidelines ( 49 CFR Pait 195) and pipeline design standards (ASME B3 l .4), 
and; 

• At the time the risk assessment was prepared, Keystone had applied to PHMSA for a 
Special Permit to allow it to design, construct and operate the pipeline up to 80% of the 
steel pipeline's specified minimum yield strength (SMYS). The Special Permit 
application provided that Keystone would comply with a number of pipeline integrity 
conditions over and above the applicable PHMSA regulations and industry standards. 
This included the 51 conditions from the Special Permit 2006-26617 issued by PHMSA 
to TransCanada for the Keystone Pipeline Project in April 2007. Keystone included these 
conditions in the base design of the Keystone XL Project and recognized their impact in 
modifying historic failure frequency data in preparing the Risk Assessment. Subsequent 
to the completion and submittal of the Keystone XL Project Pipeline Risk Assessment 
and Environmental Consequence Analysis in April 2009, Keystone withdrew the Special 
Permit Application. Nonetheless, PHMSA ultimately developed and recommend that 
Keystone adopt 57 conditions over and above the applicable regulations and industry 
standards and in some cases exceeding the requirements of the 51 conditions listed in the 
Keystone Special Permit 2006-26617. Keystone agreed to adopt these conditions, which 
are set fo1th in Appendix C of the Supplemental Draft EIS. Accordingly, the design 
assumptions underlying the failure frequency modifications remain conservative. 

Taking these factors into consideration, the applicable threats were determined using both the 
American Society of Mechanical Engineers (ASME) B3 l .8S Managing System Integrity of Gas 
Pipelines and American Petroleum Institute (API) 1160 Managing System Integrity of 
Hazardous Liquid Pipelines as guidance. These standards outline processes for pipeline operators 
which can be used to assess risks and make decisions about risks in operating pipelines in order 
to reduce both the number of incidents and the adverse effects of errors and incidents. Moreover, 
in view of Keystone's adoption of additional conditions beyond those taken into account during 
preparation of the Risk Assessment, the modifications to historic failure frequency data reflected 
in the 2009 Risk Assessment are actually even more conservative. 
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9. Keystone will operate the pipeline at higher temperatures and pressures and the 
crude oil that will be transported through the Keystone XL pipeline will be more 
corrosive than the conventional crude oil transported in existing pipelines, which 
tends to increase failure frequency. The diluted bitumen to be transported through 
the Keystone XL Pipeline will be significantly more corrosive and abrasive than 
conventional crude oil. (Stansbury document at pp.1, 4-5). 

Keystone has withdrawn its application to operate up to 80% SMYS thereby reducing its 
throughput and operating pressure. PHMSA Special Condition 15 provides that "under no 
circumstances may the pump station discharge temperatures exceed 150° Fahrenheit (°F) without 
sufficient justification that Keystone's long-term operating tests show that the pipe coating will 
withstand the higher operating temperature for long term operations, and approval from the 
appropriate PHMSA region(s)." 

The potential for internal corrosion (IC) to develop during transportation of oil sands derived 
crude oils due to sediment and solids is considered low. The following factors suppo1t the 
conclusion that the risk of corrosion from sediments and solids is low: 

• Keystone's tariff specifications group sediments/solids with water content. The tariff 
contains a restriction of 0.5% solids and water by volume. 

• "Solids and water" is comprised mostly of water, with solids typically at 5% of the 
solids/water content (reference www.crudemonitor.ca) 

• Keystone will utilize a number of operating measures that will minimize solids in the 
pipeline: 

o periodic cleaning 

o turbulent flow operating regime 

o sediments are benign at the pipeline's proposed operating temperature (not to 
exceed 150°F per PHMSA Special Condition 15) 

PHMSA Special Condition 34 requires Keystone to limit basic sediment and water (BS& W) to 
0.5% by volume and rep01t BS&W testing results to PHMSA annually. Keystone must run 
cleaning pigs twice in the first year and as necessary in succeeding years based on the analysis of 
oil constituents, liquid test results, and weight loss coupons in corrosion threat areas. At a 
minimum, in years after the first year, Keystone must run cleaning pigs once per year, at 
intervals not to exceed 15 months. Liquids collected during the pig runs, including BS&W, must 
be sampled, collected, and analyzed and internal corrosion plans must be developed, based on 
lab test results. This mitigation plan will be incorporated in the Keystone XL Integrity 
Management Plan and must be reviewed at least quarterly based upon crude oil quality. 
Keystone will also monitor and implement adjustments for the presence of deleterious crude oil 
stream constituents as per the PHMSA Special Conditions. 

Fmthermore, an independent analysis performed by Crude Quality Inc of oil sands derived crude 
oils has conclusively demonstrated that, below 450 degrees Fahrenheit, the oil sand crude oils are 
not corrosive to steel.3 

In addition, the Energy Resources Conservation Board of Alberta issued a statement on February 

3 CAPP Response to US DOS re Keystone XL 
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16, 2011 stating "the ERCB can identify only three spills resulting from internal corrosion 
between 1990 and 2005 (and only eight from 1975 to 2010) [for Alberta pipelines]. The resulting 
average failure frequency for the grouping of crude oil pipelines from 1990 to 2005 is thus 0.03 
per 1000 km per year. This is significantly lower than the U.S. rate quoted in [a recent Natural 
Resources Defense Council] study of 0.08 per 1000 km per year."4 The ERCB stated fu11her 
that: 

Analysis of pipeline failure statistics in Alberta has not identified any significant 
differences in failure frequency between pipelines handling conventional crude 
versus pipelines carrying crude bitumen, crude oil or synthetic crude oil. Diluent 
by nature is a lower viscosity, higher-vapour pressure solvent. It could then be 
considered to be more "volatile" in its natural state, as it consists of lighter end 
hydrocarbons. However, when blended with bitumen, the resulting blend is a 
"new" product consisting of thinned bitumen that more closely resembles 
conventional crude products. Once mixed with diluent, Di!Bit should behave in 
much the same manner as other crude oils of similar characteristics. In 
conventional oils sands processing, sulphur is removed during processing, as well 
as water (which is a primary concern in regards to corrosivity). The tariff 
specification for the Keystone XL project, for example, is virtually the same in 
regards to water content and solids contents as that specified for other heavy oil 
pipelines, thus there is no reason to expect this product to behave in any 
substantially different way than other oil pipelines. It should also be noted that 
pipelines in Alberta have never been safer. In 2009, Alberta posted a record-low 
pipeline failure rate of I. 7 pipeline failures per 1,000 km of pipeline (considering 
all substances), bettering the previous record-low of2.1 set in both 2008 and 
2007."5 

10. Although pipeline technology has improved, new pipelines are subject to 
proportionately higher stress as companies use this improved technology to 
maximize pumping rates through increases in operational temperatures and 
pressures, rather than to increase safety margins. (Stansbury document at p.5) 

Keystone XL pipeline is design in accordance with 49 CFR §195.106 and ASME B31.4. The 
federal regulation limits the pipeline's operating stress to no more than 72% of the pipeline steel 
material's specified minimum yield strength. Operating temperature is addressed in Item 9 
above. 

11. TransCanada relies on "soft" technological improvements which require an on
going commitment to monitoring and maintenance resources and which should not 
be assumed to be constant over the projected service life of the pipeline, and are 

4 ERCB ADDRESSES STATEMENTS IN NATURAL RESOURCES DEFENSE COUNCIL PIPELINE SAFETY 
REPORT February 16, 2011 
5 ERCB ADDRESSES STATEMENTS IN NATURAL RESOURCES DEFENSE COUNCIL PIPELINE SAFETY 
REPORT February 16, 2011 
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subject to an ongoing risk of error in judgment during operations. (Stansbury 
document at p.5). 

The PHMSA regulations at 49 CFR Part 195 require many of these monitoring and maintenance 
activities as a condition of operation. Keystone has voluntarily committed to 57 additional safety 
conditions that include other enhanced monitoring and maintenance activities as additional 
conditions of continued operation. For instance, in order to continue to operate the pipeline, 
Keystone must perform in-line inspections, conduct corrosion and depth of cover surveys, and 
perform valve inspections at specified frequencies - these are not discretionary. Additionally, 
Keystone must patrol the pipeline 26 times per year, at intervals not to exceed three weeks. 

In addition to regulatory requirements, continuing to invest in the safety of the pipeline makes 
sense from a business perspective. Paying for increased maintenance is built into Keystone's 
contracts with its shippers such that variable integrity spending costs are flowed through to the 
shippers. Additionally, the FERC rate allows the uncommitted toll to rise at a greater than 
inflation rate which allows for recovery of maintenance costs. There is therefore no financial 
incentive for Keystone to cut back on monitoring and maintenance and a substantial financial 
penalty associated with leaks in the form of fines, cleanup costs, lawsuits and reputational 
damage. It is therefore not reasonable to suggest that Keystone or another owner would increase 
their liability in order to reduce an expense that is flowed through to the shippers. 

12. The TransCanada spill frequency estimation consistently stated the frequency of spills 
in terms of spills per year per mile. This is a misleading way to state the risk or 
frequency of pipeline spills. Spill frequency estimates averaged per mile can be useful; 
e.g., for extrapolating frequency data across varying pipeline lengths. However, stating 
the spill frequency averaged per mile obfuscates the proper value to consider; i.e., the 
frequency of a spill somewhere along the length of the pipeline. (Stansbury document 
at p. 5). 

Keystone was transparent in its use of statistics, including where and how they were derived, 
how they were applied, and by expressing the potential risk in a variety of ways to promote 
greater understanding and clarity to a broad audience. Spill frequencies are expressed several 
ways throughout the document to facilitate comparison with other pipelines and modes of 
transport, and to promote project-specific understanding. As suggested, spill frequencies 
expressed as an average per mile facilitates comparison with pipelines of various lengths and to 
national averages, which are also expressed in this normalize expression of risk. Within the 
same sentence of expressing the average risk value in terms of incidents/per mile*year (page 3-
2), risk was immediately expressed in terms of risk for the whole pipeline over a 10-year period 
and as an occurrence interval for any single mile of pipe. This provides decision-makers 
multiple opportunities to understand spill risk and how it applies to the project as a whole as well 
as to an individual's piece of prope1iy. The risk assessment addresses risk specifically to the 
project as a whole and by pipeline segment (Table 3-1), providing an estimate of the number of 
spills that could occur over a ten-year period. The risk assessment also uses the spill frequency 
and historical spill volume data to estimate the potential frequency of different sizes of spills 
(Table 3-2). In Section 4 of the risk assessment, these same statistics are used to generate 
estimates of spill frequency and spill volumes in high consequence areas. 
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13. Likely failure points include welds, valve connections, and pumping stations. A 
vulnerable location of special interest along the pipeline system is near the side of a 
major stream where the pipeline is underground but at a relatively shallow depth. 
(Stansbury document at p. 6) 

Keystone is required to conduct non-destructive examination of 100% of the pipeline and pump 
station welds, in addition to a hydrostatic pressure test. (PHMSA Special Conditions 5, 8, 20, 
22). Furthermore, below-ground mainline valve connections are welded, hydrostatically tested 
and capable of inspection by an in-line inspection tool. Pump station infrastructure undergoes 
regular maintenance and inspection, piping and equipment is contained within property 
boundaries which are contained by berms. 

The Keystone XL pipeline is designed with a minimum depth of cover of 5 feet below the 
bottom ofwaterbodies including rivers, creeks, streams, ditches and drains for a depth normally 
maintained over a distance of 15 feet on each side of the waterbody measured from the top of the 
defined stream channel. The depth of cover may be modified by Keystone based on site specific 
conditions and in accordance with PHMSA Special Condition 19. The Project's depth of cover 
meets or exceeds the federal requirements noted in 49 CFR 195.248 of 48 inches for inland 
bodies of water with a width of at least 100 feet from high water mark to high water mark (for 
normal excavation, 18 inches for rock excavation) and PHMSA Special Condition 19 on depth of 
cover. Furthermore, major rivers will be crossed employing the horizontal directional drill 
(HOD) method, whereby the pipe is installed at a minimum of25 feet below the river bottom 
there by eliminating the potential for scour to affect the pipeline's integrity. HOD crossings also 
utilize pipe with a wall thickness of 0.748 inch and abrasion resistant coating applied over top of 
the FBE coating. 

14. An independent assessment of TransCanada's emergency response plans for the 
previously built Keystone pipeline was done by Plains Justice (Blackburn, 2010). 
This document clearly shows that the emergency response plan for the Keystone 
pipeline is woefully inadequate. Considering that the proposed Keystone XL 
pipeline will cross much more remote areas (e.g., central Montana, Sandhills region 
of Nebraska) than was crossed by the Keystone pipeline, there is little reason to 
believe that the emergency response plan for Keystone XL will be adequate. 
(Stansbury document at p. 3). 

Keystone is required to submit its emergency response plan for the Keystone XL Pipeline to 
PHMSA prior to commencing operations for review and approval. As contrasted with Mr. 
Blackburn, a lawyer, PHMSA has the professional and technical expertise necessary to perform 
an independent and competent evaluation of the adequacy of the emergency response plan. 
Significantly, as pa1t of the State Department's review of the project, Keystone was required to 
present its approach to oil spill response under specific hypothetical spill scenarios to DOS and 
PHMSA. Based on review of Keystone's response to those scenarios, the SD EIS found that 
Keystone's spill response planning "is appropriate and consistent with accepted industry 
practice" (SDEIS p. 3-122). Moreover, PHMSA has already approved the emergency response 
plan for the Keystone Pipeline, which will serve as the model for the Keystone XL plan. 
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15. Slow leaks could go undetected for long periods of time (e.g., up to 90 days). (Stansbury 
document at p.7). 

While it is theoretically possible for a very small leak to go undetected for 90 days, data from 
actual pipeline spills demonstrate that substantial leaks do not go undetected for long periods of 
time. Further, those spills that are not detected within the first 48 hours are typically relatively 
small. PHMSA records (2001through2009) indicate that the majority of spills are detected 
within 2 hours, with 99 percent of spills detected within 7 days. Additionally given that leak 
occurrence is effectively random in time, if a patrol interval is fixed and equal to 14 days, then 
the time between leak occurrence and leak detection by patrol will range between zero days and 
14 days, and it can be shown through modelling that the average time between occurrence and 
detection will be equal to one-half of the patrol interval (i.e., 7 days). Furthermore, in the context 
of a risk assessment, where the consequences are weighted by probability of occurrence, the 
average time is the most appropriate value. 

16. Stansbury assumes a shut-down time of 2 hours for the worst case spill for a large 
leak (Stansbury document at p. 8). 

See response to Item number 3. 

17. Given the difficulty for operators to distinguish between an actual leak and other 
pressure fluctuations, the shut-down time for the worst case volume calculation should 
not be considered to be less than 30 minutes for a leak greater than 50 percent of the 
pumping rate. This would allow for 4 alarms (5 minutes apart) to be evaluated by 
operators and a 5th alarm to cause the decision to shut down. In addition, the time to 
shut down the systems (pumps and valves) would require another 5 minutes. The 
assumption that the decision to shut the pipeline down can be made after a single alarm, 
as is suggested by TransCanada (ERP, 2009) is unreasonable considering the difficulty 
in distinguishing between a leak and a pressure anomaly. (Stansbury report at p. 8). 

As noted in Item 3, Keystone allows for a 10 minute trouble shoot period to confirm if the alarm 
is a pressure fluctuation or an actual leak. This time period was incorporated into Keystone XL's 
worst case discharge calculation in addition to the pump shut down time and valve closure time. 
Keystone's OCC procedures require immediate shut down of the pipeline upon expiry of the 
trouble shoot period. Stansbury's assumption of four alarms, five minutes apart, bears no 
relationship to Keystone operating policies and procedures. 

18. TransCanada arbitrarily assigned a drain-down factor of 0.6 for the Keystone XL 
pipeline. Stansbury report at p. 9). 

Keystone's methodology incorporates the results of an independent assessment by the California 
Fire Marshal in its role as a regulator in California. The rep01t is well known and respected 
among pipeline industry, regulators and risk assessors. 

19. Stansbury assumes a discovery and shut-down time of 14 days, which corresponds to 
the time between pipeline inspections. Stansbury document at p. 20). 
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See response to Item number 15. 

20. Stansbury states his estimated worst case releases for major river crossings (i) 
Missouri R.; (ii) Yellowstone R.; (ii) Platte R. (Stansbury document at pp.10-13). 

Stansbury's estimates for these major river crossings are grossly overstated. Based on actual 
elevation profile, spill calculation inputs and hydraulic engineering data the worst case 
discharges for these three rivers is less than 20 percent of the volumes stated by Stansbury. 

21. "Impacts to Air, Terrestrial Resources, Surface Water, Groundwater Resources 
(Stansbury document at pp. 14 - 23) 

Please refer to the Keystone XL Project Pipeline Risk Assessment and Environmental 
Consequence Analysis in April 2009. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PIPELINE 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

AMENDED REBUTTAL 
TESTIMONY OF 

MEERA KOTHARI 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following 

rebuttal testimony of Meera Kothari. 

1. Please state your name and occupation. 

Answer: Meera Kothari 

2. Did you provide direct testimony in this proceeding? 

Answer: Yes. 

3. To whose direct testimony are you responding in your rebuttal testimony? 

Answer: I am responding to the direct testimony of Dr. Arden Davis. 

{01994562.1} 
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4. Dr. Davis' testimony (p. 4) discusses concerns involving the stability of steep slopes 

where Pierre Shale or other expansive clays, such as bentonite, can "absorb large amounts 

of water during wet periods, leading to instability and potential failure," and subsequent 

surface water contamination. How will Keystone address these concerns? 

Answer: Ground movement, including landslides, seismic events and subsidence, 

and heavy rains and flooding, account for a very small percentage (1.08%) of pipeline incidents 

(PHMSA 2008). To prevent pipeline damage, Keystone considered slope stability during the 

routing and design process. Once the pipeline is operating, Keystone will conduct aerial patrols 

to monitor the pipeline right-of-way for signs of slope instability as well as other threats to 

pipeline integrity. This surveillance is required by Federal Regulation at 49 CFR 195.412. 

Keystone continually evaluates slope stability over the life of the pipeline. If Keystone 

suspected damage to the pipeline's integrity, Keystone would inspect the pipeline as required by 

PHMSA Special Condition 53c. 

Dated this di_ day of July, 2015. 

Meera Kothari 

!01'19456~. l: 
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BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 
 

 

IN THE MATTER OF THE PETITION OF 

TRANSCANADA KEYSTONE PIPELINE, LP 

FOR ORDER ACCEPTING CERTIFICATION OF 

PERMIT ISSUED IN DOCKET HP09-001 TO 

CONSTRUCT THE KEYSTONE XL PIPELINE 

 

) 

) 

) 

) 

) 

) 

) 

) 

 

Docket 14-001 

 

REBUTTAL TESTIMONY OF JOHN 

HARTER ON BEHALF OF DAKOTA 

RURAL ACTION 

 

 

1. This is my testimony in rebuttal to the pre-filed testimony of TransCanada Keystone Pipeline, LP 

(“TransCanada”) officer Corey Goulet, in Paragraph 15 of his pre-filed testimony, in which he 

claimed that TransCanada “is or will be able to satisfy all the conditions imposed by the 

Commission.”  My testimony is about how this is not the case. 

 

2. Contrary to what TransCanada has publicly stated, it does not have an agreement with me. By letter 

dated 10/17/14 I terminated all agreements as a result of a breach of contract by TransCanada of its 

settlement agreement with respect to the forced taking of my property through eminent domain. At 

this point, any entry on my property will be deemed trespassing. 

 

3. The State of South Dakota has allowed the Keystone 1 pipeline to be built and is considering 

recertification of the permit for the proposed Keystone XL pipeline primarily so the state can have 

an ongoing flow of revenue from TransCanada. The State of South Dakota has engaged in this 

while denying its residents who are having the pipelines forced upon them through a taking of their 

private property the ability to do the same. I am of the opinion that the State’s permitting 

TransCanada to exercise eminent domain to take citizens’ private property is unconstitutional. 

 

4. My wife and I will have a loss of income as a result of the proposed KXL pipeline crossing our 

land. We will be unable to use our own property during construction and reclamation, resulting in 

losses in excess of $35,000 per year. TransCanada’s use of eminent domain enabled it to leverage 

landowners to prevent them from being made whole for the economic losses that would be incurred 

should the pipeline cross their property. 

 

5. Because I will have to travel to the property to check cattle and the land much more than normal, 

which will add thousands of dollars to my annual expenses. TransCanada was unwilling to 

compensate for these losses, even though they state that the property owners are their first eyes on 

the ground. 

 

6. I informed Tim Irons, a TransCanada land agent, that I wanted to be fairly compensated for each 

day I was unable to use my own private property. I was told that TransCanada did not do business 

that way, meaning that TransCanada was not willing to negotiate with me in fair and good faith. 

Being unwilling to sign an easement I believed to be fundamentally unfair, TransCanada simply 

took my private property using eminent domain. 

 

7. During Commission meetings held in Winner, SD, and in western South Dakota, TransCanada 

stated they would use almost 3/4 inch pipe under the roads and in high consequence areas. However, 

TransCanada has downgraded the pipe wall thickness from this baseline. The Commission 

witnessed these statements. TransCanada’s subsequent actions demonstrate that it does not intend 
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on building the safest pipeline, or to comply with their agreements. 

 

8. I had a conversation with an employee of the South Dakota Department of Environment and Natural 

Resources, and asked why they allowed TransCanada to build a pipeline so close to the City of 

Colome’s water source. I was told that it must have just been overlooked. 

 

9. With respect to reclamation of land, based on TransCanada’s conduct, we do not believe it intends 

to reclaim our land back to the condition it was in prior to their taking of our private property.  

 

10. TransCanada stated in public documents (including the FSEIS) that they rely on property owners 

to provide oversight on the pipelines. I suggest this demonstrates that TransCanada’s SCADA 

system does not detect the leaks to the extent needed. 

 

11. When asked, TransCanada has no answer as to how they will clean up a spill into an aquifer. Eight 

years into their effort, with no emergency response plan disclosed to date, TransCanada has no 

answer for this question. Recent pipeline spills into waterways have demonstrated that South 

Dakota cannot risk our agriculture and tourism industries. 

 

12. As it is not possible to cover all topics in this pre-filed testimony that may arise during a hearing, I 

reserve the right to rebut any additional testimony presented during the hearing by TransCanada. 

 

 

Dated this 26th day of June, 2015. 

 

 

 

/s/ John Harter  

John Harter 
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1. Are you a member of the Yankton Sioux Tribe or any other tribe?   

A. I am an enrolled member of the Yankton Sioux Tribe.    

2. What is your occupation or what kinds of work do you do?   

A.  I am an elected member of the Yankton Sioux Tribe Business and Claims Committee.  

3. On whose behalf was this testimony prepared?    

A. This testimony was prepared on behalf of the Yankton Sioux Tribe.    

4. Under what authority are you providing this testimony? 

 A.  Pursuant to Article IV of the Amended Bylaws of the Yankton Sioux Tribal Business and 
Claims Committee, the Business and Claims Committee shall act as liaison between the Tribe and state 
governments. 

5. Please state the purpose of your testimony in this proceeding.   

A. The main objective of the Yankton Sioux Tribe through this testimony is to rebut the 
testimony provided by TransCanada and any other party providing testimony in support of TransCanada’s 
position because TransCanada does not or cannot continue to meet all conditions upon which the permit 
was issued.  I can provide testimony on subjects including the interactions between TransCanada and the 
Yankton Sioux Tribe, the status of the Tribe as a local unit of government (please see TransCanada’s 
response to Interrogatory No. 11 of Exhibit A attached to this testimony), the position of the Yankton 
Sioux Tribe on the proposed Keystone XL pipeline, the Programmatic Agreements executed in 
conjunction with the Final Environmental Impact Statement and the Final Supplemental Environmental 
Impact Statement (attached to this prefiled testimony as Exhibits B and C, respectively), governing 
treaties between the United States and the Yankton Sioux Tribe, and the threats posed by the proposed 
project to the Yankton Sioux Tribe and its members as appropriate based on the testimony offered by 
TransCanada.  
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE APPLICATION 
BY TRANSCANADA KEYSTONE 
PIPELINE, LP FOR A PERMIT UNDER 
THE SOUTH DAKOTA ENERGY 
CONVERSION AND TRANSMISSION 
FACILITIES ACT TO CONSTRUCT THE 
KEYSTONE XL PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

KEYSTONE'S RESPONSES TO 
YANKTON SIOUX TRIBE'S 

FIRST INTERROGATORIES AND 
REQUEST FOR PRODUCTION OF 

DOCUMENTS 

Applicant TransCanada makes the following responses to interrogatories pursuant 

to SDCL § 15-6-33, and responses to requests for production of documents pursuant to 

SDCL § 15-6-34(a). These responses are made within the scope of SDCL 15-6-26(e) 

and shall not be deemed continuing nor be supplemented except as required by that rule. 

Applicant objects to definitions and directions in answering the discovery requests to the 

extent that such definitions and directions deviate from the South Dakota Rules of Civil 

Procedure. 

GENERAL OBJECTION 

Keystone objects to the instructions and definitions contained in Yankton Sioux 

Tribe's First Set of Interrogatories and Requests for Production of Documents to the 

extent that they are inconsistent with the provisions of SDCL Ch. 15-6. See ARSD 
{01815089.1} 

1 

 
012121



20:10:01 :01.02. Keystone's answers are based on the requirements of SDCL §§ 15-6-26, 

IS-6-33, IS-6-34, and IS-6-36. 

INTERROGATORIES 

1. State the name, current address, and telephone number of the person 

answering these interrogatories. 

ANSWER: Given the extremely broad scope volume of more than 800 discovery 

requests received by Keystone in this docket, a range of personnel were involved in 

answering the interrogatories. Keystone will designate the following witnesses with 

overall responsibility for the responsive information as related to the Conditions and 

proposed changes to the Findings of Fact, which are identified in Appendix C to 

Keystone's Certification Petition: Corey Goulet, President, Keystone Projects, 4SO 1st 

Street S.W., Calgary, AB Canada T2P SHI; Steve Marr, Manager, Keystone Pipelines & 

KXL, TransCanada Corporation, Bank of America Center, 700 Louisiana, Suite 700, 

Houston, TX 77002; Meera Kothari, P. Eng., 4SO 1st Street, S.W., Calgary, AB Canada 

T2P SHI; David Diakow, Vice President, Commercial, Liquids Pipeline, 4SO 1st Street 

S.W., Calgary, AB Canada T2P SHI; Jon Schmidt, Vice President, Environmental & 

Regulatory, exp Energy Services, Inc., 1300 Metropolitan Boulevard, Suite 200, 

Tallahassee, FL 32308; Heidi Tillquist, Senior Associate, Stantec Consulting Ltd., 29SO 

E. Harmony Rd., Suite 290, Fort Collins, CO 80S28. 

{01815089.1} 
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2. State the name, current address, and telephone number of any person, other 

than legal counsel, who Keystone talked with about answering these interrogatories, who 

assisted Keystone in answering these interrogatories, or who provided information that 

Keystone relied on in answering these interrogatories. 

ANSWER: Given the extremely broad scope volume of more than 800 discovery 

requests received by Keystone in this docket, a range of personnel were involved in 

answering the interrogatories. Keystone will designate the following witnesses with 

overall responsibility for the responsive information as related to the Conditions and 

proposed changes to the Findings of Fact, which are identified in Appendix C to 

Keystone's Certification Petition: Corey Goulet, President, Keystone Projects, 450 1st 

Street S.W., Calgary, AB Canada T2P 5H1; Steve Marr, Manager, Keystone Pipelines & 

KXL, TransCanada Corporation, Bank of America Center, 700 Louisiana, Suite 700, 

Houston, TX 77002; Meera Kothari, P. Eng., 450 1st Street, S.W., Calgary, AB Canada 

T2P 5H1; David Diakow, Vice President, Commercial, Liquids Pipeline, 450 1st Street 

S.W., Calgary, AB Canada T2P 5H1; Jon Schmidt, Vice President, Environmental & 

Regulatory, exp Energy Services, Inc., 1300 Metropolitan Boulevard, Suite 200, 

Tallahassee, FL 32308; Heidi Tillquist, Senior Associate, Stantec Consulting Ltd., 2950 

E. Harmony Rd., Suite 290, Fort Collins, CO 80528. 

{01815089.1} 
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3. Identify each witness that you will or may call as a fact witness or expert 

witness in any evidentiary hearing or trial of this matter. For each individual, identify and 

provide the name, business address, and business telephone and the name of his or her 

employer and/or other organization(s) with which he or she is associated in any 

professional capacity; the substance of the facts to which he or she is expected to testify 

and the substance of the opinions to which he or she is expected to testify; the individual's 

profession or occupation, educational background, specialized training, and employment 

history relevant to the proposed testimony; and the individual's previous publications 

within the preceding 10 years; and all other cases or proceedings in which the witness has 

testified as an expert within the preceding four years. 

ANSWER: Keystone will offer prefiled direct testimony from the following 

persons, each of whom will testify to the changes identified in Keystone's tracking table 

for that person's area of expertise: 

(1) Corey Goulet, President, Keystone Projects, 450 1st Street S.W., Calgary, AB 
Canada T2P 5H1; (403) 920-2546; Project purpose, Overall description; Construction 
schedule; Operating parameters; Overall design; Cost; Tax Revenues 
(2) Steve Marr, Manager, Keystone Pipelines & KXL, TransCanada Corporation, 
Bank of America Center, 700 Louisiana, Suite 700, Houston, TX 77002; (832) 320-5916; 
same; CMRPlan, Con/Rec Units, HDD's 
(3) Meera Kothari, P. Eng., 450 1st Street S.W., Calgary, AB Canada T2P 5H1; (832) 
320-5190; same; Design and Construction; PHMSA compliance 
(4) David Diakow, Vice President, Commercial, Liquids Pipeline, 450 1st Street S.W., 
Calgary, AB Canada T2P 5H1; (403) 920-6019; Demand for the Facility 

{01815089.1} 
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(5) Jon Schmidt, Vice President, Environmental & Regulatory, exp Energy Services, 
Inc., 1300 Metropolitan Boulevard, Suite 200, Tallahassee, FL 32308; (850) 385-5441; 
Environmental Issues; CMR Plan, Con/Rec Units, HDD's 
(6) Heidi Tillquist, Senior Associate, Stantec Consulting Ltd., 2950 E. Harmony Rd., 
Suite 290, Fort Collins, CO 80528; (970) 449-8609; High Consequence Areas, Spill 
Calculations 

4. Identify any other names that Keystone conducts business under, in the 

United States and Canada. 

ANSWER: None. 

5. Pursuant to Condition Two of the Commission's Amended Final Decision 

and Order, has Keystone received any communications from any regulatory body or 

agency that may have jurisdiction over the project which alleges that Keystone has failed 

to comply with any applicable permits, law, or regulation? 

ANSWER: No. 

6. Pursuant to Condition Two, has Keystone a permit by any regulatory body 

or agency that may have jurisdiction over the construction, maintenance, or operation of 

any pipeline located in the United States or Canada ever been denied, revokes, or 

suspended by the regulatory body or agency? 

ANSWER: No. 

7. Pursuant to Condition Two, has Keystone been given notice by any 

regulatory body or agency that may have jurisdiction over the construction, maintenance 

or operation of any pipeline located in the United States or Canada alleging that Keystone 

{01815089.1} 
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has failed to comply with any applicable permits for the construction, operation or 

maintenance of any pipeline located in the United States? 

ANSWER: No. 

8. Pursuant to Condition One, please identify all required permits that 

Keystone has applied for within the State of South Dakota regarding the use of public 

water for construction, testing, drilling, or temporary discharges to waters of the state and 

temporary discharges of water from construction dewatering and hydrostatic testing. 

ANSWER: Keystone has submitted a Notice and Intent and Certificate of 

Application Form to Receive Coverage Under the General Pennit for Temporary 

Discharges and a Temporary Water Use Permit. Other permits, as required, will be filed 

closer to the time period of construction. 

9. Pursuant to Condition Six, identify the most recent depiction of the Project 

route and facility locations as they currently exist as compared to the information 

provided in Exhibit TC-14. 

ANSWER: Maps showing changes to the route since the permit was granted are 

attached as Keystone 0470-0583. 

10. Pursuant to Condition Six, identify the dates, addresses, phone numbers, 

emails, and names of person(s) responsible for conducting surveys, addressing property 

specific issues and civil survey information. 

{01815089.1} 
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OBJECTION AND RESPONSE: The identity of persons conducting civil 

surveys is not relevant or likely to lead to the discovery of admissible evidence. Without 

waiving the objection, American Burying Beetle Habitat Assessment was conducted by 

W. Wyatt Hoback, Department of Biology, University of Nebraska at Kearney; Biological 

Surveys (i.e., habitat, wetland delineations) were conducted by AECOM (Scot Patti was 

the principal investigator) and SCI (Scott Billing was the principal investigator); Phase I 

ESA Surveys were conducted by AECOM (Brian Bass was the principal investigator); 

Biological Surveys (i.e., threatened and endangered species, noxious weeds, reclamation) 

were conducted by Westech (John Beaver was the principal investigator); Cultural 

resources surveys were conducted by SWCA Environmental Consultants (principal 

investigator was Scott Phillips); the paleontological surveys were conducted by SWCA 

Environmental Consultants (principal investigator was Paul Murphey). 

11. Pursuant to Condition Six, does Keystone recognize the Yankton Sioux 

Tribe, a federally recognized sovereign Indian Nation, as a "local governmental unit?" 

ANSWER: Because the Project does not cross Tribal land and because the 

Yankton Sioux Tribe is a sovereign nation, Keystone does not consider the Tribe to be a 

"local governmental unit" as referenced in Condition 6. 

12. Condition Seven requires Keystone to appoint a public liaison officer. 

Accordingly, has Keystone: 
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1. Appointed such public liaison officer, and if so please provide such 

officer's: 

a. Name; 

b. Address; 

c. Phone number; and 

d. Email address. 

2. Directed such public liaison officer to contact and or consult with the 

Yankton Sioux Tribe? 

ANSWER: 

I.a. Sarah Metcalfs appointment was approved by the PUC by order dated June 2, 

2010, in an order which is a matter of public record. 

1.b. PO Box 904, Aberdeen, SD 57402. 

I.e. 1-888-375-1370 

1.d. smetcalf12@gmail.com 

2. No. The project does not cross Yankton Sioux lands and Keystone does not 

consider the Tribe to be a "local government" in the vicinity of the project as stated in 

Amended Permit Condition 7. 
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13. Pursuant to Condition Thirteen, identify and provide the phone number, 

address, and email address of every each environmental inspector that Keystone has 

incorporated into the CMR. 

OBJECTION AND ANSWER: The identity of environmental inspectors is not 

relevant or reasonably calculated to lead to the discovery of admissible evidence. 

Without waiving the objection, no Environmental Inspectors have been identified or 

hired, because the construction of the Project has not yet started. 

14. Pursuant to Condition Thirty-Seven, has Keystone ever been found 

non-compliant with any other permits, from any state regarding the Keystone XL Project? 

ANSWER: No. 

15. Pursuant to Conditions One and Two, have any contractors hired by 

Keystone to construct any pipeline owned or operated by Keystone or any of its affiliates 

received any communication from any agency or regulatory body having jurisdiction over 

each pipeline regarding alleged safety concerns or safety violations regarding the 

construction, maintenance or operation of any pipeline in the United States. 

OBJECTION: This request is overlybroad and unduly burdensome and is not 

reasonably calculated to lead to the discovery of admissible evidence under SDCL 

15-6-26(b). It also seeks information that is not in Keystone's custody or control and is 

not maintained by Keystone in the ordinary course of business. 
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16. Pursuant to Conditions One and Two, have any contractors hired by 

Keystone to construct any pipeline owned or operated by Keystone or any of its affiliates 

received any communication from any agency or regulatory body having jurisdiction over 

each pipeline regarding alleged safety concerns or safety violations regarding the 

construction, maintenance or operation of any pipeline in Canada. 

OBJECTION: This request is overlybroad and unduly burdensome and is not 

reasonably calculated to lead to the discovery of admissible evidence under SDCL 

15-6-26(b). It also seeks information that is not in Keystone's custody or control and is 

not maintained by Keystone in the ordinary course of business. 

17. Pursuant to Condition Forty-Four, what steps has Keystone or any of its 

affiliates taken to ensure that the cultural and historic resources of the Yankton Sioux 

Tribe are protected? 

OBJECTION AND ANSWER: Condition 44 refers to paleontological studies. 

Notwithstanding the objection, cultural resources survey reports are listed in Section 3.11 

of the Department of State FSEIS (2014), with results of the SD surveys detailed in Table 

3 .11-3. Any further discussions regarding these surveys would be addressed through the 

course of government to government consultation with the DOS when the Yankton Sioux 

were afforded the opportunity to not only review those studies but also participate in the 

surveys themselves. 
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18. Pursuant to Condition Forty-Four, how many times has Keystone contacted 

the Yankton Sioux Tribe? 

1. If Keystone did make such contact please provide the following: 

a. Name(s) of the person(s) notified; 

b. Title of the person(s) notified; 

c. The physical address of the person(s) notified; 

d. The telephone number(s) of the person(s) notified; and 

e. The means by which Keystone made notification, i.e. written, 

oral, electronic, etc.; 

ANSWER: A precise record of the number of contacts with the Yankton Sioux 

Tribe, either through the body politic or through tribal members does not exist. Typically 

contacts came through the TransCanada Tribal Liaison staff. See Keystone documents 

1304-1340 that document some of the contacts. With respect to Condition 44, there may 

not have been any paleontological specific contacts. 

19. Pursuant to Condition Forty-Four, has Keystone made any new cultural 

and/or historic surveys along the route of the Project since its original permit was 

granted? 

OBJECTION AND ANSWER: Condition 44 refers to paleontological studies, 

not cultural studies. However, all cultural resources survey reports are listed in Section 
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3 .11 of the Department of State FSEIS (2014 ), with results of the SD surveys detailed in 

Table 3.11-3. 

20. According to Keystone's original application, Keystone began cultural and 

historic surveys in May 2008 and at that time it had found several pre-historic stone 

circles were uncovered. Please provide a detailed description of these sites, including 

location. 

ANSWER: These sites are addressed during the course of government to 

government consultation with the DOS. Site locations are confidential and cannot be 

disclosed outside of the consultation process. 

21. Pursuant to Condition Forty-Four, please provide the name, address, phone 

number, and email of all persons involved in any cultural or historic survey conducted by 

Keystone. In addition, please provide a detailed description of all pertinent professional 

training that qualifies the surveyor as a professional who meets the standards of the 

Secretary of the Interior's Historic Preservation Professional Qualification Standards (48 

FR 44716, September 29, 1983). 

OBJECTION AND ANSWER: The identity of the surveyors is not relevant or 

reasonably calculated to lead to the discovery of admissible evidence. Without waiving 

the objection, SWCA Environmental Consultants performed the survey work. The 

cultural resources principal investigator was Scott Phillips; the paleontological principal 
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investigator was Paul Murphey. Both individuals meet the SOI standards for their 

particular field. 

22. Pursuant to Condition Forty-Four, has Keystone made any attempt to 

contact the Yankton Sioux Tribe Business and Claims Committee, its officers, or its 

Tribal Historic Preservation Office? If so, please provide the following: 

a. Name(s) of the person(s) contacted; 

b. Title of the person(s) contacted; 

c. The physical address of the person(s) contacted; 

d. The telephone number(s) of the person(s) contacted; and 

e. The means by which Keystone made contact, i.e. written, oral, 

electronic, etc.; 

ANSWER: See response to interrogatory no. 18 above. 

23. Pursuant to Condition Forty-Four, provide a detailed description of cultural 

and historic training that Keystone provides to its construction personnel. 

ANSWER: Training material developed by Keystone will be finalized and 

available for distribution to the construction personnel after the inventory phase is 

complete and prior to construction. 

24. Pursuant to Condition Forty-Four, does Keystone or any of its affiliates 

recognize that if approved and constructed, the Keystone Pipeline will travel through the 
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identified Indian Country territory from the Fort Laramie Treaty of 1851 and 1868, and as 

such will likely encounter undiscovered cultural and/or historic sites? 

ANSWER: Keystone recognizes that the KXL Pipeline will travel through 

territory considered in the Treaties of Fort Laramie of 1851 and 1868. Keystone does not 

believe that any part of its route as currently permitted passes through Indian Country or 

across tribally owned lands. Keystone recognizes the possibility that undiscovered 

cultural and/or historic sites may be found in the course of construction. Keystone 

believes Conditions 43 and 44, and the provisions provided for therein, suitably 

accommodate cultural and paleontological resource discoveries. Tribal monitors will be 

hired by Keystone to monitor designated areas during ground disturbing activities relating 

to construction to assist in managing previously undiscovered cultural and/or historic sites 

that are found in the course of construction and in complying with the unanticipated 

discoveries plan. 

25. Pursuant to Condition Forty-Four, does Keystone plan to consult with the 

Yankton Sioux Tribe and its General Council, Business and Claims Committee, and its 

Tribal Historic Preservation Office in the future? 

ANSWER: Condition 44 applies to paleontological discoveries. Condition 43 

applies to unanticipated discoveries. See the answer to Interrogatory 24 above. 

{01815089.1} 

14 

 
012134



26. Pursuant to Conditions One and Two, does Keystone recognize and 

acknowledge that the Yankton Sioux Tribe has federally protected Winters Doctrine 

water rights and that these rights apply to any permit application to use water for the 

construction, operation or maintenance of the Keystone Pipeline project? 

ANSWER: Keystone recognizes the so-called Winters Doctrine arising from 

Winters v. The United States, 207 U.S. 564 (1908) and its progeny. Keystone does not 

believe that the Yankton Sioux Tribe's Winters Doctrine water rights are affected by 

Keystone's use of water for construction, operation, or maintenance. 

27. Pursuant to Conditions One and Two, what steps, if any, has Keystone or 

any of its affiliates taken to ensure that the Yankton Sioux Tribe's federally protected 

Winters Doctrine water rights are be protected? 

ANSWER: Keystone does not believe that the Yankton Sioux Tribe's Winters 

doctrine water rights are affected by the use of water for the construction, operation, or 

maintenance of the Keystone Pipeline. 

28. Pursuant to Conditions One and Two, are any waterways situated on or near 

the Pipeline route subject to designation under the Wild and Scenic River Act of 1968? If 

so, identify each of the waterways. 

OBJECTION AND RESPONSE: To the extent that it seeks information on 

the Pipeline route outside South Dakota, this request is not relevant or reasonably likely to 
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lead to the discovery of admissible evidence. Without waiving the objection, the Project 

route does not cross any waterways that are subject to designation under the Wild and 

Scenic River Act of 1968. There are no waterways that are subject to designation under 

the Wild and Scenic River Act of 1968 near the Project route in South Dakota. An 

evaluation of Wild and Scenic Rivers as per related to the Project is found on page 4.3-24 

of the Department of State FSEIS (2014). 

29. Pursuant to Conditions One and Two, are there any land areas along or near 

the Keystone Pipeline route that have been designated as critical habitat under the 

Endangered Species Act? If so identify each of the land areas. 

OBJECTION AND RESPONSE: To the extent that it seeks information on the 

Pipeline route outside South Dakota, this request is not relevant or reasonably likely to 

lead to the discovery of admissible evidence. Without waiving the objection, there are 

no lands along or near the Project route in South Dakota that are designated as critical 

habitat under the Endangered Species Act. Endangered species are discussed in Section 

4.8 of the Department of State FSEIS (2014). 

30. Pursuant to Conditions One and Two, are there any land areas along or 

nearby the Keystone Pipeline route that have any Endangered Species located in that 

area? If so, identify the land areas and the endangered species. 
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OBJECTION AND RESPONSE: To the extent that it seeks information on the 

Pipeline route outside South Dakota, this request is not relevant or reasonably likely to 

lead to the discovery of admissible evidence. Without waiving the objection, the 

following federally-listed threatened or endangered species have the potential to occur 

along the Project route in South Dakota: interior least tern; piping plover; rufa red knot; 

whooping crane; and the American burying beetle. Section 4.8.3 of the Department of 

State FSEIS (2014) and Appendix H, Biological Opinion in the Department of State 

FSEIS (2014) discusses the potential occurrence of these federally-listed threatened and 

endangered species along the Project route in South Dakota and Sections 4.8.3 and 4.8.4 

and Appendix Hof the Department of State FSEIS (2014) discusses the potential 

impacts and conservation measures the Project will implement to protect listed species. 

31. Pursuant to Condition Twenty-Three, will employees of Keystone or any of 

its contractors or subcontractors enter the exterior boundaries of the Yankton Sioux 

Reservation during construction of the Project? If so, for what purposes? 

ANSWER: Employees of Keystone or any of its contractors or subcontractors 

will not enter the exterior boundaries of the Yankton Sioux Reservation during 

construction. 

32. Pursuant to Conditions One, Two, and Thirty-Six, identify the location of 

all equipment staging areas, construction staging areas, construction camps, and housing 
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camps in South Dakota that will be used for emergency response, construction, and/or 

temporary housing. 

OBJECTION AND RESPONSE: The request for the location of equipment and 

construction staging areas is not relevant and not likely to lead to the discovery of 

admissible evidence. It is confidential for reasons related to security. Keystone 

currently has not determined the specific locations that will be used for emergency 

response, but as required by Permit Condition 10, will timely consult with the appropriate 

agencies. Without waiving the objection, emergency response locations will be 

determined prior to the project going into service and will be in determined in accordance 

with Federal response requirements. 

Construction 

Keystone has leased 11 pipe yards and 6 contractor yards in South Dakota. Pipe yards 

are planned in Harding, Meade, Butte, Haakon, Jones and Tripp counties. The 6 

contractor yards are located in Harding, Meade, Haakon and Tripp counties. Each pipe 

yard is approximately 30 acres in size. 

Temporary Housing 

Some areas within Montana, South Dakota, and Nebraska do not have sufficient 

temporary housing in the vicinity of the proposed route for all construction personnel 

working in those areas. Temporary work camps would be constructed to meet the housing 
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needs of the construction workforce in these remote locations. A total of eight temporary 

construction camps would be established. It is currently anticipated that four construction 

camps would be needed in Montana (McCone, Valley [two], and Fallon counties), three 

camps would be required in South Dakota (Tripp, Harding, and Meade counties), and one 

camp would be required in Nebraska (Holt county). Figure 2.1.5-1 shows the anticipated 

location of six of the eight camps. The locations of two camps are unknown at this time 

(one in Montana and one in Nebraska). The final number and size of camps would be 

determined based on the time available to complete construction and to meet Keystone's 

commercial commitments. All construction camps would be permitted, constructed, and 

operated consistent with applicable county, state, and federal regulations. (FSEIS, page 

2.1-31) 

33. Pursuant to Condition Thirty-Six and Changed Finding of Fact No. 107, 

identify the contractor or company that is responsible for providing emergency response 

services. 

ANSWER: TransCanada has agreements/contracts with corporations such as the 

National Response Copr. that meet the Oil Spill Response Organization (OSRO) 

requirements (Keystone ERP, Appendix I to the FSEIS). 

The resources will be secured from a Company approved contractor. 
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34. Pursuant to Changed Finding of Fact No. 107, provide a breakdown of 

crime statistics (including violent crimes, sexual crimes, and drug and/or alcohol-related 

crimes) for areas in which temporary housing camps have been located for construction of 

comparable projects showing crime rates both before and during construction of said 

projects. Please also identify the source of this data and the method used to collect this 

data. 

OBJECTION: This request seeks information that is not in Keystone's 

custody or control and is not maintained by Keystone in the ordinary course of business. 

It is also overlybroad and unduly burdensome. 

35. Pursuant to Changed Finding of Fact No. 107, identify the precautionary 

measures Keystone has or will implement at the temporary housing camps to protect the 

surrounding area from crime resulting from the temporary influx of construction workers 

at the temporary housing camps. 

ANSWER: TransCanada Keystone will implement policies and procedures that 

all residents will be required to comply with during their residency at the camp. 

Violations may lead to removal from the camp or the appropriate level of disciplinary 

action. TransCanada will liaise with and engage law enforcement if any issues arise 

from the man-camps, as appropriate. TransCanada will consider augmenting local law 

enforcement staffing impacts resulting from camp operations. 
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Ref: FSEIS 4.10-13 

Each camp site would be fully fenced and have a guard house at a single entrance. A 

contract security officer manning the guard house would be provided on a 24/7 basis. In 

addition, at all times there would be at least one additional roving security officer 

supplemented with off-duty law enforcement personnel, as needed. Local law 

enforcement agencies would also respond to violent, criminal, or illegal activities. 

36. Pursuant to Changed Finding of Pact No. 107, identify the protocols and 

guidelines that will be utilized to respond to reports of crime in or near the temporary 

housing camps that reportedly involve temporary construction workers or other 

employees of Keystone or of its contractor or subcontractor. 

ANSWER: Any reports of crime or criminal activity in or near temporary 

housing camps will be reported to local law enforcement for investigation and follow up. 

TransCanada is committed to cooperating with and assisting law enforcement with their 

investigation, where appropriate. 

Ref: FSEIS 4.10.33 

Each camp site would be fully fenced and have a guard house at a single entrance. A 

contract security officer manning the guard house would be provided on a 24/7 basis. In 

addition, at all times there would be at least one additional roving security officer 
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supplemented with off-duty law enforcement personnel, as needed. Local law 

enforcement agencies would also respond to violent, criminal, or illegal activities. 

37. Pursuant to Condition Twenty-Three and the changed Finding of Fact 

Number Forty-One, will any of Keystone's construction equipment or crew access the 

Project from trust land? If so, has Keystone received the necessary consent of the United 

States government to access trust land on the Yankton Sioux Reservation or the affected 

Reservation? 

ANSWER: Keystone does not cross any trust land with access to the Project in 

South Dakota. 

38. Pursuant to Condition Twenty-Three, has Keystone made contact with or 

otherwise taken any action to plan for road closures which may affect the Yankton Sioux 

Tribe? If so, does Keystone plan to notify, coordinate or otherwise consult with the 

Yankton Sioux Tribe? 

ANSWER: Keystone does not expect any road closures will affect the Yankton 

Sioux Tribe, but if such road closures should occur, Keystone will consult with the 

Yankton Sioux Tribe regarding same. 

3 9. Pursuant to Condition Twenty-Three, has Keystone made contact with or 

otherwise taken any action to plan for emergency response which may affect the Yankton 
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Sioux Tribe? If so, does Keystone plan to notify, coordinate, or otherwise consult with the 

Yankton Sioux Tribe? 

ANSWER: Yes, the Yankton Sioux Tribe will be notified ifthe tribe is affected 

by an incident. The final version of the Keystone Pipeline Emergency Response Plan 

(ERP) is complete and complies with 49 C.F .R. Part 194. The Keystone ERP will be 

amended to include Keystone XL. A redacted version of the ERP is found at Appendix I 

of the FSEIS. 

40. Pursuant to Condition Two, please provide the following information with 

respect to each instance of tribal consultation with the Yankton Sioux Tribe referenced in 

Appendix E of the Final Supplemental Environmental Impact Statement. 

a. Name(s) of the Tribal official(s) or other person(s) contacted; 

b. Title of the Tribal official(s) or other person(s) contacted; 

c. The physical address of the Tribal official(s) or other person(s) 

contacted; 

d. The telephone number(s) of the Tribal official(s) or other person(s) 

contacted; 

e. The means by which contact with the Tribe was made, i.e. written, 

oral, electronic, etc.; 
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f. Whether any employee, official, or other agent of Keystone was 

present during the particular instance of consultation and if so, the name and contact 

information for that individual(s); and 

g. Whether Keystone actively or otherwise participated during the 

particular instance of consultation. 

ANSWER: Tribal consultation is the responsibility of the Department of State. 

41. Pursuant to Conditions 6 and 43 how much land along Keystones proposed 

route for the KXL Project has yet to be TCP surveyed. If any, identify the land. 

ANSWER: The status of TCP surveys can be found in Table 3.11-8 of the 

Department of State FSEIS (2014). The Yankton Sioux Tribe's report was received and 

accepted in March and April 2011. Any outstanding issues would be addressed through 

the course of government to government consultation with the DOS. 

42. Pursuant to Condition 2, how many other state permits and federal permits 

are pending or not yet received by Keystone for the Keystone XL project. 

ANSWER: The Presidential Permit is currently pending before the United States 

Department of State. Permit authorization from the USACE under Section 404 of the 

Clean Water Act has not yet been sought. 

{01815089.l} 

24 

 
012144



43. Pursuant to Conditions 6 and 43, have any tribes surveyed the land along 

the proposed route for the KXL Project? If so, which tribes and for what portion of the 

route, respectively? 

ANSWER: Yes. The route surveys performed are summarized in Keystone 

documents 1151-1169. 

44. Pursuant to Condition 10, has Keystone yet commenced a program of 

contacts with state, county and municipal emergency response, law enforcement and 

highway, road and other infrastructure management agencies serving the Project area? If so, 

please describe the program and any steps taken in furtherance of meeting Condition 10. If 

not, when does Keystone plan to do so? 

ANSWER: No. Keystone will commence such a program not later than six 

months before commencing construction. 

REQUESTS FOR PRODUCTION OF DOCUMENTS 

1. All documents that Keystone intends to offer as exhibits at the evidentiary 

hearing in this matter. 

ANSWER: Keystone has not yet identified hearing exhibits, but will disclose 

them as required by the PUC. 

2. All documents relating to environmental and hydrological surveys. Changed 

Finding of Fact Number Forty-One. 
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OBJECTION: This request is overlybroad, unduly burdensome, and is not 

reasonably calculated to lead to the discovery of admissible evidence under SDCL 

15-6-26(b). The request is unlimited in time and does not refer to any specific project. 

3. All documents relating to cultural and historic surveys, training, and 

response plans. Condition Forty-Four. 

OBJECTION: This request is overlybroad, unduly burdensome, and is not 

reasonably calculated to lead to the discovery of admissible evidence under SDCL 

15-6-26(b ). The request is unlimited in time and does not refer to any specific project. 

4. All documents relating to required permits, both in South Dakota and 

outside South Dakota, including permit applications which were denied, revoked, or 

suspended. 

OBJECTION: This request is overlybroad, unduly burdensome, and is not 

reasonably calculated to lead to the discovery of admissible evidence under SDCL 

15-6-26(b). 

5. All documents related to Interrogatory No. 40, including but not limited to any 

correspondence between any employee, official, or other agent of Keystone and any other 

party pertaining to each instance of consultation and any notes or other documents generated 

by any employee, official, or other agent of Keystone pertaining to each instance of 

consultation. 
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ANSWER: As indicated in the answer to number 40, consultation is the 

responsibility of the Department of State. 

6. All documents constituting Keystone's Emergency Response Plan. 

OBJECTION: This request seeks information that is beyond the scope of the 

PUC's jurisdiction and Keystone's burden under SDCL § 49-41B-27. This request also 

seeks information addressing an issue that is governed by federal law and is within the 

exclusive province of PHMSA. The PU C's jurisdiction over the emergency response 

plan is preempted by federal law, which has exclusive jurisdiction over issues of pipeline 

safety. See 49 C.F.R. Part 194; 49 U.S.C. § 60104(c). This request further seeks 

information that is confidential and proprietary. See Amended Final Order, HP 09-001, 

Condition if 36. Public disclosure of the emergency response plan would commercially 

disadvantage Keystone. In addition, Keystone is not required to submit its Emergency 

Response Plan to PHMSA until sometime close to when the Keystone Pipeline is placed 

into operation. Keystone's Emergency Response Plan is addressed in The Final 

Supplemental Environmental Impact Statement at 

http ://keystonepipeline-xl.state.gov I documents/organization/221189 .pdf. 

7. All documents that support the proposed changes to the Findings of Fact 

identified in Appendix C to Keystone's application filed on September 14, 2014 with the 

PUC. 
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OBJECTION: This request is overlybroad, unduly burdensome, and is not 

reasonably calculated to lead to the discovery of admissible evidence under SDCL 

15-6-26(b). Appendix C to Keystone certification petition includes citations to sources 

for many of the statements in the document. 
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Dated this 5rtr day ofFebruary, 2015. 

\ 
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TRANSCANADA KEYSTONE PIPELINE, LP 
by its agent, TC Oil Pipeline Operations, Inc. 
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OBJECTIONS 

The objections stated to Yankton Sioux Tribe's Interrogatories and Request for 

Production of Documents were made by James E. Moore, one of the attorneys for 

Applicant TransCanada herein, for the reasons and upon the grounds stated therein. 

Dated this 6th day of February, 2015. 
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WOODS, FULLER, SHULTZ & SMITH P.C. 

~lliam Taylo~~ 
James E. Moore 
Post Office Box 5027 
300 South Phillips Avenue, Suite 300 
Sioux Falls, SD 57117-5027 
Phone: (605) 336-3890 
Fax: (605) 339-3357 
Email: Bill. Taylor@woodsfuller.com 

J ames.Moore@woodsfuller.com 
Attorneys for Applicant TransCanada 
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CERTIFICATE OF SERVICE 

I hereby certify that on the 6th day of February, 2015, I sent by e-mail transmission, 

a true and correct copy of Keystone's Responses to Yankton Sioux Tribe's First 

Interrogatories and Request for Production of Documents, to the following: 

Thomasina Real Bird 
Fredericks Peebles & Morgan LLP 
1900 Plaza Drive 
Louisville, CO 80027 
trealbird@ndnlaw.com 
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Final EIS Keystone XL Project 
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Programmatic Agreement and Record of Tribal Contact 
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Programmatic Agreement 1 Keystone XL Project 

  June 2011 

Programmatic Agreement 
Among 

The U.S. Department of State, 

U.S. Bureau of Land Management, 

U.S. Army Corps of Engineers, 

U. S. Bureau of Reclamation, 

National Park Service, 

Western Area Power Administration, 

U.S. Department of Agriculture Rural Utilities Service, 

U.S. Department of Agriculture Natural Resources Conservation Service, 

U.S. Department of Agriculture Farm Service Agency 

U.S. Bureau of Indian Affairs 

Montana Department of Natural Resources and Conservation,  

Montana Department of Environmental Quality, 

Advisory Council on Historic Preservation, 

Montana State Historic Preservation Officer,  

Kansas State Historic Preservation Officer, 

Texas State Historic Preservation Officer, 

Nebraska State Historic Preservation Officer, 

Oklahoma State Historic Preservation Officer, 

South Dakota State Historic Preservation Officer, and 

TransCanada Keystone Pipeline, LP  

Regarding the Keystone XL Pipeline Project  

 

 

WHEREAS, the U.S. Department of State (DOS) receives and considers applications for 

permits for cross border oil pipelines pursuant to the authority delegated by the President of the 

United States under Executive Order (EO) 13337 (69 Federal Register 25299); and  

  

WHEREAS, on September 19, 2008, the DOS received an application for a Presidential Permit 

from TransCanada Keystone Pipeline, LP (Keystone) for the Keystone XL Pipeline Project 

(Keystone XL Project or the Project); and  

  

WHEREAS, DOS has determined that issuance of a Presidential Permit for the Keystone XL 

Project includes review under Section 106 of the National Historic Preservation Act (NHPA) (16 

U.S.C. 470f, as amended) and its implementing regulations, “Protection of Historic Properties,” 

(36 CFR Part 800); and 

 

WHEREAS, the Project undertaking consists of construction of approximately 1,375 miles of 

new crude oil pipeline in the United States and utilizes 298 miles of the previously approved 

Keystone Cushing Extension, associated aboveground facilities (such as pump stations and 

transmission facilities and substations), and ancillary facilities (such as lateral pipeline, 

temporary workplace areas and pipe storage, access roads, and contractor yards); and 

 

WHEREAS, the proposed Keystone XL Project pipeline alignment crosses Montana, South 

Dakota, Nebraska, Kansas, Oklahoma, and Texas; and  
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Programmatic Agreement 2 Keystone XL Project 

  June 2011 

 

WHEREAS, the proposed Keystone XL Project pipeline alignment crosses seven National 

Historic Trails: the Lewis and Clark National Historic Trail (LCNHT); Oregon, California, 

Mormon Pioneer, and Pony Express National Historic Trails; the Santa Fe National Historic 

Trial; and the El Camino Real de los Tejas National Historic Trail (ELTE).  Each of these trails 

was designated by the U.S. Congress and have as their purpose “the identification and protection 

of the historic route and its historic remnants and artifacts for public use and enjoyment;” 

(National Trails System Act, P.L. 90-543, as amended); and 

 

WHEREAS, on February 2, 2011, the Advisory Council on Historic Preservation (ACHP) 

entered consultation finding that criteria 3 and 4 of Appendix A, Criteria for Council 

Involvement in Reviewing Individual Section 106 Cases, of the regulations (36 CFR Part 800) 

implementing Section 106 of NHPA, had the potential to be met; and 

 

WHEREAS, the United States Army Corps of Engineers (USACE) has determined that the 

approval for the Keystone XL Project to cross USACE administered lands (30 U.S.C. § 185) and 

to place structures in, under, or over navigable waters of the United States, as defined under 33 

CFR 329, pursuant to Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. § 403), and a 

permit for the placement of dredge or fill material in waters of the United States as part of the 

Keystone XL Project in accordance with Section 404 of the Clean Water Act (334 U.S.C. § 344; 

see 33 CFR 323), are federal actions related to the undertaking that require the USACE to 

comply with Section 106 of NHPA and 36 CFR Part 800; and  

 

WHEREAS, the U.S. Bureau of Land Management (BLM) has determined the approval of the 

Keystone XL Project to cross Federal lands administered by the BLM would require 

authorization under Section 28 of the Mineral Leasing Act of 1920, as amended [(MLA) 30 USC 

185]; and 

 

WHEREAS, the BLM has determined that Keystone will require access roads crossing public 

lands administered by the BLM in support of the Keystone XL Pipeline Project and that the 

access roads will require authorization under Title V of the Federal Land Policy and 

Management Act, as amended [ (FLMPA) 43 USC 1701]; and 

 

WHEREAS, the BLM has determined that the Keystone XL Project will require electrical 

power from rural electrical cooperatives and that portions of the transmission lines will cross 

public lands administered by the BLM and that the transmission lines crossing public lands will 

require authorization under Title V of the Federal Land Policy and Management Act, as amended 

[(FLMPA) 43 USC 1701]; and  

 

WHEREAS, the BLM approvals of these Project crossings in areas under its jurisdiction is a 

federal action associated with the undertaking that requires the BLM to comply with Section 106 

of the NHPA and 36 CFR Part 800; and 

 

WHEREAS, the U.S. Bureau of Reclamation (RECLAMATION) manages lands and facilities 

that will be crossed by the Keystone XL Project and this is a federal action related to the 

undertaking that requires RECLAMATION to comply with Section 106 of the NHPA and 36 
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CFR Part 800; and 

 

WHEREAS, the Natural Resources Conservation Service (NRCS) has determined that it retains 

rights to a  2,693 acre parcel subject to the Wetlands Reserve Program (WRP) (16 U.S.C. 3837 

et. seq.) easements in  Fannin County, Texas and that the installation and maintenance of the 

Project pipeline on this WRP easement is a federal action associated with the undertaking that 

requires compliance with Section 106 of NHPA and 36 CFR Part 800; and 

 

WHEREAS, the Farm Service Agency (FSA), manages private lands with federal easements 

along the Project APE as part of its Grasslands Reserve Program (jointly administered with the 

NRCS) as well as the Conservation Resource Program, and the Farmable Wetlands Program; and 

 

WHEREAS, the FSA approval of the Project crossings in these areas is a federal action 

associated with the undertaking that requires the FSA to comply with Section 106 of the NHPA 

and 36 CFR Part 800;  and 

 

WHEREAS, the Rural Utilities Service (RUS) has determined that the financial assistance it 

may provide to rural electric cooperatives and other entities for construction or modification of 

electrical transmission facilities (including transmission lines and substations) to power some 

Keystone XL Project pump stations or to ensure transmission system reliability, under USDA 

Rural Development’s Utilities Programs, are Federal actions related to the undertaking that 

require RUS to comply with Section 106 of NHPA and 36 CFR Part 800; and 

 

WHEREAS, the Bureau of Indian Affairs (BIA) has responsibility for approving any right-of-

ways crossing Indian Trust lands and this is a federal action related to the undertaking that 

requires the BIA to comply with Section 106 of the NHPA and 36 CFR Part 800; and 

 

WHEREAS, the Western Area Power Administration (WESTERN) has determined that the 

modification and construction of substations and transmission lines that WESTERN will own 

and that will provide power to the Keystone XL project, will require review under Section 106 of 

NHPA and 36 CFR Part 800; and 

 

WHEREAS, the National Park Service (NPS) has been invited to consult with the DOS 

concerning the Project due to the potential for adverse effects to several National Historic Trails 

including the LCNHT and ELTE; and  

 

WHEREAS, the Montana Department of Natural Resources and Conservation has participated 

in consultation and has been invited by DOS under 36 CFR § 800.6(c) (2) to sign this 

Programmatic Agreement (PA) as an invited signatory; and 

 

WHEREAS, the Montana Department of Environmental Quality has participated in consultation 

and has been invited by DOS under 36 CFR § 800.6(c) (2) to sign this PA as an invited 

signatory; and 

 

WHEREAS, the USACE, BLM, RUS, BIA, NRCS, WESTERN, RECLAMATION, and FSA 

have designated the DOS as the lead federal agency for purposes of Section 106 of the NHPA in 
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accordance with 36 CFR § 800.2(a)(2); and  

 

WHEREAS, the Keystone XL Project area of potential effect (APE) includes: (1) in Montana –a 

300 foot wide corridor, 150 feet on each side from the centerline; (2) in South Dakota – a 300 

foot wide corridor, 150 feet on each side from the centerline; (3) in Nebraska – a 300 foot wide 

corridor, 150 feet from each side from the centerline; (4) in Kansas – all areas of disturbance 

related to the construction of two pump stations; (5) in Oklahoma – a 300 foot wide corridor, 

from centerline of outermost existing pipeline; and (6) in Texas - a 300 foot wide corridor, with 

200 feet from the existing infrastructure feature centerline on the side where the proposed 

pipeline is to be  collocated and 100 feet from the existing feature centerline on the opposite side, 

or, if the route is not collocated with existing infrastructure, then the survey area will be centered 

on the proposed pipeline (150 feet on each side). For transmission lines and access roads in each 

state, a 100 foot wide corridor centered on the Project centerline will be used. For pumping 

stations and other areas that are to be disturbed by construction related activities and ancillary 

facilities (including construction camps and pump stations), the APE will include all areas of 

disturbance and areas to be indirectly affected; and 

 

WHEREAS, the DOS has determined that the construction of the Keystone XL Project may 

have an adverse effect on properties listed in or eligible for listing in the National Register of 

Historic Places (NRHP), and has consulted with the Montana, South Dakota, Nebraska, Kansas, 

Oklahoma, and Texas State Historic Preservation Officers (SHPOs), Tribal Historic Preservation 

Officers (THPOs), Indian Tribes, and the ACHP, pursuant to 36 CFR Part 800; and 

 

WHEREAS, the BLM will incorporate this PA into its decisional process on any authorization 

under the MLA or FLPMA it may issue for the Keystone XL Project, and will include in any 

authorization it issues on the Keystone XL Project, a condition that Keystone will abide by its 

commitments in this PA; and 

 

WHEREAS, in accordance with 36 CFR §§ 800.4(b)(2) and 800.5(a)(3), the DOS has elected to 

phase identification and evaluation of historic properties, and application of the criteria of 

adverse effect, respectively, because access to those areas identified in Attachment A has been 

restricted by property owners’ refusal to grant Keystone permission to enter their private 

property; and 

 

WHEREAS, Attachment G includes summary information on the identification, evaluation, and 

effect assessment updates on the Project that were included in the Final Environmental Impact 

Statement (FEIS); and   

 

WHEREAS, additional identification, evaluation and effect assessments for the Project will 

need to be undertaken as all areas of construction have yet to be determined; and 

 

WHEREAS, pursuant to 36 CFR § 800.14(b), the DOS has elected to execute this PA for the 

Keystone XL Project because effects on historic properties cannot be fully determined prior to 

the issuance of a permit for the undertaking; and 

 

WHEREAS, Attachment G also summarizes consultation with Indian tribes and Nations, 
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SHPOs, and other agencies; and 

 

WHEREAS, the DOS will incorporate this PA into its decisional process on any Presidential 

Permit that it may issue for the Keystone XL Project and will include in any permit it issues on 

the Keystone XL Project a condition that Keystone will abide by its commitments in this PA; and  

 

WHEREAS, Keystone, which will construct the Keystone XL Project pipeline, has participated 

in consultation, has been invited by DOS under 36 C.F.R. §§ 800.2(c)(4) and 800.6(c)(2) to sign 

this agreement as an invited signatory and intends to sign this agreement as an invited signatory; 

and 

 

WHEREAS, for the purposes of this agreement, “Indian tribes and Nations” shall have the same 

definition as “Indian tribes” which appears in Section 301(4) of the NHPA; and 

 

WHEREAS, DOS invited the Indian tribes listed in Attachment B to participate in consultation; 

and  

 

WHEREAS, the Absentee-Shawnee Tribe of Indians of Oklahoma; the Alabama-Coushatta 

Tribe of Texas, Blackfeet Tribe, Caddo Nation of Oklahoma, Cheyenne River Sioux, Cheyenne-

Arapaho Tribe of Oklahoma, Chippewa-Cree Indians, Choctaw Nation of Oklahoma, Crow Tribe 

of Indians, Delaware Nation, Fort Peck Tribes, Gros Ventre and Assiniboine Tribe of Ft. 

Belknap, Ho-Chunk Nation of Wisconsin, Iowa Tribe of Kansas and Nebraska, Iowa Tribe of 

Oklahoma, Kaw Nation, Kialegee Tribal Town of the Creek Nation in Oklahoma, Kickapoo 

Tribe of Kansas, Kiowa Indian Tribe of Oklahoma, Lower Sioux Indian Community, Miami 

Tribe of Oklahoma, Mille Lacs Band of Ojibwe, Muscogee (Creek) Nation, Northern Arapaho 

Tribe, Northern Cheyenne Tribe, Northern Ute Tribe, Oglala Sioux Tribe, Osage Nation, Pawnee 

Nation of Oklahoma, Ponca Tribe of Indians of Oklahoma, Ponca Tribe of Nebraska, Rosebud 

Sioux Tribe, Sac & Fox Nation of Oklahoma, Santee Sioux Tribe of Nebraska, Shoshone-

Bannock Tribe, Sisseton-Wahpeton Oyate Sioux, Spirit Lake Tribe, Standing Rock Sioux Tribe, 

Three Affiliated Tribes, Tonkawa Tribe, Turtle Mountain Band of Chippewa, Wichita and 

Affiliated Tribes, Winnebago Tribe, and Yankton Sioux have participated in consultation and 

have been invited to concur in this PA, in accordance with 36 C.F.R. §§ 800.2(c)(2) and 

800.6(c)(3);  

  

NOW, THEREFORE, the DOS, USACE, BLM, RUS, BIA, FSA, NRCS, WESTERN, 

RECLAMATION, NPS, ACHP, and the Montana, South Dakota, Nebraska, Kansas, Oklahoma, 

and Texas SHPOs agree that the following stipulations will be implemented in order to take into 

account the effect of the undertaking on historic properties and to satisfy all responsibilities 

under Section 106 of the NHPA. 
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STIPULATIONS 

 

The DOS, BLM, RUS, BIA, FSA, NRCS, WESTERN, USACE, RECLAMATION, and NPS as 

appropriate, will ensure that the following stipulations are carried out. 

 

I. STANDARDS AND DEFINITIONS 

A. Identification and evaluation studies and treatment measures required under the terms of 

this PA will be carried out by or under the direct on-site supervision of a professional(s) 

who meets, at a minimum, the Secretary of the Interior’s Historic Preservation 

Professional Qualification Standards (48 FR 44716, September 29, 1983). 

 

B. In developing scopes of work for identification and evaluation studies, and treatment 

measures required under the terms of this PA, Keystone and RUS applicants will take 

into account the following regulations and guidelines: 

 

1. The ACHP’s guidance on conducting archaeology under Section 106 (2007); 

2. The ACHP’s Policy Statement Regarding the Treatment of Burial Sites, Human 

Remains and Funerary Objects (February 23, 2007); 

3.  Applicable SHPO guidance; 

4.  The Secretary of the Interior’s Standards and Guidelines for Archaeology and 

Historic Preservation (48 FR 44716-42, September 29, 1983);  

5.  The “Treatment of Archaeological Properties” (ACHP 1983);  

6.  The Guidelines for Reporting on Cultural Resources Investigations for Pipeline 

Projects” (Federal Energy Regulatory Commission, Office of Energy Projects, 

December 2002); 

7. Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. § 403); 

8. Section 404 of the Clean Water Act (334 U.S.C. § 344); 

9. BLM 8110 Manual: Identifying and Evaluating Cultural Resources; 

10. Montana/Dakotas Cultural Resources Handbook 8110-1: Guidelines for Identifying 

Cultural Resources; 

11. The National Trails System Act (P.L. 90-543, as amended); 

12. Section 28 of the Mineral Leasing Act of 1920 (30 USC 185);  

13. Title V of the Federal Land Policy and Management Act of 1976 (43 USC 1701); and 

14. National Register Bulletin 38, Guidelines for Evaluating and Documenting 

Traditional Cultural Properties (NPS 1990; Revised 1992: 1998) 

 

C. Definitions 

 

Coordination Plan: A plan (more fully explained in Stipulation V.B and V.D.) that 

describes the coordination of construction with identification and evaluation of cultural 

resources, treatment of adverse effects, and protection of unanticipated discoveries. 

 

Concurring Parties: An invited consulting party to this PA that agrees with the content of 

the PA. The refusal of a concurring party to sign the PA does not invalidate this PA as 

noted in 36 C.F.R. § 800.6(c)(3). Concurring parties may not terminate the PA. 
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Construction spread: A construction unit or segment of a pipeline alignment or corridor 

to be determined by Keystone prior to construction.  

 

Consulting Parties: Parties that have consultative roles in the Section 106 process, as 

defined in 36 C.F.R. § 800.2(c).  

 

 

Data Recovery: The recovery of archaeological information from a historic property 

subject to an adverse effect.  

 

Determination of Effect: A determination made by a federal agency in regards to a 

Project’s effect upon a historic property as defined in 36 C.F.R. Part 800.  

 

Determination of Eligibility: A determination made by a federal agency in regards to a 

cultural resource’s eligibility for inclusion in the National Register of Historic Places 

(NRHP) and more fully described in 36 C.F.R. Part 60 and 36 C.F.R. § 800.16(l)(2).  

 

Effect: An alteration to the characteristics of a historic property qualifying it for inclusion 

in or eligibility for the NRHP (see 36 C.F.R. § 800.16(i)).  

 

Environmental Impact Statement: An analysis of a major federal action’s environmental 

impacts conducted consistent with NEPA.  

 

Historic Property: Any prehistoric or historic district, site, building, structure, or object 

included in, or eligible for inclusion in, the NRHP maintained by the Secretary of the 

Interior. This term includes artifacts, records, and remains that are related to and located 

within such properties. The term includes properties of traditional religious and cultural 

importance to an Indian Tribe or Native Hawaiian organization and that meet the 

National Register criteria (see 36 C.F.R. § 800.16(l)(a)).  

 

Invited Signatory: The DOS has invited TransCanada Keystone Pipeline LP, the Montana 

Department of Natural Resources and Conservation, and the Montana Department of 

Environmental Quality to be signatories to this PA pursuant to 36 C.F.R. § 800.6(c)(2).  

The refusal of any invited signatory to sign the PA does not invalidate the PA.  

 

Historic Trail and Archaeological Monitoring Plan: A plan (more fully described in 

Stipulation V.E and Attachment F.) that identifies appropriate areas for monitoring 

construction by professionals under the supervision of individuals that meet the 

professional qualifications in Stipulation I. The plan’s principal goal is to reduce the 

potential for impacts to unidentified historic properties. 

 

Signatory Parties: All signatories to this PA, which includes the DOS, BLM, 

RECLAMATION, USACE, NPS, WESTERN, RUS, NRCS, FSA, BIA, Montana 

Department of Natural Resources and Conservation, Montana Department of 

Environmental Quality, and the SHPOs of Montana, South Dakota, Nebraska, Kansas, 
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Oklahoma, and Texas. (Signatory parties include the federal agency(ies), SHPOs, THPOs 

(or designee) if the undertaking is carried out on Tribal land or affects historic properties 

on Tribal land, and also any invited signatories [not including invited concurring 

parties]). 

 

Tribal Monitoring Plan: A plan (more fully described in Stipulation V.E. and Attachment 

E) that identifies appropriate areas for monitoring construction by tribal members 

appointed by their respective tribes.  These tribal members shall meet the qualifications 

as noted in Stipulation V.E.3.  The plan’s principal goal is to reduce the potential for 

impacts to previously unidentified historic properties that may also be properties of 

religious and cultural significance that meet the National Register criteria (see 36 CFR § 

800.16(1)(a)). 

 

Treatment Plan: A plan developed in consultation with the parties to this PA that 

identifies the minimization, and mitigation measures for historic properties located within 

the APE that will be adversely affected by the Project. 

 

II. CONFIDENTIALITY 

DOS, BLM, NRCS, BIA, RUS, WESTERN, RECLAMATION, NPS and USACE will safeguard 

information about historic properties of religious and cultural significance to Indian tribes, 

including location information, or information provided by Indian tribes to assist in the 

identification of such properties, to the extent allowed by Section 304 of NHPA [16 U.S.C. 

470w3] and other applicable laws.  

 

III. THE RESPONSIBILITIES OF FEDERAL AGENCIES WITH LAND 

MANAGEMENT AND OTHER PERMITTING AUTHORITIES 

A. The USACE will ensure that the requirements of this PA have been met for that part of 

the APE under its jurisdiction, pursuant to Section 10 and Section 404 permitting 

authority. 

 

B.  The USACE will comply with Section 106 and its implementing regulations (36 CFR 

Part 800) for the issuance of permits for those actions under its jurisdiction. 

 

C. The BLM will comply with Section 106 and its implementing regulations (36 CFR Part 

800) for the issuance of permits for those actions under its jurisdiction. 

 

D. RECLAMATION will review and comment on the evaluation and treatment of any 

historic properties managed by RECLAMATION. 

 

E. Attachment H includes maps that illustrate the Project areas cross lands managed by the 

BLM and RECLAMATION. 
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F. Consultation for this Project between Indian tribes and federal land management and 

permitting agencies will be coordinated through the DOS.  

 

IV. KEYSTONE XL PROJECT – CONSTRUCTION OR MODIFICATION OF 

ELECTRICAL DISTRIBUTION/TRANSMISSION FACILITIES 

A. Prior to granting approval of financial assistance to construct or modify electrical 

transmission facilities by rural electric cooperatives or other entities, RUS will complete 

the requirements of 36 CFR §§ 800.3 through 800.7. 

 

B. In implementing Stipulation IV.A, RUS may authorize an applicant to initiate Section 

106 consultation in accordance with 36 CFR § 800.2(c) (4).  In doing so, RUS may not 

delegate its responsibility to conduct government-to-government consultation with Indian 

tribes to an applicant, unless RUS and that tribe agree, in writing, to conduct consultation 

in that manner. 

 

C. Prior to construction of the 230kV transmission line WESTERN will own, WESTERN 

will complete the requirements of 36 CFR §§ 800.3 through 800.7.  In implementing 

Stipulation IV.C., WESTERN will serve as a signatory party under the DOS PA.  

WESTERN shall coordinate implementation of Stipulation IV.C with the DOS. 

 

D. RUS will ensure that the terms of Stipulation VI.B and Attachment C are incorporated 

into construction contracts to ensure that its applicants and construction contractors meet 

their responsibility for notification of any unanticipated discoveries.  When RUS funded 

projects occur on BLM land, the RUS will coordinate with BLM to ensure compliance 

with Stipulation VI.B. and Attachment C of this Agreement. 

 

E.  Prior to granting approval or financial assistance for construction or modification of 

electrical distribution/transmission facilities that are necessary components of the 

pipeline project and therefore considered within the Project APE, any federal agency that 

is incorporated into this agreement pursuant to Stipulation XIV will complete the 

requirements of 36 CFR §§ 800.3 through 800.7 for those facilities under its jurisdiction 

if not already carried out elsewhere in this agreement. 

 

F. DOS retains responsibility for completing the requirements of 36 CFR §§ 800.3 through 

800.7 for those electrical distribution/transmission facilities that are necessary 

components of the Project if they are not under the jurisdiction of any federal agency and 

not referenced in Stipulation IV. A through E above.  

 

V. KEYSTONE XL PROJECT – PIPELINE CONSTRUCTION  

A. The DOS provided SHPOs, consulting Indian tribes, and other consulting parties with an 

opportunity to provide their views on the identification and evaluation of historic 

properties (as defined in 36 CFR § 800.16(l), including historic properties of religious 

and cultural significance to Indian tribes, and the treatment of affected historic properties, 
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in connection with the construction of the Keystone XL Project as described in 

Stipulation V.C of this PA.  

 

B.  Identification and Evaluation of Historic Properties 

 

1. In consultation with the SHPOs, consulting Indian tribes, and other consulting parties, 

the DOS will make a reasonable and good faith effort to complete the identification 

and evaluation of historic properties within the APE for each construction spread 

prior to the initiation of construction of that spread, in accordance with 36 CFR §§ 

800.4(a), (b) and (c). On federal lands, the scope of the identification effort will be 

determined by the appropriate federal land managing agency in consultation with the 

DOS, applicable SHPOs, consulting Indian tribes, and other consulting parties. 

 

2. For the APE in Montana, South Dakota, Nebraska, Kansas, Oklahoma, and Texas, 

DOS will make a reasonable and good faith effort to complete the identification and 

evaluation of historic properties, in accordance with 36 CFR §§ 800.4(a), (b) and (c), 

before Keystone initiates construction activities (including vegetative clearing to 

comply with the Migratory Bird Treaty Act if clearing is undertaken).  

 

a. In the identification and evaluation of historic properties to which Indian tribes 

attach religious and cultural significance, the DOS will take into consideration 

information submitted by Indian tribes to DOS prior to construction. 

 

b. In the event identification of historic properties cannot be completed for any 

construction spreads prior to construction, Keystone will develop and submit a 

Coordination Plan to DOS for review and approval pursuant to Stipulation V.D 

that describes the measures it will implement to complete the identification and 

evaluation of historic properties before such properties are adversely affected by 

vegetation clearing and construction activities related to that spread. 

 

C. Treatment of Historic Properties  

 

1. Whenever feasible, avoidance of adverse effects to historic properties will be the 

preferred treatment. In consultation with the DOS, ACHP, SHPOs, THPOs, and 

consulting parties, Keystone may elect to consider and implement avoidance 

measures prior to completing the evaluation of historic properties. 

 

 Avoidance and minimization measures may include:  

a. Avoidance through pipeline or access road route variation or Project feature 

relocation; 

b. Avoidance through abandonment; 

c. Avoidance through bore or horizontal directional drill; 

d. Avoidance by narrowing the construction corridor (“neck down”); and 

e. Avoidance through the use of existing roadways as Project access roads to the 

extent practicable. 
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2. When historic properties are identified in the APE pursuant to Stipulation V.B, DOS 

will apply the criteria of adverse effect in accordance with 36 CFR § 800.5(a) in 

consultation with the ACHP, SHPO and other consulting parties.  If DOS finds that 

historic properties might be adversely affected by actions covered under this PA and 

within the APE, DOS will consult with the ACHP, SHPOs, consulting Indian tribes, 

and other consulting parties to determine prudent and feasible ways to avoid adverse 

effects.  

 

a. Once DOS approves avoidance measures, Keystone will implement those 

measures.  

 

3. If DOS determines that the adverse effect cannot be avoided, DOS will consult with 

the ACHP, SHPOs, consulting Indian tribes, and other consulting parties to determine 

those measures to be implemented by Keystone to minimize and mitigate adverse 

effects on affected historic properties identified in the APE.  

 

4. If, after consultation, DOS determines that the adverse effect cannot be avoided, 

Keystone will draft a comprehensive Treatment Plan for each adversely affected 

historic property. The Treatment Plan describes the measures identified by DOS 

under Stipulation V.C.3 to minimize and mitigate the adverse effect of pipeline 

construction activities on historic properties, the manner in which these measures will 

be carried out, and a schedule for their implementation.  

 

a. When mitigation consists of or includes data recovery, the Treatment Plan also 

will identify the specific research questions to be addressed by data recovery with 

an explanation of their relevance, the archaeological methods to be used, and 

provisions for public interpretation and education, subject to Stipulation II 

restrictions, if any.  

 

b. A Treatment Plan may also include mitigation for adverse effects to historic 

districts, buildings and structures.  This mitigation may include the recordation of 

historic properties according to Historic American Building Survey/Historic 

American Engineering Record Standards and Guidelines for Architectural and 

Engineering Documentation.  Other types of mitigation for adverse effects to 

historic districts, buildings, and structures may also be described in the Treatment 

Plan.  The mitigation proposed for an adverse effect to a historic district, building, 

and/or structure will be commensurate with the level of significance and extent of 

adverse effect and will be determined in a manner consistent with Stipulation 

V.C.4.c.   

 

c. Keystone will submit the draft Treatment Plan to the DOS, BLM (if applicable), 

ACHP, THPOs, the SHPO of the applicable state, MT DEQ (if applicable), MT 

DNRC (if applicable), and other applicable consulting parties for a thirty (30) 

calendar day review.  Keystone shall address timely comments and 

recommendations submitted by SHPOs, consulting Indian tribes, and other 

consulting parties in preparation of the Final Treatment Plan.  
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d. When it has addressed all of the timely comments and recommendations, 

Keystone will submit the Final Treatment Plan to DOS for review and approval. 

Keystone will also submit the Final Treatment Plan to BLM for review and 

approval when involving lands subject to Stipulation III.C.  DOS and BLM shall 

issue their final decision on the Treatment Plan within thirty (30) calendar days.  

Once the Final Treatment Plan is approved by DOS (and the BLM if involving 

BLM-managed lands), copies of the Treatment Plan will be distributed to all 

SHPOs, consulting Indian tribes, and other consulting parties. 

 

5. Keystone will make a reasonable and good faith effort to complete implementation of 

the Final Treatment Plan approved by DOS prior to beginning construction of any 

spread for which the Treatment Plan is required.  If it is not possible to meet this 

schedule, Keystone will develop a Coordination Plan in accordance with Stipulation 

V.D that establishes how appropriate treatment will be determined and implemented 

during construction of the respective spread.  

 

D. Coordination of Construction and Historic Preservation Activities 

 

1. The DOS will make a reasonable and good faith effort to complete the identification 

and evaluation of historic properties, and the mitigation of adverse effects to them in 

accordance with Stipulations V.B and V.C prior to the initiation of vegetative clearing 

if vegetative clearing and construction on the Keystone XL spreads, including the 

Montana, South Dakota, Nebraska, Kansas, Oklahoma and Texas spreads, is to be 

undertaken.  

 

2.  If these DOS activities cannot be completed prior to the start of vegetative clearing 

and construction of these spreads, Keystone shall develop and provide to DOS a 

detailed plan describing how the requirements of Stipulations V.B and V.C – 

identification, evaluation and treatment of historic properties – will be completed in 

coordination with vegetative clearing and construction activities in such a way that 

historic properties will not be adversely affected prior to the implementation of any 

mitigation measures. 

 

a. A Coordination Plan will be prepared for each state and will include those 

measures developed by Keystone pursuant to Stipulations V.B and V.C to 

complete the identification and evaluation of historic properties, and, as 

appropriate, mitigation of adverse effects to them during and coordinated with 

vegetation clearing and construction activities.  In addition, the Coordination Plan 

will include a schedule for all proposed activities and recommended measures for 

the protection of unanticipated discoveries in accordance with Attachment C, as 

appropriate. 

 

b.  Keystone will submit the draft Coordination Plan for each state for such spreads, 

including the Montana, South Dakota, Nebraska, Kansas, Oklahoma and Texas 

spreads, to the DOS, BLM (as applicable) ACHP, SHPOs, THPOs, and consulting 
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parties for thirty (30) calendar day review.  Keystone shall address timely 

comments and recommendations submitted by the applicable SHPO, consulting 

Indian tribes, and other consulting parties in preparation of the Final Coordination 

Plan for each state.  When it has addressed all of the comments and 

recommendations, Keystone will submit the Final Coordination Plan for each 

state to DOS for review.  DOS shall issue its final decision on the Coordination 

Plan for each state within thirty (30) calendar days.  Following approval by DOS, 

the Final Coordination Plan for each state will be distributed to all of the SHPOs, 

consulting Indian tribes, and other consulting parties. 

 

3. Keystone will complete implementation of the Final Coordination Plan approved by 

DOS during construction of the Montana, South Dakota, Nebraska, Kansas, 

Oklahoma and Texas spreads. 

 

E. Historic Trail and Archaeological Monitoring Plan (“HTAM Plan”) and Tribal 

Monitoring Plan  

 

1.  In consultation with the SHPOs and Indian tribes, Keystone will monitor construction 

in selected areas of the APE of each spread as a supplement to identification efforts. 

Any historic properties identified by Keystone during monitoring will be treated in 

accordance with Stipulation VI.A and C.  

 

a. The HTAM Plan outlines areas that have been previously identified by DOS 

during identification and evaluation efforts that warrant monitoring during soil 

disturbing activities for potential effects to historic properties. 

 

b. The Tribal Monitoring Plan outlines areas that have been previously identified by 

Indian Tribes, either through the preparation of Traditional Cultural Property 

reports or through consultation, that warrant monitoring during clearing and 

trenching for potential effects to previously unidentified historic properties that 

may include properties of religious and cultural importance to an Indian tribe and 

that meet the National Register criteria (See 36 C.F.R. § 800.16(1)(a)).   

 

2.  Historic Trail monitoring will be performed by a professional who either meets the 

qualification standards for archaeology established in Stipulation I.A or is under the 

on-site supervision of such a professional.  When the monitoring occurs on BLM 

managed lands, all monitors must have a valid Archaeological Resources Protection 

Act (ARPA) permit or be included on a BLM Cultural Resource Use Permit. 

 

3. For tribal monitoring, other types of experience with construction monitoring and/or 

traditional cultural knowledge may be substituted for degrees required by the 

Standards at the discretion of the DOS. When the monitoring occurs on BLM 

managed lands, all monitors must have a valid Archaeological Resources Protection 

Act (ARPA) permit or be included on a BLM Cultural Resource Use Permit. 
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4. Keystone shall consider information provided by Indian tribes in a timely manner 

when completing the identification of historic properties before construction begins 

under Stipulation V.B and in implementing a HTAM Plan and Tribal Monitoring 

Plan provided for under Stipulation V.E. Keystone shall provide Indian tribes a 

reasonable opportunity to participate as monitors during Project construction.  In 

those areas previously identified by Indian tribes as needing monitoring, the Tribal 

Monitoring Plan stipulates that at least one and at most two monitors will be used per 

construction spread depending upon the extent and location of construction activities. 

 

5. Keystone has submitted a plan for historic trail and archaeological monitoring and 

tribal monitoring for each spread to the DOS, BLM, ACHP, SHPO, THPOs, and 

Consulting Parties for review and comment prior to the signing of this Agreement.  

The Tribal Monitoring Plan and HTAM Plan are attached to this agreement in 

Attachments E and F. 

 

6. Keystone will implement the HTAM Plan and Tribal Monitoring Plan for each spread 

that has been approved by DOS.  

 

F. Construction 

 

1.  Lead Environmental Inspector (EI): Prior to initiating vegetative clearing or 

construction, Keystone will employ the Lead EI whose responsibilities will include 

ensuring compliance with the terms of this PA. In meeting this responsibility, the 

Lead EI will rely on the technical expertise of on-site professionals who meet the 

standards established in Stipulation I.A and tribal monitors with experience outlined 

in Stipulation V.E.3.  

 

a.  The Lead EI will monitor construction activities on-site and prepare a daily log 

reporting to Keystone on activities performed to implement the terms of this PA, 

as appropriate. Keystone will make the daily log available to the DOS and 

SHPOs, consulting Indian tribes, and other consulting parties upon request. 

 

b.  Keystone will ensure through the construction contract that the Lead EI will 

possess the authority to stop construction in the event of an inadvertent discovery 

in accordance with Stipulation VI.A and Attachment C.  

 

2.  Training: Keystone will ensure that if the Lead EI does not meet the professional 

qualification standards established in Stipulation I.A, the Lead EI receives appropriate 

training in historic preservation from a professional who meets the standards 

established in Stipulation I.A in order to perform the requirements of this PA. 

Keystone also will provide an appropriate level of training in historic preservation 

conducted by a professional who meets the standards established in Stipulation I.A to 

all construction personnel (including new, added, replaced workers) so that PA 

requirements are understood and unanticipated discoveries quickly identified. 

Keystone will conduct this training prior to initiating vegetative clearing or 
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construction activities on a spread, and conduct periodic refresher training during 

construction of the spread. 

 

3.  This Programmatic Agreement and Attachment E, the Tribal Monitoring Plan, have 

given tribes the opportunity to provide information about historic properties of 

concern to the tribe(s). 

 

4.  Construction Contract: Keystone will incorporate the terms of Stipulation VI.A and 

Attachment C into construction contracts to ensure that its Lead EI and construction 

contractors meet their responsibility for notification of the unanticipated discoveries. 

 

G. Scheduling  

 

The DOS may authorize the start of vegetative clearing and construction for an individual 

spread when the plans prepared in accordance with Stipulations V.D and V.E as appropriate 

for that spread, have been submitted by Keystone and approved by DOS in accordance with 

the terms of this PA.  

 

 

VI. UNANTICIPATED DISCOVERIES DURING CONSTRUCTION OF THE 

KEYSTONE XL PROJECT  

A. Pipeline Construction 

 

1.  “Applicable federal agency” is the federal agency with jurisdiction for the land on 

which construction is occurring or, in the absence of such an agency, DOS, as 

appropriate. 

 

2.  If previously unidentified historic properties are discovered by monitors or 

construction personnel unexpectedly as pipeline construction activities are carried out 

within the one-hundred and ten (110) foot-wide construction corridor or other 

ancillary facilities and access roads within the APE, the construction contractor will 

immediately halt all construction activity within a one-hundred and fifty (150) foot 

radius of the discovery, notify Keystone’s Lead EI of the discovery and implement 

interim measures to protect the discovery from looting and vandalism. Within forty-

eight (48) hours of receipt of this notification of the discovery, the Lead EI shall:  

 

a.  Inspect the work site to determine the extent of the discovery and ensure that 

construction activities have halted;  

b.  Clearly mark the area of the discovery; 

c.  Implement additional measures other than those mentioned above, as appropriate, 

to protect the discovery from looting and vandalism; and  

d.  Notify the applicable federal agency SHPOs, consulting Indian tribes, and other 

consulting parties of the discovery. 
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3. The applicable federal agency shall notify all consulting parties that it will be 

receiving comments concerning the unanticipated discovery and provide contact 

information.  The applicable federal agency will have seven (7) calendar days 

following notification provided in accordance with Stipulation VI.A.2 to determine 

the National Register eligibility of the discovery after considering the timely filed 

views of the SHPOs, consulting Indian tribes, and other consulting parties and 

Keystone .  The applicable federal agency may assume the newly discovered property 

to be eligible for the National Register for the purposes of Section 106 pursuant to 36 

CFR § 800.13(c). 

 

4.  For properties determined eligible or assumed to be eligible pursuant to Stipulation 

VI.A.3, the applicable federal agency will notify the  ACHP, SHPOs, consulting 

Indian tribes, and other consulting parties of those actions that it proposes to resolve 

adverse effects which may include a Treatment Plan as outlined in Stipulation V.C.  

 

a. SHPOs, consulting Indian tribes, and other consulting parties will have forty-eight 

(48) hours to provide their views on the proposed actions.  

b.  The applicable federal agency will ensure that the timely filed recommendations 

of SHPOs, consulting Indian tribes, and other consulting parties are taken into 

account prior to granting approval of the measures that Keystone will implement 

to resolve adverse effects.  

c.  Keystone will carry out the approved measures prior to resuming construction 

activities in the location of the discovery. 

 

5.  Dispute Resolution: The applicable federal agency will seek and take into account the 

recommendations of the ACHP in resolving any disagreements that may arise 

regarding resolution of adverse effects that relate to the implementation of Stipulation 

VI.  The applicable federal agency will use the contact information provided in 

Attachment C or D in order to notify the ACHP. Within seven (7) calendar days of 

receipt of such a written request, the ACHP will provide the applicable federal agency 

with recommendations on resolving the dispute. The applicable federal agency will 

take into account any timely filed recommendations provided by the ACHP in making 

a final decision about how to proceed. 

 

B. Construction or Modification of Electrical Transmission Facilities 

 

1.  If previously unidentified historic properties are discovered unexpectedly during 

construction or modification of transmission facilities funded by RUS, the RUS 

applicant’s construction contractor will immediately halt all construction activity 

within a one-hundred and fifty (150) foot radius of the discovery, notify the RUS 

applicant of the discovery and implement interim measures to protect the discovery 

from looting and vandalism. Within forty-eight (48) hours of receipt of this 

notification of the discovery, the RUS applicant shall:  

 

a.  Notify the RUS Contact (and BLM Contact if discovery occurs on BLM land); 
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b. Inspect the work site to determine the extent of the discovery and ensure that 

construction activities have halted; 

c.  Clearly mark the area of the discovery; and 

d.  Implement additional measures, as appropriate, to protect the discovery from 

looting and vandalism. 

 

2.  Upon receipt of such notification RUS and BLM (if applicable) will coordinate the 

notification of SHPOs, consulting Indian tribes, and other consulting parties and 

notify the SHPOs, consulting Indian tribes, and other consulting parties of the 

discovery. 

 

3.  RUS and BLM (if applicable) will have seven (7) calendar days following 

notification provided in accordance with Stipulation VI.B.1 to determine the National 

Register eligibility of the discovery in consultation with the SHPOs, consulting Indian 

tribes, other consulting parties, and Keystone.  RUS may assume the newly 

discovered property to be eligible for the National Register for the purposes of 

Section 106 pursuant to 36 CFR § 800.13(c). 

 

4.  For properties determined eligible pursuant to Stipulation VI.B.3, RUS, in 

coordination with the BLM (if applicable), will notify the SHPOs, consulting Indian 

tribes, and other consulting parties of those actions that it proposes to resolve adverse 

effects. SHPOs, consulting Indian tribes, and other consulting parties will provide 

their views on the proposed actions within forty-eight (48) hours.  RUS will ensure 

that the timely filed recommendations of the SHPOs, consulting Indian tribes, and 

other consulting parties are taken into account prior to granting approval of those 

actions that the applicant will implement to resolve adverse effects.  Once RUS 

approval has been granted, its applicant will carry out the approved measures prior to 

resuming construction activities in the location of the discovery. 

 

5.  Dispute Resolution: RUS and BLM (if applicable) will seek and take into account the 

recommendations of the ACHP in resolving any disagreements that may arise 

regarding the resolution of adverse effects that relate to the implementation of 

Stipulation VI.  The applicable federal agency will use the contact information 

provided in Attachment D in order to notify the ACHP.  Within seven (7) calendar 

days of receipt of such a written request, the ACHP will provide RUS and BLM (if 

applicable) with its recommendations for resolving the dispute.  RUS and BLM (if 

applicable) will take into account any recommendations provided by the ACHP in 

making a final decision about how to proceed. 

 

6.  Reporting: No later than six (6) months following the resumption of construction 

within the location of the discovery, RUS will submit a final report to the SHPOs, 

consulting Indian tribes, and other consulting parties describing implementation of 

the actions taken in accordance with Stipulation VI.B and, as appropriate, the analysis 

and interpretation of recovered information. 

 

C. Unanticipated Discovery of Human Burials and Remains, and Funerary Objects 
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1.  When Native American human remains or funerary objects or objects of cultural 

patrimony are unexpectedly discovered during construction of the Keystone XL 

Project on federal or tribal lands within the APE, Keystone or a RUS applicant, as 

appropriate, will notify immediately the federal agency responsible for compliance 

with the Native American Graves Protection and Repatriation Act (NAGPRA) [25 

U.S.C. 3001 et. seq.] and its implementing regulations, 43 C.F.R. Part 10.  

 

2.  Non-Native American human burials and remains, and funerary objects discovered on 

federal lands within the APE will be treated by the federal agency having jurisdiction 

of the remains in accordance with applicable federal law, taking into account the 

ACHP’s Policy Statement on the Treatment of Burial Sites, Human Remains and 

Funerary Objects (February 23, 2007). 

 

3. DOS, WESTERN, and RUS will treat human burials and remains discovered on non-

federal land in accordance with the provisions of Attachment C and any applicable 

laws. In those instances where the USACE has jurisdiction under Section 10 or 404 

permitting authority for non-federal lands in the APE, the applicable federal agencies 

will ensure that Keystone complies with the provisions of Attachment C acting in the 

place of the DOS. In determining appropriate actions to be carried out, DOS, RUS, 

and/or other federal agencies will be guided by the ACHP’s Policy Statement on the 

Treatment of Burial Sites, Human Remains and Funerary Objects (February 23, 

2007). 

 

VII.  CURATION 

A.  Federal agencies will curate any artifacts, materials or records resulting from 

archaeological identification and mitigation conducted on federal lands under their 

jurisdiction in accordance with 36 CFR Part 79, “Curation of Federally-Owned and 

Administered Archaeological Collections.”  Federal agencies with jurisdiction over the 

federal lands will consult with Indian tribes as required in 36 CFR 79. 

 

B. Keystone and RUS applicants will return all artifacts recovered from private lands to the 

respective landowner after analysis is complete, unless applicable state law requires 

otherwise.  Keystone and RUS applicants will encourage and assist landowners in 

donating any returned artifacts to a local curation facility identified by the respective 

SHPO.  Keystone and RUS applicants shall pay all required curation fees associated with 

the donation of artifacts to the local curation facility. 

 

C. On federally controlled or owned properties, federal agencies will determine the 

disposition of human burials, human remains and funerary objects in accordance with 

applicable federal law. 

 

VIII.  REPORTING 
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A.  Within three months of completion of pipeline construction of a spread, Keystone will 

submit a comprehensive draft report to DOS describing the results and findings of the 

implementation of the actions and plans specified in Stipulations V.C through G, VI.A, 

including Attachment C. 

 

B.  Keystone will submit a draft comprehensive report for each spread to the SHPOs, 

consulting Indian tribes, and other consulting parties of the respective states in which the 

spread is located, for thirty (30) day review and comment. Keystone shall address timely 

comments and recommendations submitted by SHPOs, consulting Indian tribes, and other 

consulting parties in preparation of the Final Comprehensive Report for that spread. 

Keystone will submit the final report to DOS for review and approval. The final 

comprehensive report will be provided by DOS to the SHPOs, consulting Indian tribes, 

and other consulting parties once approved. 

 

IX. MONITORING IMPLEMENTATION OF THE PA 

Each quarter following the execution of this PA until it expires or is terminated, the DOS with 

the assistance of the USACE, BLM, RUS, FSA, NRCS, BIA, and RECLAMATION as 

necessary will provide the SHPOs, consulting Indian tribes, and other consulting parties to this 

PA a progress report summarizing the work carried out pursuant to its terms. Such report will 

include any scheduling changes proposed, any problems encountered, and any disputes and 

objections received in the efforts to carry out the terms of this PA. DOS will maintain and update 

a list of the current contact for the SHPOs, consulting Indian tribes, and other consulting parties 

and will be distributed in each quarterly report.  

 

X. DISPUTE RESOLUTION 

A. “Appropriate federal agency” refers to the DOS, BLM, RUS, RECLAMATION, and 

USACE, or other federal land managing and/or permitting agency as applicable. 

 

B. Should any signatory or concurring party to this PA object at any time to any actions 

proposed or the manner in which the terms of this PA are implemented, the appropriate 

federal agency will consult with such party to resolve the objection.  If the appropriate 

federal agency determines that such objection cannot be resolved, the appropriate federal 

agency will: 

  

1.  Forward all documentation relevant to the dispute, including the applicable federal 

agency’s proposed resolution, to the ACHP. The ACHP will provide the appropriate 

federal agency with its advice on the resolution of the objection within thirty (30) 

calendar days of receiving adequate documentation.  Prior to reaching a final decision 

on the dispute, the appropriate federal agency will prepare a written response that 

takes into account any timely advice or comments regarding the dispute from the 

ACHP, signatories and concurring parties, and provide them with a copy of this 

written response.  The appropriate federal agency will then proceed according to its 

final decision. 
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2.  If the ACHP does not provide its advice regarding the dispute within the thirty (30) 

calendar day time period, the applicable federal agency may make a final decision on 

the dispute and proceed accordingly.  Prior to reaching such a final decision, the 

appropriate federal agency will prepare a written response that takes into account any 

timely comments regarding the dispute from the signatories and concurring parties to 

the PA, and provide them and the ACHP with a copy of such written response. 

  

C. The federal agencies are responsible for carrying out all other actions subject to the terms 

of this PA that are not the subject of the dispute. 

 

D. The process of dispute resolution outlined in Stipulation X does not pertain to disputes 

that arise from unanticipated discoveries covered in Stipulation VI. 

 

XI. DURATION 

This PA will be null and void if all of its stipulations have not been carried out within five (5) 

years from the date of its execution. At such time, and prior to work continuing on the Keystone 

XL Project, the DOS, USACE, BLM, RUS, WESTERN, RECLAMATION and NPS will either 

(a) execute a Memorandum of Agreement (MOA) or PA pursuant to 36 CFR §§ 800.6 or 

800.14(b), respectively, or (b) request, take into account, and respond to the comments of the 

ACHP under 36 CFR. § 800.7.  Prior to such time, the DOS may consult with the other 

signatories to reconsider the terms of the PA and amend it in accordance with Stipulation XII.  

The DOS, USACE, BLM, RUS, WESTERN, RECLAMATION and NPS will notify the 

signatories and concurring parties as to the course of action they will pursue.  

 

XII. AMENDMENT 

Any signatory party to this PA may propose in writing to the other signatory parties that it be 

amended. The signatory parties will consult in an effort to reach agreement on an amendment.  

Any amendment will be effective on the date it is signed by all of the signatories and filed with 

the ACHP. 

 

XIII. TERMINATION  

A. If any signatory to this PA determines that its terms will not or cannot be carried out, that 

party will immediately consult with the other parties to attempt to develop an amendment 

per Stipulation XII.  If within thirty (30) calendar days an amendment cannot be reached, 

any signatory may terminate its participation in the PA upon written notification to the 

other signatories. 

 

B. Termination by an individual SHPO shall only terminate the application of this 

Agreement within the jurisdiction of the SHPO.  
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C. If the PA is terminated in its entirety, and prior to work continuing on the undertaking, 

the DOS shall request, take into account, and respond to the comments of the ACHP in 

accordance with 36 CFR § 800.7(a).  Following consultation with the ACHP, the DOS 

will notify the signatories and concurring parties as to the course of action it will pursue.  

 

XIV. COORDINATION WITH OTHER FEDERAL REVIEWS 

In the event that Keystone or a federal agency applies for additional federal funding or approvals 

for the Keystone XL Project and the undertaking remains unchanged, such funding or approving 

agency may comply with Section 106 by agreeing in writing to the terms of this PA and 

notifying and consulting with the applicable SHPO and the ACHP.  Any necessary modifications 

will be considered in accordance with Stipulation XII. 

 

XV. SCOPE OF THE PA 

This Agreement is limited in scope to actions that will facilitate the construction of the Keystone 

XL Project and related facilities, and is entered into solely for that purpose. 

 

EXECUTION of this PA by the DOS, ACHP, BLM, RUS, WESTERN, USACE, 

RECLAMATION, NPS, NRCS, FSA, BIA, the Montana SHPO, South Dakota SHPO, Nebraska 

SHPO, Kansas SHPO, Oklahoma SHPO, and Texas SHPO and implementation of its terms 

evidence that the DOS, WESTERN, BLM, RUS, NRCS, FSA, BIA, USACE, RECLAMATION, 

and NPS have taken into account the effects of the Keystone XL Project on historic properties 

and afforded the ACHP an opportunity to comment. 
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ATTACHMENT A  
 

The following Tables show properties for which Keystone has been denied access to conduct 

identification and evaluation studies as of the finalization of the PA. 

 

 

Table 1: Areas Not Surveyed along Mainline Route in Montana 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Montana Fallon 249.1 250.2 Needs survey 1.1 

Montana Fallon 227.2 227.4 Needs survey 0.2 

Montana Fallon 228.1 228.1 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

0.01 

Montana Dawson 0.2 1.4 Needs survey 1.2 

Montana Dawson 4.8 6.3 Needs survey 1.5 

Montana Dawson 7.6 9.1 Needs survey 1.5 

Montana Dawson 17.2 17.6 Needs survey 0.5 

Montana Dawson 17.9 18.4 Needs survey 0.5 

Montana Dawson 18.4 19.1 Needs survey 0.7 

Montana Dawson 20.4 20.7 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

0.3 

Montana Dawson 21.7 22.2 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

0.4 

Montana McCone 148.4 149.7 Needs survey; 
Incorporated into 

November 2010 CL 

1.3 

Montana McCone 144.4 144.5 Needs survey; 
Incorporated into 

November 2010 CL 

0.1 

Montana Valley 1.1 1.2 Needs survey; 
Incorporated into 

November 2010 CL-
MT-LO-01 

0.1 

Montana Dawson 1.9 2 Needs survey; 
Incorporated into 

November 2010 CL 

0.1 

Montana Fallon 0 0.01 Needs survey 0.01 

Montana McCone 0 0.5 Needs survey 0.5 
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Table 1: Areas Not Surveyed along Mainline Route in Montana 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Montana McCone 0 2.2 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

2.2 

Montana Dawson 0 1.9 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

1.9 

Montana Dawson 1 2 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

2 

Montana Sheridan   Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

 

Montana Roosevelt   Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

 

Montana Prairie   Needs survey  

 

 

Table 2: Areas Not Surveyed along Mainline Route in South Dakota 

State County 

From 
Milepost 

To 
Milepost Status Miles 

South Dakota Harding 352.8 353.7 Needs survey 0.9 

South Dakota Meade 417.9 418.2 Needs survey 0.3 

South Dakota Haakon 481.4 481.5 Surveyed on 
November 2010 CL; 

Addendum 7 in 
progress 

0.1 

South Dakota Jones 492 492.6 Needs survey 0.6 

South Dakota Dawson 194 194.5 Surveyed on 
November 2010 CL; 

Addendum 7 in 
progress 

0.5 

South Dakota Harding 2.9 3.2 Needs survey 0.3 

South Dakota Harding 3.8 4.4 Needs survey 0.3 

South Dakota Meade 1.1 1.3 Surveyed on 
November 2010 CL; 

Addendum 7 in 
progress 

0.1 
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Table 2: Areas Not Surveyed along Mainline Route in South Dakota 

State County 

From 
Milepost 

To 
Milepost Status Miles 

South Dakota Hughes   Surveyed on 
November 2010 CL; 

Addendum 7 in 
progress 

 

 

 

Table 3: Areas Not Surveyed along Mainline Route in Nebraska 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Nebraska Keya Paha 599.70 600.50 Surveyed 6-4-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.80 

Nebraska Keya Paha 600.90 601.50 Needs survey 0.60 

Nebraska Keya Paha 614.20 614.45 Needs survey 0.25 

Nebraska Holt 630.80 631.65 Surveyed 6-2-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.85 

Nebraska Holt 632.70 633.15 Surveyed 6-7-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.45 

Nebraska Holt 634.75 635.45 Surveyed 6-3-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.70 

Nebraska Holt 653.55 655.45 Surveyed 6-7-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

1.90 

Nebraska Holt 656.80 657.90 Surveyed 6-3-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

1.10 

Nebraska Garfield 672.55 679.50 Not on Nov 2010 CL 6.95 

Nebraska Wheeler 687.60 687.90 Surveyed 6-10-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.30 

Nebraska Wheeler 688.15 688.35 Surveyed 6-10-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.20 
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Table 3: Areas Not Surveyed along Mainline Route in Nebraska 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Nebraska Wheeler 688.70 688.95 Surveyed 6-10-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.25 

Nebraska Wheeler 691.40 691.65 Surveyed 6-11-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress by 

applicant 

0.25 

Nebraska Wheeler 692.70 693.35 Surveyed 6-11-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.65 

Nebraska Greeley 698.35 698.70 Surveyed 6-6-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.35 

Nebraska Greeley 700.10 700.35 Surveyed 6-6-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.25 

Nebraska Greeley 700.55 702.55 Surveyed 6-6-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

2.00 

Nebraska Greeley 703.25 705.35 Partially surveyed 6-
6-11 on Nov 2010 CL 

with 1.35 miles no 
access from MP 
704.0 to 705.35; 
Addendum No. 7 
report in progress 

1.35 

Nebraska Greeley 709.80 709.80 Surveyed 5-31-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.00 

Nebraska Greeley 716.40 717.10 Surveyed 6-1-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.70 

Nebraska Greeley 799.00 799.10 Surveyed 5-27-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.10 

Nebraska Fillmore 799.40 799.60 Not on Nov 2010 CL 0.20 

Nebraska Fillmore 800.15 800.60 Needs survey 0.45 
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Table 4: Areas Not Surveyed along Mainline Route in Oklahoma 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Oklahoma Seminole 42.460 n/a Needs survey 0.39 ac 

Oklahoma Grady Offline n/a Needs survey 74.2 ac 

Oklahoma Hughes 75.650 n/a Needs survey 0.250 

Oklahoma Hughes 75.70 75.80 Needs survey 0.100 

Oklahoma Pottawatomie Offline n/a Needs survey 17 ac 

Oklahoma Pittsburg Offline n/a** Needs survey 9.12 ac 

Oklahoma Coal 88.640 n/a Needs survey 0.122 

Oklahoma Atoka 127.440 n/a Needs survey 3.1 ac 

Oklahoma Atoka 127.60 128.34 Needs survey 0.737 

Oklahoma Bryan 132.800 n/a** Needs survey 2.529 

**Not applicable 

 

 

Table 5: Areas Not Surveyed along Mainline Route in Texas 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Texas Fannin 160.650 n/a Needs survey 3 ac 

Texas Fannin 161.85 n/a Needs survey 0.65 ac 

Texas Lamar 162.30 162.43 Needs survey 0.130 

Texas Lamar 173.980 n/a Needs survey 2 ac 

Texas Lamar 185.110 n/a Needs survey 2 ac 

Texas Hopkins 206.880 n/a Needs survey 0.48 ac 

Texas Franklin 231.31 n/a Needs survey 0.049 

Texas Wood 233.42 n/a Needs survey 0.082 

Texas Wood 251.34 251.55 Needs survey 0.210 

Texas Upshur 262.31 262.35 Needs survey 0.040 

Texas Upshur 262.42 n/a Needs survey 0.002 

Texas Upshur 262.580 n/a Needs survey 1.29 ac 

Texas Smith 274.64 275.18 Needs survey 0.540 

Texas Smith 275.19 n/a Needs survey 0.880 

Texas Nacogdoches Offline n/a Needs survey 12.8 ac 

Texas Houston Offline n/a Needs survey 8.3 ac 

Texas Polk 392.290 n/a Needs survey 0.62 ac 

Texas Liberty Offline n/a Needs survey 13.4 ac 

Texas Jefferson Offline n/a Needs survey 72.6 ac 

Texas Jefferson 453.44 n/a Needs survey 0.755 
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Table 5: Areas Not Surveyed along Mainline Route in Texas 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Texas Jefferson 480.77 481.43 Needs survey 0.665 

Texas Jefferson 483.49 483.80 Needs survey 0.300 

Texas Jefferson 482.970 n/a Needs survey 4.9 ac 
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ATTACHMENT B 

 

List of Indian Tribes Invited by the Department of State to Participate in Consultation: 

 

Absentee-Shawnee Tribe of Indians of Oklahoma, Alabama Quassarte Tribal Town, Alabama-

Coushatta Tribe of Texas, Apache Tribe, Blackfeet Nation, Caddo Nation of Oklahoma, 

Cherokee Nation, Cheyenne River Sioux, Cheyenne-Arapaho Tribe of Oklahoma, Chickasaw 

Nation of Oklahoma, Chippewa-Cree Indians, Choctaw Nation of Oklahoma, Citizen 

Potawatomi Nation, Comanche Nation, Confederated Salish and Kootenai Tribes of the Flathead 

Indian Nation, Crow Creek Reservation, Crow Creek Sioux Tribe, Crow Tribe of Indians, 

Delaware Nation, Delaware Tribe of Indians, Eastern Band of Cherokee Indians, Eastern 

Shawnee Tribe, Eastern Shoshone Tribe, Flandreau Santee Sioux Tribe, Forest County 

Potawatomi Community of Wisconsin Potawatomi Indians, Fort Berthold Reservation, Fort Peck 

Tribes, Fort Sill Apache Tribe, Gros Ventre and Assiniboine Tribe of Ft. Belknap, Gun Lake 

Potawatomi, Hannahville Indian Community of Michigan, Ho-Chunk Nation of Wisconsin, 

Huron Potawatomi Nation, Iowa Tribe of Kansas and Nebraska, Iowa Tribe of Oklahoma, Jena 

Band of Choctaw Indians, Jicarilla Apache Tribe, Kaw Nation, Kialegee Tribal Town of the 

Creek Nation of Oklahoma, Kickapoo Traditional Tribe of Texas, Kickapoo Tribe of Kansas, 

Kickapoo Tribe of Oklahoma, Kiowa Indian Tribe of Oklahoma, Lower Brule Sioux Tribe, 

Lower Sioux Indian Community, Miami Tribe of Oklahoma, Mille Lacs Band of Ojibwe, Modoc 

Tribe of Oklahoma, Muscogee Creek Nation, Nez Perce, Northern Arapaho Tribe, Northern 

Cheyenne Tribe, Northern Ute Tribe, Oglala Sioux, Omaha Tribe of Nebraska, Osage Nation, 

Otoe-Missouri Tribe, Ottawa Tribe of Oklahoma, Pawnee Nation of Oklahoma, Peoria Indian 

Tribe of Oklahoma, Poarch Band of Creek Indians, Pokagon Band of Potawatomi Indians of 

Michigan, Ponca Tribe of Indians of Oklahoma, Ponca Tribe of Nebraska, Prairie Band of 

Potawatomi Indians, Prairie Island Indian Community, Quapaw Tribal Business Committee, 

Quapaw Tribe, Red Lake Band of Chippewa Indians of Minnesota, Rosebud Sioux Tribe, Sac & 

Fox Nation of Oklahoma, Sac & Fox Nation of Missouri in Kansas and Nebraska, Sac & Fox 

Tribe of the Mississippi in Iowa, Santee Sioux Tribe of Nebraska, Seminole Nation, Seneca-

Cayuga Tribe of Oklahoma, Shakopee Mdewakanton Sioux, Shawnee Tribe, Shoshone-Bannock 

Tribe, Sisseton-Wahpeton Oyate Sioux, Sisseton-Wahpeton Oyate Wahpekutze, Southern Ute 

Indian Tribe, Spirit Lake Tribe, Standing Rock Sioux Tribe, Stockbridge-Munsee Tribe, 

Thlopthlocco Tribal Town, Three Affiliated Tribes, Tonkawa Tribe, Trenton Indian Service 

Area, Turtle Mountain Band of the Chippewa, United Keetoowah Band of Cherokee Indians, 

Upper Sioux -Pezihutazizi Kapi, Ute Mountain Tribe, White Earth Band of Minnesota 

Chippewa, Wichita and Affiliated Tribes, Winnebago Tribe, Wyandotte Nation, Yankton Sioux, 

Ysleta del Sur Pueblo
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ATTACHMENT C 

  

STATE-BY-STATE PLANS FOR THE 

UNANTICIPATED DISCOVERY OF HUMAN REMAINS OR BURIALS 

ON NON-FEDERAL LANDS DURING CONSTRUCTION OF THE  

KEYSTONE XL PIPELINE PROJECT 

 

I. For construction of the Keystone XL Project in Montana, Keystone will implement the following 

measures: 

 

1. When an unmarked human burial or unregistered grave is encountered during construction 

activities, Keystone will comply with the Human Skeletal Remains and Burial Site Protection Act 

(Montana Code Ann. §22-3-801 through §22-3-811). 
 

2. Upon encountering an unmarked human burial or unregistered grave during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead 

Environmental Inspector (EI).  The construction contractor will implement interim measures to 

protect the discovery from vandalism and looting, but must not remove or otherwise disturb any 

human remains or other items in the immediate vicinity of the discovery. 

 

3. Immediately following receipt of such notification, the Lead EI will ensure that construction 

activities have halted within a one-hundred and fifty (150) foot radius from the point of discovery 

and assume responsibility for implementing additional measures, as appropriate, to protect the 

discovery from looting and vandalism until the requirements of state law have been completed. 

 

4. The Lead EI will notify the county coroner, the DOS, ACHP, SHPO, consulting Indian tribes, and 

other consulting parties within forty-eight (48) hours of the discovery. 

 

5. Within seventy-two (72) hours after notification, the county coroner will determine jurisdiction. If 

the coroner refers the matter to the SHPO, the SHPO will determine the treatment, including 

mitigation and disposition of the unmarked human burial or unregistered grave in accordance 

with Montana Code Ann. §22-3-801 through §22-3-811. Keystone will implement the treatment 

and disposition measures deemed appropriate by the SHPO. 

 

6. Keystone will resume construction activities in the area of the discovery upon receipt of written 

authorization from either the county coroner or the Montana SHPO, whoever has jurisdiction 

under state law. 

 

II. For construction of the Keystone XL Project in Kansas, Keystone will implement the 

following measures: 
 

1. When unmarked human burial sites or human skeletal remains are encountered during 

construction activities, Keystone will comply with Kansas’ Unmarked Burial Sites Preservation 

Act (KSA 75-2741 to 75-2754) and its implementing regulations (KAR 126-1-1 through 126-1-

2). 

 

2. Upon encountering unmarked human burials or unregistered graves during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead EI. 
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The construction contractor will implement interim measures to protect the discovery from 

vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Lead EI will: 

 

a. Ensure that construction activities have halted within a one-hundred and fifty (150) foot 

radius from the point of discovery; 

b. Implement additional measures, as appropriate, to protect the discovery from looting and 

vandalism until the requirements of state law have been completed; and 

c. Notify the appropriate county sheriff’s office, the chairperson of the Unmarked Burial 

Sites Preservation Board (Kansas State Archaeologist), the DOS, the ACHP SHPOs, 

consulting Indian tribes, and other consulting parties of the discovery. 

 

4. If Keystone determines that disturbance to the unmarked burial site or human remains cannot be 

avoided, Keystone will consult with the DOS, the SHPO, consulting Indian tribes, and other 

consulting parties to develop a detailed work plan for treatment of the burial site or human 

remains that includes provisions for the removal, treatment and disposition of human remains. In 

accordance with state law, Keystone will submit this work plan to the Unmarked Burial Sites 

Preservation Board as part of its request for a permit under KAR 126-1-2. 

 

5. Keystone will resume construction activities in the area of the discovery once implementation of 

the measures authorized under the permit has been completed. 

 

 

III. For construction of the Keystone XL Project in Nebraska, Keystone will implement the 

following measures: 

 

1. When unmarked human skeletal remains or burial goods are discovered during construction 

activities, Keystone will comply with Nebraska Rev. Stat. § 12-1201 through § 12-1212, et seq. 

and § 28-1301. 

 

2. Upon encountering unmarked human skeletal remains or burial goods during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead EI. 

The construction contractor will implement interim measures to protect the discovery from 

vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Lead EI will ensure that construction 

activities have halted within a one-hundred and fifty (150) foot radius from the point of discovery 

and assume responsibility for implementing additional measures, as appropriate, to protect the 

discovery from looting and vandalism until the requirements of state law have been completed. 

 

4. Keystone will notify the local law enforcement officer in the county, the DOS, the ACHP, the 

SHPO, consulting Indian tribes, and other consulting parties  within forty-eight (48) hours of the 

discovery. 

 

5. If local law enforcement determines that the remains are not associated with a crime, Keystone 

will determine if it is prudent and feasible to avoid disturbing the remains.  If Keystone 
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determines that disturbance cannot be avoided, the Nebraska State Historical Society will notify 

the Commission on Indian Affairs in writing and seek associated tribes or kin. 

 

6. Keystone will resume construction activities in the area of the discovery when the human skeletal 

remains or burial goods have been accepted by the Nebraska State Historical Society for the 

purposes of disposition. 

 

IV. For construction of the Keystone XL Project in Texas, Keystone will implement the 

following measures: 
 

1. When unmarked human burials or human remains are discovered during construction activities, 

Keystone will comply with Antiquities Code (Texas Code Ann. §191); Health and Safety (Texas 

Code Ann. §711.004). 

 

2. Upon encountering unmarked human burials or human remains during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead EI. 

The construction contractor will implement interim measures to protect the discovery from 

vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Lead EI will: 

 

a. Ensure that construction activities have halted within a one-hundred and fifty (150) foot 

radius from the point of discovery; 

b. Implement additional measures, as appropriate, to protect the discovery from looting and 

vandalism until the requirements of state law have been completed; and 

c. Notify the local law enforcement agency, the DOS, the ACHP, the State Historic 

Preservation Office (SHPO)/Texas Historical Commission (THC), consulting Indian 

tribes, and other consulting parties and the State Department of Health of the discovery. 

 

4. If local law enforcement determines that the remains are not associated with a crime, Keystone 

will determine if it is prudent and feasible to avoid disturbing the remains. If Keystone determines 

that disturbance cannot be avoided, Keystone will remove and reinter the human remains in 

accordance with rules adopted by the SHPO and the State Health Department.  

 

5. Keystone will resume construction activities in the area of the discovery once implementation of 

the measures required by the SHPO/THC and State Health Department has been completed. 

 

V. For construction of the Keystone Project in Oklahoma, Keystone will implement the following 

measures: 
 

1. When a burial ground, human remains or burial furniture is discovered during construction 

activities, Keystone will comply with Okla. Stat. Ann. 21 §1161-1168.7 (Oklahoma Burial Law). 

 

2. Upon encountering a burial ground, human remains or burial furniture during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead EI. 

The construction contractor will implement interim measures to protect the discovery from 
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vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Environmental Inspector will 

 

a. ensure that construction activities have halted within a one-hundred and fifty (150) foot 

radius from the point of discovery; 

b. implement additional measures, as appropriate, to protect the discovery from looting and 

vandalism until the requirements of state law have been completed; and 

c. notify the appropriate law enforcement officer in the county in which the remains have 

been discovered, the Chief Medical Examiner, the DOS, the ACHP, the SHPO, 

consulting Indian tribes, other consulting parties, and the landowner of the discovery. 

 

4. Upon learning that remains are not associated with a crime, Keystone has fifteen (15) calendar 

days within which to notify the SHPO and the Oklahoma State Archaeologist. If the remains have 

a direct historical relationship to a tribe, the State Archaeologist will notify the SHPO and 

consults with the tribal leader within fifteen (15) calendar days. If Keystone determines that 

disturbance cannot be avoided, Keystone will treat the burial site or human remains in accordance 

with procedures established by the SHPO, the Oklahoma State Archaeologist, and consultation 

with the tribal leader. 

 

5. Keystone will resume construction activities in the area of the discovery upon completion of the 

measures authorized by the SHPO and Oklahoma State Archaeologist. 

 

VI. For construction of the Keystone XL Project in South Dakota, Keystone will implement the 

following measures: 

 

1. When unmarked human skeletal remains and/or funerary objects are discovered during 

construction activities, Keystone will comply with South Dakota State Law Chapter 34-27. 

 

2. Upon encountering an unmarked human skeletal remains and/or funerary objects during ground 

disturbing construction activities, the construction contractor will immediately stop work within a 

one-hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead 

EI. The construction contractor will implement interim measures to protect the discovery from 

vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Lead EI will ensure that construction 

activities have halted within a one-hundred and fifty (150) foot radius from the point of discovery 

and assume responsibility for implementing additional measures, as appropriate, to protect the 

discovery from looting and vandalism until the requirements of state law have been completed. 

 

4. The Lead EI will notify the local law enforcement agency, the DOS, the ACHP, the SHPO, the 

South Dakota State Archaeologist, consulting Indian tribes, and other consulting parties within 

forty-eight (48) hours of the discovery. 

 

5. If local law enforcement determines that the remains are not associated with a crime, Keystone 

will determine if it is prudent and feasible to avoid disturbing the remains. If Keystone 

determines that disturbance cannot be avoided, Keystone will consult with the South Dakota 

State Archaeologist, SHPOs, consulting Indian tribes, and other consulting parties to determine 
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acceptable procedures for the removal, treatment and disposition of the human skeletal remains 

and funerary objects within five (5) calendar days.  Keystone will implement the plan for 

removal, treatment, and disposition of the human skeletal remains and funerary objects as 

authorized by the South Dakota State Archaeologist.   

 

6. Keystone may resume construction activities in the area of the discovery upon completion of the 

plan authorized by the State Archaeologist. 
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UNCLASSIFIED 

Programmatic Agreement 

Among 

The U.S. Department of State, 


National Park Service,
 
U.S. Army Corps of Engineers, 


U.S. Department of Agriculture Farm Service Agency, 

U.S. Department of Agriculture Natural Resources Conservation Service, 


U.S. Department of Agriculture Rural Utilities Service,
 
U.S. Bureau of Indian Affairs, 


U.S. Bureau of Land Management, 

U. S. Bureau of Reclamation, 


Western Area Power Administration, 


Advisory Council on Historic Preservation, 

Kansas State Historic Preservation Officer, 


Montana Department of Environmental Quality, 

Montana Department of Natural Resources and Conservation,  


Montana State Historic Preservation Officer,  

Nebraska State Historic Preservation Officer,
 

South Dakota State Historic Preservation Officer, 

and 


TransCanada Keystone Pipeline, LP  


Regarding the Keystone XL Pipeline Project 


WHEREAS, the U.S. Department of State (DOS) receives and considers applications for 
permits for cross-border oil pipelines pursuant to the authority delegated by the President of the 
United States under Executive Order (EO) 13337 (69 Federal Register 25299); and  

WHEREAS, the DOS received an application for a Presidential Permit from TransCanada 
Keystone Pipeline, LP (Keystone) in September 2008 for the Keystone XL Pipeline Project 
(Keystone XL Project or the Project) which consisted of approximately 1,375 miles of new crude 
oil pipeline in Montana, South Dakota, Nebraska, Oklahoma, and Texas with associated effects 
in Kansas; and 

WHEREAS, the DOS determined that issuance of a Presidential Permit for the proposed 
Keystone XL Project include a consultation and review process consistent with Section 106 of 
the National Historic Preservation Act (NHPA) (16 U.S.C. 470f, as amended) and its 
implementing regulations, “Protection of Historic Properties”; and 

WHEREAS, the DOS developed a Programmatic Agreement (PA) in consultation with relevant 
state and federal agencies, Indian tribes, Keystone, and the public and executed this PA in 
August 2011; and 

Programmatic Agreement - 1 - Keystone XL Pipeline Project 
December 2013 
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WHEREAS,  the Keystone XL Project Presidential Permit application was denied in January 
2012; and 

WHEREAS, on May 4, 2012, Keystone submitted an application for a revised Keystone XL 
Pipeline Project using a route in Montana and South Dakota largely unchanged from that 
proposed in the 2008 Keystone application and a substantially changed route in Nebraska that 
sought to avoid the Sands Hills Region identified by the Nebraska Department of Environmental 
Quality and terminates at Steele City, Nebraska; and  

WHEREAS, the Oklahoma and Texas sections of the pipeline proposed in the 2008 Keystone 
application are no longer part of the application received in 2012 and, therefore, the Oklahoma 
and Texas State Historic Preservation Offices have no further obligations under this PA; and 

WHEREAS, the proposed Project undertaking consists of construction of approximately 875 
miles of new crude oil pipeline in the United States, as described in section 2.1 of the Final 
Supplemental Environmental Impact Statement (SEIS) and Attachment H, of which 
approximately 209 miles (24%) were not part of the 2008 Keystone XL Presidential Permit 
application; and 

WHEREAS, the revised Keystone XL Project Area of Potential Effects (APE) includes: (1) in 
Montana—a 300-foot-wide corridor, 150 feet on each side of the centerline; (2) in South 
Dakota—a 300-foot-wide corridor, 150 feet on each side of the centerline; (3) in Nebraska—a 
300-foot-wide corridor, 150 feet on each side of the centerline in areas consistent with the route 
evaluated in the Final EIS for the 2008 Keystone XL application.  Within those areas outside the 
route evaluated in the Final EIS for the 2008 Keystone XL application, the APE consists of a 
500-foot-wide corridor, 250 feet on each side of the centerline.  For construction or modification 
of electrical facilities (including distribution lines, transmission lines, and substations), a 100-
foot-wide corridor centered on the Project centerline will be used. For pumping stations, 
including two new pump stations in Kansas on the existing Keystone Cushing Extension 
pipeline, and other areas that are to be disturbed by construction-related activities and ancillary 
facilities (including construction camps and pump stations), the APE will include all areas of 
disturbance and areas to be indirectly affected; and 

WHEREAS, the DOS, in consultation with the Advisory Council on Historic Preservation 
(ACHP), has determined that the Keystone XL PA executed in August 2011 should be amended 
to reflect the route proposed in the new Presidential Permit application and input from 
subsequent consultation; and 

WHEREAS, the DOS has determined that the construction of the Keystone XL Project may 
have an adverse effect on historic properties listed in or eligible for listing in the National 
Register of Historic Places (NRHP), as defined in Stipulation I.C below, and has consulted with 
the Montana, South Dakota, Nebraska, and Kansas State Historic Preservation Officers (SHPOs), 
Indian tribes who may ascribe religious and cultural significance to historic properties that may 
be affected by the undertaking, the ACHP, other federal agencies with actions related to this 
undertaking, and other consulting parties consistent with 36 C.F.R. Part 800; and 

Programmatic Agreement - 2 - Keystone XL Pipeline Project 
December 2013 
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WHEREAS, consistent with 36 C.F.R. §§ 800.4(b)(2) and 800.5(a)(3), the DOS has elected to 
phase identification and evaluation of historic properties, and application of the criteria of 
adverse effect, respectively, because the undertaking and APE have changed necessitating 
additional efforts to identify historic properties and because access to some areas as identified in 
Attachment A has been restricted by property owners’ refusal to grant Keystone permission to 
enter their private property; and 

WHEREAS, consistent with 36 C.F.R. § 800.14(b), the DOS has elected to execute this PA for 
the Keystone XL Project because effects on historic properties cannot be fully determined prior 
to the issuance of a permit for the undertaking; and 

WHEREAS, on February 2, 2011 the ACHP entered consultation for the Keystone XL pipeline 
as originally proposed finding that criteria 3 and 4 of Appendix A, Criteria for Council 
Involvement in Reviewing Individual Section 106 Cases, of the regulations (36 C.F.R. Part 800) 
implementing Section 106 of NHPA, had the potential to be met; and 

WHEREAS, the United States Army Corps of Engineers (USACE) has determined that the 
approval for the Keystone XL Project to cross USACE-administered lands (30 U.S.C. § 185) and 
to place structures in, under, or over navigable waters of the United States, as defined under 33 
C.F.R. Part 329, pursuant to Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. § 403), 
and a permit for the placement of dredge or fill material in waters of the United States as part of 
the Keystone XL Project in accordance with Section 404 of the Clean Water Act (334 U.S.C. § 
344), are Federal actions related to the undertaking that require the USACE to comply with 
Section 106 of NHPA; and 

WHEREAS, the U.S. Bureau of Land Management (BLM) has determined that approving the 
Keystone XL Project to cross Federal lands administered by the BLM would require 
authorization under Section 28 of the Mineral Leasing Act of 1920, 30 U.S.C. § 185, as 
amended; and 

WHEREAS, the BLM has determined that Keystone will require access roads crossing public 
lands administered by the BLM in support of the Keystone XL Pipeline Project and that the 
access roads will require authorization under Title V of the Federal Land Policy and 
Management Act (FLMPA), 43 U.S.C. § 1701, as amended; and 

WHEREAS, the BLM has determined that the Keystone XL Project will require electrical 
power from rural electrical cooperatives and that portions of the transmission lines will cross 
public lands administered by the BLM and that the transmission lines crossing public lands will 
require authorization under Title V of the FLMPA; and  

WHEREAS, the BLM approvals of these Project crossings in areas under its jurisdiction is a 
Federal action associated with the undertaking that requires the BLM to comply with Section 106 
of the NHPA and 36 C.F.R. Part 800; and 

WHEREAS, the U.S. Bureau of Reclamation (USBR) manages lands and facilities that will be 
crossed by the Keystone XL Project and USBR approval of such crossings is a Federal action 

Programmatic Agreement - 3 - Keystone XL Pipeline Project 
December 2013 
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related to the undertaking that requires the USBR to comply with Section 106 of the NHPA and 
36 C.F.R. Part 800; and 

WHEREAS, the Farm Service Agency (FSA), assists landowners on private lands and may have 
federal responsibilities and requirements on some of these lands, which are part of the Project 
APE, as part of its loan and conservation programs, including the Conservation Reserve Program 
and the Farmable Wetlands Program; and 

WHEREAS, the FSA approval of the Project crossings in these areas is a Federal action 
associated with the undertaking that requires the FSA to comply with Section 106 of the NHPA 
and 36 C.F.R. Part 800; and 

WHEREAS, the Rural Utilities Service (RUS) has determined that the financial assistance it 
may provide to rural electric cooperatives and other entities for construction or modification of 
electrical facilities (including distribution lines, transmission lines, and substations) to power 
some Keystone XL Project pump stations or to ensure transmission system reliability, under the 
U.S. Department of Agriculture (USDA) Rural Development Utilities Programs, are Federal 
actions related to the undertaking that require the RUS to comply with Section 106 of NHPA and 
36 C.F.R. Part 800; and 

WHEREAS, the Bureau of Indian Affairs (BIA) has responsibility for approving any right-of-
ways crossing Indian Trust lands, such as those being considered as part of the route for a 230-
kilovolt (kV) transmission line in south-central South Dakota associated with the Keystone 
project and described in Appendix J to the SEIS, and this is a Federal action related to the 
undertaking that requires the BIA to comply with Section 106 of the NHPA and 36 C.F.R. Part 
800; and 

WHEREAS, the Western Area Power Administration (Western) has determined that the 
modification and construction of substations and transmission lines that Western will own and 
that will provide power to the Keystone XL Pipeline Project, will require review under Section 
106 of NHPA and 36 C.F.R. Part 800; and 

WHEREAS, the Natural Resources Conservation Service (NRCS) has conservation easement 
interests in the states through which the Keystone XL pipeline will traverse; and 

WHEREAS, the NRCS has determined that approving the Keystone XL Pipeline to cross an 
NRCS easement constitutes a federal action associated with the undertaking that requires NRCS 
to comply with Section 106 of the NHPA and 36 C.F.R. Part 800; and 

WHEREAS, the proposed revised Keystone XL Project pipeline alignment crosses five National 
Historic Trails (the Lewis and Clark, Oregon, California, Mormon Pioneer, and Pony Express 
National Historic Trails), all of which were designated by the U.S. Congress and have as their 
purpose “the identification and protection of the historic route and its historic remnants and 
artifacts for public use and enjoyment” (National Trails System Act, P.L. 90-543, as amended); 
and 

Programmatic Agreement - 4 - Keystone XL Pipeline Project 
December 2013 
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WHEREAS, the National Park Service (NPS) administers National Historic Trails and is a 
signatory to this PA due to the potential for adverse effects to five National Historic Trails 
including the Lewis and Clark National Historic Trail; and  

WHEREAS, the USACE, BLM, RUS, BIA, NRCS, NPS, Western, USBR, and FSA have 
designated the DOS as the lead Federal agency for purposes of Section 106 of the NHPA 
consistent with 36 C.F.R. § 800.2(a)(2); and 

WHEREAS, the DOS will incorporate this PA into its decisional process on any Presidential 
Permit that it may issue for the Keystone XL Project and will include in any permit it issues on 
the Keystone XL Project a condition that Keystone will abide by its commitments in this PA; and  

WHEREAS, the USACE, BLM, RUS, BIA, NRCS, NPS, Western, USBR, and FSA will each 
incorporate this PA into its decisional process on any authorization, approval, permit, or 
assistance it may issue for the Keystone XL Project, and will include in any authorization, 
approval, permit, or assistance it issues on the Keystone XL Project, a condition that Keystone 
will abide by its commitments in this PA; and 

WHEREAS, cultural resource identification, evaluation, and effect assessment efforts, including 
those needed to address the changes in the APE, are summarized in Section 3.11 of the SEIS and 
Attachment G of this PA; and  

WHEREAS, additional efforts to identify, evaluate and assess effects to historic properties for 
the Project will take place after the execution of this PA because access to some areas has been 
restricted, as summarized in Attachment A, and all areas of construction have yet to be 
determined; and 

WHEREAS, for the purposes of this PA, “Indian tribes and Nations” shall have the same 
definition as “Indian tribes” which appears in Section 301(4) of the NHPA; and 

WHEREAS, the DOS invited the 84 Indian tribes listed in Appendix B to participate in 
consultation; and 

WHEREAS, the DOS provided Indian tribes the opportunity to provide information about 
historic properties of concern to Indian tribes and conduct Traditional Cultural Property (TCP) 
studies within the proposed Project APE, as summarized in Attachment I; and 

WHEREAS, the DOS invited Indian tribes that participated in consultation in 2011 and 2013 to 
sign as Concurring Parties to this PA, consistent with 36 C.F.R. §§ 800.2(c)(2) and 800.6(c)(3); 
and 

WHEREAS, other federal agencies that develop actions related to this undertaking subsequent 
to the execution of this PA may comply with Section 106 by following the requirements set forth 
in Stipulation XIV of this PA; and 
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WHEREAS, the Montana Department of Natural Resources and Conservation has participated 
in consultation and was invited by the DOS consistent with 36 C.F.R. § 800.6(c)(2) to sign the 
PA in 2011 and amendments to the PA in 2013 as an invited signatory; and 

WHEREAS, the Montana Department of Environmental Quality has participated in consultation 
and was invited by the DOS consistent with 36 C.F.R. § 800.6(c)(2) to sign the PA in 2011 and 
amendments to the PA in 2013 as an invited signatory; and 

WHEREAS, Keystone, which would construct the Keystone XL Project pipeline if approved, 
has participated in consultation, and was invited by the DOS consistent with 36 C.F.R. §§ 
800.2(c)(4) and 800.6(c)(2) to sign the PA in 2011 and amendments to the PA in 2013 as an 
invited signatory; and 

WHEREAS, the DOS has provided the public with information about the undertaking and its 
effects on historic properties and sought public comment and input consistent with 36 C.F.R. §§ 
800.2(d) from April 2009 through Federal Register notices, direct mailings, extensive scoping 
and comment meetings, and inviting comments from the public by phone, mail, fax, and email 
during public comment periods on the Keystone XL Pipeline Presidential Permit applications; 
and 

NOW, THEREFORE, the DOS, USACE, BLM, RUS, BIA, FSA, NRCS, Western, USBR, 
NPS, ACHP, and the Montana, South Dakota, Nebraska, and Kansas SHPOs agree that the 
following stipulations will be implemented in order to take into account the effect of the 
undertaking on historic properties and to ensure actions consistent with Section 106 of the 
NHPA. 

STIPULATIONS 

The DOS, BLM, RUS, BIA, FSA, NRCS, Western, USACE, USBR, and NPS as appropriate, 
will ensure that the following stipulations are carried out. 

I. STANDARDS AND DEFINITIONS 

A. Identification and evaluation studies and treatment measures required under the terms of 
this PA will be carried out by or under the direct on-site supervision of a professional 
who meets, at a minimum, the Secretary of the Interior’s Historic Preservation 
Professional Qualification Standards (48 FR 44716, September 29, 1983).  These 
qualification standards do not apply to individuals recognized by consulting Indian tribes 
to have expertise in identification, evaluation, assessment of effect, and treatment of 
effects to historic properties of religious and cultural significance to Indian tribes. 

B. In developing scopes of work for identification and evaluation studies, and treatment 
measures required under the terms of this PA, Keystone and RUS borrowers, and other 
contractors working with Federal agencies, will take into account the following 
regulations and guidelines: 
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1. 	 The ACHP’s guidance on conducting archaeology under Section 106 (2007); 
2. The ACHP’s Policy Statement Regarding the Treatment of Burial Sites, Human 

Remains and Funerary Objects (February 23, 2007); 
3. 	 Applicable SHPO and Tribal Historic Preservation Office guidance; 
4. 	 The Secretary of the Interior’s Standards and Guidelines for Archaeology and 


Historic Preservation (48 FR 44716-42, September 29, 1983);  

5. 	 The “Treatment of Archaeological Properties” (ACHP 1983); 
6. 	 The Guidelines for Reporting on Cultural Resources Investigations for Pipeline 

Projects” (Federal Energy Regulatory Commission, Office of Energy Projects, 
December 2002); 

7. 	 Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. § 403); 
8. 	 Section 404 of the Clean Water Act (334 U.S.C. § 344); 
9. 	 BLM 8110 Manual: Identifying and Evaluating Cultural Resources; 
10. Montana/Dakotas Cultural Resources Handbook 8110-1: Guidelines for Identifying 

Cultural Resources; 
11. The National Trails System Act (P.L. 90-543, as amended); 
12. Section 28 of the Mineral Leasing Act of 1920 (30 USC 185); 
13. Title V of the Federal Land Policy and Management Act of 1976 (43 USC 1701); and 
14. National Register Bulletin 38, Guidelines for Evaluating and Documenting 


Traditional Cultural Properties (NPS 1990; Revised 1992: 1998) 


C. Definitions 

Coordination Plan: A plan that, pursuant to Stipulations V.B and V.D, describes the 
coordination of construction with identification and evaluation of cultural resources, 
treatment of adverse effects, and protection of unanticipated discoveries. 

Concurring Parties: An invited consulting party to this PA that agrees with the content of 
the PA. Consistent with 36 C.F.R. § 800.6(c)(3), the refusal of a Concurring Party to sign 
the PA does not invalidate this PA. Concurring Parities may not terminate the PA. 

Construction Spread: A construction unit or segment of a pipeline alignment or corridor 
to be determined by Keystone prior to construction. 

Consulting Indian Tribes: Indian tribes that have consultative roles in the Section 106 
process consistent with 36 C.F.R. § 800.2(c). 

Consulting Parties: Parties that have consultative roles in the Section 106 process 

consistent with 36 C.F.R. § 800.2(c).  


Data Recovery: The recovery of archaeological information from a historic property 
subject to an adverse effect.  

Determination of Effect: A determination made by a Federal agency in regards to a 
Project’s effect upon a historic property consistent with 36 C.F.R. Part 800.  
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Determination of Eligibility: A determination made by a Federal agency, in coordination 
with the SHPO and/or designated representatives of consulting Indian tribes, as 
appropriate, respecting a cultural resource’s eligibility for inclusion in the NRHP and 
more fully described in 36 C.F.R. Part 60 and 36 C.F.R. § 800.16(l)(2).  

Effect: An alteration to the characteristics of a historic property qualifying it for inclusion 
in or eligibility for the NRHP (see 36 C.F.R. § 800.16(i)).  

Environmental Impact Statement: An analysis of a major Federal action’s environmental 
impacts conducted consistent with NEPA.  

Historic Property: Any prehistoric or historic district, site, building, structure, or object 
included in, or eligible for inclusion in, the NRHP maintained by the Secretary of the 
Interior. This term includes artifacts, records, and remains that are related to and located 
within such properties. The term includes properties of traditional religious and cultural 
importance to an Indian tribe or Native Hawaiian organization and that meet the National 
Register criteria (see 36 C.F.R. § 800.16(l)(1)).  

Invited Signatory: The DOS has invited Keystone, the Montana Department of Natural 
Resources and Conservation, and the Montana Department of Environmental Quality to 
sign this PA consistent with 36 C.F.R. § 800.6(c)(2).  The refusal of any invited signatory 
to sign the PA does not invalidate the PA.  An invited signatory, listed above, that has 
signed the PA, may terminate the PA consistent with 36 C.F.R. § 800.6(c)(8).   

Historic Trail and Archaeological Monitoring Plan: A plan that, pursuant to Stipulation 
V.E and Attachment F, identifies appropriate areas for monitoring construction by 
professionals under the supervision of individuals who meet the professional 
qualifications in Stipulation I. The plan’s principal goal is to reduce the potential for 
impacts to unidentified historic properties. 

Signatory: The signatories are: the DOS, BLM, USBR, USACE, NPS, Western, RUS, 
NRCS, FSA, BIA, ACHP, and the SHPOs of Kansas, Montana, South Dakota, and 
Nebraska. Only signatories and the invited signatories, as defined, may terminate the PA 
consistent with 36 C.F.R. § 800.6(c)(8).   

Tribal Monitoring Plan: A plan that, pursuant to Stipulation V.E and Attachment E, 
identifies appropriate areas for monitoring construction by tribal members appointed by 
their respective Indian tribes.  These tribal members shall meet the qualifications as noted 
in Stipulation V.E.3. The plan’s principal goal is to reduce the potential for impacts to 
previously unidentified historic properties that may also be properties of religious and 
cultural significance to Indian tribes that meet the National Register criteria (see 36 
C.F.R. § 800.16(1)(a)). 

Treatment Plan: A plan developed in consultation with the parties to this PA that 
identifies the minimization and mitigation measures for historic properties located within 
the APE that will be adversely affected by the Project. 
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II. CONFIDENTIALITY 


The DOS, BLM, NRCS, BIA, FSA, RUS, Western, USBR, NPS, USACE, and Keystone will 
safeguard information about historic properties of religious and cultural significance to Indian 
tribes, including location information, or information provided by Indian tribes to assist in the 
identification of such properties, consistent with Section 304 of NHPA, 16 U.S.C. § 470w3, and 
all other applicable laws. 

III. 	 THE RESPONSIBILITIES OF FEDERAL AGENCIES WITH LAND 
MANAGEMENT AND OTHER PERMITTING AUTHORITIES 

A. The USACE will ensure, for that part of the APE under its jurisdiction, that it has met its 
compliance obligations pursuant to Section 10 and Section 404 permitting authority. 

B. The BLM will comply with Section 106 and its implementing regulations (36 C.F.R. Part 
800) for the issuance of permits for those actions under its jurisdiction. 

C. The USBR will review and comment on the evaluation and treatment of any historic 
properties managed by the USBR. 

D. Attachment H includes maps that illustrate the Project areas that cross lands managed by 
the BLM and the USBR. 

E. Consultation for this Project between Indian tribes and Federal land management and 
permitting agencies will be coordinated through the DOS.  

IV. 	 KEYSTONE XL PROJECT—CONSTRUCTION OR MODIFICATION OF 
ELECTRICAL DISTRIBUTION/TRANSMISSION FACILITIES 

A. Prior to granting approval of financial assistance to construct or modify electrical 
facilities by rural electric cooperatives or other entities, the RUS will complete the 
requirements of 36 C.F.R. §§ 800.3 through 800.7 and notify the DOS of the outcome. 

B. In implementing Stipulation IV.A, the RUS may authorize a borrower to initiate Section 
106 consultation in accordance with 36 C.F.R. § 800.2(c) (4).  The RUS issued a blanket 
delegation for its borrowers to initiate Section 106 consultation in July 2009 and reissued 
the blanket delegation with some revision in August 2012.  As the RUS recognized in 
those memos, the RUS may not delegate its responsibility to conduct government-to-
government consultation with Indian tribes to a borrower, unless the RUS and that Indian 
tribe agree, in writing, to conduct consultation in that manner. 

C. Prior to construction of the 230-kV transmission line that Western will own, Western will 
complete the requirements of 36 C.F.R. §§ 800.3 through 800.7.  In implementing 
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Stipulation IV.C., Western will serve as a signatory under the PA.  Western shall 
coordinate implementation of Stipulation IV.C with the DOS.  

D. The RUS will ensure that the terms of Stipulations VI.B and VI.C are incorporated into 
construction contracts to ensure that its borrowers and construction contractors meet their 
responsibility for notification of any unanticipated discoveries.  When RUS-funded 
projects occur on BLM land, the RUS will coordinate with the BLM to ensure 
compliance with Stipulations VI.B and VI.C of this PA. 

E. 	 Prior to granting approval or financial assistance for construction or modification of 
electrical distribution/transmission facilities that are necessary components of the 
pipeline project and therefore considered within the Project APE, any Federal agency 
that is incorporated into this PA pursuant to Stipulation XIV will complete the 
requirements of 36 C.F.R. §§ 800.3 through 800.7 for those facilities under its 
jurisdiction and notify the DOS of the outcome if not already carried out elsewhere in 
this PA. 

F. 	 The DOS retains responsibility for completing the requirements of 36 C.F.R. §§ 800.3 
through 800.7 for those electrical distribution/transmission facilities that are necessary 
components of the Project if they are not under the jurisdiction of any Federal agency 
and not referenced in Stipulation IV, A through E above. 

V. KEYSTONE XL PROJECT – PIPELINE CONSTRUCTION  

A. The DOS has provided SHPOs, designated representatives of consulting Indian tribes, 
and other consulting parties with an opportunity to provide their views on the 
identification and evaluation of historic properties, consistent with 36 C.F.R. § 
800.16(l)(1), including historic properties of religious and cultural significance to Indian 
tribes, and the treatment of affected historic properties, in connection with the 
construction of the Keystone XL Project.  It will continue to provide all consulting parties 
with an opportunity to provide their views on the identification and evaluation of historic 
properties, assessment of effects, and treatment of adverse effects after approval of 
amendments to this PA.  

B. 	Identification and Evaluation of Historic Properties 

1. 	 In consultation with the SHPOs, designated representatives of consulting Indian 
tribes, and other consulting parties, the DOS will make a reasonable and good faith 
effort to complete the identification and evaluation of historic properties within the 
APE for each construction spread, including in areas yet to be surveyed outlined in 
Attachment A, prior to the initiation of construction of that spread, consistent with 36 
C.F.R. §§ 800.4(a), (b), and (c). On Federal lands, the scope of the identification 
effort will be determined by the DOS in consultation with the appropriate Federal 
land managing agency, applicable SHPOs, designated representatives of consulting 
Indian tribes, and other consulting parties. 
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2. 	 The DOS will make a reasonable and good faith effort to complete the identification 
and evaluation of historic properties, as appropriate, consistent with 36 C.F.R. §§ 
800.4(a), (b), and (c), before Keystone initiates construction activities (including 
vegetative clearing to comply with the Migratory Bird Treaty Act, if clearing is 
undertaken). 

a. 	 In the identification and evaluation of historic properties to which Indian tribes 
may attach religious and cultural significance, the DOS will take into 
consideration information submitted by Indian tribes to the DOS prior to 
construction through consultations and through the protocols for TCP studies, 
post-review discovery, and the Tribal Monitoring Plan, as set forth in this PA. 

b. 	 In the event identification of historic properties cannot be completed for any 
Construction Spreads prior to construction, Keystone will develop and submit a 
Coordination Plan to the DOS for review and approval pursuant to Stipulation 
V.D. The Coordination Plan must describe the measures Keystone will use to 
implement and complete the identification and evaluation of cultural resources 
and appropriate consultation before any historic properties are adversely affected 
by vegetation clearing and construction activities related to that spread. 

C. Treatment of Historic Properties  

1. 	 Whenever feasible, avoidance of adverse effects to historic properties will be the 
preferred treatment.  In consultation with the DOS, ACHP, SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties, Keystone 
may elect to consider and implement avoidance measures prior to completing the 
evaluation of historic properties. 

Avoidance measures may include:  
a. 	 Avoidance through pipeline or access road route variation or Project feature 

relocation; 
b. 	 Avoidance through abandonment; 
c. 	 Avoidance through bore or horizontal directional drill; 
d. 	 Avoidance by narrowing the construction corridor (“neck down”); or 
e. 	 Avoidance through the use of existing roadways as Project access roads to the 

extent practicable. 

2. 	 When historic properties are identified in the APE pursuant to Stipulation V.B, the 
DOS will apply criteria of adverse effect consistent with 36 C.F.R. § 800.5(a) in 
consultation with the ACHP, SHPO, designated representatives of consulting Indian 
tribes, and other consulting parties. If the DOS finds that historic properties might be 
adversely affected by actions covered under this PA and within the APE, the DOS 
will consult with the ACHP, SHPOs, designated representatives of consulting Indian 
tribes, and other consulting parties to determine prudent and feasible ways to avoid 
adverse effects. 
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a. 	 Once the DOS approves avoidance measures, Keystone will implement those 
measures.  

3. 	 If the DOS determines that the adverse effect cannot be avoided, the DOS will 
consult with the ACHP, SHPOs, designated representatives of consulting Indian 
tribes, and other consulting parties to determine those measures to be implemented by 
Keystone to minimize and mitigate adverse effects on affected historic properties 
identified in the APE.  

4. 	 If, after consultation, the DOS determines that the adverse effect cannot be avoided, 
Keystone will draft a comprehensive Treatment Plan for each adversely affected 
historic property. The Treatment Plan will describe the measures identified by the 
DOS under Stipulation V.C.3 to minimize and mitigate the adverse effect of pipeline 
construction activities on historic properties, the manner in which these measures will 
be carried out, and a schedule for their implementation.  

a. 	 When mitigation consists of or includes Data Recovery, the Treatment Plan also 
will identify the specific research questions to be addressed by Data Recovery 
with an explanation of their relevance, the archaeological methods to be used, and 
provisions for public interpretation and education, subject to Stipulation II 
restrictions, if any. Management summaries of all archaeological investigations 
must be submitted to the DOS, relevant Federal agencies, and the SHPO for 
review and approval prior to the commencement of construction activities and 
construction may be authorized on the basis of information contained in those 
summaries. Designated representatives of consulting Indian tribes will be notified 
for their information and awareness and may provide any relevant information to 
DOS and SHPO within nine (9) calendar days to inform their review of the 
summaries. Final reports must be submitted to the DOS and the SHPO for 
review within six months of the completion of the fieldwork. 

b. 	 A Treatment Plan may also include mitigation for adverse effects to historic 
districts, buildings and structures, and to TCPs and other properties of religious 
and cultural significance to Indian tribes.  This mitigation may include the 
recordation of historic properties according to Historic American Building 
Survey/Historic American Engineering Record Standards and Guidelines for 
Architectural and Engineering Documentation.  Other types of mitigation for 
adverse effects to historic districts, buildings, and structures, and to TCPs and 
other properties of religious and cultural significance to Indian tribes may also be 
described in the Treatment Plan.  The mitigation proposed for an adverse effect to 
a historic district, building, and/or structure, and to TCPs and other properties of 
religious and cultural significance to Indian tribes will be commensurate with the 
level of significance and extent of adverse effect and will be determined in a 
manner consistent with Stipulation V.C.4.c.   

c. 	 Keystone will submit the draft Treatment Plan to the DOS, BLM (if applicable), 
ACHP, designated representatives of consulting Indian tribes, the SHPO of the 
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applicable state, Montana Department of Environmental Quality (if applicable), 
Montana Department of Natural Resources and Conservation  (if applicable), and 
other applicable consulting parties for a forty-five (45) calendar day review.  
Keystone will address timely comments and recommendations submitted by 
SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties in preparation of the Final Treatment Plan.  

d. 	 When it has addressed all of the timely comments and recommendations, 
Keystone will submit the Final Treatment Plan to the DOS for review and 
approval. Keystone will also submit the Final Treatment Plan to the BLM for 
review and approval when involving lands subject to Stipulation III.C.  The DOS 
and BLM will issue their final decision on the Treatment Plan within thirty (30) 
calendar days.  Once the Final Treatment Plan is approved by the DOS (and the 
BLM if involving BLM-managed lands), copies of the Treatment Plan will be 
distributed to all SHPOs, designated representatives of consulting Indian tribes, 
and other consulting parties. 

5. 	 Keystone will make a reasonable and good faith effort to complete implementation of 
the Final Treatment Plan approved by the DOS prior to beginning construction of any 
spread for which the Treatment Plan is required.  If it is not possible to meet this 
schedule, Keystone will develop a Coordination Plan in accordance with Stipulation 
V.D that establishes how appropriate treatment will be determined and implemented 
during construction of the respective spread.  

D. Coordination of Construction and Historic Preservation Activities 

1. 	 The DOS will make a reasonable and good faith effort to complete the identification 
and evaluation of historic properties and potential historic properties, and the 
mitigation of adverse effects to them in accordance with Stipulations V.B and V.C 
prior to the initiation of vegetative clearing if vegetative clearing and construction on 
the Keystone XL spreads, including the Montana, South Dakota, and Nebraska 
spreads, is to be undertaken. 

2. 	 If these DOS activities cannot be completed prior to the start of vegetative clearing 
and construction of these spreads, Keystone will develop and provide to the DOS a 
detailed plan describing how the requirements of Stipulations V.B and V.C— 
identification, evaluation and treatment of historic properties—will be completed in 
coordination with vegetative clearing and construction activities in such a way that 
historic properties will not be adversely affected prior to the implementation of any 
mitigation measures. 

a. 	 A Coordination Plan will be prepared for each state and will include those 
measures developed by Keystone pursuant to Stipulations V.B and V.C to 
complete the identification and evaluation of historic properties, and, as 
appropriate, mitigation of adverse effects to them during and coordinated with 
vegetation clearing and construction activities.  In addition, the Coordination Plan 
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will include a schedule for all proposed activities and recommended measures for 
the protection of unanticipated discoveries in accordance with Attachment C, as 
appropriate. 

b. 	 Keystone will submit the draft Coordination Plan for each state for such spreads, 
including the Kansas, Montana, South Dakota, and Nebraska spreads, to the DOS, 
BLM (as applicable), ACHP, SHPOs (as applicable), designated representatives 
of consulting Indian tribes, and consulting parties for forty-five (45) calendar day 
review. Keystone shall address timely comments and recommendations 
submitted by the applicable SHPO, designated representatives of consulting 
Indian tribes, and other consulting parties in preparation of the Final Coordination 
Plan for each state. When it has addressed all of the comments and 
recommendations, Keystone will submit the Final Coordination Plan for each 
state to the DOS for review.  The DOS shall issue its final decision on the 
Coordination Plan for each state within thirty (30) calendar days.  Following 
approval by the DOS, the Final Coordination Plan for each state will be 
distributed to all of the SHPOs, designated representatives of consulting Indian 
tribes, and other consulting parties. 

3. 	 Keystone will complete implementation of the Final Coordination Plan approved by 
the DOS during construction of the Kansas, Montana, South Dakota, and Nebraska 
spreads. 

E. Historic Trail and Archaeological Monitoring Plan (“HTAM Plan”) and Tribal 
Monitoring Plan 

1. 	 In consultation with the SHPOs and designated representatives of consulting Indian 
tribes, Keystone will monitor construction in selected areas of the APE of each spread 
as a supplement to identification efforts. Any historic properties identified by 
Keystone during monitoring will be treated in accordance with Stipulation VI.A and 
C. 

a.	 The HTAM Plan outlines areas that have been previously identified by the DOS 
during identification and evaluation efforts that warrant monitoring during soil 
disturbing activities for potential effects to historic properties. 

b.	 The Tribal Monitoring Plan outlines areas that have been previously identified by 
Indian tribes, either through the preparation of Traditional Cultural Property 
reports or through consultation, that warrant monitoring during clearing and 
trenching for potential effects to previously unidentified historic properties that 
may include properties of religious and cultural significance to an Indian tribe and 
that meet the National Register criteria (See 36 C.F.R. § 800.16(l)(1)).   

2. 	 Historic Trail monitoring will be performed by a professional who either meets the 
qualification standards for archaeology established in Stipulation I.A or is under the 
on-site supervision of such a professional.   
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3. 	 At the discretion of the DOS, tribal monitors may substitute other types of experience 
with construction monitoring and/or traditional cultural knowledge for the degrees 
required by the Professional Qualification Standards. DOS may also consider other 
accommodations regarding education and experience where allowed by the Standards 
and implementing guidance.   

4. 	 In consultation with the DOS, Keystone will consider information provided by Indian 
tribes in a timely manner when completing the identification of historic properties 
before construction begins as set forth in Stipulation V.B and in the HTAM Plan and 
Tribal Monitoring Plan provided for under Stipulation V.E.  Keystone will ensure 
that tribal monitors have reasonable access to Project construction sites and activities.  
In those areas previously identified by Indian tribes as needing monitoring, the Tribal 
Monitoring Plan stipulates that at least one monitor will be used per Construction 
Spread depending upon the extent and location of construction activities, as well as 
the relative historic importance of each Spread to each Indian tribe. 

5. 	 Keystone has submitted a plan for historic trail and archaeological monitoring and 
tribal monitoring for each spread to the DOS, BLM, ACHP, SHPO, designated 
representatives of consulting Indian tribes, and Consulting Parties for review and 
comment prior to the signing of this PA.  The Tribal Monitoring Plan and HTAM 
Plan are attached to this PA in Attachments E and F. 

6. 	 Keystone will implement the HTAM Plan and Tribal Monitoring Plan for each spread 
that has been approved by the DOS. 

F. Construction 

1. 	 Lead Environmental Inspector (EI): Prior to initiating vegetative clearing or 
construction, Keystone will employ the Lead EI whose responsibilities will include 
ensuring compliance with the terms of this PA.  In meeting this responsibility, the 
Lead EI will rely on the technical expertise of on-site professionals who meet the 
standards established in Stipulation I.A and tribal monitors with experience outlined 
in Stipulation V.E.3. 

a. 	 The Lead EI will monitor construction activities on-site and prepare a daily log, 
reporting to Keystone and designated representatives of consulting Indian tribes 
on activities performed to implement the terms of this PA, as appropriate.  
Keystone will make the daily log available to the DOS and SHPOs, and other 
consulting parties upon request. 

b. 	 Keystone will ensure through the construction contract that the Lead EI will 
possess the authority to stop construction in the event of an inadvertent discovery 
in accordance with Stipulation VI.A and Attachment C.  
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2. 	 Training: Keystone will ensure that, if the Lead EI does not meet the professional 
qualification standards established in Stipulation I.A, the Lead EI will receive 
appropriate training in historic preservation from a professional who meets the 
standards established in Stipulation I.A in order to perform the requirements of this 
PA. Keystone also will provide an appropriate level of training in historic 
preservation conducted by a professional who meets the standards established in 
Stipulation I.A to all construction personnel (including new, added, replaced workers) 
so that PA requirements are understood and unanticipated discoveries quickly 
identified. Keystone will conduct this training prior to initiating vegetative clearing 
or construction activities on a spread.  Keystone also will conduct periodic refresher 
training during construction of the spread. 

3. 	 Construction Contract: Keystone will incorporate the terms of Stipulation VI.A and 
Attachment C into construction contracts to ensure that its Lead EI and construction 
contractors meet their responsibility for notification of the unanticipated discoveries. 

F.	 Scheduling 

The DOS may authorize the start of vegetative clearing and construction for an individual 
spread when the plans prepared in accordance with Stipulations V.D and V.E as appropriate 
for that spread, have been submitted by Keystone and approved by the DOS in accordance 
with the terms of this PA.  

VI. UNANTICIPATED DISCOVERIES OR ADVERSE EFFECTS DURING 
CONSTRUCTION OF THE KEYSTONE XL PROJECT 

A. Pipeline Construction 

1. 	 “Applicable Federal agency” is the Federal agency with jurisdiction for the land on 
which construction is occurring or, in the absence of such an agency, the DOS, as 
appropriate. 

2. 	 If previously unidentified historic properties are discovered by monitors or 
construction personnel unexpectedly or unanticipated adverse effects on previously 
identified historic properties occur as pipeline construction activities are carried out 
within the one-hundred-and-ten (110) foot-wide construction corridor or other 
ancillary facilities and access roads within the APE, the construction contractor will 
immediately halt all construction activity within a one-hundred-and-fifty (150) foot 
radius of the discovery or adversely affected historic property, notify the Lead EI of 
the discovery and implement interim measures to protect the discovery from looting 
and vandalism. Within forty-eight (48) hours of receipt of this notification of the 
discovery, the Lead EI shall: 

a. 	 Inspect the work site to determine the extent of the discovery or adverse effect 
and ensure that construction activities have halted;  

b. 	 Clearly mark the area of the discovery or adverse effect; 
Programmatic Agreement - 16 - Keystone XL Pipeline Project 

December 2013 

 
012233



 

 
  
 

 

 

 

 
 

 

UNCLASSIFIED 


c. 	 Implement additional measures other than those mentioned above, as appropriate, 
to protect the discovery or adversely affected historic property from looting and 
vandalism; and  

d. 	 Notify the applicable Federal agency, SHPOs, designated representatives of 
consulting Indian tribes, and other consulting parties of the discovery or adverse 
effect. 

3. 	 In the case of an unanticipated discovery, the applicable Federal agency will notify all 
consulting parties that it will be receiving comments concerning the unanticipated 
discovery and provide contact information.  The applicable Federal agency will have 
seven (7) calendar days following notification provided in accordance with 
Stipulation VI.A.2 to determine the National Register eligibility of the discovery after 
considering the timely filed views of the SHPOs, designated representatives of 
consulting Indian tribes, other consulting parties, and Keystone.  The applicable 
Federal agency may assume the newly discovered property to be eligible for the 
National Register for the purposes of Section 106 consistent with 36 C.F.R. § 
800.13(c). 

4. 	 For discovered properties determined eligible or assumed to be eligible pursuant to 
Stipulation VI.A.3, the applicable Federal agency will notify the ACHP, SHPOs, 
designated representatives of consulting Indian tribes, and other consulting parties of 
those actions that it proposes to resolve adverse effects which may include a 
Treatment Plan as outlined in Stipulation V.C.  

a. 	 SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties will have ninety-six (96) hours to provide their views on the 
proposed actions. 

b. 	 The applicable Federal agency will ensure that the timely filed recommendations 
of SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties are taken into account prior to granting approval of the 
measures that Keystone will implement to resolve adverse effects.  

c. 	 Keystone will carry out the approved measures prior to resuming construction 
activities in the location of the discovery. 

5. 	 In the case of unanticipated adverse effects to a previously identified historic 
property, the applicable Federal agency will notify the ACHP, SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties of those 
actions that it proposes to resolve adverse effects which may include a Treatment 
Plan as outlined in Stipulation V.C. 

a. 	 SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties will have forty-eight (48) hours to provide their views on the 
proposed actions. 

b. 	 The applicable Federal agency will ensure that the timely filed recommendations 
of SHPOs, designated representatives of consulting Indian tribes, and other 
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consulting parties are taken into account prior to granting approval of the 
measures that Keystone will implement to mitigate adverse effects.  

c. 	 Keystone will carry out the approved measures prior to resuming construction 
activities in the location of the affected property. 

6. 	 Dispute Resolution: The applicable Federal agency will seek and take into account 
the recommendations of the ACHP in resolving any disagreements that may arise 
regarding resolution of adverse effects that relate to the implementation of Stipulation 
VI.A. The applicable Federal agency will use the contact information provided in 
Attachment D to notify the ACHP. Within seven (7) calendar days of receipt of such 
a written request, the ACHP will provide the applicable Federal agency 
recommendations on resolving the dispute. The applicable Federal agency will take 
into account any timely filed recommendations provided by the ACHP in making a 
final decision about how to proceed. 

B. Construction or Modification of Electrical Facilities 

1. 	 If previously unidentified historic properties are discovered unexpectedly during 
construction or modification of transmission facilities funded by the RUS, the RUS 
borrower’s construction contractor will immediately halt all construction activity 
within a one-hundred-and-fifty (150) foot radius of the discovery, notify the RUS 
borrower of the discovery and implement interim measures to protect the discovery 
from looting and vandalism. Within forty-eight (48) hours of receipt of this 
notification of the discovery, the RUS borrower shall:  

a. 	 Notify the RUS Contact (and BLM Contact if discovery occurs on BLM land); 
b. 	 Inspect the work site to determine the extent of the discovery and ensure that 

construction activities have halted; 
c. 	 Clearly mark the area of the discovery; and 
d. 	 Implement additional measures, as appropriate, to protect the discovery from 

looting and vandalism. 

2. 	 Upon receipt of such notification the RUS and, if applicable, BLM will coordinate the 
notification of SHPOs, designated representatives of consulting Indian tribes, and 
other consulting parties and notify the SHPOs, designated representatives of 
consulting Indian tribes, and other consulting parties of the discovery. 

3. 	 The RUS and, if applicable, BLM will have seven (7) calendar days following 
notification provided in accordance with Stipulation VI.B.1 to determine the National 
Register eligibility of the discovery in consultation with the SHPOs, designated 
representatives of consulting Indian tribes, other consulting parties, and the borrower.  
The RUS and, if applicable, BLM may assume the newly discovered property to be 
eligible for the National Register for the purposes of Section 106 pursuant to 36 
C.F.R. § 800.13(c). 
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4. 	 For properties determined eligible, or treated as such, pursuant to Stipulation VI.B.3, 
the RUS, in coordination with the BLM (if applicable), will notify the SHPOs, 
designated representatives of consulting Indian tribes, and other consulting parties of 
those actions that it proposes to resolve adverse effects. SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties will provide 
their views on the proposed actions within ninety-six (96) hours.  The RUS will 
ensure that the timely filed recommendations of the SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties are taken into 
account prior to granting approval of those actions that the borrower will implement 
to resolve adverse effects.  Once RUS approval has been granted, its borrower will 
carry out the approved measures prior to resuming construction activities in the 
location of the discovery. 

5. 	 Dispute Resolution: The RUS and, if applicable, BLM will seek and take into account 
the recommendations of the ACHP in resolving any disagreements that may arise 
regarding the resolution of adverse effects that relate to the implementation of 
Stipulation VI.B.  The applicable Federal agency will use the contact information 
provided in Attachment D in order to notify the ACHP.  Within seven (7) calendar 
days of receipt of such a written request, the ACHP will provide the RUS and, if 
applicable, BLM with its recommendations for resolving the dispute.  The RUS and, 
if applicable, BLM will take into account any recommendations provided by the 
ACHP in making a final decision about how to proceed. 

6. 	 Reporting: No later than six (6) months following the resumption of construction 
within the location of the discovery, the RUS will submit a final report to the SHPOs, 
designated representatives of consulting Indian tribes, and other consulting parties 
describing implementation of the actions taken in accordance with Stipulation VI.B 
and, as appropriate, the analysis and interpretation of recovered information. 

C. Unanticipated Discovery of Human Burials and Remains, and Funerary Objects 

1. 	 When Native American human remains or funerary objects or objects of cultural 
patrimony are unexpectedly discovered during construction of the Keystone XL 
Project on Federal or tribal lands within the APE, Keystone or an RUS borrower, as 
appropriate, will notify immediately the Federal agency responsible for compliance 
with the Native American Graves Protection and Repatriation Act, 25 U.S.C. 3001 et. 
seq., and its implementing regulations, 43 C.F.R. Part 10.  

2. 	 Non-Native American human burials and remains, and funerary objects discovered on 
Federal lands within the APE will be treated by the Federal agency having 
jurisdiction of the remains in accordance with applicable Federal law, taking into 
account the ACHP’s Policy Statement on the Treatment of Burial Sites, Human 
Remains and Funerary Objects (February 23, 2007). 

3.	 The DOS, Western, and RUS will treat human burials and remains discovered on 
non-Federal land consistent with the provisions of Attachment C and any applicable 
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federal, state, and local burial laws. In those instances where the USACE has 
jurisdiction under Section 10 or 404 permitting authority for non-Federal lands in the 
APE, the applicable Federal agencies will ensure that Keystone complies with the 
provisions of Attachment C acting in the place of the DOS. In determining 
appropriate actions to be carried out, the DOS, RUS, and/or other Federal agencies 
will be guided by the ACHP’s Policy Statement on the Treatment of Burial Sites, 
Human Remains and Funerary Objects (February 23, 2007). 

VII. CURATION 

A. 	Federal agencies will curate any artifacts, materials or records resulting from 
archaeological identification and mitigation conducted on Federal lands under their 
jurisdiction in accordance with 36 C.F.R. Part 79, “Curation of Federally-Owned and 
Administered Archaeological Collections.” Federal agencies with jurisdiction over the 
Federal lands will consult with Indian tribes consistent with 36 C.F.R. 79. 

B. Keystone and RUS borrowers will return all artifacts recovered from private lands to the 
respective landowner after analysis is complete, unless applicable state law requires 
otherwise. Keystone and RUS borrowers will encourage and assist landowners in 
donating any returned artifacts to a local curation facility identified by the respective 
SHPO. Keystone shall pay all required curation fees associated with the donation of 
artifacts to the local curation facility. 

C. On Federally controlled or owned properties, Federal agencies will determine the 
disposition of human burials, human remains and funerary objects in accordance with 
applicable Federal law. 

VIII. REPORTING 

A. 	Within three (3) months of completion of pipeline construction of a spread, Keystone will 
submit a comprehensive draft report to the DOS describing the results and findings of the 
implementation of the actions and plans specified in Stipulations V.C through G, VI.A, 
including Attachment C. 

B. 	Keystone will submit a draft comprehensive report for each spread to the ACHP, SHPOs, 
designated representatives of consulting Indian tribes, and other consulting parties of the 
respective states in which the spread is located, for forty-five (45) day review and 
comment. Keystone shall address timely comments and recommendations submitted by 
ACHP, SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties in preparation of the Final Comprehensive Report for that spread. 
Keystone will submit the final report to the DOS for review and approval. The final 
comprehensive report will be provided by the DOS to the ACHP, SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties once approved. 
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IX. MONITORING IMPLEMENTATION OF THE PA 


Each quarter following the execution of this PA until it expires or is terminated, the DOS with 
the assistance of the USACE, BLM, RUS, FSA, NRCS, BIA, and USBR as necessary will 
provide the ACHP, SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties to this PA a progress report summarizing the work carried out pursuant to its 
terms.  Such report will include any scheduling changes proposed, any problems encountered, 
and any disputes and objections received in the efforts to carry out the terms of this PA.  The 
DOS will maintain and update a list of the current contact for the ACHP, SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties and will be distributed in 
each quarterly report. 

X. DISPUTE RESOLUTION 

A. “Appropriate Federal agency” refers to the DOS, BLM, RUS, USBR, and USACE, or 
other Federal land managing and/or permitting agency as applicable. 

B. Should any signatory, invited signatory, or concurring party to this PA object at any time 
to any actions proposed or the manner in which the terms of this PA are implemented, the 
appropriate Federal agency will consult with such party to resolve the objection.  If the 
appropriate Federal agency determines that such objection cannot be resolved, the 
appropriate Federal agency will: 

1. 	 Forward all documentation relevant to the dispute, including the applicable Federal 
agency’s proposed resolution, to the ACHP. The ACHP will provide the appropriate 
Federal agency with its advice on the resolution of the objection within thirty (30) 
calendar days of receiving adequate documentation.  Prior to reaching a final decision 
on the dispute, the appropriate Federal agency will prepare a written response that 
takes into account any timely advice or comments regarding the dispute from the 
ACHP, signatories, invited signatories, and concurring parties, and provide them with 
a copy of this written response.  The appropriate Federal agency will then proceed 
according to its final decision. 

2. 	 If the ACHP does not provide its advice regarding the dispute within the thirty (30) 
calendar day time period, the applicable Federal agency may make a final decision on 
the dispute and proceed accordingly.  Prior to reaching such a final decision, the 
appropriate Federal agency will prepare a written response that takes into account any 
timely comments regarding the dispute from the signatories, invited signatories, and 
concurring parties to the PA, and provide them and the ACHP with a copy of such 
written response. 

C. The Federal agencies are responsible for carrying out all other actions subject to the terms 
of this PA that are not the subject of the dispute. 

D. The process of dispute resolution outlined in Stipulation X does not pertain to disputes 
that arise from unanticipated discoveries covered in Stipulation VI. 
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XI. DURATION 


This PA will be null and void if all of its stipulations have not been carried out within seven (7) 
years from the date of its execution.  At such time, and prior to work continuing on the Keystone 
XL Project, the DOS will either: (a) execute a Memorandum of Agreement (MOA) or PA 
consistent with 36 C.F.R. §§ 800.6 or 800.14(b), respectively; or (b) request, take into account, 
and respond to the comments of the ACHP consistent with 36 C.F.R. § 800.7.  Prior to such time, 
the DOS may consult with the other signatories and invited signatories to reconsider the terms of 
the PA and amend it in accordance with Stipulation XII.  The DOS will notify the signatories, 
invited signatories, and concurring parties as to the course of action they will pursue.  

XII. AMENDMENT 

Any signatory or invited signatory to this PA may propose in writing that it be amended. The 
signatories and invited signatories will consult in an effort to reach agreement on an amendment.  
Any amendment will be effective on the date it is signed by all of the signatories and invited 
signatories and filed with the ACHP. 

XIII. TERMINATION 

A. If any signatory or invited signatory to this PA determines that its terms will not or 
cannot be carried out, that party will immediately consult with the other signatories and 
invited signatories to attempt to develop an amendment per Stipulation XII.  If within 
thirty (30) calendar days an amendment cannot be reached, any signatory or invited 
signatory may terminate the PA upon written notification to the other signatories and 
invited signatories. 

B. Termination by an individual SHPO shall only terminate the application of this PA within 
the jurisdiction of the SHPO.  

1. Once the PA is terminated for an individual state, and prior to work continuing on the 
undertaking in that state, DOS must either (a) execute a PA pursuant to 36 CFR § 800.6 
or (b) request, take into account, and respond to the comments of the ACHP under 36 
CFR § 800.7. DOS shall notify the signatories as to the course of action it will pursue. 

C. If the PA is terminated in its entirety, and prior to work continuing on the undertaking, 
the DOS shall request, take into account, and respond to the comments of the ACHP 
consistent with 36 C.F.R. § 800.7(a).  Following consultation with the ACHP, the DOS 
will notify the signatories, invited signatories and concurring parties as to the course of 
action it will pursue. 

XIV. COORDINATION WITH OTHER FEDERAL REVIEWS 
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In the event that Keystone or a Federal agency applies for additional Federal funding or 
approvals for the Keystone XL Project and the undertaking remains unchanged, such funding or 
approving agency may comply with Section 106 by agreeing in writing to the terms of this PA 
and notifying and consulting with the applicable SHPOs, designated representatives of 
consulting Indian tribes, and the ACHP. Any necessary modifications will be considered in 
accordance with Stipulation XII. 

XV. SCOPE OF THE PA 

This PA is limited in scope to actions that will facilitate the construction of the Keystone XL 
Project and related facilities, and is entered into solely for that purpose. 

EXECUTION of this PA by the DOS, ACHP, BLM, RUS, Western, USACE, USBR, NPS, 
NRCS, FSA, BIA, the Montana SHPO, South Dakota SHPO, Nebraska SHPO, and Kansas 
SHPO and implementation of its terms evidence that the DOS, Western, BLM, RUS, NRCS, 
FSA, BIA, USACE, USBR, and NPS have taken into account the effects of the Keystone XL 
Project on historic properties and afforded the ACHP an opportunity to comment. 

Programmatic Agreement - 23 - Keystone XL Pipeline Project 
December 2013 

 
012240



~fiw;ln~ Date 

Office of Environmental Quality and Trans boundary Issues 
Bureau of Oceans and International Environmental and Scientific Affairs 
United States Depar tment of State 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

Keystone XL Pipeline Project 
December 2013 

 
012241



Corm Cam s ell,...... 
Acting Regional Director, Intermountain Region 
National Park Service 

Programmatic Agreement 
SECTION 3- Signatory Parties 

434 0 / 3 
' 

Date 

Keystone XL Pipeline Project 
December 2013 

 
012242



Colone , orps of Engineers 
District ommander 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

/~ DeL-CA0J3 
Date 

Keystone XL Pipeline Project 
December 2013 

 
012243



 
012244



Salvador Salinas 
State Conservationist 

Date 

United States Department of Agriculture Natural Resources Conservation Services 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

Keystone XL Pipeline Project 
December 2013 

 
012245



Mark S. Plank 
Director, Engineering and Environmental Staff 
United States Department of Agricultural Rural Utilities Service 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

\do..\ \I I \"b 
Date 

Keystone XL Pipeline Project 
December 2013 

 
012246



Programmatic Agreement 
SECTION 3 - Signatory Parties 

Date 

Keystone XL Pipeline Project 
December 2013 

 
012247



Diane Friez 
District Manager, Eastern M 
Bureau of Land Management 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

na/Dakotas District 

/..d 
Date 

Keystone XL Pipeline Project 
December 2013 

 
012248



Michael J. Ryan 
Regional Director, Great Plains Region 
Bureau of Reclamation 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

Keystone XL Pipeline Project 
December 2013 

 
012249



Robert Harris 
Regional Manager, Upper Great Plains Region 
Western Area Power Administration (WESTERN) 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

Date 

Keystone XL Pipeline Project 
December 2013 

 
012250



John M. Fowler 
Executive Director 
Advisory Council on Historic Preservation 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

Daie / 

Keystone XL Pipeline Project 
December 2013 

 
012251



DSH«J 
Jennie Chinn 
State Historic Preservation Officer 
Kansas 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

\ 

' Date 

Keystone XL Pipeline Project 

 
012252



J 
Montana Dcrartmcnt of [nvinmmcntal Quali~· 

(Invited Signato11·) 

l'rogrammatic Agreement 
SECTION 3 - Signatory P:trtics 

Date 

Kc~ stone :X L Pipcli11l' l'rojlTI 
Dccu11bcr :!OD 

 
012253



Joh ubbs 
Dir ctor 
Montana Department of Natural Resources a nd Conservation 
(Invited Signatory) 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

Date 

Keystone XL Pipeline Project 
December 2013 

 
012254



Montana 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

Keystone XL Pipeline Project 
December 2013 

 
012255



Programmatic Agreement 
SECTION 3 - Signatory Parties 

Date 

Keystone XL Pipeline Project 
December 2013 

 
012256



Programmatic Agreement 
SECTION 3 - Signatory Parties 

Date 

Keystone XL Pipeline Project 
December 2013 

 
012257



Cor~~ 
Vice President 
TransCanada Pipelines Limited 
(Invited Signatory) 

Programmatic Agreement 
SECTION 3 - Signatory Parties 

Date 

Keystone XL Pipeline Project 
December 2013 

 
012258



 
  

 

 
 
 

 

Keystone XL Project 

-This  page intentionally left  blank 

   
 

012259



 

 
 

 
 

 

 
 

 
 
 

Programmatic Agreement Keystone XL Pipeline Project 

ATTACHMENT A December 2013 


 

 

 
  

 
   

 
 

UNCLASSIFIED 

ATTACHMENT A 

The following table summarizes the proposed Project areas for which Keystone has yet to 
conduct identification and evaluation studies as of the finalization of the PA.  The majority of 
these proposed Project areas have been denied access versus new areas that have yet to surveyed. 

Areas Not Surveyed Along the Proposed Project APE 

State Project Area Type 
Cultural Survey Remaining 

(acres) 
Montana ROW 0.00 
Montana Pump Stations 0.00 
Montana Ancillary facilities 0.00 
Montana Access Roads 0.00 

South Dakota ROW 23.70 
South Dakota Pump Stations 0.00 
South Dakota Ancillary facilities 0.00 
South Dakota Access Roads 0.00 

Nebraska ROW 937.65 
Nebraska Pump Stations 43.451 

Nebraska Ancillary facilities N/A2 

Nebraska Access Roads 33.053 

Total 1037.851, 2, 3 

1 Pump stations in Nebraska have been surveyed for multiple locations.  
2 Additional ancillary facilities may be needed, however, are not known at this time. 
3 Additional access roads may be needed, however, are not known at this time. 
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ATTACHMENT B
 

1. 	 Absentee-Shawnee Tribe of Indians of Oklahoma 
2. 	 Alabama-Coushatta Tribes of Texas  
3. 	 Alabama-Quassarte Tribal Town, Oklahoma 
4. 	 Apache Tribe of Oklahoma 
5. 	 Arapahoe Tribe of the Wind River Reservation, Wyoming (aka Northern Arapaho Tribe) 
6. 	 Assiniboine and Sioux Tribes of the Fort Peck Indian Reservation, Montana (aka Fort 

Peck Tribes) 
7. 	 Blackfeet Tribe of the Blackfeet Indian Reservation of Montana 
8. 	 Cherokee Nation, Oklahoma 
9. 	 Cheyenne and Arapaho Tribes, Oklahoma 
10. 	 Cheyenne River Sioux Tribe of the Cheyenne River Reservation, South Dakota  
11. 	 Chickasaw Nation, Oklahoma  
12. 	 Chippewa-Cree Indians of the Rocky Boy's Reservation, Montana 
13. 	 Choctaw Nation of Oklahoma 
14. 	 Comanche Nation, Oklahoma 
15. 	 Confederated Salish & Kootenai Tribes of the Flathead Indian Nation, Montana 
16. 	 Confederated Tribes of the Goshute Reservation, Nevada and Utah 
17. 	 Crow Creek Sioux Tribe of the Crow Creek Reservation, South Dakota 
18. 	 Crow Tribe of Montana 
19. 	 Delaware Tribe of Indians, Oklahoma 
20. 	 Duckwater Shoshone Tribe of the Duckwater Reservation, Nevada 
21. 	 Eastern Band of Cherokee Indians of North Carolina 
22. 	 Eastern Shawnee Tribe of Oklahoma 
23. 	 Ely Shoshone Tribe of Nevada 
24. 	 Flandreau Santee Sioux Tribe of South Dakota 
25. 	 Forest County Potawatomi Community, Wisconsin 
26. 	 Fort Belknap Indian Community of the Fort Belknap Reservation of Montana (aka Gros 

Ventre and Assiniboine Tribe of Ft. Belknap) 
27. 	 Hannahville Indian Community, Michigan 
28. 	 Ho-Chunk Nation of Wisconsin 
29. 	 Iowa Tribe of Kansas and Nebraska 
30. 	 Iowa Tribe of Oklahoma 
31. 	 Jena Band of Choctaw Indians, Louisiana 
32. 	 Kaw Nation, Oklahoma 
33. 	 Kialegee Tribal Town, Oklahoma  
34. 	 Kickapoo Traditional Tribe of Texas 
35. 	 Kickapoo Tribe of Indians of the Kickapoo Reservation in Kansas 
36. 	 Kiowa Indian Tribe of Oklahoma  
37. 	 Lower Brule Sioux Tribe of the Lower Brule Reservation, South Dakota 
38. 	 Lower Sioux Indian Community in the State of Minnesota 
39. 	 Match-e-be-nash-she-wish Band of Pottawatomi Indians of Michigan (aka Gun Lake 

Potawatomi) 
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40. 	 Mille Lacs Band of Minnesota Chippewa Tribes, Minnesota 
41. 	 Modoc Tribe of Oklahoma  
42. 	 Nez Perce Tribe, Idaho 
43. 	 Northern Cheyenne Tribe of the Northern Cheyenne Indian Reservation, Montana 
44. 	 Nottawaseppi Huron Band of the Potawatomi, Michigan (aka Huron Potawatomi Nation)  
45. 	 Oglala Sioux Tribe of the Pine Ridge Reservation, South Dakota 
46. 	 Omaha Tribe of Nebraska  
47. 	 Osage Nation, Oklahoma 
48. 	Otoe-Missouria Tribe of Indians, Oklahoma  
49. 	 Pawnee Nation of Oklahoma 
50. 	 Poarch Band of Creek Indians of Alabama 
51. 	 Pokagon Band of Potawatomi Indians, Michigan and Indiana 
52. 	 Ponca Tribe of Indians of Oklahoma  
53. 	 Ponca Tribe of Nebraska 
54. 	 Prairie Band of Potawatomi Nation, Kansas 
55. 	 Prairie Island Indian Community in the State of Minnesota 
56. 	 Red Lake Band of Chippewa Indians, Minnesota 
57. 	 Rosebud Sioux Tribe of the Rosebud Indian Reservation, South Dakota 
58. 	 Sac & Fox Nation of Missouri in Kansas and Nebraska  
59. 	 Sac & Fox Nation, Oklahoma  
60. 	 Sac & Fox Tribe of the Mississippi in Iowa  
61. 	 Santee Sioux Nation, Nebraska 
62. 	 Seneca-Cayuga Tribe of Oklahoma  
63. 	 Shakopee Mdewakanton Sioux Community of Minnesota 
64. 	 Shoshone-Bannock Tribes of the Fort Hall Reservation of Idaho 
65. 	 Shoshone Tribe of the Wind River Reservation, Wyoming (aka Eastern Shoshone Tribe)  
66. 	 Sisseton-Wahpeton Oyate of the Lake Traverse Reservation, South Dakota 
67. 	 Skull Valley Band of Goshute Indians of Utah 
68. 	 Southern Ute Indian Tribe of the Southern Ute Reservation, Colorado 
69. 	 Spirit Lake Tribe, North Dakota  
70. 	 Standing Rock Sioux Tribe of North & South Dakota 
71. 	 Stockbridge Munsee Community, Wisconsin  
72. 	 Thlopthlocco Tribal Town, Oklahoma 
73. 	 Three Affiliated Tribes of the Fort Berthold Reservation, North Dakota 
74. 	 Tonkawa Tribe of Indians of Oklahoma 
75. 	 Turtle Mountain Band of Chippewa Indians of North Dakota 
76. 	 United Keetoowah Band of Cherokee Indians in Oklahoma 
77. 	 Upper Sioux Community, Minnesota 
78. 	 Ute Indian Tribe of the Uintah & Ouray Reservation, Utah (aka Ute Indian Tribe, also 

Northern Ute Tribe) 
79. 	 Ute Mountain Tribe of the Ute Mountain Reservation, Colorado, New Mexico and Utah 
80. 	 White Earth Band of Minnesota Chippewa Tribes, Minnesota 
81. 	 Wichita and Affiliated Tribes (Wichita, Keechi, Waco & Tawakonie), Oklahoma  
82. 	 Winnebago Tribe of Nebraska 
83. 	 Yankton Sioux Tribe of South Dakota 
84. 	 Ysleta Del Sur Pueblo of Texas 
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ATTACHMENT C 

Plans for the Unanticipated Discovery of Cultural Resources 

If previously unidentified cultural resources are discovered by monitors or construction 
personnel unexpectedly, Keystone will follow the procedures described in the state-
specific plans included in this attachment for (1) Montana, (2) South Dakota, (3) 
Nebraska, (4) North Dakota, and (5) Kansas. If the following plans conflict in any way 
with Keystone’s obligations under the Programmatic Agreement and Tribal Monitoring 
Plan, Keystone will follow the procedures described in the Programmatic Agreement and 
Tribal Monitoring Plan. 
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UNANTICIPATED DISCOVERIES PLAN 


I. 	 Unanticipated Discoveries Plan for the Keystone XL project corridor (Project) in  
Montana 

If previously unidentified historic properties are discovered by monitors or construction 
personnel unexpectedly or unanticipated adverse effects on previously identified historic 
properties occur as pipeline construction activities are carried out within the one-
hundred-and-ten (110) foot-wide construction corridor or other ancillary facilities and 
access roads within the APE, the construction contractor will immediately halt all 
construction activity within a one-hundred-and-fifty (150) foot radius of the discovery or 
adversely affected historic property, notify the Lead EI of the discovery and implement 
interim measures to protect the discovery from looting and vandalism. 

Within forty-eight (48) hours of receipt of this notification of the discovery, the Lead EI 
shall: 

a. 	 Inspect the work site to determine the extent of the discovery or adverse effect 
and ensure that construction activities have halted;  

b. 	 Clearly mark the area of the discovery or adverse effect; 
c. 	 Implement additional measures other than those mentioned above, as appropriate, 

to protect the discovery or adversely affected historic property from looting and 
vandalism; and  

d. 	 Notify the DOS, SHPO, MDEQ, designated representatives of consulting Indian 
tribes, and other consulting parties of the discovery or adverse effect. 

In the case of an unanticipated discovery, DOS will notify all consulting parties that it 
will be receiving comments concerning the unanticipated discovery and provide contact 
information.  The DOS will have seven (7) calendar days following notification provided 
in accordance with Stipulation VI.A.2 to determine the National Register eligibility of the 
discovery after considering the timely filed views of the SHPO, MDEQ, designated 
representatives of consulting Indian tribes, other consulting parties, and Keystone.  The 
applicable Federal agency may assume the newly discovered property to be eligible for 
the National Register for the purposes of Section 106 consistent with 36 C.F.R. § 
800.13(c). 

For discovered properties determined eligible or assumed to be eligible pursuant to 
Stipulation VI.A.3, the applicable Federal agency will notify the ACHP, SHPO, MDEQ, 
designated representatives of consulting Indian tribes, and other consulting parties of 
those actions that it proposes to resolve adverse effects which may include a Treatment 
Plan as outlined in Stipulation V.C. 

a.	 SHPO, MDEQ, designated representatives of consulting Indian tribes, and other 
consulting parties will have ninety-six (96) hours to provide their views on the 
proposed actions. 

b.	 DOS will ensure that the timely filed recommendations of SHPO, MDEQ, 
designated representatives of consulting Indian tribes, and other consulting parties 
are taken into account prior to granting approval of the measures that Keystone 
will implement to resolve adverse effects.  
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c.	 Keystone will carry out the approved measures prior to resuming construction 
activities in the location of the discovery. 

In the case of unanticipated adverse effects to a previously identified historic property, 
the applicable Federal agency will notify the ACHP, SHPO, MDEQ, designated 
representatives of consulting Indian tribes, and other consulting parties of those actions 
that it proposes to resolve adverse effects which may include a Treatment Plan as 
outlined in Stipulation V.C.  

a. 	 SHPO, MDEQ, designated representatives of consulting Indian tribes, and other 
consulting parties will have forty-eight (48) hours to provide their views on the 
proposed actions. 

b. 	DOS will ensure that the timely filed recommendations of SHPO, MDEQ, 
designated representatives of consulting Indian tribes, and other consulting parties 
are taken into account prior to granting approval of the measures that Keystone 
will implement to mitigate adverse effects.  

c. 	 Keystone will carry out the approved measures prior to resuming construction 
activities in the location of the affected property. 

Dispute Resolution: DOS will seek and take into account the recommendations of the 
ACHP in resolving any disagreements that may arise regarding resolution of adverse 
effects that relate to the implementation of Stipulation VI.  DOS will use the contact 
information provided in Attachment C or D to notify the ACHP. Within seven (7) 
calendar days of receipt of such a written request, the ACHP will provide DOS 
recommendations on resolving the dispute. DOS will take into account any timely filed 
recommendations provided by the ACHP in making a final decision about how to 
proceed. 

II. Accidental Discovery of Human Remains on state or private lands 

All human burials and funerary objects in the state of Montana are protected pursuant to 
the Human Skeletal Remains and Burial Site Protection Act (Montana Code Ann. §22-3-
801 through §22-3-811). 

In the event that human remains or burials are encountered during additional 
archaeological investigations or construction activities, Keystone or its designated 
representative shall immediately cease work within 150 foot radius from the point of 
discovery and implement measures to protect the discovery from looting and vandalism. 
No digging, collecting or moving human remains or other items shall occur after the 
initial discovery.  Protection measures will include the following. 

a) Flag the buffer zone around the find spot.  

b) Keep workers, press, and curiosity seekers, away from the find spot.  

c) Tarp the find spot. 

d) Prohibit photography of the find unless requested by an agency official.  

e) Have an individual stay at the location to prevent further disturbance until a law 

enforcement officer arrives. 
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Keystone will immediately notify local law enforcement, DOS, SHPO, and MDEQ 
within forty-eight (48) hours of the discovery. DOS shall notify the SHPO, MDEQ, 
Indian tribes, and other consulting parties within forty-eight (48) hours of the discovery. 
If local law enforcement determines that the remains are not associated with a crime, 
DOS shall determine if it is prudent and feasible to avoid disturbing the remains. If DOS 
in consultation with the Keystone determines that disturbance cannot be avoided, the 
DOS shall consult with the SHPO, MDEQ, Indian tribes, and other consulting parties to 
determine acceptable procedures for the removal, treatment and disposition of the burial 
or remains. The DOS shall ensure that Keystone implements the plan for removal, 
treatment and disposition of the burial or remains as authorized by the SHPO. The DOS 
shall notify Keystone that they may resume construction activities in the area of the 
discovery upon completion of the plan authorize as by the SHPO. 

Contact Information: 

Stan Wilmoth 

State Archaeologist
 
State Historic Preservation Office 

P.O. Box 201203 

Helena, MT 59620 

406-444-7719 

swilmoth@mt.gov 

James Strait, RPA 

Montana DEQ/EMB/MFSA 

1520 East 6th Avenue 

P.O. Box 200901 

Helena, MT 59620 

Office: 406-444-6765 

Cell: 406-696-1267 

jstrait@mt.gov 

Craig Jones 

Montana DEQ/EMB/MFSA 

1520 East 6th Avenue 

P.O. Box 200901 

Helena, MT 59620 

406-444-0514 

crajones@mt.gov 

III. 	 Unanticipated Discovery of Human Burials, Remains, and Funerary Objects on Federal 
Lands 

For the accidental discovery of human burials, remains, and funerary objects on Federal 
lands please reference Stipulation VI.(C) of the PA. 

 
012268

mailto:crajones@mt.gov
mailto:jstrait@mt.gov
mailto:swilmoth@mt.gov


 
  

 

 
 
 

 

Keystone XL Project 

-This  page intentionally left  blank 

   
 

012269



 
 

 
  

 

 

 
 

 

 
 

  

 

 
  

 
 

 
 

  

 
 

 

UNANTICIPATED DISCOVERIES PLAN 


I. 	 Unanticipated Discoveries Plan for the Keystone XL project corridor (Project) in 
South Dakota 

1.	 In the event that previously unidentified archaeological resources are discovered 
during ground disturbing activities within the project area (area of potential effect), 
Project shall halt immediately all construction work within 100 feet (30.5 m) of the 
discovery and in the surrounding area where further subsurface remains can 
reasonably be expected to occur. The area of the discovery will be clearly marked by 
means of flagging or fencing. 

2.	 The construction contractor will notify a designated representative of Project of the 
discovery. Following notification of the discovery, the designated representative of 
Project will immediately inspect the work site and determine the extent of the 
affected archaeological resource as defined by the State Historic Preservation Office 
(SHPO) or by the SHPO in consultation with the archaeologist retained by Project. 

3.	 Within 14 calendar days of the original notification of discovery, the archaeologist 
retained by Project, in consultation with the SHPO, will determine the National 
Register eligibility of the resource. The SHPO or Project may extend this 14-day 
calendar period one time by an additional 7 calendar days, with Project providing 
written notice to the SHPO prior to the expiration date of the said 14-day calendar 
period. 

4.	 If the resource is determined eligible for the National Register, Project shall submit to 
the SHPO and the Department of State (DOS) a plan for its avoidance, protection, 
recovery of information, or destruction without data recovery. Said plan will be 
submitted to the SHPO and the DOS within 14 calendar days of a determination of 
eligibility, and shall be approved by the SHPO and the DOS prior to implementation. 

5.	 Work in the affected area may resume per SHPO authorization pending either: 
i.	 development and implementation of an appropriate data recovery plan or other 

recommended mitigation procedures, or 
ii.	 determination that the located remains are not eligible for inclusion on the 

National Register. 

6.	 Any disputes concerning the evaluation or treatment of previously unidentified 
resources will be resolved through consultation among the SHPO, a designated 
representative of Project, and the archaeologist retained by Project. 
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II. Accidental Discovery of Human Remains on state or private lands 

All human burials and funerary objects in the state of South Dakota are protected 

pursuant to South Dakota Codified Law Chapter 34-27-25, 34-27-28, 34-27-31. 


In the event that human remains or burials are encountered during additional 

archaeological investigations or construction activities, Project or its designated
 
representative shall immediately cease work within 150 foot radius from the point of
 
discovery and implement measures to protect the discovery from looting and vandalism.
 
No digging, collecting or moving human remains or other items shall occur after the 

initial discovery.  Protection measures will include the following. 


a) Flag the buffer zone around the find spot.  

b) Keep workers, press, and curiosity seekers, away from the find spot.  

c) Tarp the find spot. 

d) Prohibit photography of the find unless requested by an agency official.  

e) Have an individual stay at the location to prevent further disturbance until a law 

enforcement officer arrives. 


Project will immediately notify local law enforcement, the DOS, and the South Dakota 

State Archaeologist (State Archaeologist) within forty-eight (48) hours of the discovery. 

The DOS shall notify the SHPO, Indian tribes and other consulting parties within forty-

eight (48) hours of the discovery.  If local law enforcement determines that the remains 

are not associated with a crime, the DOS shall determine if it is prudent and feasible to 

avoid disturbing the remains. If the DOS in consultation with the Project determines that
 
disturbance cannot be avoided, the DOS shall consult with the State Archaeologist, 

SHPO, Indian tribes and other consulting parties to determine acceptable procedures for 

the removal, treatment and disposition of the burial or remains. The DOS shall ensure
 
that the Project implements the plan for removal, treatment and disposition of the burial 

or remains as authorized by the State Archaeologist. The DOS shall notify the Project 

that they may resume construction activities in the area of the discovery upon completion 

of the plan authorize as by the State Archaeologist.
 

Contact Information: 

James K. Haug, State Archaeologist 

South Dakota State Historical Society 

Archaeological Research Center 

PO Box 1257 

Rapid City, SD 57709 

(605) 394-1936 

Katie Lamie, Repository Manager  

South Dakota State Historical Society 

Archaeological Research Center 

PO Box 1257 

Rapid City, SD 57709 

(605) 394-1936 
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Paige Olson, Review and Compliance Coordinator 

South Dakota State Historical Society 

State Historic Preservation Office 

900 Governors Drive 

Pierre, SD 57501 

(605) 773-3458 

Amy Rubingh, Review and Compliance Archaeologist 

South Dakota State Historical Society 

State Historic Preservation Office 

900 Governors Drive 

Pierre, SD 57501 

(605) 773-3458 

III. 	 Unanticipated Discovery of Human Burials, Remains, and Funerary Objects on Federal 
Lands 

For the accidental discovery of human burials, remains, and funerary objects on Federal 
lands please reference Stipulation VI.(C) of the PA.     
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PREFILED REBUTTAL TESTIMONY  

OF  

FAITH SPOTTED EAGLE 

 

Docket No. HP14-001 

 

IN THE MATTER OF THE APPLICATION OF TRANSCANADA KEYSTONE PIPELINE, LP FOR 
ORDER ACCEPTING CERTIFICATION OF PERMIT ISSUED IN DOCKET HP09-001 TO 

CONSTRUCT THE KEYSTONE XL PIPELINE 
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1. Please state your name and you home address.    

A. My name is Faith Spotted Eagle. My home address is Box 667, Lake Andes, SD, 57356.    

2. Are you a member of the Yankton Sioux Tribe or any other tribe?   

A. I am an enrolled member of the Yankton Sioux Tribe.    

3. What is your occupation or what kinds of work do you do?   

A.  Private consultant in PTSD Counseling for veterans and veteran's organization; 
Trainer/facilitator in Historical Trauma for all populations; school certified counselor work in schools, 
Dakota Language teacher, Manager of Brave Heart Lodge in Lake Andes.    

4. Please describe your educational background and professional experience.   

A.  I have an MA in Educational Psychology and Counseling from USD, Vermillion, SD.  I have 
held professional positions as a teacher, counselor, principal, manager of Human Service Programs, 
Family and Individual therapist, Grantwriter and currently am Chair of the Ihanktonwan Treaty 
Committee.     

5. Did you provide a copy of your resume?    

A. I attached a biography as Attachment A to my prefiled direct testimony.    

6. On whose behalf was this testimony prepared?    

A. This testimony was prepared on behalf of the Yankton Sioux Tribe.    

7. Do you currently hold any positions with the Yankton Sioux Tribe?   

A. I am an official elected by the General Council to be on the Ihanktonwan Treaty Committee 
and serve as the Chair for that body.    

8. Please state the purpose of your testimony in this proceeding.   

A. The purpose of my testimony is to rebut any testimony in support of the Applicant’s position 
because the Applicant cannot prove that it continues to meet all conditions upon which the permit was 
granted.  I can provide testimony on subjects including the interactions between TransCanada and the 
Yankton Sioux Tribe, the Yankton Sioux Tribe’s position on the proposed project, the Programmatic 
Agreements executed in conjunction with the Final Environmental Impact Statement and the Final 
Supplemental Environmental Impact Statement (attached to this prefiled testimony as Exhibits A and B, 
respectively), cultural resources and sacred sites, the governing treaties between the United States and the 
Yankton Sioux Tribe, and the threats posed by the proposed project to the Yankton Sioux Tribe and its 
Tribal members as appropriate based on the testimony offered by the Applicant.  Based on my 
knowledge, the Applicant cannot meet the conditions of the original permit. 

 
012274



 
 
 

EXHIBIT A 

 
012275



Final EIS Keystone XL Project 

Appendix S    

Programmatic Agreement and Record of Tribal Contact 
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Programmatic Agreement 1 Keystone XL Project 

  June 2011 

Programmatic Agreement 
Among 

The U.S. Department of State, 

U.S. Bureau of Land Management, 

U.S. Army Corps of Engineers, 

U. S. Bureau of Reclamation, 

National Park Service, 

Western Area Power Administration, 

U.S. Department of Agriculture Rural Utilities Service, 

U.S. Department of Agriculture Natural Resources Conservation Service, 

U.S. Department of Agriculture Farm Service Agency 

U.S. Bureau of Indian Affairs 

Montana Department of Natural Resources and Conservation,  

Montana Department of Environmental Quality, 

Advisory Council on Historic Preservation, 

Montana State Historic Preservation Officer,  

Kansas State Historic Preservation Officer, 

Texas State Historic Preservation Officer, 

Nebraska State Historic Preservation Officer, 

Oklahoma State Historic Preservation Officer, 

South Dakota State Historic Preservation Officer, and 

TransCanada Keystone Pipeline, LP  

Regarding the Keystone XL Pipeline Project  

 

 

WHEREAS, the U.S. Department of State (DOS) receives and considers applications for 

permits for cross border oil pipelines pursuant to the authority delegated by the President of the 

United States under Executive Order (EO) 13337 (69 Federal Register 25299); and  

  

WHEREAS, on September 19, 2008, the DOS received an application for a Presidential Permit 

from TransCanada Keystone Pipeline, LP (Keystone) for the Keystone XL Pipeline Project 

(Keystone XL Project or the Project); and  

  

WHEREAS, DOS has determined that issuance of a Presidential Permit for the Keystone XL 

Project includes review under Section 106 of the National Historic Preservation Act (NHPA) (16 

U.S.C. 470f, as amended) and its implementing regulations, “Protection of Historic Properties,” 

(36 CFR Part 800); and 

 

WHEREAS, the Project undertaking consists of construction of approximately 1,375 miles of 

new crude oil pipeline in the United States and utilizes 298 miles of the previously approved 

Keystone Cushing Extension, associated aboveground facilities (such as pump stations and 

transmission facilities and substations), and ancillary facilities (such as lateral pipeline, 

temporary workplace areas and pipe storage, access roads, and contractor yards); and 

 

WHEREAS, the proposed Keystone XL Project pipeline alignment crosses Montana, South 

Dakota, Nebraska, Kansas, Oklahoma, and Texas; and  
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Programmatic Agreement 2 Keystone XL Project 

  June 2011 

 

WHEREAS, the proposed Keystone XL Project pipeline alignment crosses seven National 

Historic Trails: the Lewis and Clark National Historic Trail (LCNHT); Oregon, California, 

Mormon Pioneer, and Pony Express National Historic Trails; the Santa Fe National Historic 

Trial; and the El Camino Real de los Tejas National Historic Trail (ELTE).  Each of these trails 

was designated by the U.S. Congress and have as their purpose “the identification and protection 

of the historic route and its historic remnants and artifacts for public use and enjoyment;” 

(National Trails System Act, P.L. 90-543, as amended); and 

 

WHEREAS, on February 2, 2011, the Advisory Council on Historic Preservation (ACHP) 

entered consultation finding that criteria 3 and 4 of Appendix A, Criteria for Council 

Involvement in Reviewing Individual Section 106 Cases, of the regulations (36 CFR Part 800) 

implementing Section 106 of NHPA, had the potential to be met; and 

 

WHEREAS, the United States Army Corps of Engineers (USACE) has determined that the 

approval for the Keystone XL Project to cross USACE administered lands (30 U.S.C. § 185) and 

to place structures in, under, or over navigable waters of the United States, as defined under 33 

CFR 329, pursuant to Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. § 403), and a 

permit for the placement of dredge or fill material in waters of the United States as part of the 

Keystone XL Project in accordance with Section 404 of the Clean Water Act (334 U.S.C. § 344; 

see 33 CFR 323), are federal actions related to the undertaking that require the USACE to 

comply with Section 106 of NHPA and 36 CFR Part 800; and  

 

WHEREAS, the U.S. Bureau of Land Management (BLM) has determined the approval of the 

Keystone XL Project to cross Federal lands administered by the BLM would require 

authorization under Section 28 of the Mineral Leasing Act of 1920, as amended [(MLA) 30 USC 

185]; and 

 

WHEREAS, the BLM has determined that Keystone will require access roads crossing public 

lands administered by the BLM in support of the Keystone XL Pipeline Project and that the 

access roads will require authorization under Title V of the Federal Land Policy and 

Management Act, as amended [ (FLMPA) 43 USC 1701]; and 

 

WHEREAS, the BLM has determined that the Keystone XL Project will require electrical 

power from rural electrical cooperatives and that portions of the transmission lines will cross 

public lands administered by the BLM and that the transmission lines crossing public lands will 

require authorization under Title V of the Federal Land Policy and Management Act, as amended 

[(FLMPA) 43 USC 1701]; and  

 

WHEREAS, the BLM approvals of these Project crossings in areas under its jurisdiction is a 

federal action associated with the undertaking that requires the BLM to comply with Section 106 

of the NHPA and 36 CFR Part 800; and 

 

WHEREAS, the U.S. Bureau of Reclamation (RECLAMATION) manages lands and facilities 

that will be crossed by the Keystone XL Project and this is a federal action related to the 

undertaking that requires RECLAMATION to comply with Section 106 of the NHPA and 36 
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Programmatic Agreement 3 Keystone XL Project 

  June 2011 

CFR Part 800; and 

 

WHEREAS, the Natural Resources Conservation Service (NRCS) has determined that it retains 

rights to a  2,693 acre parcel subject to the Wetlands Reserve Program (WRP) (16 U.S.C. 3837 

et. seq.) easements in  Fannin County, Texas and that the installation and maintenance of the 

Project pipeline on this WRP easement is a federal action associated with the undertaking that 

requires compliance with Section 106 of NHPA and 36 CFR Part 800; and 

 

WHEREAS, the Farm Service Agency (FSA), manages private lands with federal easements 

along the Project APE as part of its Grasslands Reserve Program (jointly administered with the 

NRCS) as well as the Conservation Resource Program, and the Farmable Wetlands Program; and 

 

WHEREAS, the FSA approval of the Project crossings in these areas is a federal action 

associated with the undertaking that requires the FSA to comply with Section 106 of the NHPA 

and 36 CFR Part 800;  and 

 

WHEREAS, the Rural Utilities Service (RUS) has determined that the financial assistance it 

may provide to rural electric cooperatives and other entities for construction or modification of 

electrical transmission facilities (including transmission lines and substations) to power some 

Keystone XL Project pump stations or to ensure transmission system reliability, under USDA 

Rural Development’s Utilities Programs, are Federal actions related to the undertaking that 

require RUS to comply with Section 106 of NHPA and 36 CFR Part 800; and 

 

WHEREAS, the Bureau of Indian Affairs (BIA) has responsibility for approving any right-of-

ways crossing Indian Trust lands and this is a federal action related to the undertaking that 

requires the BIA to comply with Section 106 of the NHPA and 36 CFR Part 800; and 

 

WHEREAS, the Western Area Power Administration (WESTERN) has determined that the 

modification and construction of substations and transmission lines that WESTERN will own 

and that will provide power to the Keystone XL project, will require review under Section 106 of 

NHPA and 36 CFR Part 800; and 

 

WHEREAS, the National Park Service (NPS) has been invited to consult with the DOS 

concerning the Project due to the potential for adverse effects to several National Historic Trails 

including the LCNHT and ELTE; and  

 

WHEREAS, the Montana Department of Natural Resources and Conservation has participated 

in consultation and has been invited by DOS under 36 CFR § 800.6(c) (2) to sign this 

Programmatic Agreement (PA) as an invited signatory; and 

 

WHEREAS, the Montana Department of Environmental Quality has participated in consultation 

and has been invited by DOS under 36 CFR § 800.6(c) (2) to sign this PA as an invited 

signatory; and 

 

WHEREAS, the USACE, BLM, RUS, BIA, NRCS, WESTERN, RECLAMATION, and FSA 

have designated the DOS as the lead federal agency for purposes of Section 106 of the NHPA in 
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  June 2011 

accordance with 36 CFR § 800.2(a)(2); and  

 

WHEREAS, the Keystone XL Project area of potential effect (APE) includes: (1) in Montana –a 

300 foot wide corridor, 150 feet on each side from the centerline; (2) in South Dakota – a 300 

foot wide corridor, 150 feet on each side from the centerline; (3) in Nebraska – a 300 foot wide 

corridor, 150 feet from each side from the centerline; (4) in Kansas – all areas of disturbance 

related to the construction of two pump stations; (5) in Oklahoma – a 300 foot wide corridor, 

from centerline of outermost existing pipeline; and (6) in Texas - a 300 foot wide corridor, with 

200 feet from the existing infrastructure feature centerline on the side where the proposed 

pipeline is to be  collocated and 100 feet from the existing feature centerline on the opposite side, 

or, if the route is not collocated with existing infrastructure, then the survey area will be centered 

on the proposed pipeline (150 feet on each side). For transmission lines and access roads in each 

state, a 100 foot wide corridor centered on the Project centerline will be used. For pumping 

stations and other areas that are to be disturbed by construction related activities and ancillary 

facilities (including construction camps and pump stations), the APE will include all areas of 

disturbance and areas to be indirectly affected; and 

 

WHEREAS, the DOS has determined that the construction of the Keystone XL Project may 

have an adverse effect on properties listed in or eligible for listing in the National Register of 

Historic Places (NRHP), and has consulted with the Montana, South Dakota, Nebraska, Kansas, 

Oklahoma, and Texas State Historic Preservation Officers (SHPOs), Tribal Historic Preservation 

Officers (THPOs), Indian Tribes, and the ACHP, pursuant to 36 CFR Part 800; and 

 

WHEREAS, the BLM will incorporate this PA into its decisional process on any authorization 

under the MLA or FLPMA it may issue for the Keystone XL Project, and will include in any 

authorization it issues on the Keystone XL Project, a condition that Keystone will abide by its 

commitments in this PA; and 

 

WHEREAS, in accordance with 36 CFR §§ 800.4(b)(2) and 800.5(a)(3), the DOS has elected to 

phase identification and evaluation of historic properties, and application of the criteria of 

adverse effect, respectively, because access to those areas identified in Attachment A has been 

restricted by property owners’ refusal to grant Keystone permission to enter their private 

property; and 

 

WHEREAS, Attachment G includes summary information on the identification, evaluation, and 

effect assessment updates on the Project that were included in the Final Environmental Impact 

Statement (FEIS); and   

 

WHEREAS, additional identification, evaluation and effect assessments for the Project will 

need to be undertaken as all areas of construction have yet to be determined; and 

 

WHEREAS, pursuant to 36 CFR § 800.14(b), the DOS has elected to execute this PA for the 

Keystone XL Project because effects on historic properties cannot be fully determined prior to 

the issuance of a permit for the undertaking; and 

 

WHEREAS, Attachment G also summarizes consultation with Indian tribes and Nations, 
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SHPOs, and other agencies; and 

 

WHEREAS, the DOS will incorporate this PA into its decisional process on any Presidential 

Permit that it may issue for the Keystone XL Project and will include in any permit it issues on 

the Keystone XL Project a condition that Keystone will abide by its commitments in this PA; and  

 

WHEREAS, Keystone, which will construct the Keystone XL Project pipeline, has participated 

in consultation, has been invited by DOS under 36 C.F.R. §§ 800.2(c)(4) and 800.6(c)(2) to sign 

this agreement as an invited signatory and intends to sign this agreement as an invited signatory; 

and 

 

WHEREAS, for the purposes of this agreement, “Indian tribes and Nations” shall have the same 

definition as “Indian tribes” which appears in Section 301(4) of the NHPA; and 

 

WHEREAS, DOS invited the Indian tribes listed in Attachment B to participate in consultation; 

and  

 

WHEREAS, the Absentee-Shawnee Tribe of Indians of Oklahoma; the Alabama-Coushatta 

Tribe of Texas, Blackfeet Tribe, Caddo Nation of Oklahoma, Cheyenne River Sioux, Cheyenne-

Arapaho Tribe of Oklahoma, Chippewa-Cree Indians, Choctaw Nation of Oklahoma, Crow Tribe 

of Indians, Delaware Nation, Fort Peck Tribes, Gros Ventre and Assiniboine Tribe of Ft. 

Belknap, Ho-Chunk Nation of Wisconsin, Iowa Tribe of Kansas and Nebraska, Iowa Tribe of 

Oklahoma, Kaw Nation, Kialegee Tribal Town of the Creek Nation in Oklahoma, Kickapoo 

Tribe of Kansas, Kiowa Indian Tribe of Oklahoma, Lower Sioux Indian Community, Miami 

Tribe of Oklahoma, Mille Lacs Band of Ojibwe, Muscogee (Creek) Nation, Northern Arapaho 

Tribe, Northern Cheyenne Tribe, Northern Ute Tribe, Oglala Sioux Tribe, Osage Nation, Pawnee 

Nation of Oklahoma, Ponca Tribe of Indians of Oklahoma, Ponca Tribe of Nebraska, Rosebud 

Sioux Tribe, Sac & Fox Nation of Oklahoma, Santee Sioux Tribe of Nebraska, Shoshone-

Bannock Tribe, Sisseton-Wahpeton Oyate Sioux, Spirit Lake Tribe, Standing Rock Sioux Tribe, 

Three Affiliated Tribes, Tonkawa Tribe, Turtle Mountain Band of Chippewa, Wichita and 

Affiliated Tribes, Winnebago Tribe, and Yankton Sioux have participated in consultation and 

have been invited to concur in this PA, in accordance with 36 C.F.R. §§ 800.2(c)(2) and 

800.6(c)(3);  

  

NOW, THEREFORE, the DOS, USACE, BLM, RUS, BIA, FSA, NRCS, WESTERN, 

RECLAMATION, NPS, ACHP, and the Montana, South Dakota, Nebraska, Kansas, Oklahoma, 

and Texas SHPOs agree that the following stipulations will be implemented in order to take into 

account the effect of the undertaking on historic properties and to satisfy all responsibilities 

under Section 106 of the NHPA. 
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  June 2011 

STIPULATIONS 

 

The DOS, BLM, RUS, BIA, FSA, NRCS, WESTERN, USACE, RECLAMATION, and NPS as 

appropriate, will ensure that the following stipulations are carried out. 

 

I. STANDARDS AND DEFINITIONS 

A. Identification and evaluation studies and treatment measures required under the terms of 

this PA will be carried out by or under the direct on-site supervision of a professional(s) 

who meets, at a minimum, the Secretary of the Interior’s Historic Preservation 

Professional Qualification Standards (48 FR 44716, September 29, 1983). 

 

B. In developing scopes of work for identification and evaluation studies, and treatment 

measures required under the terms of this PA, Keystone and RUS applicants will take 

into account the following regulations and guidelines: 

 

1. The ACHP’s guidance on conducting archaeology under Section 106 (2007); 

2. The ACHP’s Policy Statement Regarding the Treatment of Burial Sites, Human 

Remains and Funerary Objects (February 23, 2007); 

3.  Applicable SHPO guidance; 

4.  The Secretary of the Interior’s Standards and Guidelines for Archaeology and 

Historic Preservation (48 FR 44716-42, September 29, 1983);  

5.  The “Treatment of Archaeological Properties” (ACHP 1983);  

6.  The Guidelines for Reporting on Cultural Resources Investigations for Pipeline 

Projects” (Federal Energy Regulatory Commission, Office of Energy Projects, 

December 2002); 

7. Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. § 403); 

8. Section 404 of the Clean Water Act (334 U.S.C. § 344); 

9. BLM 8110 Manual: Identifying and Evaluating Cultural Resources; 

10. Montana/Dakotas Cultural Resources Handbook 8110-1: Guidelines for Identifying 

Cultural Resources; 

11. The National Trails System Act (P.L. 90-543, as amended); 

12. Section 28 of the Mineral Leasing Act of 1920 (30 USC 185);  

13. Title V of the Federal Land Policy and Management Act of 1976 (43 USC 1701); and 

14. National Register Bulletin 38, Guidelines for Evaluating and Documenting 

Traditional Cultural Properties (NPS 1990; Revised 1992: 1998) 

 

C. Definitions 

 

Coordination Plan: A plan (more fully explained in Stipulation V.B and V.D.) that 

describes the coordination of construction with identification and evaluation of cultural 

resources, treatment of adverse effects, and protection of unanticipated discoveries. 

 

Concurring Parties: An invited consulting party to this PA that agrees with the content of 

the PA. The refusal of a concurring party to sign the PA does not invalidate this PA as 

noted in 36 C.F.R. § 800.6(c)(3). Concurring parties may not terminate the PA. 
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Construction spread: A construction unit or segment of a pipeline alignment or corridor 

to be determined by Keystone prior to construction.  

 

Consulting Parties: Parties that have consultative roles in the Section 106 process, as 

defined in 36 C.F.R. § 800.2(c).  

 

 

Data Recovery: The recovery of archaeological information from a historic property 

subject to an adverse effect.  

 

Determination of Effect: A determination made by a federal agency in regards to a 

Project’s effect upon a historic property as defined in 36 C.F.R. Part 800.  

 

Determination of Eligibility: A determination made by a federal agency in regards to a 

cultural resource’s eligibility for inclusion in the National Register of Historic Places 

(NRHP) and more fully described in 36 C.F.R. Part 60 and 36 C.F.R. § 800.16(l)(2).  

 

Effect: An alteration to the characteristics of a historic property qualifying it for inclusion 

in or eligibility for the NRHP (see 36 C.F.R. § 800.16(i)).  

 

Environmental Impact Statement: An analysis of a major federal action’s environmental 

impacts conducted consistent with NEPA.  

 

Historic Property: Any prehistoric or historic district, site, building, structure, or object 

included in, or eligible for inclusion in, the NRHP maintained by the Secretary of the 

Interior. This term includes artifacts, records, and remains that are related to and located 

within such properties. The term includes properties of traditional religious and cultural 

importance to an Indian Tribe or Native Hawaiian organization and that meet the 

National Register criteria (see 36 C.F.R. § 800.16(l)(a)).  

 

Invited Signatory: The DOS has invited TransCanada Keystone Pipeline LP, the Montana 

Department of Natural Resources and Conservation, and the Montana Department of 

Environmental Quality to be signatories to this PA pursuant to 36 C.F.R. § 800.6(c)(2).  

The refusal of any invited signatory to sign the PA does not invalidate the PA.  

 

Historic Trail and Archaeological Monitoring Plan: A plan (more fully described in 

Stipulation V.E and Attachment F.) that identifies appropriate areas for monitoring 

construction by professionals under the supervision of individuals that meet the 

professional qualifications in Stipulation I. The plan’s principal goal is to reduce the 

potential for impacts to unidentified historic properties. 

 

Signatory Parties: All signatories to this PA, which includes the DOS, BLM, 

RECLAMATION, USACE, NPS, WESTERN, RUS, NRCS, FSA, BIA, Montana 

Department of Natural Resources and Conservation, Montana Department of 

Environmental Quality, and the SHPOs of Montana, South Dakota, Nebraska, Kansas, 
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Oklahoma, and Texas. (Signatory parties include the federal agency(ies), SHPOs, THPOs 

(or designee) if the undertaking is carried out on Tribal land or affects historic properties 

on Tribal land, and also any invited signatories [not including invited concurring 

parties]). 

 

Tribal Monitoring Plan: A plan (more fully described in Stipulation V.E. and Attachment 

E) that identifies appropriate areas for monitoring construction by tribal members 

appointed by their respective tribes.  These tribal members shall meet the qualifications 

as noted in Stipulation V.E.3.  The plan’s principal goal is to reduce the potential for 

impacts to previously unidentified historic properties that may also be properties of 

religious and cultural significance that meet the National Register criteria (see 36 CFR § 

800.16(1)(a)). 

 

Treatment Plan: A plan developed in consultation with the parties to this PA that 

identifies the minimization, and mitigation measures for historic properties located within 

the APE that will be adversely affected by the Project. 

 

II. CONFIDENTIALITY 

DOS, BLM, NRCS, BIA, RUS, WESTERN, RECLAMATION, NPS and USACE will safeguard 

information about historic properties of religious and cultural significance to Indian tribes, 

including location information, or information provided by Indian tribes to assist in the 

identification of such properties, to the extent allowed by Section 304 of NHPA [16 U.S.C. 

470w3] and other applicable laws.  

 

III. THE RESPONSIBILITIES OF FEDERAL AGENCIES WITH LAND 

MANAGEMENT AND OTHER PERMITTING AUTHORITIES 

A. The USACE will ensure that the requirements of this PA have been met for that part of 

the APE under its jurisdiction, pursuant to Section 10 and Section 404 permitting 

authority. 

 

B.  The USACE will comply with Section 106 and its implementing regulations (36 CFR 

Part 800) for the issuance of permits for those actions under its jurisdiction. 

 

C. The BLM will comply with Section 106 and its implementing regulations (36 CFR Part 

800) for the issuance of permits for those actions under its jurisdiction. 

 

D. RECLAMATION will review and comment on the evaluation and treatment of any 

historic properties managed by RECLAMATION. 

 

E. Attachment H includes maps that illustrate the Project areas cross lands managed by the 

BLM and RECLAMATION. 
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F. Consultation for this Project between Indian tribes and federal land management and 

permitting agencies will be coordinated through the DOS.  

 

IV. KEYSTONE XL PROJECT – CONSTRUCTION OR MODIFICATION OF 

ELECTRICAL DISTRIBUTION/TRANSMISSION FACILITIES 

A. Prior to granting approval of financial assistance to construct or modify electrical 

transmission facilities by rural electric cooperatives or other entities, RUS will complete 

the requirements of 36 CFR §§ 800.3 through 800.7. 

 

B. In implementing Stipulation IV.A, RUS may authorize an applicant to initiate Section 

106 consultation in accordance with 36 CFR § 800.2(c) (4).  In doing so, RUS may not 

delegate its responsibility to conduct government-to-government consultation with Indian 

tribes to an applicant, unless RUS and that tribe agree, in writing, to conduct consultation 

in that manner. 

 

C. Prior to construction of the 230kV transmission line WESTERN will own, WESTERN 

will complete the requirements of 36 CFR §§ 800.3 through 800.7.  In implementing 

Stipulation IV.C., WESTERN will serve as a signatory party under the DOS PA.  

WESTERN shall coordinate implementation of Stipulation IV.C with the DOS. 

 

D. RUS will ensure that the terms of Stipulation VI.B and Attachment C are incorporated 

into construction contracts to ensure that its applicants and construction contractors meet 

their responsibility for notification of any unanticipated discoveries.  When RUS funded 

projects occur on BLM land, the RUS will coordinate with BLM to ensure compliance 

with Stipulation VI.B. and Attachment C of this Agreement. 

 

E.  Prior to granting approval or financial assistance for construction or modification of 

electrical distribution/transmission facilities that are necessary components of the 

pipeline project and therefore considered within the Project APE, any federal agency that 

is incorporated into this agreement pursuant to Stipulation XIV will complete the 

requirements of 36 CFR §§ 800.3 through 800.7 for those facilities under its jurisdiction 

if not already carried out elsewhere in this agreement. 

 

F. DOS retains responsibility for completing the requirements of 36 CFR §§ 800.3 through 

800.7 for those electrical distribution/transmission facilities that are necessary 

components of the Project if they are not under the jurisdiction of any federal agency and 

not referenced in Stipulation IV. A through E above.  

 

V. KEYSTONE XL PROJECT – PIPELINE CONSTRUCTION  

A. The DOS provided SHPOs, consulting Indian tribes, and other consulting parties with an 

opportunity to provide their views on the identification and evaluation of historic 

properties (as defined in 36 CFR § 800.16(l), including historic properties of religious 

and cultural significance to Indian tribes, and the treatment of affected historic properties, 
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in connection with the construction of the Keystone XL Project as described in 

Stipulation V.C of this PA.  

 

B.  Identification and Evaluation of Historic Properties 

 

1. In consultation with the SHPOs, consulting Indian tribes, and other consulting parties, 

the DOS will make a reasonable and good faith effort to complete the identification 

and evaluation of historic properties within the APE for each construction spread 

prior to the initiation of construction of that spread, in accordance with 36 CFR §§ 

800.4(a), (b) and (c). On federal lands, the scope of the identification effort will be 

determined by the appropriate federal land managing agency in consultation with the 

DOS, applicable SHPOs, consulting Indian tribes, and other consulting parties. 

 

2. For the APE in Montana, South Dakota, Nebraska, Kansas, Oklahoma, and Texas, 

DOS will make a reasonable and good faith effort to complete the identification and 

evaluation of historic properties, in accordance with 36 CFR §§ 800.4(a), (b) and (c), 

before Keystone initiates construction activities (including vegetative clearing to 

comply with the Migratory Bird Treaty Act if clearing is undertaken).  

 

a. In the identification and evaluation of historic properties to which Indian tribes 

attach religious and cultural significance, the DOS will take into consideration 

information submitted by Indian tribes to DOS prior to construction. 

 

b. In the event identification of historic properties cannot be completed for any 

construction spreads prior to construction, Keystone will develop and submit a 

Coordination Plan to DOS for review and approval pursuant to Stipulation V.D 

that describes the measures it will implement to complete the identification and 

evaluation of historic properties before such properties are adversely affected by 

vegetation clearing and construction activities related to that spread. 

 

C. Treatment of Historic Properties  

 

1. Whenever feasible, avoidance of adverse effects to historic properties will be the 

preferred treatment. In consultation with the DOS, ACHP, SHPOs, THPOs, and 

consulting parties, Keystone may elect to consider and implement avoidance 

measures prior to completing the evaluation of historic properties. 

 

 Avoidance and minimization measures may include:  

a. Avoidance through pipeline or access road route variation or Project feature 

relocation; 

b. Avoidance through abandonment; 

c. Avoidance through bore or horizontal directional drill; 

d. Avoidance by narrowing the construction corridor (“neck down”); and 

e. Avoidance through the use of existing roadways as Project access roads to the 

extent practicable. 
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2. When historic properties are identified in the APE pursuant to Stipulation V.B, DOS 

will apply the criteria of adverse effect in accordance with 36 CFR § 800.5(a) in 

consultation with the ACHP, SHPO and other consulting parties.  If DOS finds that 

historic properties might be adversely affected by actions covered under this PA and 

within the APE, DOS will consult with the ACHP, SHPOs, consulting Indian tribes, 

and other consulting parties to determine prudent and feasible ways to avoid adverse 

effects.  

 

a. Once DOS approves avoidance measures, Keystone will implement those 

measures.  

 

3. If DOS determines that the adverse effect cannot be avoided, DOS will consult with 

the ACHP, SHPOs, consulting Indian tribes, and other consulting parties to determine 

those measures to be implemented by Keystone to minimize and mitigate adverse 

effects on affected historic properties identified in the APE.  

 

4. If, after consultation, DOS determines that the adverse effect cannot be avoided, 

Keystone will draft a comprehensive Treatment Plan for each adversely affected 

historic property. The Treatment Plan describes the measures identified by DOS 

under Stipulation V.C.3 to minimize and mitigate the adverse effect of pipeline 

construction activities on historic properties, the manner in which these measures will 

be carried out, and a schedule for their implementation.  

 

a. When mitigation consists of or includes data recovery, the Treatment Plan also 

will identify the specific research questions to be addressed by data recovery with 

an explanation of their relevance, the archaeological methods to be used, and 

provisions for public interpretation and education, subject to Stipulation II 

restrictions, if any.  

 

b. A Treatment Plan may also include mitigation for adverse effects to historic 

districts, buildings and structures.  This mitigation may include the recordation of 

historic properties according to Historic American Building Survey/Historic 

American Engineering Record Standards and Guidelines for Architectural and 

Engineering Documentation.  Other types of mitigation for adverse effects to 

historic districts, buildings, and structures may also be described in the Treatment 

Plan.  The mitigation proposed for an adverse effect to a historic district, building, 

and/or structure will be commensurate with the level of significance and extent of 

adverse effect and will be determined in a manner consistent with Stipulation 

V.C.4.c.   

 

c. Keystone will submit the draft Treatment Plan to the DOS, BLM (if applicable), 

ACHP, THPOs, the SHPO of the applicable state, MT DEQ (if applicable), MT 

DNRC (if applicable), and other applicable consulting parties for a thirty (30) 

calendar day review.  Keystone shall address timely comments and 

recommendations submitted by SHPOs, consulting Indian tribes, and other 

consulting parties in preparation of the Final Treatment Plan.  
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d. When it has addressed all of the timely comments and recommendations, 

Keystone will submit the Final Treatment Plan to DOS for review and approval. 

Keystone will also submit the Final Treatment Plan to BLM for review and 

approval when involving lands subject to Stipulation III.C.  DOS and BLM shall 

issue their final decision on the Treatment Plan within thirty (30) calendar days.  

Once the Final Treatment Plan is approved by DOS (and the BLM if involving 

BLM-managed lands), copies of the Treatment Plan will be distributed to all 

SHPOs, consulting Indian tribes, and other consulting parties. 

 

5. Keystone will make a reasonable and good faith effort to complete implementation of 

the Final Treatment Plan approved by DOS prior to beginning construction of any 

spread for which the Treatment Plan is required.  If it is not possible to meet this 

schedule, Keystone will develop a Coordination Plan in accordance with Stipulation 

V.D that establishes how appropriate treatment will be determined and implemented 

during construction of the respective spread.  

 

D. Coordination of Construction and Historic Preservation Activities 

 

1. The DOS will make a reasonable and good faith effort to complete the identification 

and evaluation of historic properties, and the mitigation of adverse effects to them in 

accordance with Stipulations V.B and V.C prior to the initiation of vegetative clearing 

if vegetative clearing and construction on the Keystone XL spreads, including the 

Montana, South Dakota, Nebraska, Kansas, Oklahoma and Texas spreads, is to be 

undertaken.  

 

2.  If these DOS activities cannot be completed prior to the start of vegetative clearing 

and construction of these spreads, Keystone shall develop and provide to DOS a 

detailed plan describing how the requirements of Stipulations V.B and V.C – 

identification, evaluation and treatment of historic properties – will be completed in 

coordination with vegetative clearing and construction activities in such a way that 

historic properties will not be adversely affected prior to the implementation of any 

mitigation measures. 

 

a. A Coordination Plan will be prepared for each state and will include those 

measures developed by Keystone pursuant to Stipulations V.B and V.C to 

complete the identification and evaluation of historic properties, and, as 

appropriate, mitigation of adverse effects to them during and coordinated with 

vegetation clearing and construction activities.  In addition, the Coordination Plan 

will include a schedule for all proposed activities and recommended measures for 

the protection of unanticipated discoveries in accordance with Attachment C, as 

appropriate. 

 

b.  Keystone will submit the draft Coordination Plan for each state for such spreads, 

including the Montana, South Dakota, Nebraska, Kansas, Oklahoma and Texas 

spreads, to the DOS, BLM (as applicable) ACHP, SHPOs, THPOs, and consulting 
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parties for thirty (30) calendar day review.  Keystone shall address timely 

comments and recommendations submitted by the applicable SHPO, consulting 

Indian tribes, and other consulting parties in preparation of the Final Coordination 

Plan for each state.  When it has addressed all of the comments and 

recommendations, Keystone will submit the Final Coordination Plan for each 

state to DOS for review.  DOS shall issue its final decision on the Coordination 

Plan for each state within thirty (30) calendar days.  Following approval by DOS, 

the Final Coordination Plan for each state will be distributed to all of the SHPOs, 

consulting Indian tribes, and other consulting parties. 

 

3. Keystone will complete implementation of the Final Coordination Plan approved by 

DOS during construction of the Montana, South Dakota, Nebraska, Kansas, 

Oklahoma and Texas spreads. 

 

E. Historic Trail and Archaeological Monitoring Plan (“HTAM Plan”) and Tribal 

Monitoring Plan  

 

1.  In consultation with the SHPOs and Indian tribes, Keystone will monitor construction 

in selected areas of the APE of each spread as a supplement to identification efforts. 

Any historic properties identified by Keystone during monitoring will be treated in 

accordance with Stipulation VI.A and C.  

 

a. The HTAM Plan outlines areas that have been previously identified by DOS 

during identification and evaluation efforts that warrant monitoring during soil 

disturbing activities for potential effects to historic properties. 

 

b. The Tribal Monitoring Plan outlines areas that have been previously identified by 

Indian Tribes, either through the preparation of Traditional Cultural Property 

reports or through consultation, that warrant monitoring during clearing and 

trenching for potential effects to previously unidentified historic properties that 

may include properties of religious and cultural importance to an Indian tribe and 

that meet the National Register criteria (See 36 C.F.R. § 800.16(1)(a)).   

 

2.  Historic Trail monitoring will be performed by a professional who either meets the 

qualification standards for archaeology established in Stipulation I.A or is under the 

on-site supervision of such a professional.  When the monitoring occurs on BLM 

managed lands, all monitors must have a valid Archaeological Resources Protection 

Act (ARPA) permit or be included on a BLM Cultural Resource Use Permit. 

 

3. For tribal monitoring, other types of experience with construction monitoring and/or 

traditional cultural knowledge may be substituted for degrees required by the 

Standards at the discretion of the DOS. When the monitoring occurs on BLM 

managed lands, all monitors must have a valid Archaeological Resources Protection 

Act (ARPA) permit or be included on a BLM Cultural Resource Use Permit. 
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4. Keystone shall consider information provided by Indian tribes in a timely manner 

when completing the identification of historic properties before construction begins 

under Stipulation V.B and in implementing a HTAM Plan and Tribal Monitoring 

Plan provided for under Stipulation V.E. Keystone shall provide Indian tribes a 

reasonable opportunity to participate as monitors during Project construction.  In 

those areas previously identified by Indian tribes as needing monitoring, the Tribal 

Monitoring Plan stipulates that at least one and at most two monitors will be used per 

construction spread depending upon the extent and location of construction activities. 

 

5. Keystone has submitted a plan for historic trail and archaeological monitoring and 

tribal monitoring for each spread to the DOS, BLM, ACHP, SHPO, THPOs, and 

Consulting Parties for review and comment prior to the signing of this Agreement.  

The Tribal Monitoring Plan and HTAM Plan are attached to this agreement in 

Attachments E and F. 

 

6. Keystone will implement the HTAM Plan and Tribal Monitoring Plan for each spread 

that has been approved by DOS.  

 

F. Construction 

 

1.  Lead Environmental Inspector (EI): Prior to initiating vegetative clearing or 

construction, Keystone will employ the Lead EI whose responsibilities will include 

ensuring compliance with the terms of this PA. In meeting this responsibility, the 

Lead EI will rely on the technical expertise of on-site professionals who meet the 

standards established in Stipulation I.A and tribal monitors with experience outlined 

in Stipulation V.E.3.  

 

a.  The Lead EI will monitor construction activities on-site and prepare a daily log 

reporting to Keystone on activities performed to implement the terms of this PA, 

as appropriate. Keystone will make the daily log available to the DOS and 

SHPOs, consulting Indian tribes, and other consulting parties upon request. 

 

b.  Keystone will ensure through the construction contract that the Lead EI will 

possess the authority to stop construction in the event of an inadvertent discovery 

in accordance with Stipulation VI.A and Attachment C.  

 

2.  Training: Keystone will ensure that if the Lead EI does not meet the professional 

qualification standards established in Stipulation I.A, the Lead EI receives appropriate 

training in historic preservation from a professional who meets the standards 

established in Stipulation I.A in order to perform the requirements of this PA. 

Keystone also will provide an appropriate level of training in historic preservation 

conducted by a professional who meets the standards established in Stipulation I.A to 

all construction personnel (including new, added, replaced workers) so that PA 

requirements are understood and unanticipated discoveries quickly identified. 

Keystone will conduct this training prior to initiating vegetative clearing or 
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construction activities on a spread, and conduct periodic refresher training during 

construction of the spread. 

 

3.  This Programmatic Agreement and Attachment E, the Tribal Monitoring Plan, have 

given tribes the opportunity to provide information about historic properties of 

concern to the tribe(s). 

 

4.  Construction Contract: Keystone will incorporate the terms of Stipulation VI.A and 

Attachment C into construction contracts to ensure that its Lead EI and construction 

contractors meet their responsibility for notification of the unanticipated discoveries. 

 

G. Scheduling  

 

The DOS may authorize the start of vegetative clearing and construction for an individual 

spread when the plans prepared in accordance with Stipulations V.D and V.E as appropriate 

for that spread, have been submitted by Keystone and approved by DOS in accordance with 

the terms of this PA.  

 

 

VI. UNANTICIPATED DISCOVERIES DURING CONSTRUCTION OF THE 

KEYSTONE XL PROJECT  

A. Pipeline Construction 

 

1.  “Applicable federal agency” is the federal agency with jurisdiction for the land on 

which construction is occurring or, in the absence of such an agency, DOS, as 

appropriate. 

 

2.  If previously unidentified historic properties are discovered by monitors or 

construction personnel unexpectedly as pipeline construction activities are carried out 

within the one-hundred and ten (110) foot-wide construction corridor or other 

ancillary facilities and access roads within the APE, the construction contractor will 

immediately halt all construction activity within a one-hundred and fifty (150) foot 

radius of the discovery, notify Keystone’s Lead EI of the discovery and implement 

interim measures to protect the discovery from looting and vandalism. Within forty-

eight (48) hours of receipt of this notification of the discovery, the Lead EI shall:  

 

a.  Inspect the work site to determine the extent of the discovery and ensure that 

construction activities have halted;  

b.  Clearly mark the area of the discovery; 

c.  Implement additional measures other than those mentioned above, as appropriate, 

to protect the discovery from looting and vandalism; and  

d.  Notify the applicable federal agency SHPOs, consulting Indian tribes, and other 

consulting parties of the discovery. 
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3. The applicable federal agency shall notify all consulting parties that it will be 

receiving comments concerning the unanticipated discovery and provide contact 

information.  The applicable federal agency will have seven (7) calendar days 

following notification provided in accordance with Stipulation VI.A.2 to determine 

the National Register eligibility of the discovery after considering the timely filed 

views of the SHPOs, consulting Indian tribes, and other consulting parties and 

Keystone .  The applicable federal agency may assume the newly discovered property 

to be eligible for the National Register for the purposes of Section 106 pursuant to 36 

CFR § 800.13(c). 

 

4.  For properties determined eligible or assumed to be eligible pursuant to Stipulation 

VI.A.3, the applicable federal agency will notify the  ACHP, SHPOs, consulting 

Indian tribes, and other consulting parties of those actions that it proposes to resolve 

adverse effects which may include a Treatment Plan as outlined in Stipulation V.C.  

 

a. SHPOs, consulting Indian tribes, and other consulting parties will have forty-eight 

(48) hours to provide their views on the proposed actions.  

b.  The applicable federal agency will ensure that the timely filed recommendations 

of SHPOs, consulting Indian tribes, and other consulting parties are taken into 

account prior to granting approval of the measures that Keystone will implement 

to resolve adverse effects.  

c.  Keystone will carry out the approved measures prior to resuming construction 

activities in the location of the discovery. 

 

5.  Dispute Resolution: The applicable federal agency will seek and take into account the 

recommendations of the ACHP in resolving any disagreements that may arise 

regarding resolution of adverse effects that relate to the implementation of Stipulation 

VI.  The applicable federal agency will use the contact information provided in 

Attachment C or D in order to notify the ACHP. Within seven (7) calendar days of 

receipt of such a written request, the ACHP will provide the applicable federal agency 

with recommendations on resolving the dispute. The applicable federal agency will 

take into account any timely filed recommendations provided by the ACHP in making 

a final decision about how to proceed. 

 

B. Construction or Modification of Electrical Transmission Facilities 

 

1.  If previously unidentified historic properties are discovered unexpectedly during 

construction or modification of transmission facilities funded by RUS, the RUS 

applicant’s construction contractor will immediately halt all construction activity 

within a one-hundred and fifty (150) foot radius of the discovery, notify the RUS 

applicant of the discovery and implement interim measures to protect the discovery 

from looting and vandalism. Within forty-eight (48) hours of receipt of this 

notification of the discovery, the RUS applicant shall:  

 

a.  Notify the RUS Contact (and BLM Contact if discovery occurs on BLM land); 
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b. Inspect the work site to determine the extent of the discovery and ensure that 

construction activities have halted; 

c.  Clearly mark the area of the discovery; and 

d.  Implement additional measures, as appropriate, to protect the discovery from 

looting and vandalism. 

 

2.  Upon receipt of such notification RUS and BLM (if applicable) will coordinate the 

notification of SHPOs, consulting Indian tribes, and other consulting parties and 

notify the SHPOs, consulting Indian tribes, and other consulting parties of the 

discovery. 

 

3.  RUS and BLM (if applicable) will have seven (7) calendar days following 

notification provided in accordance with Stipulation VI.B.1 to determine the National 

Register eligibility of the discovery in consultation with the SHPOs, consulting Indian 

tribes, other consulting parties, and Keystone.  RUS may assume the newly 

discovered property to be eligible for the National Register for the purposes of 

Section 106 pursuant to 36 CFR § 800.13(c). 

 

4.  For properties determined eligible pursuant to Stipulation VI.B.3, RUS, in 

coordination with the BLM (if applicable), will notify the SHPOs, consulting Indian 

tribes, and other consulting parties of those actions that it proposes to resolve adverse 

effects. SHPOs, consulting Indian tribes, and other consulting parties will provide 

their views on the proposed actions within forty-eight (48) hours.  RUS will ensure 

that the timely filed recommendations of the SHPOs, consulting Indian tribes, and 

other consulting parties are taken into account prior to granting approval of those 

actions that the applicant will implement to resolve adverse effects.  Once RUS 

approval has been granted, its applicant will carry out the approved measures prior to 

resuming construction activities in the location of the discovery. 

 

5.  Dispute Resolution: RUS and BLM (if applicable) will seek and take into account the 

recommendations of the ACHP in resolving any disagreements that may arise 

regarding the resolution of adverse effects that relate to the implementation of 

Stipulation VI.  The applicable federal agency will use the contact information 

provided in Attachment D in order to notify the ACHP.  Within seven (7) calendar 

days of receipt of such a written request, the ACHP will provide RUS and BLM (if 

applicable) with its recommendations for resolving the dispute.  RUS and BLM (if 

applicable) will take into account any recommendations provided by the ACHP in 

making a final decision about how to proceed. 

 

6.  Reporting: No later than six (6) months following the resumption of construction 

within the location of the discovery, RUS will submit a final report to the SHPOs, 

consulting Indian tribes, and other consulting parties describing implementation of 

the actions taken in accordance with Stipulation VI.B and, as appropriate, the analysis 

and interpretation of recovered information. 

 

C. Unanticipated Discovery of Human Burials and Remains, and Funerary Objects 
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1.  When Native American human remains or funerary objects or objects of cultural 

patrimony are unexpectedly discovered during construction of the Keystone XL 

Project on federal or tribal lands within the APE, Keystone or a RUS applicant, as 

appropriate, will notify immediately the federal agency responsible for compliance 

with the Native American Graves Protection and Repatriation Act (NAGPRA) [25 

U.S.C. 3001 et. seq.] and its implementing regulations, 43 C.F.R. Part 10.  

 

2.  Non-Native American human burials and remains, and funerary objects discovered on 

federal lands within the APE will be treated by the federal agency having jurisdiction 

of the remains in accordance with applicable federal law, taking into account the 

ACHP’s Policy Statement on the Treatment of Burial Sites, Human Remains and 

Funerary Objects (February 23, 2007). 

 

3. DOS, WESTERN, and RUS will treat human burials and remains discovered on non-

federal land in accordance with the provisions of Attachment C and any applicable 

laws. In those instances where the USACE has jurisdiction under Section 10 or 404 

permitting authority for non-federal lands in the APE, the applicable federal agencies 

will ensure that Keystone complies with the provisions of Attachment C acting in the 

place of the DOS. In determining appropriate actions to be carried out, DOS, RUS, 

and/or other federal agencies will be guided by the ACHP’s Policy Statement on the 

Treatment of Burial Sites, Human Remains and Funerary Objects (February 23, 

2007). 

 

VII.  CURATION 

A.  Federal agencies will curate any artifacts, materials or records resulting from 

archaeological identification and mitigation conducted on federal lands under their 

jurisdiction in accordance with 36 CFR Part 79, “Curation of Federally-Owned and 

Administered Archaeological Collections.”  Federal agencies with jurisdiction over the 

federal lands will consult with Indian tribes as required in 36 CFR 79. 

 

B. Keystone and RUS applicants will return all artifacts recovered from private lands to the 

respective landowner after analysis is complete, unless applicable state law requires 

otherwise.  Keystone and RUS applicants will encourage and assist landowners in 

donating any returned artifacts to a local curation facility identified by the respective 

SHPO.  Keystone and RUS applicants shall pay all required curation fees associated with 

the donation of artifacts to the local curation facility. 

 

C. On federally controlled or owned properties, federal agencies will determine the 

disposition of human burials, human remains and funerary objects in accordance with 

applicable federal law. 

 

VIII.  REPORTING 
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A.  Within three months of completion of pipeline construction of a spread, Keystone will 

submit a comprehensive draft report to DOS describing the results and findings of the 

implementation of the actions and plans specified in Stipulations V.C through G, VI.A, 

including Attachment C. 

 

B.  Keystone will submit a draft comprehensive report for each spread to the SHPOs, 

consulting Indian tribes, and other consulting parties of the respective states in which the 

spread is located, for thirty (30) day review and comment. Keystone shall address timely 

comments and recommendations submitted by SHPOs, consulting Indian tribes, and other 

consulting parties in preparation of the Final Comprehensive Report for that spread. 

Keystone will submit the final report to DOS for review and approval. The final 

comprehensive report will be provided by DOS to the SHPOs, consulting Indian tribes, 

and other consulting parties once approved. 

 

IX. MONITORING IMPLEMENTATION OF THE PA 

Each quarter following the execution of this PA until it expires or is terminated, the DOS with 

the assistance of the USACE, BLM, RUS, FSA, NRCS, BIA, and RECLAMATION as 

necessary will provide the SHPOs, consulting Indian tribes, and other consulting parties to this 

PA a progress report summarizing the work carried out pursuant to its terms. Such report will 

include any scheduling changes proposed, any problems encountered, and any disputes and 

objections received in the efforts to carry out the terms of this PA. DOS will maintain and update 

a list of the current contact for the SHPOs, consulting Indian tribes, and other consulting parties 

and will be distributed in each quarterly report.  

 

X. DISPUTE RESOLUTION 

A. “Appropriate federal agency” refers to the DOS, BLM, RUS, RECLAMATION, and 

USACE, or other federal land managing and/or permitting agency as applicable. 

 

B. Should any signatory or concurring party to this PA object at any time to any actions 

proposed or the manner in which the terms of this PA are implemented, the appropriate 

federal agency will consult with such party to resolve the objection.  If the appropriate 

federal agency determines that such objection cannot be resolved, the appropriate federal 

agency will: 

  

1.  Forward all documentation relevant to the dispute, including the applicable federal 

agency’s proposed resolution, to the ACHP. The ACHP will provide the appropriate 

federal agency with its advice on the resolution of the objection within thirty (30) 

calendar days of receiving adequate documentation.  Prior to reaching a final decision 

on the dispute, the appropriate federal agency will prepare a written response that 

takes into account any timely advice or comments regarding the dispute from the 

ACHP, signatories and concurring parties, and provide them with a copy of this 

written response.  The appropriate federal agency will then proceed according to its 

final decision. 
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2.  If the ACHP does not provide its advice regarding the dispute within the thirty (30) 

calendar day time period, the applicable federal agency may make a final decision on 

the dispute and proceed accordingly.  Prior to reaching such a final decision, the 

appropriate federal agency will prepare a written response that takes into account any 

timely comments regarding the dispute from the signatories and concurring parties to 

the PA, and provide them and the ACHP with a copy of such written response. 

  

C. The federal agencies are responsible for carrying out all other actions subject to the terms 

of this PA that are not the subject of the dispute. 

 

D. The process of dispute resolution outlined in Stipulation X does not pertain to disputes 

that arise from unanticipated discoveries covered in Stipulation VI. 

 

XI. DURATION 

This PA will be null and void if all of its stipulations have not been carried out within five (5) 

years from the date of its execution. At such time, and prior to work continuing on the Keystone 

XL Project, the DOS, USACE, BLM, RUS, WESTERN, RECLAMATION and NPS will either 

(a) execute a Memorandum of Agreement (MOA) or PA pursuant to 36 CFR §§ 800.6 or 

800.14(b), respectively, or (b) request, take into account, and respond to the comments of the 

ACHP under 36 CFR. § 800.7.  Prior to such time, the DOS may consult with the other 

signatories to reconsider the terms of the PA and amend it in accordance with Stipulation XII.  

The DOS, USACE, BLM, RUS, WESTERN, RECLAMATION and NPS will notify the 

signatories and concurring parties as to the course of action they will pursue.  

 

XII. AMENDMENT 

Any signatory party to this PA may propose in writing to the other signatory parties that it be 

amended. The signatory parties will consult in an effort to reach agreement on an amendment.  

Any amendment will be effective on the date it is signed by all of the signatories and filed with 

the ACHP. 

 

XIII. TERMINATION  

A. If any signatory to this PA determines that its terms will not or cannot be carried out, that 

party will immediately consult with the other parties to attempt to develop an amendment 

per Stipulation XII.  If within thirty (30) calendar days an amendment cannot be reached, 

any signatory may terminate its participation in the PA upon written notification to the 

other signatories. 

 

B. Termination by an individual SHPO shall only terminate the application of this 

Agreement within the jurisdiction of the SHPO.  
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C. If the PA is terminated in its entirety, and prior to work continuing on the undertaking, 

the DOS shall request, take into account, and respond to the comments of the ACHP in 

accordance with 36 CFR § 800.7(a).  Following consultation with the ACHP, the DOS 

will notify the signatories and concurring parties as to the course of action it will pursue.  

 

XIV. COORDINATION WITH OTHER FEDERAL REVIEWS 

In the event that Keystone or a federal agency applies for additional federal funding or approvals 

for the Keystone XL Project and the undertaking remains unchanged, such funding or approving 

agency may comply with Section 106 by agreeing in writing to the terms of this PA and 

notifying and consulting with the applicable SHPO and the ACHP.  Any necessary modifications 

will be considered in accordance with Stipulation XII. 

 

XV. SCOPE OF THE PA 

This Agreement is limited in scope to actions that will facilitate the construction of the Keystone 

XL Project and related facilities, and is entered into solely for that purpose. 

 

EXECUTION of this PA by the DOS, ACHP, BLM, RUS, WESTERN, USACE, 

RECLAMATION, NPS, NRCS, FSA, BIA, the Montana SHPO, South Dakota SHPO, Nebraska 

SHPO, Kansas SHPO, Oklahoma SHPO, and Texas SHPO and implementation of its terms 

evidence that the DOS, WESTERN, BLM, RUS, NRCS, FSA, BIA, USACE, RECLAMATION, 

and NPS have taken into account the effects of the Keystone XL Project on historic properties 

and afforded the ACHP an opportunity to comment. 
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ATTACHMENT A  
 

The following Tables show properties for which Keystone has been denied access to conduct 

identification and evaluation studies as of the finalization of the PA. 

 

 

Table 1: Areas Not Surveyed along Mainline Route in Montana 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Montana Fallon 249.1 250.2 Needs survey 1.1 

Montana Fallon 227.2 227.4 Needs survey 0.2 

Montana Fallon 228.1 228.1 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

0.01 

Montana Dawson 0.2 1.4 Needs survey 1.2 

Montana Dawson 4.8 6.3 Needs survey 1.5 

Montana Dawson 7.6 9.1 Needs survey 1.5 

Montana Dawson 17.2 17.6 Needs survey 0.5 

Montana Dawson 17.9 18.4 Needs survey 0.5 

Montana Dawson 18.4 19.1 Needs survey 0.7 

Montana Dawson 20.4 20.7 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

0.3 

Montana Dawson 21.7 22.2 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

0.4 

Montana McCone 148.4 149.7 Needs survey; 
Incorporated into 

November 2010 CL 

1.3 

Montana McCone 144.4 144.5 Needs survey; 
Incorporated into 

November 2010 CL 

0.1 

Montana Valley 1.1 1.2 Needs survey; 
Incorporated into 

November 2010 CL-
MT-LO-01 

0.1 

Montana Dawson 1.9 2 Needs survey; 
Incorporated into 

November 2010 CL 

0.1 

Montana Fallon 0 0.01 Needs survey 0.01 

Montana McCone 0 0.5 Needs survey 0.5 
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Table 1: Areas Not Surveyed along Mainline Route in Montana 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Montana McCone 0 2.2 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

2.2 

Montana Dawson 0 1.9 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

1.9 

Montana Dawson 1 2 Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

2 

Montana Sheridan   Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

 

Montana Roosevelt   Surveyed on 
November 2010 CL; 

Addendum 6 in 
progress 

 

Montana Prairie   Needs survey  

 

 

Table 2: Areas Not Surveyed along Mainline Route in South Dakota 

State County 

From 
Milepost 

To 
Milepost Status Miles 

South Dakota Harding 352.8 353.7 Needs survey 0.9 

South Dakota Meade 417.9 418.2 Needs survey 0.3 

South Dakota Haakon 481.4 481.5 Surveyed on 
November 2010 CL; 

Addendum 7 in 
progress 

0.1 

South Dakota Jones 492 492.6 Needs survey 0.6 

South Dakota Dawson 194 194.5 Surveyed on 
November 2010 CL; 

Addendum 7 in 
progress 

0.5 

South Dakota Harding 2.9 3.2 Needs survey 0.3 

South Dakota Harding 3.8 4.4 Needs survey 0.3 

South Dakota Meade 1.1 1.3 Surveyed on 
November 2010 CL; 

Addendum 7 in 
progress 

0.1 
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Table 2: Areas Not Surveyed along Mainline Route in South Dakota 

State County 

From 
Milepost 

To 
Milepost Status Miles 

South Dakota Hughes   Surveyed on 
November 2010 CL; 

Addendum 7 in 
progress 

 

 

 

Table 3: Areas Not Surveyed along Mainline Route in Nebraska 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Nebraska Keya Paha 599.70 600.50 Surveyed 6-4-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.80 

Nebraska Keya Paha 600.90 601.50 Needs survey 0.60 

Nebraska Keya Paha 614.20 614.45 Needs survey 0.25 

Nebraska Holt 630.80 631.65 Surveyed 6-2-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.85 

Nebraska Holt 632.70 633.15 Surveyed 6-7-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.45 

Nebraska Holt 634.75 635.45 Surveyed 6-3-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.70 

Nebraska Holt 653.55 655.45 Surveyed 6-7-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

1.90 

Nebraska Holt 656.80 657.90 Surveyed 6-3-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

1.10 

Nebraska Garfield 672.55 679.50 Not on Nov 2010 CL 6.95 

Nebraska Wheeler 687.60 687.90 Surveyed 6-10-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.30 

Nebraska Wheeler 688.15 688.35 Surveyed 6-10-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.20 
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Table 3: Areas Not Surveyed along Mainline Route in Nebraska 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Nebraska Wheeler 688.70 688.95 Surveyed 6-10-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.25 

Nebraska Wheeler 691.40 691.65 Surveyed 6-11-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress by 

applicant 

0.25 

Nebraska Wheeler 692.70 693.35 Surveyed 6-11-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.65 

Nebraska Greeley 698.35 698.70 Surveyed 6-6-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.35 

Nebraska Greeley 700.10 700.35 Surveyed 6-6-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.25 

Nebraska Greeley 700.55 702.55 Surveyed 6-6-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

2.00 

Nebraska Greeley 703.25 705.35 Partially surveyed 6-
6-11 on Nov 2010 CL 

with 1.35 miles no 
access from MP 
704.0 to 705.35; 
Addendum No. 7 
report in progress 

1.35 

Nebraska Greeley 709.80 709.80 Surveyed 5-31-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.00 

Nebraska Greeley 716.40 717.10 Surveyed 6-1-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.70 

Nebraska Greeley 799.00 799.10 Surveyed 5-27-11 on 
Nov 2010 CL; 

Addendum No. 7 
report in progress 

0.10 

Nebraska Fillmore 799.40 799.60 Not on Nov 2010 CL 0.20 

Nebraska Fillmore 800.15 800.60 Needs survey 0.45 
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Table 4: Areas Not Surveyed along Mainline Route in Oklahoma 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Oklahoma Seminole 42.460 n/a Needs survey 0.39 ac 

Oklahoma Grady Offline n/a Needs survey 74.2 ac 

Oklahoma Hughes 75.650 n/a Needs survey 0.250 

Oklahoma Hughes 75.70 75.80 Needs survey 0.100 

Oklahoma Pottawatomie Offline n/a Needs survey 17 ac 

Oklahoma Pittsburg Offline n/a** Needs survey 9.12 ac 

Oklahoma Coal 88.640 n/a Needs survey 0.122 

Oklahoma Atoka 127.440 n/a Needs survey 3.1 ac 

Oklahoma Atoka 127.60 128.34 Needs survey 0.737 

Oklahoma Bryan 132.800 n/a** Needs survey 2.529 

**Not applicable 

 

 

Table 5: Areas Not Surveyed along Mainline Route in Texas 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Texas Fannin 160.650 n/a Needs survey 3 ac 

Texas Fannin 161.85 n/a Needs survey 0.65 ac 

Texas Lamar 162.30 162.43 Needs survey 0.130 

Texas Lamar 173.980 n/a Needs survey 2 ac 

Texas Lamar 185.110 n/a Needs survey 2 ac 

Texas Hopkins 206.880 n/a Needs survey 0.48 ac 

Texas Franklin 231.31 n/a Needs survey 0.049 

Texas Wood 233.42 n/a Needs survey 0.082 

Texas Wood 251.34 251.55 Needs survey 0.210 

Texas Upshur 262.31 262.35 Needs survey 0.040 

Texas Upshur 262.42 n/a Needs survey 0.002 

Texas Upshur 262.580 n/a Needs survey 1.29 ac 

Texas Smith 274.64 275.18 Needs survey 0.540 

Texas Smith 275.19 n/a Needs survey 0.880 

Texas Nacogdoches Offline n/a Needs survey 12.8 ac 

Texas Houston Offline n/a Needs survey 8.3 ac 

Texas Polk 392.290 n/a Needs survey 0.62 ac 

Texas Liberty Offline n/a Needs survey 13.4 ac 

Texas Jefferson Offline n/a Needs survey 72.6 ac 

Texas Jefferson 453.44 n/a Needs survey 0.755 
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Table 5: Areas Not Surveyed along Mainline Route in Texas 

State County 

From 
Milepost 

To 
Milepost Status Miles 

Texas Jefferson 480.77 481.43 Needs survey 0.665 

Texas Jefferson 483.49 483.80 Needs survey 0.300 

Texas Jefferson 482.970 n/a Needs survey 4.9 ac 
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ATTACHMENT B 

 

List of Indian Tribes Invited by the Department of State to Participate in Consultation: 

 

Absentee-Shawnee Tribe of Indians of Oklahoma, Alabama Quassarte Tribal Town, Alabama-

Coushatta Tribe of Texas, Apache Tribe, Blackfeet Nation, Caddo Nation of Oklahoma, 

Cherokee Nation, Cheyenne River Sioux, Cheyenne-Arapaho Tribe of Oklahoma, Chickasaw 

Nation of Oklahoma, Chippewa-Cree Indians, Choctaw Nation of Oklahoma, Citizen 

Potawatomi Nation, Comanche Nation, Confederated Salish and Kootenai Tribes of the Flathead 

Indian Nation, Crow Creek Reservation, Crow Creek Sioux Tribe, Crow Tribe of Indians, 

Delaware Nation, Delaware Tribe of Indians, Eastern Band of Cherokee Indians, Eastern 

Shawnee Tribe, Eastern Shoshone Tribe, Flandreau Santee Sioux Tribe, Forest County 

Potawatomi Community of Wisconsin Potawatomi Indians, Fort Berthold Reservation, Fort Peck 

Tribes, Fort Sill Apache Tribe, Gros Ventre and Assiniboine Tribe of Ft. Belknap, Gun Lake 

Potawatomi, Hannahville Indian Community of Michigan, Ho-Chunk Nation of Wisconsin, 

Huron Potawatomi Nation, Iowa Tribe of Kansas and Nebraska, Iowa Tribe of Oklahoma, Jena 

Band of Choctaw Indians, Jicarilla Apache Tribe, Kaw Nation, Kialegee Tribal Town of the 

Creek Nation of Oklahoma, Kickapoo Traditional Tribe of Texas, Kickapoo Tribe of Kansas, 

Kickapoo Tribe of Oklahoma, Kiowa Indian Tribe of Oklahoma, Lower Brule Sioux Tribe, 

Lower Sioux Indian Community, Miami Tribe of Oklahoma, Mille Lacs Band of Ojibwe, Modoc 

Tribe of Oklahoma, Muscogee Creek Nation, Nez Perce, Northern Arapaho Tribe, Northern 

Cheyenne Tribe, Northern Ute Tribe, Oglala Sioux, Omaha Tribe of Nebraska, Osage Nation, 

Otoe-Missouri Tribe, Ottawa Tribe of Oklahoma, Pawnee Nation of Oklahoma, Peoria Indian 

Tribe of Oklahoma, Poarch Band of Creek Indians, Pokagon Band of Potawatomi Indians of 

Michigan, Ponca Tribe of Indians of Oklahoma, Ponca Tribe of Nebraska, Prairie Band of 

Potawatomi Indians, Prairie Island Indian Community, Quapaw Tribal Business Committee, 

Quapaw Tribe, Red Lake Band of Chippewa Indians of Minnesota, Rosebud Sioux Tribe, Sac & 

Fox Nation of Oklahoma, Sac & Fox Nation of Missouri in Kansas and Nebraska, Sac & Fox 

Tribe of the Mississippi in Iowa, Santee Sioux Tribe of Nebraska, Seminole Nation, Seneca-

Cayuga Tribe of Oklahoma, Shakopee Mdewakanton Sioux, Shawnee Tribe, Shoshone-Bannock 

Tribe, Sisseton-Wahpeton Oyate Sioux, Sisseton-Wahpeton Oyate Wahpekutze, Southern Ute 

Indian Tribe, Spirit Lake Tribe, Standing Rock Sioux Tribe, Stockbridge-Munsee Tribe, 

Thlopthlocco Tribal Town, Three Affiliated Tribes, Tonkawa Tribe, Trenton Indian Service 

Area, Turtle Mountain Band of the Chippewa, United Keetoowah Band of Cherokee Indians, 

Upper Sioux -Pezihutazizi Kapi, Ute Mountain Tribe, White Earth Band of Minnesota 

Chippewa, Wichita and Affiliated Tribes, Winnebago Tribe, Wyandotte Nation, Yankton Sioux, 

Ysleta del Sur Pueblo
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ATTACHMENT C 

  

STATE-BY-STATE PLANS FOR THE 

UNANTICIPATED DISCOVERY OF HUMAN REMAINS OR BURIALS 

ON NON-FEDERAL LANDS DURING CONSTRUCTION OF THE  

KEYSTONE XL PIPELINE PROJECT 

 

I. For construction of the Keystone XL Project in Montana, Keystone will implement the following 

measures: 

 

1. When an unmarked human burial or unregistered grave is encountered during construction 

activities, Keystone will comply with the Human Skeletal Remains and Burial Site Protection Act 

(Montana Code Ann. §22-3-801 through §22-3-811). 
 

2. Upon encountering an unmarked human burial or unregistered grave during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead 

Environmental Inspector (EI).  The construction contractor will implement interim measures to 

protect the discovery from vandalism and looting, but must not remove or otherwise disturb any 

human remains or other items in the immediate vicinity of the discovery. 

 

3. Immediately following receipt of such notification, the Lead EI will ensure that construction 

activities have halted within a one-hundred and fifty (150) foot radius from the point of discovery 

and assume responsibility for implementing additional measures, as appropriate, to protect the 

discovery from looting and vandalism until the requirements of state law have been completed. 

 

4. The Lead EI will notify the county coroner, the DOS, ACHP, SHPO, consulting Indian tribes, and 

other consulting parties within forty-eight (48) hours of the discovery. 

 

5. Within seventy-two (72) hours after notification, the county coroner will determine jurisdiction. If 

the coroner refers the matter to the SHPO, the SHPO will determine the treatment, including 

mitigation and disposition of the unmarked human burial or unregistered grave in accordance 

with Montana Code Ann. §22-3-801 through §22-3-811. Keystone will implement the treatment 

and disposition measures deemed appropriate by the SHPO. 

 

6. Keystone will resume construction activities in the area of the discovery upon receipt of written 

authorization from either the county coroner or the Montana SHPO, whoever has jurisdiction 

under state law. 

 

II. For construction of the Keystone XL Project in Kansas, Keystone will implement the 

following measures: 
 

1. When unmarked human burial sites or human skeletal remains are encountered during 

construction activities, Keystone will comply with Kansas’ Unmarked Burial Sites Preservation 

Act (KSA 75-2741 to 75-2754) and its implementing regulations (KAR 126-1-1 through 126-1-

2). 

 

2. Upon encountering unmarked human burials or unregistered graves during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead EI. 
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The construction contractor will implement interim measures to protect the discovery from 

vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Lead EI will: 

 

a. Ensure that construction activities have halted within a one-hundred and fifty (150) foot 

radius from the point of discovery; 

b. Implement additional measures, as appropriate, to protect the discovery from looting and 

vandalism until the requirements of state law have been completed; and 

c. Notify the appropriate county sheriff’s office, the chairperson of the Unmarked Burial 

Sites Preservation Board (Kansas State Archaeologist), the DOS, the ACHP SHPOs, 

consulting Indian tribes, and other consulting parties of the discovery. 

 

4. If Keystone determines that disturbance to the unmarked burial site or human remains cannot be 

avoided, Keystone will consult with the DOS, the SHPO, consulting Indian tribes, and other 

consulting parties to develop a detailed work plan for treatment of the burial site or human 

remains that includes provisions for the removal, treatment and disposition of human remains. In 

accordance with state law, Keystone will submit this work plan to the Unmarked Burial Sites 

Preservation Board as part of its request for a permit under KAR 126-1-2. 

 

5. Keystone will resume construction activities in the area of the discovery once implementation of 

the measures authorized under the permit has been completed. 

 

 

III. For construction of the Keystone XL Project in Nebraska, Keystone will implement the 

following measures: 

 

1. When unmarked human skeletal remains or burial goods are discovered during construction 

activities, Keystone will comply with Nebraska Rev. Stat. § 12-1201 through § 12-1212, et seq. 

and § 28-1301. 

 

2. Upon encountering unmarked human skeletal remains or burial goods during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead EI. 

The construction contractor will implement interim measures to protect the discovery from 

vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Lead EI will ensure that construction 

activities have halted within a one-hundred and fifty (150) foot radius from the point of discovery 

and assume responsibility for implementing additional measures, as appropriate, to protect the 

discovery from looting and vandalism until the requirements of state law have been completed. 

 

4. Keystone will notify the local law enforcement officer in the county, the DOS, the ACHP, the 

SHPO, consulting Indian tribes, and other consulting parties  within forty-eight (48) hours of the 

discovery. 

 

5. If local law enforcement determines that the remains are not associated with a crime, Keystone 

will determine if it is prudent and feasible to avoid disturbing the remains.  If Keystone 

 
012334



 

 

Programmatic Agreement C-3 Keystone XL Project 

ATTACHMENT C  June 2011 

 

determines that disturbance cannot be avoided, the Nebraska State Historical Society will notify 

the Commission on Indian Affairs in writing and seek associated tribes or kin. 

 

6. Keystone will resume construction activities in the area of the discovery when the human skeletal 

remains or burial goods have been accepted by the Nebraska State Historical Society for the 

purposes of disposition. 

 

IV. For construction of the Keystone XL Project in Texas, Keystone will implement the 

following measures: 
 

1. When unmarked human burials or human remains are discovered during construction activities, 

Keystone will comply with Antiquities Code (Texas Code Ann. §191); Health and Safety (Texas 

Code Ann. §711.004). 

 

2. Upon encountering unmarked human burials or human remains during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead EI. 

The construction contractor will implement interim measures to protect the discovery from 

vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Lead EI will: 

 

a. Ensure that construction activities have halted within a one-hundred and fifty (150) foot 

radius from the point of discovery; 

b. Implement additional measures, as appropriate, to protect the discovery from looting and 

vandalism until the requirements of state law have been completed; and 

c. Notify the local law enforcement agency, the DOS, the ACHP, the State Historic 

Preservation Office (SHPO)/Texas Historical Commission (THC), consulting Indian 

tribes, and other consulting parties and the State Department of Health of the discovery. 

 

4. If local law enforcement determines that the remains are not associated with a crime, Keystone 

will determine if it is prudent and feasible to avoid disturbing the remains. If Keystone determines 

that disturbance cannot be avoided, Keystone will remove and reinter the human remains in 

accordance with rules adopted by the SHPO and the State Health Department.  

 

5. Keystone will resume construction activities in the area of the discovery once implementation of 

the measures required by the SHPO/THC and State Health Department has been completed. 

 

V. For construction of the Keystone Project in Oklahoma, Keystone will implement the following 

measures: 
 

1. When a burial ground, human remains or burial furniture is discovered during construction 

activities, Keystone will comply with Okla. Stat. Ann. 21 §1161-1168.7 (Oklahoma Burial Law). 

 

2. Upon encountering a burial ground, human remains or burial furniture during ground disturbing 

construction activities, the construction contractor will immediately stop work within a one-

hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead EI. 

The construction contractor will implement interim measures to protect the discovery from 
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vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Environmental Inspector will 

 

a. ensure that construction activities have halted within a one-hundred and fifty (150) foot 

radius from the point of discovery; 

b. implement additional measures, as appropriate, to protect the discovery from looting and 

vandalism until the requirements of state law have been completed; and 

c. notify the appropriate law enforcement officer in the county in which the remains have 

been discovered, the Chief Medical Examiner, the DOS, the ACHP, the SHPO, 

consulting Indian tribes, other consulting parties, and the landowner of the discovery. 

 

4. Upon learning that remains are not associated with a crime, Keystone has fifteen (15) calendar 

days within which to notify the SHPO and the Oklahoma State Archaeologist. If the remains have 

a direct historical relationship to a tribe, the State Archaeologist will notify the SHPO and 

consults with the tribal leader within fifteen (15) calendar days. If Keystone determines that 

disturbance cannot be avoided, Keystone will treat the burial site or human remains in accordance 

with procedures established by the SHPO, the Oklahoma State Archaeologist, and consultation 

with the tribal leader. 

 

5. Keystone will resume construction activities in the area of the discovery upon completion of the 

measures authorized by the SHPO and Oklahoma State Archaeologist. 

 

VI. For construction of the Keystone XL Project in South Dakota, Keystone will implement the 

following measures: 

 

1. When unmarked human skeletal remains and/or funerary objects are discovered during 

construction activities, Keystone will comply with South Dakota State Law Chapter 34-27. 

 

2. Upon encountering an unmarked human skeletal remains and/or funerary objects during ground 

disturbing construction activities, the construction contractor will immediately stop work within a 

one-hundred and fifty (150) foot radius from the point of discovery and notify Keystone’s Lead 

EI. The construction contractor will implement interim measures to protect the discovery from 

vandalism and looting, but must not remove or otherwise disturb any human remains or other 

items in the immediate vicinity of the discovery.  

 

3. Immediately following receipt of such notification, the Lead EI will ensure that construction 

activities have halted within a one-hundred and fifty (150) foot radius from the point of discovery 

and assume responsibility for implementing additional measures, as appropriate, to protect the 

discovery from looting and vandalism until the requirements of state law have been completed. 

 

4. The Lead EI will notify the local law enforcement agency, the DOS, the ACHP, the SHPO, the 

South Dakota State Archaeologist, consulting Indian tribes, and other consulting parties within 

forty-eight (48) hours of the discovery. 

 

5. If local law enforcement determines that the remains are not associated with a crime, Keystone 

will determine if it is prudent and feasible to avoid disturbing the remains. If Keystone 

determines that disturbance cannot be avoided, Keystone will consult with the South Dakota 

State Archaeologist, SHPOs, consulting Indian tribes, and other consulting parties to determine 
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acceptable procedures for the removal, treatment and disposition of the human skeletal remains 

and funerary objects within five (5) calendar days.  Keystone will implement the plan for 

removal, treatment, and disposition of the human skeletal remains and funerary objects as 

authorized by the South Dakota State Archaeologist.   

 

6. Keystone may resume construction activities in the area of the discovery upon completion of the 

plan authorized by the State Archaeologist. 
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Programmatic Agreement 

Among 

The U.S. Department of State, 


National Park Service,
 
U.S. Army Corps of Engineers, 


U.S. Department of Agriculture Farm Service Agency, 

U.S. Department of Agriculture Natural Resources Conservation Service, 


U.S. Department of Agriculture Rural Utilities Service,
 
U.S. Bureau of Indian Affairs, 


U.S. Bureau of Land Management, 

U. S. Bureau of Reclamation, 


Western Area Power Administration, 


Advisory Council on Historic Preservation, 

Kansas State Historic Preservation Officer, 


Montana Department of Environmental Quality, 

Montana Department of Natural Resources and Conservation,  


Montana State Historic Preservation Officer,  

Nebraska State Historic Preservation Officer,
 

South Dakota State Historic Preservation Officer, 

and 


TransCanada Keystone Pipeline, LP  


Regarding the Keystone XL Pipeline Project 


WHEREAS, the U.S. Department of State (DOS) receives and considers applications for 
permits for cross-border oil pipelines pursuant to the authority delegated by the President of the 
United States under Executive Order (EO) 13337 (69 Federal Register 25299); and  

WHEREAS, the DOS received an application for a Presidential Permit from TransCanada 
Keystone Pipeline, LP (Keystone) in September 2008 for the Keystone XL Pipeline Project 
(Keystone XL Project or the Project) which consisted of approximately 1,375 miles of new crude 
oil pipeline in Montana, South Dakota, Nebraska, Oklahoma, and Texas with associated effects 
in Kansas; and 

WHEREAS, the DOS determined that issuance of a Presidential Permit for the proposed 
Keystone XL Project include a consultation and review process consistent with Section 106 of 
the National Historic Preservation Act (NHPA) (16 U.S.C. 470f, as amended) and its 
implementing regulations, “Protection of Historic Properties”; and 

WHEREAS, the DOS developed a Programmatic Agreement (PA) in consultation with relevant 
state and federal agencies, Indian tribes, Keystone, and the public and executed this PA in 
August 2011; and 

Programmatic Agreement - 1 - Keystone XL Pipeline Project 
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WHEREAS,  the Keystone XL Project Presidential Permit application was denied in January 
2012; and 

WHEREAS, on May 4, 2012, Keystone submitted an application for a revised Keystone XL 
Pipeline Project using a route in Montana and South Dakota largely unchanged from that 
proposed in the 2008 Keystone application and a substantially changed route in Nebraska that 
sought to avoid the Sands Hills Region identified by the Nebraska Department of Environmental 
Quality and terminates at Steele City, Nebraska; and  

WHEREAS, the Oklahoma and Texas sections of the pipeline proposed in the 2008 Keystone 
application are no longer part of the application received in 2012 and, therefore, the Oklahoma 
and Texas State Historic Preservation Offices have no further obligations under this PA; and 

WHEREAS, the proposed Project undertaking consists of construction of approximately 875 
miles of new crude oil pipeline in the United States, as described in section 2.1 of the Final 
Supplemental Environmental Impact Statement (SEIS) and Attachment H, of which 
approximately 209 miles (24%) were not part of the 2008 Keystone XL Presidential Permit 
application; and 

WHEREAS, the revised Keystone XL Project Area of Potential Effects (APE) includes: (1) in 
Montana—a 300-foot-wide corridor, 150 feet on each side of the centerline; (2) in South 
Dakota—a 300-foot-wide corridor, 150 feet on each side of the centerline; (3) in Nebraska—a 
300-foot-wide corridor, 150 feet on each side of the centerline in areas consistent with the route 
evaluated in the Final EIS for the 2008 Keystone XL application.  Within those areas outside the 
route evaluated in the Final EIS for the 2008 Keystone XL application, the APE consists of a 
500-foot-wide corridor, 250 feet on each side of the centerline.  For construction or modification 
of electrical facilities (including distribution lines, transmission lines, and substations), a 100-
foot-wide corridor centered on the Project centerline will be used. For pumping stations, 
including two new pump stations in Kansas on the existing Keystone Cushing Extension 
pipeline, and other areas that are to be disturbed by construction-related activities and ancillary 
facilities (including construction camps and pump stations), the APE will include all areas of 
disturbance and areas to be indirectly affected; and 

WHEREAS, the DOS, in consultation with the Advisory Council on Historic Preservation 
(ACHP), has determined that the Keystone XL PA executed in August 2011 should be amended 
to reflect the route proposed in the new Presidential Permit application and input from 
subsequent consultation; and 

WHEREAS, the DOS has determined that the construction of the Keystone XL Project may 
have an adverse effect on historic properties listed in or eligible for listing in the National 
Register of Historic Places (NRHP), as defined in Stipulation I.C below, and has consulted with 
the Montana, South Dakota, Nebraska, and Kansas State Historic Preservation Officers (SHPOs), 
Indian tribes who may ascribe religious and cultural significance to historic properties that may 
be affected by the undertaking, the ACHP, other federal agencies with actions related to this 
undertaking, and other consulting parties consistent with 36 C.F.R. Part 800; and 
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WHEREAS, consistent with 36 C.F.R. §§ 800.4(b)(2) and 800.5(a)(3), the DOS has elected to 
phase identification and evaluation of historic properties, and application of the criteria of 
adverse effect, respectively, because the undertaking and APE have changed necessitating 
additional efforts to identify historic properties and because access to some areas as identified in 
Attachment A has been restricted by property owners’ refusal to grant Keystone permission to 
enter their private property; and 

WHEREAS, consistent with 36 C.F.R. § 800.14(b), the DOS has elected to execute this PA for 
the Keystone XL Project because effects on historic properties cannot be fully determined prior 
to the issuance of a permit for the undertaking; and 

WHEREAS, on February 2, 2011 the ACHP entered consultation for the Keystone XL pipeline 
as originally proposed finding that criteria 3 and 4 of Appendix A, Criteria for Council 
Involvement in Reviewing Individual Section 106 Cases, of the regulations (36 C.F.R. Part 800) 
implementing Section 106 of NHPA, had the potential to be met; and 

WHEREAS, the United States Army Corps of Engineers (USACE) has determined that the 
approval for the Keystone XL Project to cross USACE-administered lands (30 U.S.C. § 185) and 
to place structures in, under, or over navigable waters of the United States, as defined under 33 
C.F.R. Part 329, pursuant to Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. § 403), 
and a permit for the placement of dredge or fill material in waters of the United States as part of 
the Keystone XL Project in accordance with Section 404 of the Clean Water Act (334 U.S.C. § 
344), are Federal actions related to the undertaking that require the USACE to comply with 
Section 106 of NHPA; and 

WHEREAS, the U.S. Bureau of Land Management (BLM) has determined that approving the 
Keystone XL Project to cross Federal lands administered by the BLM would require 
authorization under Section 28 of the Mineral Leasing Act of 1920, 30 U.S.C. § 185, as 
amended; and 

WHEREAS, the BLM has determined that Keystone will require access roads crossing public 
lands administered by the BLM in support of the Keystone XL Pipeline Project and that the 
access roads will require authorization under Title V of the Federal Land Policy and 
Management Act (FLMPA), 43 U.S.C. § 1701, as amended; and 

WHEREAS, the BLM has determined that the Keystone XL Project will require electrical 
power from rural electrical cooperatives and that portions of the transmission lines will cross 
public lands administered by the BLM and that the transmission lines crossing public lands will 
require authorization under Title V of the FLMPA; and  

WHEREAS, the BLM approvals of these Project crossings in areas under its jurisdiction is a 
Federal action associated with the undertaking that requires the BLM to comply with Section 106 
of the NHPA and 36 C.F.R. Part 800; and 

WHEREAS, the U.S. Bureau of Reclamation (USBR) manages lands and facilities that will be 
crossed by the Keystone XL Project and USBR approval of such crossings is a Federal action 
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related to the undertaking that requires the USBR to comply with Section 106 of the NHPA and 
36 C.F.R. Part 800; and 

WHEREAS, the Farm Service Agency (FSA), assists landowners on private lands and may have 
federal responsibilities and requirements on some of these lands, which are part of the Project 
APE, as part of its loan and conservation programs, including the Conservation Reserve Program 
and the Farmable Wetlands Program; and 

WHEREAS, the FSA approval of the Project crossings in these areas is a Federal action 
associated with the undertaking that requires the FSA to comply with Section 106 of the NHPA 
and 36 C.F.R. Part 800; and 

WHEREAS, the Rural Utilities Service (RUS) has determined that the financial assistance it 
may provide to rural electric cooperatives and other entities for construction or modification of 
electrical facilities (including distribution lines, transmission lines, and substations) to power 
some Keystone XL Project pump stations or to ensure transmission system reliability, under the 
U.S. Department of Agriculture (USDA) Rural Development Utilities Programs, are Federal 
actions related to the undertaking that require the RUS to comply with Section 106 of NHPA and 
36 C.F.R. Part 800; and 

WHEREAS, the Bureau of Indian Affairs (BIA) has responsibility for approving any right-of-
ways crossing Indian Trust lands, such as those being considered as part of the route for a 230-
kilovolt (kV) transmission line in south-central South Dakota associated with the Keystone 
project and described in Appendix J to the SEIS, and this is a Federal action related to the 
undertaking that requires the BIA to comply with Section 106 of the NHPA and 36 C.F.R. Part 
800; and 

WHEREAS, the Western Area Power Administration (Western) has determined that the 
modification and construction of substations and transmission lines that Western will own and 
that will provide power to the Keystone XL Pipeline Project, will require review under Section 
106 of NHPA and 36 C.F.R. Part 800; and 

WHEREAS, the Natural Resources Conservation Service (NRCS) has conservation easement 
interests in the states through which the Keystone XL pipeline will traverse; and 

WHEREAS, the NRCS has determined that approving the Keystone XL Pipeline to cross an 
NRCS easement constitutes a federal action associated with the undertaking that requires NRCS 
to comply with Section 106 of the NHPA and 36 C.F.R. Part 800; and 

WHEREAS, the proposed revised Keystone XL Project pipeline alignment crosses five National 
Historic Trails (the Lewis and Clark, Oregon, California, Mormon Pioneer, and Pony Express 
National Historic Trails), all of which were designated by the U.S. Congress and have as their 
purpose “the identification and protection of the historic route and its historic remnants and 
artifacts for public use and enjoyment” (National Trails System Act, P.L. 90-543, as amended); 
and 
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WHEREAS, the National Park Service (NPS) administers National Historic Trails and is a 
signatory to this PA due to the potential for adverse effects to five National Historic Trails 
including the Lewis and Clark National Historic Trail; and  

WHEREAS, the USACE, BLM, RUS, BIA, NRCS, NPS, Western, USBR, and FSA have 
designated the DOS as the lead Federal agency for purposes of Section 106 of the NHPA 
consistent with 36 C.F.R. § 800.2(a)(2); and 

WHEREAS, the DOS will incorporate this PA into its decisional process on any Presidential 
Permit that it may issue for the Keystone XL Project and will include in any permit it issues on 
the Keystone XL Project a condition that Keystone will abide by its commitments in this PA; and  

WHEREAS, the USACE, BLM, RUS, BIA, NRCS, NPS, Western, USBR, and FSA will each 
incorporate this PA into its decisional process on any authorization, approval, permit, or 
assistance it may issue for the Keystone XL Project, and will include in any authorization, 
approval, permit, or assistance it issues on the Keystone XL Project, a condition that Keystone 
will abide by its commitments in this PA; and 

WHEREAS, cultural resource identification, evaluation, and effect assessment efforts, including 
those needed to address the changes in the APE, are summarized in Section 3.11 of the SEIS and 
Attachment G of this PA; and  

WHEREAS, additional efforts to identify, evaluate and assess effects to historic properties for 
the Project will take place after the execution of this PA because access to some areas has been 
restricted, as summarized in Attachment A, and all areas of construction have yet to be 
determined; and 

WHEREAS, for the purposes of this PA, “Indian tribes and Nations” shall have the same 
definition as “Indian tribes” which appears in Section 301(4) of the NHPA; and 

WHEREAS, the DOS invited the 84 Indian tribes listed in Appendix B to participate in 
consultation; and 

WHEREAS, the DOS provided Indian tribes the opportunity to provide information about 
historic properties of concern to Indian tribes and conduct Traditional Cultural Property (TCP) 
studies within the proposed Project APE, as summarized in Attachment I; and 

WHEREAS, the DOS invited Indian tribes that participated in consultation in 2011 and 2013 to 
sign as Concurring Parties to this PA, consistent with 36 C.F.R. §§ 800.2(c)(2) and 800.6(c)(3); 
and 

WHEREAS, other federal agencies that develop actions related to this undertaking subsequent 
to the execution of this PA may comply with Section 106 by following the requirements set forth 
in Stipulation XIV of this PA; and 
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WHEREAS, the Montana Department of Natural Resources and Conservation has participated 
in consultation and was invited by the DOS consistent with 36 C.F.R. § 800.6(c)(2) to sign the 
PA in 2011 and amendments to the PA in 2013 as an invited signatory; and 

WHEREAS, the Montana Department of Environmental Quality has participated in consultation 
and was invited by the DOS consistent with 36 C.F.R. § 800.6(c)(2) to sign the PA in 2011 and 
amendments to the PA in 2013 as an invited signatory; and 

WHEREAS, Keystone, which would construct the Keystone XL Project pipeline if approved, 
has participated in consultation, and was invited by the DOS consistent with 36 C.F.R. §§ 
800.2(c)(4) and 800.6(c)(2) to sign the PA in 2011 and amendments to the PA in 2013 as an 
invited signatory; and 

WHEREAS, the DOS has provided the public with information about the undertaking and its 
effects on historic properties and sought public comment and input consistent with 36 C.F.R. §§ 
800.2(d) from April 2009 through Federal Register notices, direct mailings, extensive scoping 
and comment meetings, and inviting comments from the public by phone, mail, fax, and email 
during public comment periods on the Keystone XL Pipeline Presidential Permit applications; 
and 

NOW, THEREFORE, the DOS, USACE, BLM, RUS, BIA, FSA, NRCS, Western, USBR, 
NPS, ACHP, and the Montana, South Dakota, Nebraska, and Kansas SHPOs agree that the 
following stipulations will be implemented in order to take into account the effect of the 
undertaking on historic properties and to ensure actions consistent with Section 106 of the 
NHPA. 

STIPULATIONS 

The DOS, BLM, RUS, BIA, FSA, NRCS, Western, USACE, USBR, and NPS as appropriate, 
will ensure that the following stipulations are carried out. 

I. STANDARDS AND DEFINITIONS 

A. Identification and evaluation studies and treatment measures required under the terms of 
this PA will be carried out by or under the direct on-site supervision of a professional 
who meets, at a minimum, the Secretary of the Interior’s Historic Preservation 
Professional Qualification Standards (48 FR 44716, September 29, 1983).  These 
qualification standards do not apply to individuals recognized by consulting Indian tribes 
to have expertise in identification, evaluation, assessment of effect, and treatment of 
effects to historic properties of religious and cultural significance to Indian tribes. 

B. In developing scopes of work for identification and evaluation studies, and treatment 
measures required under the terms of this PA, Keystone and RUS borrowers, and other 
contractors working with Federal agencies, will take into account the following 
regulations and guidelines: 
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1. 	 The ACHP’s guidance on conducting archaeology under Section 106 (2007); 
2. The ACHP’s Policy Statement Regarding the Treatment of Burial Sites, Human 

Remains and Funerary Objects (February 23, 2007); 
3. 	 Applicable SHPO and Tribal Historic Preservation Office guidance; 
4. 	 The Secretary of the Interior’s Standards and Guidelines for Archaeology and 


Historic Preservation (48 FR 44716-42, September 29, 1983);  

5. 	 The “Treatment of Archaeological Properties” (ACHP 1983); 
6. 	 The Guidelines for Reporting on Cultural Resources Investigations for Pipeline 

Projects” (Federal Energy Regulatory Commission, Office of Energy Projects, 
December 2002); 

7. 	 Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. § 403); 
8. 	 Section 404 of the Clean Water Act (334 U.S.C. § 344); 
9. 	 BLM 8110 Manual: Identifying and Evaluating Cultural Resources; 
10. Montana/Dakotas Cultural Resources Handbook 8110-1: Guidelines for Identifying 

Cultural Resources; 
11. The National Trails System Act (P.L. 90-543, as amended); 
12. Section 28 of the Mineral Leasing Act of 1920 (30 USC 185); 
13. Title V of the Federal Land Policy and Management Act of 1976 (43 USC 1701); and 
14. National Register Bulletin 38, Guidelines for Evaluating and Documenting 


Traditional Cultural Properties (NPS 1990; Revised 1992: 1998) 


C. Definitions 

Coordination Plan: A plan that, pursuant to Stipulations V.B and V.D, describes the 
coordination of construction with identification and evaluation of cultural resources, 
treatment of adverse effects, and protection of unanticipated discoveries. 

Concurring Parties: An invited consulting party to this PA that agrees with the content of 
the PA. Consistent with 36 C.F.R. § 800.6(c)(3), the refusal of a Concurring Party to sign 
the PA does not invalidate this PA. Concurring Parities may not terminate the PA. 

Construction Spread: A construction unit or segment of a pipeline alignment or corridor 
to be determined by Keystone prior to construction. 

Consulting Indian Tribes: Indian tribes that have consultative roles in the Section 106 
process consistent with 36 C.F.R. § 800.2(c). 

Consulting Parties: Parties that have consultative roles in the Section 106 process 

consistent with 36 C.F.R. § 800.2(c).  


Data Recovery: The recovery of archaeological information from a historic property 
subject to an adverse effect.  

Determination of Effect: A determination made by a Federal agency in regards to a 
Project’s effect upon a historic property consistent with 36 C.F.R. Part 800.  
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Determination of Eligibility: A determination made by a Federal agency, in coordination 
with the SHPO and/or designated representatives of consulting Indian tribes, as 
appropriate, respecting a cultural resource’s eligibility for inclusion in the NRHP and 
more fully described in 36 C.F.R. Part 60 and 36 C.F.R. § 800.16(l)(2).  

Effect: An alteration to the characteristics of a historic property qualifying it for inclusion 
in or eligibility for the NRHP (see 36 C.F.R. § 800.16(i)).  

Environmental Impact Statement: An analysis of a major Federal action’s environmental 
impacts conducted consistent with NEPA.  

Historic Property: Any prehistoric or historic district, site, building, structure, or object 
included in, or eligible for inclusion in, the NRHP maintained by the Secretary of the 
Interior. This term includes artifacts, records, and remains that are related to and located 
within such properties. The term includes properties of traditional religious and cultural 
importance to an Indian tribe or Native Hawaiian organization and that meet the National 
Register criteria (see 36 C.F.R. § 800.16(l)(1)).  

Invited Signatory: The DOS has invited Keystone, the Montana Department of Natural 
Resources and Conservation, and the Montana Department of Environmental Quality to 
sign this PA consistent with 36 C.F.R. § 800.6(c)(2).  The refusal of any invited signatory 
to sign the PA does not invalidate the PA.  An invited signatory, listed above, that has 
signed the PA, may terminate the PA consistent with 36 C.F.R. § 800.6(c)(8).   

Historic Trail and Archaeological Monitoring Plan: A plan that, pursuant to Stipulation 
V.E and Attachment F, identifies appropriate areas for monitoring construction by 
professionals under the supervision of individuals who meet the professional 
qualifications in Stipulation I. The plan’s principal goal is to reduce the potential for 
impacts to unidentified historic properties. 

Signatory: The signatories are: the DOS, BLM, USBR, USACE, NPS, Western, RUS, 
NRCS, FSA, BIA, ACHP, and the SHPOs of Kansas, Montana, South Dakota, and 
Nebraska. Only signatories and the invited signatories, as defined, may terminate the PA 
consistent with 36 C.F.R. § 800.6(c)(8).   

Tribal Monitoring Plan: A plan that, pursuant to Stipulation V.E and Attachment E, 
identifies appropriate areas for monitoring construction by tribal members appointed by 
their respective Indian tribes.  These tribal members shall meet the qualifications as noted 
in Stipulation V.E.3. The plan’s principal goal is to reduce the potential for impacts to 
previously unidentified historic properties that may also be properties of religious and 
cultural significance to Indian tribes that meet the National Register criteria (see 36 
C.F.R. § 800.16(1)(a)). 

Treatment Plan: A plan developed in consultation with the parties to this PA that 
identifies the minimization and mitigation measures for historic properties located within 
the APE that will be adversely affected by the Project. 
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II. CONFIDENTIALITY 


The DOS, BLM, NRCS, BIA, FSA, RUS, Western, USBR, NPS, USACE, and Keystone will 
safeguard information about historic properties of religious and cultural significance to Indian 
tribes, including location information, or information provided by Indian tribes to assist in the 
identification of such properties, consistent with Section 304 of NHPA, 16 U.S.C. § 470w3, and 
all other applicable laws. 

III. 	 THE RESPONSIBILITIES OF FEDERAL AGENCIES WITH LAND 
MANAGEMENT AND OTHER PERMITTING AUTHORITIES 

A. The USACE will ensure, for that part of the APE under its jurisdiction, that it has met its 
compliance obligations pursuant to Section 10 and Section 404 permitting authority. 

B. The BLM will comply with Section 106 and its implementing regulations (36 C.F.R. Part 
800) for the issuance of permits for those actions under its jurisdiction. 

C. The USBR will review and comment on the evaluation and treatment of any historic 
properties managed by the USBR. 

D. Attachment H includes maps that illustrate the Project areas that cross lands managed by 
the BLM and the USBR. 

E. Consultation for this Project between Indian tribes and Federal land management and 
permitting agencies will be coordinated through the DOS.  

IV. 	 KEYSTONE XL PROJECT—CONSTRUCTION OR MODIFICATION OF 
ELECTRICAL DISTRIBUTION/TRANSMISSION FACILITIES 

A. Prior to granting approval of financial assistance to construct or modify electrical 
facilities by rural electric cooperatives or other entities, the RUS will complete the 
requirements of 36 C.F.R. §§ 800.3 through 800.7 and notify the DOS of the outcome. 

B. In implementing Stipulation IV.A, the RUS may authorize a borrower to initiate Section 
106 consultation in accordance with 36 C.F.R. § 800.2(c) (4).  The RUS issued a blanket 
delegation for its borrowers to initiate Section 106 consultation in July 2009 and reissued 
the blanket delegation with some revision in August 2012.  As the RUS recognized in 
those memos, the RUS may not delegate its responsibility to conduct government-to-
government consultation with Indian tribes to a borrower, unless the RUS and that Indian 
tribe agree, in writing, to conduct consultation in that manner. 

C. Prior to construction of the 230-kV transmission line that Western will own, Western will 
complete the requirements of 36 C.F.R. §§ 800.3 through 800.7.  In implementing 
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Stipulation IV.C., Western will serve as a signatory under the PA.  Western shall 
coordinate implementation of Stipulation IV.C with the DOS.  

D. The RUS will ensure that the terms of Stipulations VI.B and VI.C are incorporated into 
construction contracts to ensure that its borrowers and construction contractors meet their 
responsibility for notification of any unanticipated discoveries.  When RUS-funded 
projects occur on BLM land, the RUS will coordinate with the BLM to ensure 
compliance with Stipulations VI.B and VI.C of this PA. 

E. 	 Prior to granting approval or financial assistance for construction or modification of 
electrical distribution/transmission facilities that are necessary components of the 
pipeline project and therefore considered within the Project APE, any Federal agency 
that is incorporated into this PA pursuant to Stipulation XIV will complete the 
requirements of 36 C.F.R. §§ 800.3 through 800.7 for those facilities under its 
jurisdiction and notify the DOS of the outcome if not already carried out elsewhere in 
this PA. 

F. 	 The DOS retains responsibility for completing the requirements of 36 C.F.R. §§ 800.3 
through 800.7 for those electrical distribution/transmission facilities that are necessary 
components of the Project if they are not under the jurisdiction of any Federal agency 
and not referenced in Stipulation IV, A through E above. 

V. KEYSTONE XL PROJECT – PIPELINE CONSTRUCTION  

A. The DOS has provided SHPOs, designated representatives of consulting Indian tribes, 
and other consulting parties with an opportunity to provide their views on the 
identification and evaluation of historic properties, consistent with 36 C.F.R. § 
800.16(l)(1), including historic properties of religious and cultural significance to Indian 
tribes, and the treatment of affected historic properties, in connection with the 
construction of the Keystone XL Project.  It will continue to provide all consulting parties 
with an opportunity to provide their views on the identification and evaluation of historic 
properties, assessment of effects, and treatment of adverse effects after approval of 
amendments to this PA.  

B. 	Identification and Evaluation of Historic Properties 

1. 	 In consultation with the SHPOs, designated representatives of consulting Indian 
tribes, and other consulting parties, the DOS will make a reasonable and good faith 
effort to complete the identification and evaluation of historic properties within the 
APE for each construction spread, including in areas yet to be surveyed outlined in 
Attachment A, prior to the initiation of construction of that spread, consistent with 36 
C.F.R. §§ 800.4(a), (b), and (c). On Federal lands, the scope of the identification 
effort will be determined by the DOS in consultation with the appropriate Federal 
land managing agency, applicable SHPOs, designated representatives of consulting 
Indian tribes, and other consulting parties. 
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2. 	 The DOS will make a reasonable and good faith effort to complete the identification 
and evaluation of historic properties, as appropriate, consistent with 36 C.F.R. §§ 
800.4(a), (b), and (c), before Keystone initiates construction activities (including 
vegetative clearing to comply with the Migratory Bird Treaty Act, if clearing is 
undertaken). 

a. 	 In the identification and evaluation of historic properties to which Indian tribes 
may attach religious and cultural significance, the DOS will take into 
consideration information submitted by Indian tribes to the DOS prior to 
construction through consultations and through the protocols for TCP studies, 
post-review discovery, and the Tribal Monitoring Plan, as set forth in this PA. 

b. 	 In the event identification of historic properties cannot be completed for any 
Construction Spreads prior to construction, Keystone will develop and submit a 
Coordination Plan to the DOS for review and approval pursuant to Stipulation 
V.D. The Coordination Plan must describe the measures Keystone will use to 
implement and complete the identification and evaluation of cultural resources 
and appropriate consultation before any historic properties are adversely affected 
by vegetation clearing and construction activities related to that spread. 

C. Treatment of Historic Properties  

1. 	 Whenever feasible, avoidance of adverse effects to historic properties will be the 
preferred treatment.  In consultation with the DOS, ACHP, SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties, Keystone 
may elect to consider and implement avoidance measures prior to completing the 
evaluation of historic properties. 

Avoidance measures may include:  
a. 	 Avoidance through pipeline or access road route variation or Project feature 

relocation; 
b. 	 Avoidance through abandonment; 
c. 	 Avoidance through bore or horizontal directional drill; 
d. 	 Avoidance by narrowing the construction corridor (“neck down”); or 
e. 	 Avoidance through the use of existing roadways as Project access roads to the 

extent practicable. 

2. 	 When historic properties are identified in the APE pursuant to Stipulation V.B, the 
DOS will apply criteria of adverse effect consistent with 36 C.F.R. § 800.5(a) in 
consultation with the ACHP, SHPO, designated representatives of consulting Indian 
tribes, and other consulting parties. If the DOS finds that historic properties might be 
adversely affected by actions covered under this PA and within the APE, the DOS 
will consult with the ACHP, SHPOs, designated representatives of consulting Indian 
tribes, and other consulting parties to determine prudent and feasible ways to avoid 
adverse effects. 
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a. 	 Once the DOS approves avoidance measures, Keystone will implement those 
measures.  

3. 	 If the DOS determines that the adverse effect cannot be avoided, the DOS will 
consult with the ACHP, SHPOs, designated representatives of consulting Indian 
tribes, and other consulting parties to determine those measures to be implemented by 
Keystone to minimize and mitigate adverse effects on affected historic properties 
identified in the APE.  

4. 	 If, after consultation, the DOS determines that the adverse effect cannot be avoided, 
Keystone will draft a comprehensive Treatment Plan for each adversely affected 
historic property. The Treatment Plan will describe the measures identified by the 
DOS under Stipulation V.C.3 to minimize and mitigate the adverse effect of pipeline 
construction activities on historic properties, the manner in which these measures will 
be carried out, and a schedule for their implementation.  

a. 	 When mitigation consists of or includes Data Recovery, the Treatment Plan also 
will identify the specific research questions to be addressed by Data Recovery 
with an explanation of their relevance, the archaeological methods to be used, and 
provisions for public interpretation and education, subject to Stipulation II 
restrictions, if any. Management summaries of all archaeological investigations 
must be submitted to the DOS, relevant Federal agencies, and the SHPO for 
review and approval prior to the commencement of construction activities and 
construction may be authorized on the basis of information contained in those 
summaries. Designated representatives of consulting Indian tribes will be notified 
for their information and awareness and may provide any relevant information to 
DOS and SHPO within nine (9) calendar days to inform their review of the 
summaries. Final reports must be submitted to the DOS and the SHPO for 
review within six months of the completion of the fieldwork. 

b. 	 A Treatment Plan may also include mitigation for adverse effects to historic 
districts, buildings and structures, and to TCPs and other properties of religious 
and cultural significance to Indian tribes.  This mitigation may include the 
recordation of historic properties according to Historic American Building 
Survey/Historic American Engineering Record Standards and Guidelines for 
Architectural and Engineering Documentation.  Other types of mitigation for 
adverse effects to historic districts, buildings, and structures, and to TCPs and 
other properties of religious and cultural significance to Indian tribes may also be 
described in the Treatment Plan.  The mitigation proposed for an adverse effect to 
a historic district, building, and/or structure, and to TCPs and other properties of 
religious and cultural significance to Indian tribes will be commensurate with the 
level of significance and extent of adverse effect and will be determined in a 
manner consistent with Stipulation V.C.4.c.   

c. 	 Keystone will submit the draft Treatment Plan to the DOS, BLM (if applicable), 
ACHP, designated representatives of consulting Indian tribes, the SHPO of the 
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applicable state, Montana Department of Environmental Quality (if applicable), 
Montana Department of Natural Resources and Conservation  (if applicable), and 
other applicable consulting parties for a forty-five (45) calendar day review.  
Keystone will address timely comments and recommendations submitted by 
SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties in preparation of the Final Treatment Plan.  

d. 	 When it has addressed all of the timely comments and recommendations, 
Keystone will submit the Final Treatment Plan to the DOS for review and 
approval. Keystone will also submit the Final Treatment Plan to the BLM for 
review and approval when involving lands subject to Stipulation III.C.  The DOS 
and BLM will issue their final decision on the Treatment Plan within thirty (30) 
calendar days.  Once the Final Treatment Plan is approved by the DOS (and the 
BLM if involving BLM-managed lands), copies of the Treatment Plan will be 
distributed to all SHPOs, designated representatives of consulting Indian tribes, 
and other consulting parties. 

5. 	 Keystone will make a reasonable and good faith effort to complete implementation of 
the Final Treatment Plan approved by the DOS prior to beginning construction of any 
spread for which the Treatment Plan is required.  If it is not possible to meet this 
schedule, Keystone will develop a Coordination Plan in accordance with Stipulation 
V.D that establishes how appropriate treatment will be determined and implemented 
during construction of the respective spread.  

D. Coordination of Construction and Historic Preservation Activities 

1. 	 The DOS will make a reasonable and good faith effort to complete the identification 
and evaluation of historic properties and potential historic properties, and the 
mitigation of adverse effects to them in accordance with Stipulations V.B and V.C 
prior to the initiation of vegetative clearing if vegetative clearing and construction on 
the Keystone XL spreads, including the Montana, South Dakota, and Nebraska 
spreads, is to be undertaken. 

2. 	 If these DOS activities cannot be completed prior to the start of vegetative clearing 
and construction of these spreads, Keystone will develop and provide to the DOS a 
detailed plan describing how the requirements of Stipulations V.B and V.C— 
identification, evaluation and treatment of historic properties—will be completed in 
coordination with vegetative clearing and construction activities in such a way that 
historic properties will not be adversely affected prior to the implementation of any 
mitigation measures. 

a. 	 A Coordination Plan will be prepared for each state and will include those 
measures developed by Keystone pursuant to Stipulations V.B and V.C to 
complete the identification and evaluation of historic properties, and, as 
appropriate, mitigation of adverse effects to them during and coordinated with 
vegetation clearing and construction activities.  In addition, the Coordination Plan 

Programmatic Agreement - 13 - Keystone XL Pipeline Project 
December 2013 

 
012353



 

 
  
 

 

 

 
 

 

 
 

 
 

 

UNCLASSIFIED 


will include a schedule for all proposed activities and recommended measures for 
the protection of unanticipated discoveries in accordance with Attachment C, as 
appropriate. 

b. 	 Keystone will submit the draft Coordination Plan for each state for such spreads, 
including the Kansas, Montana, South Dakota, and Nebraska spreads, to the DOS, 
BLM (as applicable), ACHP, SHPOs (as applicable), designated representatives 
of consulting Indian tribes, and consulting parties for forty-five (45) calendar day 
review. Keystone shall address timely comments and recommendations 
submitted by the applicable SHPO, designated representatives of consulting 
Indian tribes, and other consulting parties in preparation of the Final Coordination 
Plan for each state. When it has addressed all of the comments and 
recommendations, Keystone will submit the Final Coordination Plan for each 
state to the DOS for review.  The DOS shall issue its final decision on the 
Coordination Plan for each state within thirty (30) calendar days.  Following 
approval by the DOS, the Final Coordination Plan for each state will be 
distributed to all of the SHPOs, designated representatives of consulting Indian 
tribes, and other consulting parties. 

3. 	 Keystone will complete implementation of the Final Coordination Plan approved by 
the DOS during construction of the Kansas, Montana, South Dakota, and Nebraska 
spreads. 

E. Historic Trail and Archaeological Monitoring Plan (“HTAM Plan”) and Tribal 
Monitoring Plan 

1. 	 In consultation with the SHPOs and designated representatives of consulting Indian 
tribes, Keystone will monitor construction in selected areas of the APE of each spread 
as a supplement to identification efforts. Any historic properties identified by 
Keystone during monitoring will be treated in accordance with Stipulation VI.A and 
C. 

a.	 The HTAM Plan outlines areas that have been previously identified by the DOS 
during identification and evaluation efforts that warrant monitoring during soil 
disturbing activities for potential effects to historic properties. 

b.	 The Tribal Monitoring Plan outlines areas that have been previously identified by 
Indian tribes, either through the preparation of Traditional Cultural Property 
reports or through consultation, that warrant monitoring during clearing and 
trenching for potential effects to previously unidentified historic properties that 
may include properties of religious and cultural significance to an Indian tribe and 
that meet the National Register criteria (See 36 C.F.R. § 800.16(l)(1)).   

2. 	 Historic Trail monitoring will be performed by a professional who either meets the 
qualification standards for archaeology established in Stipulation I.A or is under the 
on-site supervision of such a professional.   
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3. 	 At the discretion of the DOS, tribal monitors may substitute other types of experience 
with construction monitoring and/or traditional cultural knowledge for the degrees 
required by the Professional Qualification Standards. DOS may also consider other 
accommodations regarding education and experience where allowed by the Standards 
and implementing guidance.   

4. 	 In consultation with the DOS, Keystone will consider information provided by Indian 
tribes in a timely manner when completing the identification of historic properties 
before construction begins as set forth in Stipulation V.B and in the HTAM Plan and 
Tribal Monitoring Plan provided for under Stipulation V.E.  Keystone will ensure 
that tribal monitors have reasonable access to Project construction sites and activities.  
In those areas previously identified by Indian tribes as needing monitoring, the Tribal 
Monitoring Plan stipulates that at least one monitor will be used per Construction 
Spread depending upon the extent and location of construction activities, as well as 
the relative historic importance of each Spread to each Indian tribe. 

5. 	 Keystone has submitted a plan for historic trail and archaeological monitoring and 
tribal monitoring for each spread to the DOS, BLM, ACHP, SHPO, designated 
representatives of consulting Indian tribes, and Consulting Parties for review and 
comment prior to the signing of this PA.  The Tribal Monitoring Plan and HTAM 
Plan are attached to this PA in Attachments E and F. 

6. 	 Keystone will implement the HTAM Plan and Tribal Monitoring Plan for each spread 
that has been approved by the DOS. 

F. Construction 

1. 	 Lead Environmental Inspector (EI): Prior to initiating vegetative clearing or 
construction, Keystone will employ the Lead EI whose responsibilities will include 
ensuring compliance with the terms of this PA.  In meeting this responsibility, the 
Lead EI will rely on the technical expertise of on-site professionals who meet the 
standards established in Stipulation I.A and tribal monitors with experience outlined 
in Stipulation V.E.3. 

a. 	 The Lead EI will monitor construction activities on-site and prepare a daily log, 
reporting to Keystone and designated representatives of consulting Indian tribes 
on activities performed to implement the terms of this PA, as appropriate.  
Keystone will make the daily log available to the DOS and SHPOs, and other 
consulting parties upon request. 

b. 	 Keystone will ensure through the construction contract that the Lead EI will 
possess the authority to stop construction in the event of an inadvertent discovery 
in accordance with Stipulation VI.A and Attachment C.  
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2. 	 Training: Keystone will ensure that, if the Lead EI does not meet the professional 
qualification standards established in Stipulation I.A, the Lead EI will receive 
appropriate training in historic preservation from a professional who meets the 
standards established in Stipulation I.A in order to perform the requirements of this 
PA. Keystone also will provide an appropriate level of training in historic 
preservation conducted by a professional who meets the standards established in 
Stipulation I.A to all construction personnel (including new, added, replaced workers) 
so that PA requirements are understood and unanticipated discoveries quickly 
identified. Keystone will conduct this training prior to initiating vegetative clearing 
or construction activities on a spread.  Keystone also will conduct periodic refresher 
training during construction of the spread. 

3. 	 Construction Contract: Keystone will incorporate the terms of Stipulation VI.A and 
Attachment C into construction contracts to ensure that its Lead EI and construction 
contractors meet their responsibility for notification of the unanticipated discoveries. 

F.	 Scheduling 

The DOS may authorize the start of vegetative clearing and construction for an individual 
spread when the plans prepared in accordance with Stipulations V.D and V.E as appropriate 
for that spread, have been submitted by Keystone and approved by the DOS in accordance 
with the terms of this PA.  

VI. UNANTICIPATED DISCOVERIES OR ADVERSE EFFECTS DURING 
CONSTRUCTION OF THE KEYSTONE XL PROJECT 

A. Pipeline Construction 

1. 	 “Applicable Federal agency” is the Federal agency with jurisdiction for the land on 
which construction is occurring or, in the absence of such an agency, the DOS, as 
appropriate. 

2. 	 If previously unidentified historic properties are discovered by monitors or 
construction personnel unexpectedly or unanticipated adverse effects on previously 
identified historic properties occur as pipeline construction activities are carried out 
within the one-hundred-and-ten (110) foot-wide construction corridor or other 
ancillary facilities and access roads within the APE, the construction contractor will 
immediately halt all construction activity within a one-hundred-and-fifty (150) foot 
radius of the discovery or adversely affected historic property, notify the Lead EI of 
the discovery and implement interim measures to protect the discovery from looting 
and vandalism. Within forty-eight (48) hours of receipt of this notification of the 
discovery, the Lead EI shall: 

a. 	 Inspect the work site to determine the extent of the discovery or adverse effect 
and ensure that construction activities have halted;  

b. 	 Clearly mark the area of the discovery or adverse effect; 
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c. 	 Implement additional measures other than those mentioned above, as appropriate, 
to protect the discovery or adversely affected historic property from looting and 
vandalism; and  

d. 	 Notify the applicable Federal agency, SHPOs, designated representatives of 
consulting Indian tribes, and other consulting parties of the discovery or adverse 
effect. 

3. 	 In the case of an unanticipated discovery, the applicable Federal agency will notify all 
consulting parties that it will be receiving comments concerning the unanticipated 
discovery and provide contact information.  The applicable Federal agency will have 
seven (7) calendar days following notification provided in accordance with 
Stipulation VI.A.2 to determine the National Register eligibility of the discovery after 
considering the timely filed views of the SHPOs, designated representatives of 
consulting Indian tribes, other consulting parties, and Keystone.  The applicable 
Federal agency may assume the newly discovered property to be eligible for the 
National Register for the purposes of Section 106 consistent with 36 C.F.R. § 
800.13(c). 

4. 	 For discovered properties determined eligible or assumed to be eligible pursuant to 
Stipulation VI.A.3, the applicable Federal agency will notify the ACHP, SHPOs, 
designated representatives of consulting Indian tribes, and other consulting parties of 
those actions that it proposes to resolve adverse effects which may include a 
Treatment Plan as outlined in Stipulation V.C.  

a. 	 SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties will have ninety-six (96) hours to provide their views on the 
proposed actions. 

b. 	 The applicable Federal agency will ensure that the timely filed recommendations 
of SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties are taken into account prior to granting approval of the 
measures that Keystone will implement to resolve adverse effects.  

c. 	 Keystone will carry out the approved measures prior to resuming construction 
activities in the location of the discovery. 

5. 	 In the case of unanticipated adverse effects to a previously identified historic 
property, the applicable Federal agency will notify the ACHP, SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties of those 
actions that it proposes to resolve adverse effects which may include a Treatment 
Plan as outlined in Stipulation V.C. 

a. 	 SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties will have forty-eight (48) hours to provide their views on the 
proposed actions. 

b. 	 The applicable Federal agency will ensure that the timely filed recommendations 
of SHPOs, designated representatives of consulting Indian tribes, and other 
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consulting parties are taken into account prior to granting approval of the 
measures that Keystone will implement to mitigate adverse effects.  

c. 	 Keystone will carry out the approved measures prior to resuming construction 
activities in the location of the affected property. 

6. 	 Dispute Resolution: The applicable Federal agency will seek and take into account 
the recommendations of the ACHP in resolving any disagreements that may arise 
regarding resolution of adverse effects that relate to the implementation of Stipulation 
VI.A. The applicable Federal agency will use the contact information provided in 
Attachment D to notify the ACHP. Within seven (7) calendar days of receipt of such 
a written request, the ACHP will provide the applicable Federal agency 
recommendations on resolving the dispute. The applicable Federal agency will take 
into account any timely filed recommendations provided by the ACHP in making a 
final decision about how to proceed. 

B. Construction or Modification of Electrical Facilities 

1. 	 If previously unidentified historic properties are discovered unexpectedly during 
construction or modification of transmission facilities funded by the RUS, the RUS 
borrower’s construction contractor will immediately halt all construction activity 
within a one-hundred-and-fifty (150) foot radius of the discovery, notify the RUS 
borrower of the discovery and implement interim measures to protect the discovery 
from looting and vandalism. Within forty-eight (48) hours of receipt of this 
notification of the discovery, the RUS borrower shall:  

a. 	 Notify the RUS Contact (and BLM Contact if discovery occurs on BLM land); 
b. 	 Inspect the work site to determine the extent of the discovery and ensure that 

construction activities have halted; 
c. 	 Clearly mark the area of the discovery; and 
d. 	 Implement additional measures, as appropriate, to protect the discovery from 

looting and vandalism. 

2. 	 Upon receipt of such notification the RUS and, if applicable, BLM will coordinate the 
notification of SHPOs, designated representatives of consulting Indian tribes, and 
other consulting parties and notify the SHPOs, designated representatives of 
consulting Indian tribes, and other consulting parties of the discovery. 

3. 	 The RUS and, if applicable, BLM will have seven (7) calendar days following 
notification provided in accordance with Stipulation VI.B.1 to determine the National 
Register eligibility of the discovery in consultation with the SHPOs, designated 
representatives of consulting Indian tribes, other consulting parties, and the borrower.  
The RUS and, if applicable, BLM may assume the newly discovered property to be 
eligible for the National Register for the purposes of Section 106 pursuant to 36 
C.F.R. § 800.13(c). 
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4. 	 For properties determined eligible, or treated as such, pursuant to Stipulation VI.B.3, 
the RUS, in coordination with the BLM (if applicable), will notify the SHPOs, 
designated representatives of consulting Indian tribes, and other consulting parties of 
those actions that it proposes to resolve adverse effects. SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties will provide 
their views on the proposed actions within ninety-six (96) hours.  The RUS will 
ensure that the timely filed recommendations of the SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties are taken into 
account prior to granting approval of those actions that the borrower will implement 
to resolve adverse effects.  Once RUS approval has been granted, its borrower will 
carry out the approved measures prior to resuming construction activities in the 
location of the discovery. 

5. 	 Dispute Resolution: The RUS and, if applicable, BLM will seek and take into account 
the recommendations of the ACHP in resolving any disagreements that may arise 
regarding the resolution of adverse effects that relate to the implementation of 
Stipulation VI.B.  The applicable Federal agency will use the contact information 
provided in Attachment D in order to notify the ACHP.  Within seven (7) calendar 
days of receipt of such a written request, the ACHP will provide the RUS and, if 
applicable, BLM with its recommendations for resolving the dispute.  The RUS and, 
if applicable, BLM will take into account any recommendations provided by the 
ACHP in making a final decision about how to proceed. 

6. 	 Reporting: No later than six (6) months following the resumption of construction 
within the location of the discovery, the RUS will submit a final report to the SHPOs, 
designated representatives of consulting Indian tribes, and other consulting parties 
describing implementation of the actions taken in accordance with Stipulation VI.B 
and, as appropriate, the analysis and interpretation of recovered information. 

C. Unanticipated Discovery of Human Burials and Remains, and Funerary Objects 

1. 	 When Native American human remains or funerary objects or objects of cultural 
patrimony are unexpectedly discovered during construction of the Keystone XL 
Project on Federal or tribal lands within the APE, Keystone or an RUS borrower, as 
appropriate, will notify immediately the Federal agency responsible for compliance 
with the Native American Graves Protection and Repatriation Act, 25 U.S.C. 3001 et. 
seq., and its implementing regulations, 43 C.F.R. Part 10.  

2. 	 Non-Native American human burials and remains, and funerary objects discovered on 
Federal lands within the APE will be treated by the Federal agency having 
jurisdiction of the remains in accordance with applicable Federal law, taking into 
account the ACHP’s Policy Statement on the Treatment of Burial Sites, Human 
Remains and Funerary Objects (February 23, 2007). 

3.	 The DOS, Western, and RUS will treat human burials and remains discovered on 
non-Federal land consistent with the provisions of Attachment C and any applicable 
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federal, state, and local burial laws. In those instances where the USACE has 
jurisdiction under Section 10 or 404 permitting authority for non-Federal lands in the 
APE, the applicable Federal agencies will ensure that Keystone complies with the 
provisions of Attachment C acting in the place of the DOS. In determining 
appropriate actions to be carried out, the DOS, RUS, and/or other Federal agencies 
will be guided by the ACHP’s Policy Statement on the Treatment of Burial Sites, 
Human Remains and Funerary Objects (February 23, 2007). 

VII. CURATION 

A. 	Federal agencies will curate any artifacts, materials or records resulting from 
archaeological identification and mitigation conducted on Federal lands under their 
jurisdiction in accordance with 36 C.F.R. Part 79, “Curation of Federally-Owned and 
Administered Archaeological Collections.” Federal agencies with jurisdiction over the 
Federal lands will consult with Indian tribes consistent with 36 C.F.R. 79. 

B. Keystone and RUS borrowers will return all artifacts recovered from private lands to the 
respective landowner after analysis is complete, unless applicable state law requires 
otherwise. Keystone and RUS borrowers will encourage and assist landowners in 
donating any returned artifacts to a local curation facility identified by the respective 
SHPO. Keystone shall pay all required curation fees associated with the donation of 
artifacts to the local curation facility. 

C. On Federally controlled or owned properties, Federal agencies will determine the 
disposition of human burials, human remains and funerary objects in accordance with 
applicable Federal law. 

VIII. REPORTING 

A. 	Within three (3) months of completion of pipeline construction of a spread, Keystone will 
submit a comprehensive draft report to the DOS describing the results and findings of the 
implementation of the actions and plans specified in Stipulations V.C through G, VI.A, 
including Attachment C. 

B. 	Keystone will submit a draft comprehensive report for each spread to the ACHP, SHPOs, 
designated representatives of consulting Indian tribes, and other consulting parties of the 
respective states in which the spread is located, for forty-five (45) day review and 
comment. Keystone shall address timely comments and recommendations submitted by 
ACHP, SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties in preparation of the Final Comprehensive Report for that spread. 
Keystone will submit the final report to the DOS for review and approval. The final 
comprehensive report will be provided by the DOS to the ACHP, SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties once approved. 
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IX. MONITORING IMPLEMENTATION OF THE PA 


Each quarter following the execution of this PA until it expires or is terminated, the DOS with 
the assistance of the USACE, BLM, RUS, FSA, NRCS, BIA, and USBR as necessary will 
provide the ACHP, SHPOs, designated representatives of consulting Indian tribes, and other 
consulting parties to this PA a progress report summarizing the work carried out pursuant to its 
terms.  Such report will include any scheduling changes proposed, any problems encountered, 
and any disputes and objections received in the efforts to carry out the terms of this PA.  The 
DOS will maintain and update a list of the current contact for the ACHP, SHPOs, designated 
representatives of consulting Indian tribes, and other consulting parties and will be distributed in 
each quarterly report. 

X. DISPUTE RESOLUTION 

A. “Appropriate Federal agency” refers to the DOS, BLM, RUS, USBR, and USACE, or 
other Federal land managing and/or permitting agency as applicable. 

B. Should any signatory, invited signatory, or concurring party to this PA object at any time 
to any actions proposed or the manner in which the terms of this PA are implemented, the 
appropriate Federal agency will consult with such party to resolve the objection.  If the 
appropriate Federal agency determines that such objection cannot be resolved, the 
appropriate Federal agency will: 

1. 	 Forward all documentation relevant to the dispute, including the applicable Federal 
agency’s proposed resolution, to the ACHP. The ACHP will provide the appropriate 
Federal agency with its advice on the resolution of the objection within thirty (30) 
calendar days of receiving adequate documentation.  Prior to reaching a final decision 
on the dispute, the appropriate Federal agency will prepare a written response that 
takes into account any timely advice or comments regarding the dispute from the 
ACHP, signatories, invited signatories, and concurring parties, and provide them with 
a copy of this written response.  The appropriate Federal agency will then proceed 
according to its final decision. 

2. 	 If the ACHP does not provide its advice regarding the dispute within the thirty (30) 
calendar day time period, the applicable Federal agency may make a final decision on 
the dispute and proceed accordingly.  Prior to reaching such a final decision, the 
appropriate Federal agency will prepare a written response that takes into account any 
timely comments regarding the dispute from the signatories, invited signatories, and 
concurring parties to the PA, and provide them and the ACHP with a copy of such 
written response. 

C. The Federal agencies are responsible for carrying out all other actions subject to the terms 
of this PA that are not the subject of the dispute. 

D. The process of dispute resolution outlined in Stipulation X does not pertain to disputes 
that arise from unanticipated discoveries covered in Stipulation VI. 
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XI. DURATION 


This PA will be null and void if all of its stipulations have not been carried out within seven (7) 
years from the date of its execution.  At such time, and prior to work continuing on the Keystone 
XL Project, the DOS will either: (a) execute a Memorandum of Agreement (MOA) or PA 
consistent with 36 C.F.R. §§ 800.6 or 800.14(b), respectively; or (b) request, take into account, 
and respond to the comments of the ACHP consistent with 36 C.F.R. § 800.7.  Prior to such time, 
the DOS may consult with the other signatories and invited signatories to reconsider the terms of 
the PA and amend it in accordance with Stipulation XII.  The DOS will notify the signatories, 
invited signatories, and concurring parties as to the course of action they will pursue.  

XII. AMENDMENT 

Any signatory or invited signatory to this PA may propose in writing that it be amended. The 
signatories and invited signatories will consult in an effort to reach agreement on an amendment.  
Any amendment will be effective on the date it is signed by all of the signatories and invited 
signatories and filed with the ACHP. 

XIII. TERMINATION 

A. If any signatory or invited signatory to this PA determines that its terms will not or 
cannot be carried out, that party will immediately consult with the other signatories and 
invited signatories to attempt to develop an amendment per Stipulation XII.  If within 
thirty (30) calendar days an amendment cannot be reached, any signatory or invited 
signatory may terminate the PA upon written notification to the other signatories and 
invited signatories. 

B. Termination by an individual SHPO shall only terminate the application of this PA within 
the jurisdiction of the SHPO.  

1. Once the PA is terminated for an individual state, and prior to work continuing on the 
undertaking in that state, DOS must either (a) execute a PA pursuant to 36 CFR § 800.6 
or (b) request, take into account, and respond to the comments of the ACHP under 36 
CFR § 800.7. DOS shall notify the signatories as to the course of action it will pursue. 

C. If the PA is terminated in its entirety, and prior to work continuing on the undertaking, 
the DOS shall request, take into account, and respond to the comments of the ACHP 
consistent with 36 C.F.R. § 800.7(a).  Following consultation with the ACHP, the DOS 
will notify the signatories, invited signatories and concurring parties as to the course of 
action it will pursue. 

XIV. COORDINATION WITH OTHER FEDERAL REVIEWS 
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In the event that Keystone or a Federal agency applies for additional Federal funding or 
approvals for the Keystone XL Project and the undertaking remains unchanged, such funding or 
approving agency may comply with Section 106 by agreeing in writing to the terms of this PA 
and notifying and consulting with the applicable SHPOs, designated representatives of 
consulting Indian tribes, and the ACHP. Any necessary modifications will be considered in 
accordance with Stipulation XII. 

XV. SCOPE OF THE PA 

This PA is limited in scope to actions that will facilitate the construction of the Keystone XL 
Project and related facilities, and is entered into solely for that purpose. 

EXECUTION of this PA by the DOS, ACHP, BLM, RUS, Western, USACE, USBR, NPS, 
NRCS, FSA, BIA, the Montana SHPO, South Dakota SHPO, Nebraska SHPO, and Kansas 
SHPO and implementation of its terms evidence that the DOS, Western, BLM, RUS, NRCS, 
FSA, BIA, USACE, USBR, and NPS have taken into account the effects of the Keystone XL 
Project on historic properties and afforded the ACHP an opportunity to comment. 
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ATTACHMENT A 

The following table summarizes the proposed Project areas for which Keystone has yet to 
conduct identification and evaluation studies as of the finalization of the PA.  The majority of 
these proposed Project areas have been denied access versus new areas that have yet to surveyed. 

Areas Not Surveyed Along the Proposed Project APE 

State Project Area Type 
Cultural Survey Remaining 

(acres) 
Montana ROW 0.00 
Montana Pump Stations 0.00 
Montana Ancillary facilities 0.00 
Montana Access Roads 0.00 

South Dakota ROW 23.70 
South Dakota Pump Stations 0.00 
South Dakota Ancillary facilities 0.00 
South Dakota Access Roads 0.00 

Nebraska ROW 937.65 
Nebraska Pump Stations 43.451 

Nebraska Ancillary facilities N/A2 

Nebraska Access Roads 33.053 

Total 1037.851, 2, 3 

1 Pump stations in Nebraska have been surveyed for multiple locations.  
2 Additional ancillary facilities may be needed, however, are not known at this time. 
3 Additional access roads may be needed, however, are not known at this time. 
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ATTACHMENT B
 

1. 	 Absentee-Shawnee Tribe of Indians of Oklahoma 
2. 	 Alabama-Coushatta Tribes of Texas  
3. 	 Alabama-Quassarte Tribal Town, Oklahoma 
4. 	 Apache Tribe of Oklahoma 
5. 	 Arapahoe Tribe of the Wind River Reservation, Wyoming (aka Northern Arapaho Tribe) 
6. 	 Assiniboine and Sioux Tribes of the Fort Peck Indian Reservation, Montana (aka Fort 

Peck Tribes) 
7. 	 Blackfeet Tribe of the Blackfeet Indian Reservation of Montana 
8. 	 Cherokee Nation, Oklahoma 
9. 	 Cheyenne and Arapaho Tribes, Oklahoma 
10. 	 Cheyenne River Sioux Tribe of the Cheyenne River Reservation, South Dakota  
11. 	 Chickasaw Nation, Oklahoma  
12. 	 Chippewa-Cree Indians of the Rocky Boy's Reservation, Montana 
13. 	 Choctaw Nation of Oklahoma 
14. 	 Comanche Nation, Oklahoma 
15. 	 Confederated Salish & Kootenai Tribes of the Flathead Indian Nation, Montana 
16. 	 Confederated Tribes of the Goshute Reservation, Nevada and Utah 
17. 	 Crow Creek Sioux Tribe of the Crow Creek Reservation, South Dakota 
18. 	 Crow Tribe of Montana 
19. 	 Delaware Tribe of Indians, Oklahoma 
20. 	 Duckwater Shoshone Tribe of the Duckwater Reservation, Nevada 
21. 	 Eastern Band of Cherokee Indians of North Carolina 
22. 	 Eastern Shawnee Tribe of Oklahoma 
23. 	 Ely Shoshone Tribe of Nevada 
24. 	 Flandreau Santee Sioux Tribe of South Dakota 
25. 	 Forest County Potawatomi Community, Wisconsin 
26. 	 Fort Belknap Indian Community of the Fort Belknap Reservation of Montana (aka Gros 

Ventre and Assiniboine Tribe of Ft. Belknap) 
27. 	 Hannahville Indian Community, Michigan 
28. 	 Ho-Chunk Nation of Wisconsin 
29. 	 Iowa Tribe of Kansas and Nebraska 
30. 	 Iowa Tribe of Oklahoma 
31. 	 Jena Band of Choctaw Indians, Louisiana 
32. 	 Kaw Nation, Oklahoma 
33. 	 Kialegee Tribal Town, Oklahoma  
34. 	 Kickapoo Traditional Tribe of Texas 
35. 	 Kickapoo Tribe of Indians of the Kickapoo Reservation in Kansas 
36. 	 Kiowa Indian Tribe of Oklahoma  
37. 	 Lower Brule Sioux Tribe of the Lower Brule Reservation, South Dakota 
38. 	 Lower Sioux Indian Community in the State of Minnesota 
39. 	 Match-e-be-nash-she-wish Band of Pottawatomi Indians of Michigan (aka Gun Lake 

Potawatomi) 
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40. 	 Mille Lacs Band of Minnesota Chippewa Tribes, Minnesota 
41. 	 Modoc Tribe of Oklahoma  
42. 	 Nez Perce Tribe, Idaho 
43. 	 Northern Cheyenne Tribe of the Northern Cheyenne Indian Reservation, Montana 
44. 	 Nottawaseppi Huron Band of the Potawatomi, Michigan (aka Huron Potawatomi Nation)  
45. 	 Oglala Sioux Tribe of the Pine Ridge Reservation, South Dakota 
46. 	 Omaha Tribe of Nebraska  
47. 	 Osage Nation, Oklahoma 
48. 	Otoe-Missouria Tribe of Indians, Oklahoma  
49. 	 Pawnee Nation of Oklahoma 
50. 	 Poarch Band of Creek Indians of Alabama 
51. 	 Pokagon Band of Potawatomi Indians, Michigan and Indiana 
52. 	 Ponca Tribe of Indians of Oklahoma  
53. 	 Ponca Tribe of Nebraska 
54. 	 Prairie Band of Potawatomi Nation, Kansas 
55. 	 Prairie Island Indian Community in the State of Minnesota 
56. 	 Red Lake Band of Chippewa Indians, Minnesota 
57. 	 Rosebud Sioux Tribe of the Rosebud Indian Reservation, South Dakota 
58. 	 Sac & Fox Nation of Missouri in Kansas and Nebraska  
59. 	 Sac & Fox Nation, Oklahoma  
60. 	 Sac & Fox Tribe of the Mississippi in Iowa  
61. 	 Santee Sioux Nation, Nebraska 
62. 	 Seneca-Cayuga Tribe of Oklahoma  
63. 	 Shakopee Mdewakanton Sioux Community of Minnesota 
64. 	 Shoshone-Bannock Tribes of the Fort Hall Reservation of Idaho 
65. 	 Shoshone Tribe of the Wind River Reservation, Wyoming (aka Eastern Shoshone Tribe)  
66. 	 Sisseton-Wahpeton Oyate of the Lake Traverse Reservation, South Dakota 
67. 	 Skull Valley Band of Goshute Indians of Utah 
68. 	 Southern Ute Indian Tribe of the Southern Ute Reservation, Colorado 
69. 	 Spirit Lake Tribe, North Dakota  
70. 	 Standing Rock Sioux Tribe of North & South Dakota 
71. 	 Stockbridge Munsee Community, Wisconsin  
72. 	 Thlopthlocco Tribal Town, Oklahoma 
73. 	 Three Affiliated Tribes of the Fort Berthold Reservation, North Dakota 
74. 	 Tonkawa Tribe of Indians of Oklahoma 
75. 	 Turtle Mountain Band of Chippewa Indians of North Dakota 
76. 	 United Keetoowah Band of Cherokee Indians in Oklahoma 
77. 	 Upper Sioux Community, Minnesota 
78. 	 Ute Indian Tribe of the Uintah & Ouray Reservation, Utah (aka Ute Indian Tribe, also 

Northern Ute Tribe) 
79. 	 Ute Mountain Tribe of the Ute Mountain Reservation, Colorado, New Mexico and Utah 
80. 	 White Earth Band of Minnesota Chippewa Tribes, Minnesota 
81. 	 Wichita and Affiliated Tribes (Wichita, Keechi, Waco & Tawakonie), Oklahoma  
82. 	 Winnebago Tribe of Nebraska 
83. 	 Yankton Sioux Tribe of South Dakota 
84. 	 Ysleta Del Sur Pueblo of Texas 
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ATTACHMENT C 

Plans for the Unanticipated Discovery of Cultural Resources 

If previously unidentified cultural resources are discovered by monitors or construction 
personnel unexpectedly, Keystone will follow the procedures described in the state-
specific plans included in this attachment for (1) Montana, (2) South Dakota, (3) 
Nebraska, (4) North Dakota, and (5) Kansas. If the following plans conflict in any way 
with Keystone’s obligations under the Programmatic Agreement and Tribal Monitoring 
Plan, Keystone will follow the procedures described in the Programmatic Agreement and 
Tribal Monitoring Plan. 
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UNANTICIPATED DISCOVERIES PLAN 


I. 	 Unanticipated Discoveries Plan for the Keystone XL project corridor (Project) in  
Montana 

If previously unidentified historic properties are discovered by monitors or construction 
personnel unexpectedly or unanticipated adverse effects on previously identified historic 
properties occur as pipeline construction activities are carried out within the one-
hundred-and-ten (110) foot-wide construction corridor or other ancillary facilities and 
access roads within the APE, the construction contractor will immediately halt all 
construction activity within a one-hundred-and-fifty (150) foot radius of the discovery or 
adversely affected historic property, notify the Lead EI of the discovery and implement 
interim measures to protect the discovery from looting and vandalism. 

Within forty-eight (48) hours of receipt of this notification of the discovery, the Lead EI 
shall: 

a. 	 Inspect the work site to determine the extent of the discovery or adverse effect 
and ensure that construction activities have halted;  

b. 	 Clearly mark the area of the discovery or adverse effect; 
c. 	 Implement additional measures other than those mentioned above, as appropriate, 

to protect the discovery or adversely affected historic property from looting and 
vandalism; and  

d. 	 Notify the DOS, SHPO, MDEQ, designated representatives of consulting Indian 
tribes, and other consulting parties of the discovery or adverse effect. 

In the case of an unanticipated discovery, DOS will notify all consulting parties that it 
will be receiving comments concerning the unanticipated discovery and provide contact 
information.  The DOS will have seven (7) calendar days following notification provided 
in accordance with Stipulation VI.A.2 to determine the National Register eligibility of the 
discovery after considering the timely filed views of the SHPO, MDEQ, designated 
representatives of consulting Indian tribes, other consulting parties, and Keystone.  The 
applicable Federal agency may assume the newly discovered property to be eligible for 
the National Register for the purposes of Section 106 consistent with 36 C.F.R. § 
800.13(c). 

For discovered properties determined eligible or assumed to be eligible pursuant to 
Stipulation VI.A.3, the applicable Federal agency will notify the ACHP, SHPO, MDEQ, 
designated representatives of consulting Indian tribes, and other consulting parties of 
those actions that it proposes to resolve adverse effects which may include a Treatment 
Plan as outlined in Stipulation V.C. 

a.	 SHPO, MDEQ, designated representatives of consulting Indian tribes, and other 
consulting parties will have ninety-six (96) hours to provide their views on the 
proposed actions. 

b.	 DOS will ensure that the timely filed recommendations of SHPO, MDEQ, 
designated representatives of consulting Indian tribes, and other consulting parties 
are taken into account prior to granting approval of the measures that Keystone 
will implement to resolve adverse effects.  
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c.	 Keystone will carry out the approved measures prior to resuming construction 
activities in the location of the discovery. 

In the case of unanticipated adverse effects to a previously identified historic property, 
the applicable Federal agency will notify the ACHP, SHPO, MDEQ, designated 
representatives of consulting Indian tribes, and other consulting parties of those actions 
that it proposes to resolve adverse effects which may include a Treatment Plan as 
outlined in Stipulation V.C.  

a. 	 SHPO, MDEQ, designated representatives of consulting Indian tribes, and other 
consulting parties will have forty-eight (48) hours to provide their views on the 
proposed actions. 

b. 	DOS will ensure that the timely filed recommendations of SHPO, MDEQ, 
designated representatives of consulting Indian tribes, and other consulting parties 
are taken into account prior to granting approval of the measures that Keystone 
will implement to mitigate adverse effects.  

c. 	 Keystone will carry out the approved measures prior to resuming construction 
activities in the location of the affected property. 

Dispute Resolution: DOS will seek and take into account the recommendations of the 
ACHP in resolving any disagreements that may arise regarding resolution of adverse 
effects that relate to the implementation of Stipulation VI.  DOS will use the contact 
information provided in Attachment C or D to notify the ACHP. Within seven (7) 
calendar days of receipt of such a written request, the ACHP will provide DOS 
recommendations on resolving the dispute. DOS will take into account any timely filed 
recommendations provided by the ACHP in making a final decision about how to 
proceed. 

II. Accidental Discovery of Human Remains on state or private lands 

All human burials and funerary objects in the state of Montana are protected pursuant to 
the Human Skeletal Remains and Burial Site Protection Act (Montana Code Ann. §22-3-
801 through §22-3-811). 

In the event that human remains or burials are encountered during additional 
archaeological investigations or construction activities, Keystone or its designated 
representative shall immediately cease work within 150 foot radius from the point of 
discovery and implement measures to protect the discovery from looting and vandalism. 
No digging, collecting or moving human remains or other items shall occur after the 
initial discovery.  Protection measures will include the following. 

a) Flag the buffer zone around the find spot.  

b) Keep workers, press, and curiosity seekers, away from the find spot.  

c) Tarp the find spot. 

d) Prohibit photography of the find unless requested by an agency official.  

e) Have an individual stay at the location to prevent further disturbance until a law 

enforcement officer arrives. 
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Keystone will immediately notify local law enforcement, DOS, SHPO, and MDEQ 
within forty-eight (48) hours of the discovery. DOS shall notify the SHPO, MDEQ, 
Indian tribes, and other consulting parties within forty-eight (48) hours of the discovery. 
If local law enforcement determines that the remains are not associated with a crime, 
DOS shall determine if it is prudent and feasible to avoid disturbing the remains. If DOS 
in consultation with the Keystone determines that disturbance cannot be avoided, the 
DOS shall consult with the SHPO, MDEQ, Indian tribes, and other consulting parties to 
determine acceptable procedures for the removal, treatment and disposition of the burial 
or remains. The DOS shall ensure that Keystone implements the plan for removal, 
treatment and disposition of the burial or remains as authorized by the SHPO. The DOS 
shall notify Keystone that they may resume construction activities in the area of the 
discovery upon completion of the plan authorize as by the SHPO. 

Contact Information: 

Stan Wilmoth 

State Archaeologist
 
State Historic Preservation Office 

P.O. Box 201203 

Helena, MT 59620 

406-444-7719 

swilmoth@mt.gov 

James Strait, RPA 

Montana DEQ/EMB/MFSA 

1520 East 6th Avenue 

P.O. Box 200901 

Helena, MT 59620 

Office: 406-444-6765 

Cell: 406-696-1267 

jstrait@mt.gov 

Craig Jones 

Montana DEQ/EMB/MFSA 

1520 East 6th Avenue 

P.O. Box 200901 

Helena, MT 59620 

406-444-0514 

crajones@mt.gov 

III. 	 Unanticipated Discovery of Human Burials, Remains, and Funerary Objects on Federal 
Lands 

For the accidental discovery of human burials, remains, and funerary objects on Federal 
lands please reference Stipulation VI.(C) of the PA. 
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UNANTICIPATED DISCOVERIES PLAN 


I. 	 Unanticipated Discoveries Plan for the Keystone XL project corridor (Project) in 
South Dakota 

1.	 In the event that previously unidentified archaeological resources are discovered 
during ground disturbing activities within the project area (area of potential effect), 
Project shall halt immediately all construction work within 100 feet (30.5 m) of the 
discovery and in the surrounding area where further subsurface remains can 
reasonably be expected to occur. The area of the discovery will be clearly marked by 
means of flagging or fencing. 

2.	 The construction contractor will notify a designated representative of Project of the 
discovery. Following notification of the discovery, the designated representative of 
Project will immediately inspect the work site and determine the extent of the 
affected archaeological resource as defined by the State Historic Preservation Office 
(SHPO) or by the SHPO in consultation with the archaeologist retained by Project. 

3.	 Within 14 calendar days of the original notification of discovery, the archaeologist 
retained by Project, in consultation with the SHPO, will determine the National 
Register eligibility of the resource. The SHPO or Project may extend this 14-day 
calendar period one time by an additional 7 calendar days, with Project providing 
written notice to the SHPO prior to the expiration date of the said 14-day calendar 
period. 

4.	 If the resource is determined eligible for the National Register, Project shall submit to 
the SHPO and the Department of State (DOS) a plan for its avoidance, protection, 
recovery of information, or destruction without data recovery. Said plan will be 
submitted to the SHPO and the DOS within 14 calendar days of a determination of 
eligibility, and shall be approved by the SHPO and the DOS prior to implementation. 

5.	 Work in the affected area may resume per SHPO authorization pending either: 
i.	 development and implementation of an appropriate data recovery plan or other 

recommended mitigation procedures, or 
ii.	 determination that the located remains are not eligible for inclusion on the 

National Register. 

6.	 Any disputes concerning the evaluation or treatment of previously unidentified 
resources will be resolved through consultation among the SHPO, a designated 
representative of Project, and the archaeologist retained by Project. 
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II. Accidental Discovery of Human Remains on state or private lands 

All human burials and funerary objects in the state of South Dakota are protected 

pursuant to South Dakota Codified Law Chapter 34-27-25, 34-27-28, 34-27-31. 


In the event that human remains or burials are encountered during additional 

archaeological investigations or construction activities, Project or its designated
 
representative shall immediately cease work within 150 foot radius from the point of
 
discovery and implement measures to protect the discovery from looting and vandalism.
 
No digging, collecting or moving human remains or other items shall occur after the 

initial discovery.  Protection measures will include the following. 


a) Flag the buffer zone around the find spot.  

b) Keep workers, press, and curiosity seekers, away from the find spot.  

c) Tarp the find spot. 

d) Prohibit photography of the find unless requested by an agency official.  

e) Have an individual stay at the location to prevent further disturbance until a law 

enforcement officer arrives. 


Project will immediately notify local law enforcement, the DOS, and the South Dakota 

State Archaeologist (State Archaeologist) within forty-eight (48) hours of the discovery. 

The DOS shall notify the SHPO, Indian tribes and other consulting parties within forty-

eight (48) hours of the discovery.  If local law enforcement determines that the remains 

are not associated with a crime, the DOS shall determine if it is prudent and feasible to 

avoid disturbing the remains. If the DOS in consultation with the Project determines that
 
disturbance cannot be avoided, the DOS shall consult with the State Archaeologist, 

SHPO, Indian tribes and other consulting parties to determine acceptable procedures for 

the removal, treatment and disposition of the burial or remains. The DOS shall ensure
 
that the Project implements the plan for removal, treatment and disposition of the burial 

or remains as authorized by the State Archaeologist. The DOS shall notify the Project 

that they may resume construction activities in the area of the discovery upon completion 

of the plan authorize as by the State Archaeologist.
 

Contact Information: 

James K. Haug, State Archaeologist 

South Dakota State Historical Society 

Archaeological Research Center 

PO Box 1257 

Rapid City, SD 57709 

(605) 394-1936 

Katie Lamie, Repository Manager  

South Dakota State Historical Society 

Archaeological Research Center 

PO Box 1257 

Rapid City, SD 57709 

(605) 394-1936 
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Paige Olson, Review and Compliance Coordinator 

South Dakota State Historical Society 

State Historic Preservation Office 

900 Governors Drive 

Pierre, SD 57501 

(605) 773-3458 

Amy Rubingh, Review and Compliance Archaeologist 

South Dakota State Historical Society 

State Historic Preservation Office 

900 Governors Drive 

Pierre, SD 57501 

(605) 773-3458 

III. 	 Unanticipated Discovery of Human Burials, Remains, and Funerary Objects on Federal 
Lands 

For the accidental discovery of human burials, remains, and funerary objects on Federal 
lands please reference Stipulation VI.(C) of the PA.     
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PREFILED REBUTTAL TESTIMONY  

OF  

CHRIS SAUNCOSI 

 

Docket No. HP14-001 

 

IN THE MATTER OF THE APPLICATION OF TRANSCANADA KEYSTONE PIPELINE, LP FOR 
ORDER ACCEPTING CERTIFICATION OF PERMIT ISSUED IN DOCKET HP09-001 TO 

CONSTRUCT THE KEYSTONE XL PIPELINE 
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1. Are you a member of the Yankton Sioux Tribe or any other tribe?   

A. I am an enrolled member of the Yankton Sioux Tribe.    

2. What is your occupation or what kinds of work do you do?   

A.  I am the Chief of Police for the Yankton Sioux Tribe.  

3. On whose behalf was this testimony prepared?    

A. This testimony was prepared on behalf of the Yankton Sioux Tribe.    

4. Please state the purpose of your testimony in this proceeding.   

A. The purpose of my testimony is to rebut the testimony of TransCanada and its witnesses and to 
show that TransCanada cannot continue to meet the conditions upon which its original permit was issued.  
I can provide testimony about the lack of interaction or communication between TransCanada and Tribal 
law enforcement and emergency response personnel.  
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

 
 
IN THE MATTER OF: 
 
PETITION OF TRANSCANADA 
KEYSTONE PIPELINE, LP FOR ORDER 
ACCEPTING CERTIFICATION OF 
PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PIPELINE 
 
 

) 
) 
) 
) 
) 
) 
) 
) 
) 

 
Docket HP 14-001 
 
INTERTRIBAL COUP’S PRE-
FILING OF REBUTTAL WITNESS 
TESTIMONY OF DR. JAMES 
HANSEN AND DR. ROBERT 
OGLESBY  

 
 
 Comes now the Intertribal Council On Utility Policy (COUP), by and through counsel, 

Robert Gough, to Pre-File Rebuttal Testimony for Dr. James Hansen and Dr. Robert Oglesby 

in the above entitle action by the required deadline.   Attached are two statements, one from 

each of the Rebuttal Witnesses.  

 Intertribal COUP will also file a separate motion for reconsideration of the PUC’s Order 

of May 28, 2015. 

 

Submitted this 26th day of June 2015. 
 

Respectfully submitted, 

___________________________ 
Robert P. Gough, SD SB# 620 
Secretary of, and Attorney for, 
Intertribal Council On Utility Policy (COUP) 
P.O. 25, Rosebud, SD 57570 
605-441-8316 
BobGough@IntertribalCOUP.org 

 
CERTIFICATION OF SERVICE 

 
 I, Robert Gough, hereby certify that on the 26th day of June 2015, I sent 
by United States first-class mail, postage prepaid, or e-mail transmission, a true and correct copy of 
INTERTRIBAL COUP’S PRE-FILING OF REBUTTAL WITNESS TESTIMONY OF DR. 
JAMES HANSEN and DR. ROBERT OGLESBY, to the following: 
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Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission  
500 E. Capitol Ave. 
Pierre, SD 57501  
patty.vangerpen@state.sd.us  
 
Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission  
500 E. Capitol Ave. 
Pierre, SD 57501  
brian.rounds@state.sd.us  
 
James E. Moore 
Woods, Fuller, Shultz and Smith P.C. 
PO Box 5027 
Sioux Falls, SD 57117  
james.moore@woodsfuller.com 
Attorney for TransCanada Keystone Pipeline, LP  
 
Paul F. Seamans 
27893 249th St. 
Draper, SD 57531  
jacknife@goldenwest.net  
 
Elizabeth Lone Eagle PO Box 160 
Howes, SD 57748  
bethcbest@gmail.com  
 
Viola Waln 
PO Box 937 
Rosebud, SD 57570  
walnranch@goldenwest.net  
 
Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission  
500 E. Capitol Ave. 
Pierre, SD 57501  
Kristen.edwards@state.sd.us  
 
Darren Kearney 
Staff Analyst 
South Dakota Public Utilities Commission  
500 E. Capitol Ave. 
Pierre, SD 57501  
darren.kearney@state.sd.us  
 
Bill G. Taylor 
Woods, Fuller, Shultz and Smith P.C. 
PO Box 5027 
Sioux Falls, SD 57117  
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bill.taylor@woodsfuller.com 
Attorney for TransCanada Keystone Pipeline, LP  
 
John H. Harter 
28125 307th Ave. Winner, SD 57580  
johnharter11@yahoo.com  
 
Tony Rogers 
Rosebud Sioux Tribe - Tribal Utility Commission 
153 S. Main St. 
Mission, SD 57555  
tuc@rosebudsiouxtribe-nsn.gov  
 
Jane Kleeb 
Bold Nebraska 
1010 N. Denver Ave.  
Hastings, NE 68901  
jane@boldnebraska.org  
  
Benjamin D. Gotschall Bold Nebraska 
6505 W. Davey Rd.  
Raymond, NE 68428  
ben@boldnebraska.org  
 
Cindy Myers, R.N. 
PO Box 104 
Stuart, NE 68780  
csmyers77@hotmail.com  
 
Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548  
wisestar8@msn.com  
 
Bruce Ellison 
518 6th Street #6 
Rapid City, South Dakota 57701  
belli4law@aol.com  
and 
Robin S. Martinez, MO #36557/KS  
#23816 616 West 26th Street 
Kansas City, Missouri 64108 
robin.martinez@martinezlaw.net 
 Attorneys for Dakota Rural Action  
 
Robert G. Allpress 
46165 Badger Rd. 
Naper, NE 68755  
bobandnan2008@hotmail.com  
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Louis T. Genung 
902 E. 7th St. 
Hastings, NE 68901  
tg64152@windstream.net  
 
Nancy Hilding 
6300 W. Elm 
Black Hawk, SD 57718  
nhilshat@rapidnet.com  
 
Bruce & RoxAnn Boettcher  
Boettcher Organics 
86061 Edgewater Ave. 
Bassett, NE 68714  
boettcherann@abbnebraska.com  
 
Cyril Scott, President 
Rosebud Sioux Tribe  
PO Box 430 Rosebud, SD 57570  
cscott@gwtc.net  
 
Byron T. Steskal & Diana L. Steskal  
707 E. 2nd St. 
Stuart NE 68780  
prairierose@nntc.net  
 
Arthur R. Tanderup 52343 857th Rd.  
Neligh, NE 68756  
atanderu@gmail.com  
 
Carolyn P. Smith 
305 N. 3rd St. 
Plainview, NE 68769  
peachie_1234@yahoo.com  
 
Jeff Jensen 
14376 Laflin Rd.  
Newell, SD 57760  
jensen@sdplains.com  
 
Peter Capossela, P.C. 
Attorney at Law 
PO Box 10643 
Eugene, OR 97440 pcapossela@nu-world.com 
Attorney for Standing Rock Sioux Tribe  
 
Gary F. Dorr 27853 292nd  
Winner, SD 57580  
gfdorr@gmail.com  
 
Wrexie Lainson Bardaglio 9748 Arden Rd.  
Trumansburg, NY 14886  
wrexie.bardaglio@gmail.com  

 
012401



 
Eric Antoine, Attorney 
Rosebud Sioux Tribe PO Box 430 
Rosebud, SD 57570  
ejantoine@hotmail.com   
 
Paula Antoine 
Sicangu Oyate Land Office Coordinator Rosebud Sioux Tribe 
PO Box 658 
Rosebud, SD 57570 
wopila@gwtc.net  
paula.antoine@rosebudsiouxtribe-nsn.gov  
 
Kevin C. Keckler, Chairman 
Cheyenne River Sioux Tribe  
PO Box 590 
Eagle Butte, SD 57625  
kevinckeckler@yahoo.com  
 
Debbie J. Trapp 24952 US HWY 14  
Midland, SD 57552  
mtdt@goldenwest.net  
 
Joye Braun 
PO Box 484 
Eagle Butte, SD 57625  
jmbraun57625@gmail.com  
 
Thomasina Real Bird 
Fredericks Peebles & Morgan LLP 1900 Plaza Dr. 
Louisville, CO 80027 trealbird@ndnlaw.com 
Attorney for Yankton Sioux Tribe  
 
Douglas Hayes 
Sierra Club 
Ste. 102W 
1650 38th St. 
Boulder, CO 80301 doug.hayes@sierraclub.org  
 
Tom BK Goldtooth 
Indigenous Environmental Network (IEN)  
PO Box 485 
Bemidji, MN 56619 
ien@igc.org  
ien@igc.org  
Kimberly Craven, Attorney 
kimecraven@gmail.com 
 
Chris Hesla 
South Dakota Wildlife Federation PO Box 7075 
Pierre, SD 57501  
sdwf@mncomm.com  
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Amy Schaffer 
PO Box 114 
Louisville, NE 68037  
amyannschaffer@gmail.com  
 
Gena M. Parkhurst  
2825 Minnewasta Place  
Rapid City, SD 57702  
gmp66@hotmail.com  
 
Robert Flying Hawk, Chairman  
Yankton Sioux Tribe 
PO Box 1153 
Wagner, SD 57380  
Robertflyinghawk@gmail.com  
 
Chastity Jewett 
1321 Woodridge Dr. Rapid City, SD 57701  
chasjewett@gmail.com  
 
Duncan Meisel 350.org 
20 Jay St. #1010  
Brooklyn, NY 11201  
duncan@350.org  
 
Dallas Goldtooth 
38371 Res. HWY 1  
Morton, MN 56270  
goldtoothdallas@gmail.com  
 
Terry & Cheryl Frisch 47591 875th Rd.  
Atkinson, NE 68713  
tcfrisch@q.com   
 
Tracey Zephier 
Fredericks Peebles & Morgan LLP 
910 5th Street, Suite 104 
Rapid City, SD 57701  
tzephier@ndnlaw.com 
Attorney for Cheyenne River Sioux Tribe  
 
Ms. Mary Turgeon Wynne, Esq.  
Rosebud Sioux Tribe - Tribal Utility Commission 
153 S. Main St  
Mission, SD 57555  
tuc@rosebudsiouxtribe-nsn.gov  
 
Matthew L. Rappold  
Rappold Law Office 816 Sixth Street 
PO Box 873  
Rapid City, SD 57709  
Matt.rappold01@gmail.com  
Attorney for Rosebud Sioux Tribe, Intervenor  
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And on or about June 26, 2015, a true and accurate copy of the foregoing was mailed via U.S. Mail, 
first class postage prepaid, to the following:  
 
Jerry Jones     Ronald Fees 
22584 US HWY 14    17401 Fox Ridge Rd.  
Midland SD 57552    Opal, SD 57758  
 
Bonny Kilmurry    Elizabeth Lone Eagle  
47798 888 Rd.    PO Box 160 
Atkinson, NE 68713    Howes, SD 57748  
  
Dated this 26th Day of June 2015. 
 
 
     Respectfully submitted, 

       
     ___________________________ 
     Robert P. Gough, SD SB# 620 
     Secretary of, and Attorney for, 
     Intertribal Council On Utility Policy 
     P.O. 25, Rosebud, SD 57570 
     605-441-8316 
     BobGough@IntertribalCOUP.org 
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BEFORE THE PUBLIC UTILITIES COMMISSION  
OF THE STATE OF SOUTH DAKOTA  

                                                                                     )    
                                                                                     ) 
IN THE MATTER OF TRANSCANADA               )            HP14-001 
KEYSTONE PIPELINE, LP  )        
FOR ORDER ACCEPTING CERTIFICATION   )   PREFILED TESTIMONY 
OF PERMIT ISSUED IN DOCKET HP09-001  )     of Dr. Robert Oglesby            
TO CONSTRUCT THE KEYSTONE XL    )               
PIPELINE        )   
	  
	  
	  
1,	  Please	  state	  your	  name	  and	  address	  for	  the	  record:	  
Dr.	  Robert	  J.	  Oglesby	  
835	  S.	  36th	  St	  
Lincoln,	  NE	  68510	  
	  
2.	  Please	  state	  your	  position	  and	  area	  of	  responsibility	  with	  respect	  to	  the	  Keystone	  
XL	  pipeline.	  	  
	  
Expert	  witness	  on	  behalf	  of	  the	  Intertribal	  Council	  On	  Utility	  Policy	  
	  
3.	  Please	  state	  your	  professional	  qualifications:	  	  
PhD,	  1990,	  Yale	  University	  in	  Large-‐Scale	  Climate	  Dynamics	  
Professor,	  Purdue	  University	  1992-‐2000	  
Senior	  Scientist,	  NASA	  2001-‐2005	  
Professor,	  University	  of	  Nebraska	  Lincoln	  2006-‐present	  
	  
4.	  	  Do	  you	  believe	  that	  the	  conditions	  are	  the	  same	  as	  when	  the	  Keystone	  XL	  permit	  
was	  issued	  in	  2010?	  	  
	  
No	  
	  
5.	  	  Do	  you	  believe	  the	  Keystone	  XL	  pipeline	  will	  comply	  with	  all	  applicable	  laws	  and	  
rules	  of	  the	  State	  of	  South	  Dakota	  and	  the	  United	  States?	  
	  
I	  am	  not	  a	  lawyer	  and	  therefore	  do	  not	  know	  all	  of	  these	  laws	  and	  rules.	  My	  
expertise	  is	  on	  the	  impact	  that	  the	  pipeline	  will	  have	  on	  the	  environment,	  and	  vice-‐
versa.	  
	  
6.	  	  Do	  you	  know	  about	  the	  30	  Changed	  Conditions	  that	  TransCanada	  Keystone	  has	  
submitted	  with	  the	  recertification	  of	  its	  permit?	  
	  
Yes,	  and	  I	  have	  read	  them.	  
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6.	  Do	  you	  believe	  the	  given	  these	  30	  changed	  conditions	  Keystone	  XL	  pipeline	  pose	  a	  
threat	  of	  serious	  injury	  to	  the	  environment	  of	  South	  Dakota?	  
	  
Yes.	  South	  Dakota	  lies	  in	  the	  Great	  Plains	  region	  of	  the	  United	  States.	  	  Its	  continental,	  
semi-‐arid	  climate	  is	  always	  variable	  and	  subject	  to	  extremes,	  and	  can	  be,	  at	  times,	  
harsh.	  Despite	  this	  apparent	  harshness,	  the	  past	  150	  years	  of	  settlement	  (referred	  to	  
as	  the	  ‘historic’	  period)	  occurred	  under	  a	  relatively	  moderate	  climate.	  In	  particular,	  
this	  past	  150-‐year	  period	  appears	  to	  have	  been	  remarkably	  wet.	  A	  dominant	  feature	  
of	  the	  climate	  of	  the	  Great	  Plains,	  including	  South	  Dakota,	  over	  the	  past	  2,000	  years	  
is	  the	  presence	  of	  prolonged	  periods	  of	  drought,	  termed	  megadroughts.	  We	  have	  
every	  reason	  to	  think	  these	  megadroughts	  will	  recur	  in	  the	  future,	  indeed,	  quite	  
likely	  in	  the	  very	  near	  future.	  Human	  activities	  appear	  to	  be	  making	  the	  problem	  
even	  worse,	  through	  the	  emission	  of	  greenhouse	  gases,	  especially	  carbon	  dioxide,	  
into	  the	  atmosphere.	  The	  above	  is	  based	  on	  analyses	  of	  records	  and	  instrumental	  
observations	  of	  what	  actually	  occurred.	  Future	  projections	  based	  on	  climate	  models	  
suggest	  additional	  temperature	  increases	  for	  South	  Dakota	  ranging	  from	  3-‐4oF	  (low	  
greenhouse	  gas	  emission	  scenario)	  to	  8-‐9°F	  (high	  emission	  scenario)	  by	  the	  end	  of	  
the	  21st	  century.	  Clearly,	  the	  burning	  of	  the	  oil	  transmitted	  by	  the	  pipeline	  will	  
exacerbate	  global	  warming	  in	  coming	  years.	  
	  
But	  it	  is	  also	  not	  clear	  that	  TransCanada	  (TC)	  has	  adequately	  considered	  the	  
implications	  of	  the	  extremely	  variable	  climate	  of	  South	  Dakota	  on	  the	  physical	  
infrastructure	  of	  the	  pipeline	  itself,	  such	  as	  the	  likelihood	  of	  increased	  spillage	  
events.	  Even	  if	  for	  the	  present-‐day	  climate	  extremes	  such	  an	  assessment	  were	  to	  be	  
performed,	  how	  would	  the	  conclusions	  change	  under	  an	  even	  more	  extreme	  
climate?	  The	  obvious	  a	  priori	  assumption	  would	  be	  that	  such	  events	  would	  be	  more,	  
not	  less	  likely	  to	  occur.	  
	  
7.	  Do	  you	  believe	  that	  given	  these	  30	  changed	  conditions	  that	  Keystone	  XL	  pipeline	  
poses	  a	  threat	  to	  the	  social	  or	  economic	  condition	  of	  inhabitants	  or	  expected	  
inhabitants	  in	  the	  siting	  area?	  
	  
Yes.	  The	  past,	  known	  record	  of	  South	  Dakota	  climate,	  as	  well	  as	  future	  projections	  
suggest	  that	  these	  climate,	  extremes,	  for	  which	  it	  is	  already	  well-‐known,	  can	  be,	  
well,	  even	  more	  extreme	  than	  anything	  we	  have	  already	  experienced.	  To	  be	  blunt,	  if	  
we	  keep	  on	  the	  present	  course,	  by	  later	  in	  this	  century	  large	  portions	  of	  South	  
Dakota	  could	  simply	  become	  unlivable.	  
	  
8.	  Do	  you	  believe	  that	  given	  these	  30	  changed	  conditions	  that	  Keystone	  XL	  pipeline	  
will	  substantially	  impair	  the	  health,	  safety	  or	  welfare	  of	  the	  inhabitants?	  
	  
9.	  	  Do	  you	  consider	  federally	  recognized	  Tribes	  to	  be	  “local	  units	  of	  government?”	  	  
	  
This	  is	  outside	  my	  area	  of	  expertise.	  
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10.	  	  Do	  you	  believe	  that	  given	  these	  30	  changed	  conditions	  that	  Keystone	  XL	  pipeline	  
will	  unduly	  interfere	  with	  the	  orderly	  development	  of	  the	  region	  with	  due	  consideration	  
having	  been	  given	  to	  the	  views	  of	  the	  governing	  bodies	  of	  affected	  local	  units	  of	  
government?	  
	  
This	  is	  outside	  my	  area	  of	  expertise.	  
	  
11.	  Does	  this	  conclude	  your	  prepared	  testimony?	  
	  
Yes.	  
	  

Dated this 26th Day of June, 2015.  
  
      /S/  Robert Oglesby 
      __________________________ 
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BEFORE THE PUBLIC UTILITIES COMMISSION  
OF THE STATE OF SOUTH DAKOTA     

                                                                                     ) 
IN THE MATTER OF TRANSCANADA               )              HP14-001 
KEYSTONE PIPELINE, LP FOR ORDER  )        
ACCEPTING CERTIFICATION OF PERMIT  )           Comments of 
ISSUED IN DOCKET HP09-001 TO CONSTRUCT)                 
THE KEYSTONE XL PIPELINE     )        Dr. James E. Hansen___ 
 

Members of the Commission: 
 
I offer these Comments in opposition to the proposal before you to accept 

certification of a 2010 permit that this Commission issued to TransCanada 
Corporation to enable it to construct the Keystone XL pipeline.   

 
By way of background, I am the Director of the Climate Science, 

Awareness and Solutions (CSAC) program of Columbia University’s Earth 
Institute.  I was formerly Director of the NASA Goddard Institute for Space 
Studies.  My formal training is in physics and astronomy.  Much of my scholarly 
work is in the area of climate science, particularly human-caused disruption of 
Earth’s energy balance through the burning of fossil fuels and alterations in land 
use.  I provide a reasonably complete depiction of my qualifications in Exhibit 1: 
James E. Hansen C.V., which I incorporate herein by reference.   

 
Intertribal Council on Utility Policy, an Intervenor in these proceedings, 

sought my participation as an expert rebuttal witness, so that the Commission 
would consider the full implications of its proposed action with respect to the 
global climate system and future generations.  On May 26, 2015 this Commission 
granted TransCanada’s motion to preclude my testimony.  You based your 
decision on a finding that my testimony would have been “beyond the scope of 
the certification hearing.”1  With respect, it is unfathomable to me that the law 
properly can be deemed to blind the Commission to consideration of the most 
fateful consequences of this project.  I submit these Comments with the 
understanding that the Commission is able to reconsider its finding and, barring 
that, for the record on review. 
 

My specific concern is that, if constructed and put into operation, Keystone 
XL will substantially increase greenhouse gas emissions and that, in turn, will 
increase Earth’s energy imbalance, thus further disrupting the global climate 
system.   
 
  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  South	  Dakota	  PUC	  Order	  Granting	  TransCanada’s	  Motion	  to	  Preclude	  Witnesses	  in	  
HP14-‐001	  (May	  28,	  2015).	  	  	  
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Others have provided or, I believe, will provide the Commission with 
detailed information on risks that may be imposed by crude oil spills on local 
natural resources, including the regional aquifer.  So as to avoid duplication and 
to keep this comment letter to a manageable length, I will simply add my 
considered view that the prospect of such risks must not be discounted.    

 
Critical conditions germane to my central concern in these Comments 

clearly have changed since 2010, when this Commission issued its permit for the 
TransCanada Keystone XL project.  First, our nation and others to date have 
failed to constrain carbon dioxide (CO2) emissions. In part as a consequence of 
that, the atmospheric concentration of CO2 has risen well beyond the safe level.  
Accordingly, it is now clearer than before that there is no room for the additional 
emissions from the burning of the oil that this pipeline will carry to market.  
Instead, and indeed, the perpetuation of human civilization and nature as we 
have come to know it alike require a determined and rapid phase-out of fossil fuel 
emissions so as to avoid looming climate system tipping points.2 

  
Second, it is now more apparent than in 2010 that Keystone XL will result 

in additional CO2	  emissions.   
 

These changed conditions amplify the concern that the project you are 
now asked to affirm gravely threatens the environmental, social and economic 
circumstances of current and future inhabitants in the siting area, as well as that 
of inhabitants currently or anticipated to be outside the siting area.  I believe that 
final action by this Commission affirming certification of the 2010 permit, and thus 
allowing TransCanada to complete the Keystone XL pipeline, would violate the 
fundamental constitutional right of young children and future generations to a 
habitable climate system on which they must depend for their survival and well 
being.   

 
I will now briefly consider the additional CO2 emissions that the Keystone 

XL project would yield, before turning to discuss the major elements of the 
climate crisis that, in my view, should comprise the appropriate context for any 
rational modern deliberation of options relevant to fossil fuel projects like 
Keystone XL.   

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Support	  for	  this	  point	  is	  contained	  in	  a	  2013-‐published	  study	  that	  I	  published	  in	  
conjunction	  with	  17	  colleagues,	  entitled	  “Assessing	  ‘‘Dangerous	  Climate	  Change’’:	  
Required	  Reduction	  of	  Carbon	  Emissions	  to	  Protect	  Young	  People,	  Future	  
Generations	  and	  Nature”	  (hereinafter	  “Dangerous	  Climate	  Change”).	  	  I	  have	  attached	  
Dangerous	  Climate	  Change	  as	  Exhibit	  2,	  and	  hereby	  incorporate	  its	  information	  and	  
analysis	  by	  reference	  into	  these	  Comments.	  	  For	  convenience	  of	  the	  reader,	  that	  
study	  may	  also	  be	  found	  here:	  
www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0081648.	  	  	  	  
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A.	  	  Keystone	  XL	  Pipeline	  and	  Additional	  CO2 Emissions	  
	  

As	  the	  U.S.	  Government	  and	  others	  have	  pointed	  out,	  oil	  sands	  crude	  “has	  
significantly	  higher	  lifecycle	  greenhouse	  gas	  emissions	  than	  other	  crudes.”3	  	  The	  
implication	  of	  this	  is	  that	  development	  and	  exploitation	  of	  the	  tar	  sands	  will	  yield	  up	  
to	  an	  additional	  27.4	  MMTCO2-‐e/year,	  or	  1.37	  billion	  MMT	  CO2-‐e	  additional	  
emissions	  for	  the	  50-‐year	  lifetime	  of	  the	  pipeline.4	  
	  

In	  2014,	  however,	  the	  U.S.	  State	  Department’s	  concluded,	  that	  although	  oil	  
sands	  development	  and	  use	  will	  lead	  to	  increased	  GHG	  emissions,	  the	  Keystone	  XL	  
pipeline	  itself	  would	  not	  increase	  emissions	  because,	  it	  presumed,	  the	  carbon-‐dense	  
oil	  sands	  would	  be	  exploited	  regardless	  of	  the	  pipeline.	  	  But	  the	  State	  Department’s	  
presumption	  was	  based	  on	  its	  expectation	  that	  oil	  prices	  would	  stay	  high.5	  	  If	  long-‐
term	  prices	  fell	  to	  less	  than	  $75/barrel,	  the	  expense	  of	  alternative	  transport	  to	  
market,	  namely	  rail,	  would	  render	  oil	  sands	  exploitation	  uneconomic.	  	  Thus,	  the	  
implications	  of	  the	  State	  Department’s	  analysis	  is	  that	  the	  Keystone	  XL	  pipeline	  is	  
essential	  to	  economic	  exploitation	  of	  oil	  sands	  crude	  where	  long-‐term	  market	  prices	  
are	  below	  $75/barrel.	  	  In	  its	  most	  recent	  letter	  pointing	  out	  the	  State	  Department’s	  
elementary	  errors,	  the	  Environmental	  Protection	  Agency	  noted	  that	  “oil	  was	  trading	  
at	  below	  $50	  per	  barrel.”6	  	  
	  

Accordingly,	  I	  think	  it	  fair	  to	  conclude	  that	  the	  Keystone	  XL	  pipeline	  is	  
essential	  to	  oil	  sands	  exploitation	  at	  reasonably	  foreseeable	  crude	  market	  prices.	  	  It	  
is	  thus	  also	  fair	  to	  attribute	  to	  the	  Keystone	  XL	  project	  those	  additional	  GHG	  
emissions,	  as	  discussed	  above,	  that	  will	  result	  from	  oil	  sands	  development	  and	  
consumption.	  	  
	  

Finally,	  in	  this	  brief	  review,	  there	  is	  the	  too-‐little	  considered	  interaction	  with	  
world	  oil	  prices	  and	  the	  impact	  on	  demand.	  	  As	  the	  Stockholm	  Environment	  
Institute	  recently	  pointed	  out,	  in	  the	  event	  Keystone	  XL	  is	  completed	  the	  increase	  in	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  U.S.	  State	  Department,	  Final	  Supplemental	  Environmental	  Impact	  Statement	  for	  
the	  Keystone	  XL	  Project	  (January	  2014)	  Executive	  Summary,	  ES-‐15.	  	  See	  also	  EPA	  
letter	  to	  State	  (Feb.	  2,	  2015)	  at	  2.	  (“The	  Final	  SEIS	  states	  that	  lifecycle	  greenhouse	  
gas	  emissions	  from	  development	  and	  use	  of	  oil	  sands	  crude	  is	  about	  17%	  greater	  
than	  emissions	  from	  average	  crude	  oil	  refined	  in	  the	  United	  States	  on	  a	  wells-‐to-‐
wheels	  basis.”).	  
4	  Id.	  
5	  FSEIS	  Executive	  Summary,	  p.	  ES-‐12	  (“Above	  approximately	  $75	  per	  barrel	  for	  West	  
Texas	  Intermediate	  (WTI)-‐equivalent	  oil,	  revenues	  to	  oil	  sands	  producers	  are	  likely	  
to	  remain	  above	  the	  long-‐run	  supply	  costs	  of	  most	  projects	  responsible	  for	  expected	  
levels	  of	  oil	  sands	  production	  growth.”).	  
6	  Feb.	  2,	  2015	  EPA	  Letter	  at	  3.	  	  	  At	  the	  time	  of	  the	  writing,	  June	  22,	  2015,	  crude	  was	  
trading	  at	  $59	  per	  barrel.	  	  It	  has	  remained	  below	  $75	  per	  barrel	  since	  late	  November	  
2014.	  	  See	  http://www.bloomberg.com/quote/CL1:COM	  (1Y	  Time	  Frame)	  and	  
http://www.nasdaq.com/markets/crude-‐oil.aspx?timeframe=1y.	  
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crude	  oil	  supply	  will	  depress	  the	  global	  market	  price.	  	  That	  in	  turn	  will	  spur	  global	  
consumption	  “by	  as	  much	  as	  510,000	  barrels	  per	  day,”	  resulting	  in	  increased	  
emissions	  from	  this	  market	  effect	  alone	  by	  as	  much	  as	  93	  MMTCO2-‐e	  per	  year.7	  	  	  
If	  the	  Institute’s	  analysis	  is	  correct,	  then	  the	  50-‐year	  lifespan	  of	  the	  Keystone	  XL	  
pipeline	  will	  produce	  additional	  emissions	  amounting	  to	  as	  much	  as	  4.65	  trillion	  
tCO2-‐e,	  a	  climate	  pollution	  load	  more	  than	  three	  times	  the	  outer	  limit	  of	  that	  which	  
can	  be	  pieced	  together	  from	  the	  State	  Department’s	  FSEIS.	  	  
	  
	   Accordingly,	  we	  must	  conclude	  that,	  if	  allowed	  by	  the	  Commission	  and	  other	  
authorities,	  the	  massive	  private	  investment	  in	  Keystone	  XL	  will	  accomplish	  what	  
TransCanada	  Corporation	  clearly	  aims	  to	  achieve,	  namely,	  additional	  exploitation	  of	  
the	  Alberta	  oil	  sands.	  	  This	  will	  result	  in	  increased	  CO2	  emissions	  stemming	  both	  
from	  the	  burning	  of	  oil	  extracted	  from	  those	  deposits,	  and	  from	  the	  increased	  
demand	  for	  crude	  being	  sold	  at	  a	  depressed	  global	  market	  price.	  
	  
B.	  	  THE	  CLIMATE	  CRISIS,	  AND	  THE	  ROAD	  TO	  CLIMATE	  STABILITY	  
	  

As	  indicated	  above,	  a	  study	  that	  I	  published	  along	  with	  colleagues	  in	  late-‐
2013	  provides	  a	  detailed	  treatment	  of	  our	  present	  predicament	  and	  the	  route	  that	  
must	  be	  taken	  to	  sufficiently	  reduce	  atmospheric	  CO2	  to	  preserve	  a	  habitable	  climate	  
system.	  	  In	  the	  following,	  I	  outline	  the	  signal	  features	  of	  the	  problem	  and	  that	  
prescription.	  

	  
First:	  Human	  burning	  of	  fossil	  fuels	  has	  disrupted	  Earth’s	  energy	  balance,	  

and	  in	  response	  the	  planet	  is	  heating	  up	  –	  with	  no	  end	  in	  sight,	  unless	  we	  alter	  our	  
present	  path.	  	  Atmospheric	  CO2	  concentration,	  for	  example,	  is	  now	  at	  its	  highest	  
level	  in	  3	  million	  years,	  and	  global	  surface	  temperatures	  now	  have	  reached	  the	  prior	  
maximum	  of	  the	  Holocene	  era,	  the	  period	  of	  relatively	  moderate	  climate	  that,	  over	  
the	  last	  10,000	  years,	  has	  enabled	  civilization	  to	  develop.	  	  
	  

Second:	  We	  are	  observing	  impacts	  of	  the	  relatively	  small	  amount	  of	  warming	  
that	  has	  already	  occurred,	  and	  these	  constitute	  harbingers	  of	  far	  more	  dangerous	  
change	  to	  come.	  	  We	  can	  discuss	  the	  observable	  consequences,	  and	  their	  
implications.	  	  But	  the	  key	  point	  is	  that,	  if	  unabated,	  continued	  carbon	  emissions	  will	  
initiate	  dynamic	  climate	  change	  and	  effects	  that	  spin	  out	  of	  control	  of	  future	  
generations	  as	  the	  planet’s	  energy	  imbalance	  triggers	  amplifying	  feedbacks	  and	  the	  
climate	  system	  and	  biological	  system	  pass	  critical	  tipping	  points.	  	  	  
	  

Third:	  There	  is	  still	  time	  and	  opportunity	  to	  preserve	  a	  habitable	  climate	  
system	  -‐-‐	  if	  we	  pursue	  a	  rational	  course.	  	  I	  will	  outline	  the	  glide	  path	  that	  we	  think	  
remains	  feasible,	  though	  much	  further	  delay	  in	  taking	  effective	  action	  will	  consign	  
that	  effort	  to	  failure.	  	  Objectively,	  then,	  the	  situation	  is	  urgent	  and	  what	  
governments	  and	  other	  decision-‐makers	  do,	  or	  do	  not	  do,	  today	  to	  reduce	  carbon	  
pollution	  matters	  immensely.	  	   	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  Stockholm	  Environment	  Institute,	  Working	  Paper	  2013-‐11	  at	  pp.	  4-‐5.	  
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I.	  	  Our	  Planet	  is	  Now	  Out	  of	  Energy	  Balance	  
	  

Chart	  1	  shows	  global	  fossil	  fuel	  CO2	  emissions	  on	  an	  annual	  basis	  from	  the	  
burning	  of	  coal,	  oil,	  and	  natural	  gas,	  and	  from	  cement	  production	  and	  flaring,	  along	  
with	  the	  total	  emissions	  from	  these	  major	  sources.	  	  [See	  Appendix	  1	  to	  this	  comment	  
letter	  for	  charts.]	  
	  

Although	  it	  is	  more	  than	  twenty	  years	  since	  170	  nations	  agreed	  to	  limit	  fossil	  
fuel	  emissions	  in	  order	  to	  avoid	  dangerous	  human-‐made	  climate	  change,	  the	  stark	  
reality	  –	  as	  illustrated	  here	  –	  is	  that	  global	  emissions	  have	  accelerated.	  	  Specifically,	  
the	  growth	  rate	  of	  fossil	  fuel	  emissions	  increased	  from	  1.5%/year	  during	  1980–
2000	  to	  3%/year	  in	  2000–2013,	  mainly	  because	  of	  increased	  use	  of	  coal.	  	  	  
	  

Our	  increased	  emissions	  are	  reflected,	  at	  least	  in	  part,	  in	  the	  rising	  
concentration	  of	  atmospheric	  CO2,	  which	  is	  now	  approximately	  400	  ppm,	  over	  40	  
percent	  more	  than	  the	  preindustrial	  level.	  
	  

Moreover,	  the	  increase	  in	  the	  atmospheric	  CO2	  concentration	  is	  itself	  
speeding	  up,	  as	  is	  illustrated	  in	  Chart	  2.	  	  The	  graphic,	  by	  NOAA’s	  Earth	  System	  
Research	  Laboratory,	  shows	  a	  doubling,	  over	  the	  last	  half-‐century,	  of	  the	  average	  
annual	  increase	  in	  the	  concentration	  of	  atmospheric	  of	  CO2	  to	  2ppm	  per	  year.	  	  	  	  	  
	  

This	  increased	  concentration	  of	  CO2	  and	  other	  GHGs	  in	  the	  atmosphere	  
operates	  to	  reduce	  Earth’s	  heat	  radiation	  to	  space,	  thus	  causing	  an	  energy	  imbalance	  
–	  less	  energy	  going	  out	  than	  coming	  in.	  	  This	  imbalance	  causes	  Earth	  to	  heat-‐up	  until	  
it	  again	  radiates	  as	  much	  energy	  to	  space	  as	  it	  absorbs	  from	  the	  sun.	  	  	  
	  

In	  point	  of	  fact,	  warming	  of	  Earth	  caused	  by	  the	  increasingly	  thick	  CO2	  
“blanket”	  persisted	  even	  during	  the	  recent	  five-‐year	  solar	  minimum	  of	  2005-‐2010.	  	  
Had	  changes	  in	  insolation	  been	  the	  dominant	  forcing,	  the	  planet	  would	  have	  had	  a	  
negative	  energy	  balance	  in	  that	  period,	  when	  solar	  irradiance	  was	  at	  its	  lowest	  level	  
in	  the	  period	  of	  accurate	  data,	  i.e.,	  since	  the	  1970s.	  	  Instead,	  even	  though	  much	  of	  the	  
greenhouse	  gas	  forcing	  had	  been	  expended	  in	  causing	  observed	  0.8°C	  global	  
warming,	  the	  residual	  positive	  forcing	  overwhelmed	  the	  negative	  solar	  forcing.	  	  	  
	  

This	  illustrates,	  unequivocally,	  that	  it	  is	  human	  activity,	  and	  not	  the	  sun,	  that	  
is	  the	  dominant	  driver	  of	  recent	  climate	  change.	  	  	  	  
	  

Turning,	  now	  to	  Chart	  3,	  we	  see	  the	  upward	  march	  of	  recent	  average	  global	  
surface	  temperature.	  	  	  Earth	  has	  now	  warmed	  about	  0.8°C	  above	  the	  pre-‐industrial	  
level.	  	  That	  is	  now	  close	  to,	  and	  probably	  slightly	  above,	  the	  prior	  maximum	  of	  the	  
Holocene	  era	  –	  the	  period	  of	  relatively	  stable	  climate	  over	  the	  last	  10,000	  years	  that	  
has	  enabled	  civilization	  to	  develop.	  	  	  
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That	  warming	  increases	  Earth’s	  radiation	  to	  space,	  thus	  reducing	  Earth’s	  
energy	  imbalance.	  	  However,	  because	  of	  the	  ocean’s	  great	  thermal	  inertia,	  it	  requires	  
centuries	  for	  the	  climate	  system	  to	  reach	  a	  new	  equilibrium	  consistent	  with	  a	  
changed	  atmospheric	  composition.	  	  The	  planet’s	  energy	  imbalance	  confirms	  that	  
substantial	  additional	  warming	  is	  “in	  the	  pipeline”.	  	  That	  energy	  imbalance	  is	  now	  
measured	  by	  an	  international	  fleet	  of	  more	  than	  3000	  submersible	  floats	  that	  plumb	  
the	  depths	  of	  the	  world’s	  ocean	  measuring	  the	  increasing	  heat	  content.	  
	  

Earth’s	  energy	  imbalance	  now	  averages	  about	  0.6	  Watts/m2	  averaged	  over	  
the	  entire	  planet,	  but	  I	  am	  uncertain	  whether	  this	  conveys	  to	  the	  Commission	  the	  
scale	  of	  what	  is	  going	  on.	  I	  can	  note	  that	  the	  total	  energy	  surplus	  is	  300	  trillion	  joules	  
per	  second,	  but	  that	  large	  number	  may	  still	  be	  insufficiently	  evocative.	  	  Accordingly,	  
it	  may	  be	  more	  useful	  to	  observe,	  and	  with	  equal	  validity,	  that	  Earth’s	  energy	  
imbalance	  is	  equivalent	  to	  exploding	  more	  than	  400,000	  Hiroshima	  atomic	  bombs	  
per	  day,	  365	  days	  per	  year.	  	  That	  is	  how	  much	  extra	  energy	  Earth	  is	  now	  gaining	  
each	  day	  because	  of	  our	  use	  of	  the	  atmosphere	  as	  a	  waste	  dump	  for	  our	  carbon	  
pollution.	  
	  

We	  can	  turn	  now	  to	  Chart	  4.	  	  	  Here,	  we	  summarize	  the	  average	  global	  surface	  
temperature	  record	  of	  the	  last	  65	  million	  years.	  	  This	  record	  is	  based	  on	  high-‐
resolution	  ice	  core	  data	  covering	  the	  most	  recent	  several	  hundred	  thousand	  years,	  
and	  ocean	  cores	  on	  time	  scales	  of	  millions	  of	  years.	  	  That	  record	  provides	  us	  with	  
insight	  as	  to	  global	  temperature	  sensitivity	  to	  external	  forcings	  such	  as	  added	  CO2,	  
and	  sea	  level	  sensitivity	  to	  global	  temperature.	  	  It	  also	  provides	  quantitative	  
information	  about	  so-‐called	  “slow”	  feedback	  processes	  –	  such	  as	  melting	  ice	  sheets	  
and	  lessened	  surface	  reflectivity	  attributable	  to	  the	  darker	  surfaces	  resulting	  from	  
the	  melting	  ice	  sheets	  and	  reduced	  area	  of	  ice.	  	  
	  

Several	  relevant	  conclusions	  can	  be	  drawn.	  	  First,	  the	  mechanisms	  that	  
account	  for	  the	  relatively	  rapid	  oscillations	  between	  cold	  and	  warm	  climates	  were	  
the	  same	  as	  those	  operating	  today.	  	  Those	  past	  climate	  oscillations	  were	  initiated	  
not	  by	  fossil	  fuel	  burning,	  but	  by	  slow	  insolation	  changes	  attributable	  to	  
perturbations	  of	  Earth’s	  orbit	  and	  spin	  axis	  tilt.	  	  However,	  the	  mechanisms	  that	  
caused	  these	  historical	  climate	  changes	  to	  be	  so	  large	  were	  two	  powerful	  amplifying	  
feedbacks:	  the	  planet’s	  surface	  albedo	  (its	  reflectivity,	  literally	  its	  whiteness)	  and	  
atmospheric	  CO2.	  	  	  
	  

Second,	  the	  longer	  paleoclimate	  record	  shows	  that	  warming	  coincident	  with	  
atmospheric	  CO2	  concentrations	  as	  low	  as	  450-‐500	  ppm	  may	  have	  been	  enough	  to	  
melt	  most	  of	  Antarctica.	  	  	  Our	  emissions	  have	  already	  driven	  up	  the	  CO2	  
concentration	  in	  the	  atmosphere	  to	  about	  400	  ppm	  from	  280	  ppm	  of	  the	  
preindustrial	  era.	  	  
	  

I	  conclude	  that	  the	  present	  level	  of	  CO2	  and	  its	  warming	  effect,	  both	  realized	  
and	  latent,	  is	  already	  in	  the	  dangerous	  zone.	  	  Indeed,	  we	  are	  now	  in	  a	  period	  of	  
overshoot,	  with	  early	  consequences	  that	  are	  already	  hazardous	  and	  that	  will	  rise	  to	  
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severe	  unless	  action	  is	  taken	  without	  delay	  to	  restore	  energy	  balance	  at	  a	  lower	  
atmospheric	  CO2	  amount.	  	  

	  
All	  that	  said,	  we	  can	  turn	  now	  to	  a	  brief	  review	  of	  these	  increasingly	  

unacceptable,	  but	  still	  avoidable,	  consequences.	  	  
	  
II.	  	  Climate	  Change	  May	  Devastate	  Life	  As	  We	  Know	  It,	  Absent	  Effective	  Action	  
	  

As	  I	  earlier	  noted,	  global	  warming	  to	  date	  measures	  “only”	  0.8°C	  above	  the	  
pre-‐industrial	  period.	  	  And	  yet,	  that	  level	  of	  warming	  has	  already	  led	  to	  a	  40	  percent	  
reduction	  of	  Arctic	  sea	  ice	  cover	  at	  the	  end	  of	  the	  melt	  season,	  and	  an	  even	  faster	  
decline	  in	  sea	  ice	  thickness.	  	  	  
	  

Mountain	  glaciers,	  the	  source	  of	  fresh	  water	  to	  major	  world	  rivers	  during	  dry	  
seasons,	  already	  are	  receding	  rapidly	  all	  around	  the	  world.	  	  To	  cite	  a	  close-‐to-‐home	  
example,	  glaciers	  in	  iconic	  Glacier	  National	  Park	  appear	  to	  be	  in	  full	  retreat:	  In	  1850,	  
according	  to	  the	  Park	  Service,	  Glacier	  had	  150	  glaciers	  measuring	  larger	  than	  
twenty-‐five	  acres.	  	  Today,	  it	  has	  just	  twenty-‐five.	  	  	  	  
	  

As	  well,	  tropospheric	  water	  vapor	  and	  heavy	  precipitation	  events	  have	  
increased,	  as	  we	  would	  expect.	  	  A	  warmer	  atmosphere	  holds	  more	  moisture,	  thus	  
enabling	  precipitation	  to	  be	  heavier	  and	  cause	  more	  extreme	  flooding.	  	  Higher	  
temperatures,	  on	  the	  other	  hand,	  increase	  evaporation	  and	  can	  intensify	  droughts	  
when	  they	  occur,	  as	  can	  the	  expansion	  of	  the	  subtropics	  that	  occurs	  as	  a	  
consequence	  of	  global	  warming.	  	  	  

	  
Coral	  reef	  ecosystems,	  harboring	  more	  than	  1,000,000	  species	  as	  the	  

“rainforests”	  of	  the	  ocean,	  are	  impacted	  by	  a	  combination	  of	  ocean	  warming,	  
acidification	  from	  rising	  atmospheric	  CO2,	  and	  other	  human-‐caused	  stresses,	  
resulting	  in	  a	  0.5-‐2%	  per	  year	  decline	  in	  geographic	  extent.	  	  
	  

World	  health	  experts	  have	  concluded	  with	  “very	  high	  confidence”	  that	  
climate	  change	  already	  contributes	  to	  the	  global	  burden	  of	  disease	  and	  premature	  
death	  with	  expansion	  of	  infectious	  disease	  vectors.	  	  Increasing	  climate	  variability	  is	  
being	  examined	  as	  a	  possible	  contributor	  to	  the	  expansion	  of	  Ebola.	  	  	  
	  

Subtropical	  climate	  belts	  have	  expanded,	  contributing	  to	  more	  intense	  
droughts,	  summer	  heat	  waves,	  and	  devastating	  wildfires.	  	  Further,	  summer	  mega-‐
heat-‐waves,	  such	  as	  those	  in	  Europe	  in	  2003,	  the	  Moscow	  area	  in	  2010,	  Texas	  and	  
Oklahoma	  in	  2011,	  Greenland	  in	  2012,	  and	  Australia	  in	  2013	  have	  become	  more	  
widespread	  with	  the	  increase	  demonstrably	  linked	  to	  global	  warming.	  	  The	  
probability	  of	  such	  extreme	  heat	  events	  has	  increased	  by	  several	  times	  because	  of	  
global	  warming,	  and	  the	  probability	  will	  increase	  even	  further	  if	  global	  warming	  
continues	  to	  increase.	  
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Recent	  estimates	  of	  sea	  level	  rise	  by	  2100	  have	  been	  on	  the	  order	  of	  1	  meter,	  
which	  is	  higher	  than	  earlier	  assessments.	  	  However,	  these	  estimates	  still	  in	  part	  
assume	  linear	  relations	  between	  warming	  and	  sea	  level	  rise.	  	  It	  is	  likely	  that	  
continued	  business-‐as-‐usual	  CO2	  emissions	  will	  spur	  a	  nonlinear	  response,	  with	  
multi-‐meter	  sea	  level	  rise	  realized	  this	  century.	  	  Needless	  to	  say,	  we	  are	  not	  close	  to	  
being	  prepared	  for	  that.	  	  Very	  recent	  research	  that	  colleagues	  and	  I	  have	  undertaken	  
serves	  to	  underscore	  this	  danger	  and,	  with	  the	  Commission’s	  leave,	  I	  will	  
supplement	  this	  Comment	  letter	  with	  that	  detailed	  study	  upon	  its	  publication	  and	  
ask	  that	  it	  be	  included	  in	  the	  record	  of	  these	  proceedings.	  
	  

Turning,	  then,	  to	  Charts	  5	  and	  6:	  measurement	  reveals	  that	  both	  Greenland	  
and	  Antarctica	  have	  been	  losing	  mass	  at	  rapidly	  increasing	  rates	  during	  the	  period	  
of	  accurate	  satellite	  data,	  i.e.,	  approximately	  the	  last	  20	  years.	  	  	  
	  

Recently	  published	  data	  indicate	  that,	  in	  the	  most	  recent	  3-‐year	  period,	  the	  
combined	  volume	  loss	  for	  Greenland	  and	  Antarctica	  is	  approximately	  500	  km3/yr.	  
Greenland	  has	  contributed	  nearly	  75%	  of	  that	  loss.	  	  	  Red	  areas	  in	  Charts	  5	  and	  6	  
mark	  locations	  of	  ice	  sheet	  loss	  over	  the	  period,	  while	  blue	  areas	  mark	  ice	  gains	  as	  a	  
result	  of	  increased	  snowfall	  associated	  with	  higher	  amounts	  of	  atmospheric	  water	  
vapor.	  	  As	  noted,	  the	  two	  ice	  sheets	  together	  appear	  now	  to	  be	  thinning	  at	  a	  rate	  of	  
500	  cubic	  kilometers	  per	  year	  –	  the	  highest	  rate	  of	  ice	  thinning	  that	  has	  been	  
observed.	  	  
	  

A	  word	  about	  the	  atmospheric	  residence	  time	  of	  CO2	  is	  in	  order,	  and	  we	  can	  
do	  that	  with	  the	  aid	  of	  Chart	  7.	  	  
	  

A	  pulse	  of	  CO2	  injected	  into	  the	  air	  decays	  by	  half	  in	  about	  25	  years,	  as	  CO2	  is	  
taken	  up	  by	  the	  ocean,	  biosphere	  and	  soil,	  but	  nearly	  one-‐fifth	  remains	  in	  the	  
atmosphere	  after	  500	  years.	  	  Indeed,	  that	  estimate	  is	  likely	  optimistic,	  in	  light	  of	  the	  
well-‐known	  nonlinearity	  in	  ocean	  chemistry	  and	  saturation	  of	  carbon	  sinks,	  
implying	  that	  the	  airborne	  fraction	  probably	  will	  remain	  larger	  for	  a	  century	  and	  
more.	  	  	  It	  requires	  hundreds	  of	  millennia	  for	  the	  chemical	  weathering	  of	  rocks	  to	  
eventually	  deposit	  all	  of	  this	  initial	  CO2	  pulse	  on	  the	  ocean	  floor	  as	  carbonate	  
sediments.	  	  	  
	  

The	  critical	  point	  here	  is	  that	  carbon	  from	  fossil	  fuel	  burning	  remains	  in	  the	  
climate	  system,	  with	  much	  of	  it	  in	  the	  atmosphere,	  and	  thus	  continues	  to	  affect	  the	  
climate	  system	  for	  many	  millennia,	  ensuring	  that	  over	  time	  sea	  level	  rise	  of	  many	  
meters	  will	  occur	  –	  tens	  of	  meters	  if	  most	  of	  the	  fossil	  fuels	  are	  burned.	  	  
	  

That	  order	  of	  sea	  level	  rise	  would	  result	  in	  the	  loss	  of	  hundreds	  of	  historical	  
coastal	  cities	  worldwide,	  with	  incalculable	  economic	  consequences.	  	  It	  would	  also	  
create	  hundreds	  of	  millions	  of	  global	  warming	  refugees	  from	  highly	  populated	  low-‐
lying	  areas,	  and	  thus	  likely	  cause	  or	  exacerbate	  major	  international	  conflicts.	  
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We	  have	  seen,	  in	  the	  past	  decade,	  that	  sea	  level	  increased	  about	  3cm—a	  rate	  
of	  about	  one	  foot	  per	  century,	  nearly	  twice	  as	  fast	  as	  the	  rate	  of	  increase	  during	  the	  
preceding	  century.	  	  This	  rise	  in	  the	  sea	  has	  resulted	  in	  losses	  of	  coastal	  wetland	  
areas	  and	  greater	  levels	  of	  damage	  from	  coastal	  flooding.	  	  For	  example,	  in	  Louisiana,	  
increased	  sea	  level	  and	  regional	  land	  subsidence	  have	  led	  to	  the	  loss	  of	  1900	  square	  
miles	  of	  coastal	  wetland,	  which	  in	  turn	  exacerbates	  the	  area’s	  vulnerability	  to	  storm	  
surges	  as	  occurred	  during	  Hurricane	  Katrina.	  
	  

Other	  impacts	  abound.	  	  Acidification	  stemming	  from	  ocean	  uptake	  of	  a	  
portion	  of	  increased	  atmospheric	  CO2	  will	  increasingly	  disrupt	  coral	  reef	  ecosystem	  
health,	  with	  potentially	  devastating	  impacts	  to	  certain	  nations	  and	  communities.	  	  
Inland,	  fresh	  water	  security	  will	  be	  compromised,	  due	  to	  the	  effects	  of	  receding	  
mountain	  glaciers	  and	  snowpack	  on	  seasonal	  freshwater	  availability	  of	  major	  rivers.	  	  	  
	  

As	  to	  human	  health:	  increasing	  concentrations	  of	  CO2	  and	  associated	  
increased	  global	  temperatures	  will	  deepen	  impacts,	  with	  children	  being	  especially	  
vulnerable.	  	  Climate	  threats	  to	  health	  move	  through	  various	  pathways,	  including	  by	  
placing	  additional	  stress	  on	  the	  availability	  of	  food,	  clean	  air,	  and	  clean	  water.	  	  
Accordingly,	  unabated	  climate	  change	  will	  increase	  malnutrition	  and	  consequent	  
disorders,	  including	  those	  related	  to	  child	  growth	  and	  development,	  increased	  
death,	  disease	  and	  injuries	  from	  heat	  waves,	  floods,	  storms,	  fires	  and	  droughts,	  and	  
increased	  cardio-‐respiratory	  morbidity	  and	  mortality	  associated	  with	  increased	  
ground-‐level	  ozone.	  
	  

With	  regard	  to	  other	  species,	  we	  see	  that	  climate	  zones	  are	  already	  shifting	  at	  
rates	  that	  exceed	  natural	  rates	  of	  change;	  this	  trend	  will	  continue	  as	  long	  as	  the	  
planet	  is	  out	  of	  energy	  balance.	  	  As	  the	  shift	  of	  climate	  zones	  becomes	  comparable	  to	  
the	  range	  of	  some	  species,	  the	  less	  mobile	  species	  will	  be	  driven	  to	  extinction.	  
According	  to	  the	  UN	  Panel	  on	  Climate	  Change,	  with	  global	  warming	  of	  1.6°C	  or	  more	  
relative	  to	  pre-‐industrial	  levels,	  9-‐31	  percent	  of	  species	  are	  anticipated	  to	  be	  driven	  
to	  extinction,	  while	  with	  global	  warming	  of	  2.9°C,	  an	  estimated	  21-‐52	  percent	  of	  
species	  will	  be	  driven	  to	  extinction.	  	  These	  temperature/extinction	  thresholds	  will	  
not	  be	  avoided	  absent	  concerted,	  rational	  action	  on	  carbon	  emissions.	  
	  

At	  present,	  we	  remain	  on	  track	  to	  burn	  a	  significant	  fraction	  of	  readily	  
available	  fossil	  fuels,	  including	  coal	  and	  tar	  sands,	  and	  so	  to	  raise	  average	  surface	  
temperature,	  over	  time,	  to	  far	  above	  pre-‐industrial	  levels.	  	  	  
	  

High	  global	  surface	  temperatures	  have	  been	  recorded	  previously,	  in	  the	  age	  
of	  mammals,	  with	  some	  successful	  adaptation	  through	  evolution	  of	  higher	  surface-‐
area-‐to-‐mass	  ratio	  body	  types	  -‐-‐	  for	  example	  transient	  dwarfing	  of	  mammals	  and	  
even	  soil	  fauna.	  	  	  However,	  human-‐made	  warming	  is	  occurring	  rapidly	  and	  will	  be	  
fully	  realized	  in	  only	  centuries,	  as	  opposed	  to	  millennia,	  thus	  providing	  little	  
opportunity	  for	  evolutionary	  dwarfism	  to	  alleviate	  impacts	  of	  global	  warming.	  	  
Along	  with	  several	  colleagues,	  I	  have	  been	  forced	  to	  conclude	  that	  the	  large	  climate	  
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change	  that	  will	  result	  from	  burning	  all	  or	  most	  fossil	  fuels	  threatens	  the	  survival	  of	  
humanity.	  	  	  

	  
Which	  brings	  me	  to	  my	  third	  and	  last	  point.	  

	  
III.	  	  Restoration	  of	  Our	  Climate	  System,	  and	  so	  Protection	  of	  Our	  Future,	  Is	  Still	  
Possible,	  But	  We	  Must	  Act	  With	  Reason,	  Courage,	  and	  No	  Further	  Delay.	  
	  

As	  I	  indicated	  above,	  the	  energy	  imbalance	  of	  Earth	  is	  about	  0.6	  W/m2.	  	  In	  
the	  light	  of	  that	  imbalance,	  colleagues	  and	  I	  have	  calculated	  the	  level	  to	  which	  
atmospheric	  CO2	  must	  be	  drawn	  down	  in	  order	  to	  increase	  Earth’s	  heat	  radiation	  to	  
space	  by	  the	  same	  amount	  and	  thus	  restore	  energy	  balance	  -‐-‐	  the	  fundamental	  
requirement	  to	  stabilize	  climate	  and	  avoid	  further	  dangerous	  warming.	  	  
	  

The	  measured	  energy	  imbalance	  indicates	  that	  CO2	  must	  be	  reduced	  to	  a	  level	  
below	  350	  ppm,	  assuming	  that	  the	  net	  of	  other	  human-‐made	  climate	  forcings	  
remains	  at	  today’s	  level.	  	  Specification	  now	  of	  a	  CO2	  target	  more	  precise	  than	  <350	  
ppm	  is	  difficult	  due	  to	  uncertain	  future	  changes	  of	  radiative	  forcing	  from	  other	  
gases,	  aerosols	  and	  surface	  albedo,	  but	  greater	  precision	  should	  be	  feasible	  during	  
the	  time	  that	  it	  takes	  to	  turn	  around	  CO2	  growth	  and	  approach	  the	  initial	  350	  ppm	  
target.	  	  	  
	  

Let	  us	  return,	  for	  a	  moment,	  to	  Chart	  7,	  so	  as	  to	  consider	  again	  the	  question	  
of	  delay.	  	  On	  the	  left	  side	  of	  the	  chart,	  the	  long-‐residence	  time	  for	  atmospheric	  CO2	  is	  
illustrated.	  	  It	  is	  reflected	  in	  the	  length	  of	  time	  it	  would	  take	  to	  return	  CO2	  to	  lower	  
concentrations	  even	  if,	  as	  indicated	  on	  the	  right	  side	  of	  the	  chart,	  fossil	  fuel	  
emissions	  were	  to	  cease	  entirely.	  
	   	  

Of	  course,	  an	  abrupt	  cessation	  of	  all	  CO2	  emissions,	  whether	  in	  2015	  or	  2030,	  
is	  unrealistic.	  	  Industry,	  other	  business,	  and	  consumers	  all	  need	  time	  to	  retool	  and	  
reinvest	  in	  emission-‐free	  options	  to	  fossil	  fuels.	  	  	  
	  

Accordingly,	  we	  have	  evaluated	  emissions	  reduction	  scenarios	  to	  devise	  the	  
path	  that	  is	  both	  technically	  and	  economically	  feasible,	  while	  being	  sufficiently	  
rigorous	  to	  constrain	  the	  period	  of	  “carbon	  overshoot”	  and	  avoid	  calamitous	  
consequences	  (greatly	  accelerating	  warming,	  ecosystem	  collapse,	  and	  widespread	  
species	  extermination).	  	  See	  Chart	  8.	  Our	  analysis	  constitutes	  the	  best	  science	  
available	  on	  the	  subject,	  and	  prescribes	  a	  glide	  path	  towards	  achieving	  energy	  
balance	  by	  the	  end	  of	  the	  century.	  	  It	  is	  characterized	  by	  large,	  long-‐term	  emissions	  
reductions	  (of	  approximately	  6	  percent	  annually),	  coupled	  with	  programs	  to	  limit	  
and	  reverse	  land	  use	  emissions	  via	  reforestation	  and	  improved	  agricultural	  and	  
forestry	  practices	  (drawing	  down	  approximately	  100	  GtC	  by	  the	  year	  2100).	  	  
	  

These	  actions	  could	  achieve	  the	  goal	  of	  restoring	  the	  atmosphere	  to	  
approximately	  350	  ppm	  within	  this	  century	  if	  the	  plan	  were	  commenced	  without	  
delay,	  and	  then	  adhered	  to.	  	  As	  I	  have	  indicated,	  such	  action	  is	  minimally	  needed	  to	  
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restore earth's energy balance, preserve the planet's climate system, and avert 
irretrievable damage to human and natural systems - including agriculture, ocean 
fisheries, and fresh water supply -- on which civilization depends. However, 
consistent with the abrupt phase out scenarios discussed in the prior paragraph 
supra, if rapid annual emission reductions are delayed until 2030, then the global 
temperature will remain more than 1°C higher than preindustrial levels for about 
400 years. Were the emissions cessation only to commence after 40 years, then the 
atmosphere would not return to 350 ppm COz for nearly 1000~ears. Overshooting 
the safe level of atmospheric COz and the safe range of global ambient temperature 
for anything approaching these periods will consign succeeding generations to a 
vastly different, less hospitable planet. 

Considered another way, the required rate of emissions reduction would 
have been about 3.5% per year if reductions had started in 2005 and continued 
annually thereafter, while the required rate of reduction, if commenced in 2020, will 
be approximately 15% per year. Accordingly, the dominant factor is the date at 
which fossil fuel emission phase out begins, again presuming the rate of annual 
emissions reductions thereafter are sustained. 

C. CONCLUSION 
Based on the above, I think it is clear that a decision by this Commission to certify 
the Keystone XL pipeline permit will shove the planet hard towards, and perhaps 
beyond, climate tipping points of no return. Moreover, I think there is no question 
but that, once approved and operational, the TransCanada Corporation will fight 
tooth and nail to keep KXL open and pumping, notwithstanding the increasingly 
overwhelming evidence that burning the crude that it will bring to market threatens 
our children, the unborn, future generations, and the natural world as we have 
known it. 

My colleagues and I have outlined a fundamentally different course, one that, if 
vigorously pursued, could restore Earth's energy balance and preserve a habitable 
climate system. Delay in its adoption will defeat those prospects. 

TransCanada's ringing demand for certification, on the other hand, constitutes a 
death knell for the planet. Reject it to help secure a viable future for our children. 

Thank you for your consideration. 

Dated this 22 Day of June, 2015 . 

. Hansen 
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Abstract: We assess climate impacts of global warming
using ongoing observations and paleoclimate data. We
use Earth’s measured energy imbalance, paleoclimate
data, and simple representations of the global carbon
cycle and temperature to define emission reductions
needed to stabilize climate and avoid potentially disas-
trous impacts on today’s young people, future genera-
tions, and nature. A cumulative industrial-era limit of
,500 GtC fossil fuel emissions and 100 GtC storage in the
biosphere and soil would keep climate close to the
Holocene range to which humanity and other species are
adapted. Cumulative emissions of ,1000 GtC, sometimes
associated with 2uC global warming, would spur ‘‘slow’’
feedbacks and eventual warming of 3–4uC with disastrous
consequences. Rapid emissions reduction is required to
restore Earth’s energy balance and avoid ocean heat
uptake that would practically guarantee irreversible
effects. Continuation of high fossil fuel emissions, given
current knowledge of the consequences, would be an act
of extraordinary witting intergenerational injustice. Re-
sponsible policymaking requires a rising price on carbon
emissions that would preclude emissions from most
remaining coal and unconventional fossil fuels and phase
down emissions from conventional fossil fuels.

Introduction

Humans are now the main cause of changes of Earth’s

atmospheric composition and thus the drive for future climate

change [1]. The principal climate forcing, defined as an imposed

change of planetary energy balance [1–2], is increasing carbon

dioxide (CO2) from fossil fuel emissions, much of which will

remain in the atmosphere for millennia [1,3]. The climate

response to this forcing and society’s response to climate change

are complicated by the system’s inertia, mainly due to the ocean

and the ice sheets on Greenland and Antarctica together with the

long residence time of fossil fuel carbon in the climate system. The

inertia causes climate to appear to respond slowly to this human-

made forcing, but further long-lasting responses can be locked in.

More than 170 nations have agreed on the need to limit fossil

fuel emissions to avoid dangerous human-made climate change, as

formalized in the 1992 Framework Convention on Climate

Change [6]. However, the stark reality is that global emissions

have accelerated (Fig. 1) and new efforts are underway to

massively expand fossil fuel extraction [7–9] by drilling to

increasing ocean depths and into the Arctic, squeezing oil from

tar sands and tar shale, hydro-fracking to expand extraction of

natural gas, developing exploitation of methane hydrates, and

mining of coal via mountaintop removal and mechanized long-

wall mining. The growth rate of fossil fuel emissions increased

from 1.5%/year during 1980–2000 to 3%/year in 2000–2012,

mainly because of increased coal use [4–5].

The Framework Convention [6] does not define a dangerous

level for global warming or an emissions limit for fossil fuels. The
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European Union in 1996 proposed to limit global warming to 2uC
relative to pre-industrial times [10], based partly on evidence that

many ecosystems are at risk with larger climate change. The 2uC
target was reaffirmed in the 2009 ‘‘Copenhagen Accord’’

emerging from the 15th Conference of the Parties of the

Framework Convention [11], with specific language ‘‘We agree

that deep cuts in global emissions are required according to

science, as documented in the IPCC Fourth Assessment Report

with a view to reduce global emissions so as to hold the increase in

global temperature below 2 degrees Celsius…’’.

A global warming target is converted to a fossil fuel emissions

target with the help of global climate-carbon-cycle models, which

reveal that eventual warming depends on cumulative carbon

emissions, not on the temporal history of emissions [12]. The

emission limit depends on climate sensitivity, but central estimates

[12–13], including those in the upcoming Fifth Assessment of the

Intergovernmental Panel on Climate Change [14], are that a 2uC
global warming limit implies a cumulative carbon emissions limit

of the order of 1000 GtC. In comparing carbon emissions, note

that some authors emphasize the sum of fossil fuel and

deforestation carbon. We bookkeep fossil fuel and deforestation

carbon separately, because the larger fossil fuel term is known

more accurately and this carbon stays in the climate system for

hundreds of thousands of years. Thus fossil fuel carbon is the

crucial human input that must be limited. Deforestation carbon is

more uncertain and potentially can be offset on the century time

scale by storage in the biosphere, including the soil, via

reforestation and improved agricultural and forestry practices.

There are sufficient fossil fuel resources to readily supply 1000

GtC, as fossil fuel emissions to date (370 GtC) are only a small

fraction of potential emissions from known reserves and potentially

recoverable resources (Fig. 2). Although there are uncertainties in

reserves and resources, ongoing fossil fuel subsidies and continuing

technological advances ensure that more and more of these fuels

will be economically recoverable. As we will show, Earth’s

paleoclimate record makes it clear that the CO2 produced by

burning all or most of these fossil fuels would lead to a very

different planet than the one that humanity knows.

Our evaluation of a fossil fuel emissions limit is not based on

climate models but rather on observational evidence of global

climate change as a function of global temperature and on the fact

that climate stabilization requires long-term planetary energy

balance. We use measured global temperature and Earth’s

measured energy imbalance to determine the atmospheric CO2

level required to stabilize climate at today’s global temperature,

which is near the upper end of the global temperature range in the

current interglacial period (the Holocene). We then examine

climate impacts during the past few decades of global warming

and in paleoclimate records including the Eemian period,

concluding that there are already clear indications of undesirable

impacts at the current level of warming and that 2uC warming

would have major deleterious consequences. We use simple

representations of the carbon cycle and global temperature,

consistent with observations, to simulate transient global temper-

ature and assess carbon emission scenarios that could keep global

climate near the Holocene range. Finally, we discuss likely over-

shooting of target emissions, the potential for carbon extraction

from the atmosphere, and implications for energy and economic

policies, as well as intergenerational justice.

Global Temperature and Earth’s Energy Balance

Global temperature and Earth’s energy imbalance provide our

most useful measuring sticks for quantifying global climate change

and the changes of global climate forcings that would be required

to stabilize global climate. Thus we must first quantify knowledge

of these quantities.

Temperature
Temperature change in the past century (Fig. 3; update of figures

in [16]) includes unforced variability and forced climate change.

The long-term global warming trend is predominantly a forced

climate change caused by increased human-made atmospheric

gases, mainly CO2 [1]. Increase of ‘‘greenhouse’’ gases such as CO2

has little effect on incoming sunlight but makes the atmosphere

more opaque at infrared wavelengths, causing infrared (heat)

radiation to space to emerge from higher, colder levels, which thus

reduces infrared radiation to space. The resulting planetary energy

imbalance, absorbed solar energy exceeding heat emitted to space,

causes Earth to warm. Observations, discussed below, confirm that

Earth is now substantially out of energy balance, so the long-term

warming will continue.

Figure 1. CO2 annual emissions from fossil fuel use and cement manufacture, based on data of British Petroleum [4] concatenated
with data of Boden et al. [5]. (A) is log scale and (B) is linear.
doi:10.1371/journal.pone.0081648.g001
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Global temperature appears to have leveled off since 1998 (Fig.

3a). That plateau is partly an illusion due to the 1998 global

temperature spike caused by the El Niño of the century that year.

The 11-year (132-month) running mean temperature (Fig. 3b)

shows only a moderate decline of the warming rate. The 11-year

averaging period minimizes the effect of variability due to the 10–

12 year periodicity of solar irradiance as well as irregular El Niño/

La Niña warming/cooling in the tropical Pacific Ocean. The

current solar cycle has weaker irradiance than the several prior

solar cycles, but the decreased irradiance can only partially

account for the decreased warming rate [17]. Variability of the El

Niño/La Niña cycle, described as a Pacific Decadal Oscillation,

largely accounts for the temporary decrease of warming [18], as

we discuss further below in conjunction with global temperature

simulations.

Assessments of dangerous climate change have focused on

estimating a permissible level of global warming. The Intergov-

ernmental Panel on Climate Change [1,19] summarized broad-

based assessments with a ‘‘burning embers’’ diagram, which

indicated that major problems begin with global warming of 2–

3uC. A probabilistic analysis [20], still partly subjective, found a

median ‘‘dangerous’’ threshold of 2.8uC, with 95% confidence

that the dangerous threshold was 1.5uC or higher. These

assessments were relative to global temperature in year 1990, so

add 0.6uC to these values to obtain the warming relative to 1880–

1920, which is the base period we use in this paper for

preindustrial time. The conclusion that humanity could tolerate

global warming up to a few degrees Celsius meshed with common

sense. After all, people readily tolerate much larger regional and

seasonal climate variations.

Figure 2. Fossil fuel CO2 emissions and carbon content (1 ppm atmospheric CO2 , 2.12 GtC). Estimates of reserves (profitable to extract
at current prices) and resources (potentially recoverable with advanced technology and/or at higher prices) are the mean of estimates of Energy
Information Administration (EIA) [7], German Advisory Council (GAC) [8], and Global Energy Assessment (GEA) [9]. GEA [9] suggests the possibility of
.15,000 GtC unconventional gas. Error estimates (vertical lines) are from GEA and probably underestimate the total uncertainty. We convert energy
content to carbon content using emission factors of Table 4.2 of [15] for coal, gas and conventional oil, and, also following [15], emission factor of
unconventional oil is approximated as being the same as for coal. Total emissions through 2012, including gas flaring and cement manufacture, are
384 GtC; fossil fuel emissions alone are ,370 GtC.
doi:10.1371/journal.pone.0081648.g002

Figure 3. Global surface temperature relative to 1880–1920 mean. B shows the 5 and 11 year means. Figures are updates of [16] using data
through August 2013.
doi:10.1371/journal.pone.0081648.g003
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The fallacy of this logic emerged recently as numerous impacts

of ongoing global warming emerged and as paleoclimate

implications for climate sensitivity became apparent. Arctic sea

ice end-of-summer minimum area, although variable from year to

year, has plummeted by more than a third in the past few decades,

at a faster rate than in most models [21], with the sea ice thickness

declining a factor of four faster than simulated in IPCC climate

models [22]. The Greenland and Antarctic ice sheets began to

shed ice at a rate, now several hundred cubic kilometers per year,

which is continuing to accelerate [23–25]. Mountain glaciers are

receding rapidly all around the world [26–29] with effects on

seasonal freshwater availability of major rivers [30–32]. The hot

dry subtropical climate belts have expanded as the troposphere has

warmed and the stratosphere cooled [33–36], contributing to

increases in the area and intensity of drought [37] and wildfires

[38]. The abundance of reef-building corals is decreasing at a rate

of 0.5–2%/year, at least in part due to ocean warming and

possibly ocean acidification caused by rising dissolved CO2 [39–

41]. More than half of all wild species have shown significant

changes in where they live and in the timing of major life events

[42–44]. Mega-heatwaves, such as those in Europe in 2003, the

Moscow area in 2010, Texas and Oklahoma in 2011, Greenland

in 2012, and Australia in 2013 have become more widespread

with the increase demonstrably linked to global warming [45–47].

These growing climate impacts, many more rapid than

anticipated and occurring while global warming is less than 1uC,

imply that society should reassess what constitutes a ‘‘dangerous

level’’ of global warming. Earth’s paleoclimate history provides a

valuable tool for that purpose.

Paleoclimate Temperature
Major progress in quantitative understanding of climate change

has occurred recently by use of the combination of data from high

resolution ice cores covering time scales of order several hundred

thousand years [48–49] and ocean cores for time scales of order

one hundred million years [50]. Quantitative insights on global

temperature sensitivity to external forcings [51–52] and sea level

sensitivity to global temperature [52–53] are crucial to our

analyses. Paleoclimate data also provide quantitative information

about how nominally slow feedback processes amplify climate

sensitivity [51–52,54–56], which also is important to our analyses.

Earth’s surface temperature prior to instrumental measurements

is estimated via proxy data. We will refer to the surface

temperature record in Fig. 4 of a recent paper [52]. Global mean

temperature during the Eemian interglacial period (120,000 years

ago) is constrained to be 2uC warmer than our pre-industrial

(1880–1920) level based on several studies of Eemian climate [52].

The concatenation of modern and instrumental records [52] is

based on an estimate that global temperature in the first decade of

the 21st century (+0.8uC relative to 1880–1920) exceeded the

Holocene mean by 0.2560.25uC. That estimate was based in part

on the fact that sea level is now rising 3.2 mm/yr (3.2 m/

millennium) [57], an order of magnitude faster than the rate

during the prior several thousand years, with rapid change of ice

sheet mass balance over the past few decades [23] and Greenland

and Antarctica now losing mass at accelerating rates [23–24]. This

concatenation, which has global temperature 13.9uC in the base

period 1951–1980, has the first decade of the 21st century slightly

(,0.1uC) warmer than the early Holocene maximum. A recent

reconstruction from proxy temperature data [55] concluded that

global temperature declined about 0.7uC between the Holocene

maximum and a pre-industrial minimum before recent warming

brought temperature back near the Holocene maximum, which is

consistent with our analysis.

Climate oscillations evident in Fig. 4 of Hansen et al. [52] were

instigated by perturbations of Earth’s orbit and spin axis tilt

relative to the orbital plane, which alter the geographical and

seasonal distribution of sunlight on Earth [58]. These forcings

change slowly, with periods between 20,000 and 400,000 years,

and thus climate is able to stay in quasi-equilibrium with these

forcings. Slow insolation changes initiated the climate oscillations,

but the mechanisms that caused the climate changes to be so large

were two powerful amplifying feedbacks: the planet’s surface

albedo (its reflectivity, literally its whiteness) and atmospheric CO2

amount. As the planet warms, ice and snow melt, causing the

surface to be darker, absorb more sunlight and warm further. As

the ocean and soil become warmer they release CO2 and other

greenhouse gases, causing further warming. Together with fast

feedbacks processes, via changes of water vapor, clouds, and the

vertical temperature profile, these slow amplifying feedbacks were

responsible for almost the entire glacial-to-interglacial temperature

change [59–62].

The albedo and CO2 feedbacks amplified weak orbital forcings,

the feedbacks necessarily changing slowly over millennia, at the

pace of orbital changes. Today, however, CO2 is under the control

of humans as fossil fuel emissions overwhelm natural changes.

Atmospheric CO2 has increased rapidly to a level not seen for at

least 3 million years [56,63]. Global warming induced by

increasing CO2 will cause ice to melt and hence sea level to rise

as the global volume of ice moves toward the quasi-equilibrium

amount that exists for a given global temperature [53]. As ice

melts and ice area decreases, the albedo feedback will amplify

global warming.

Earth, because of the climate system’s inertia, has not yet fully

responded to human-made changes of atmospheric composition.

The ocean’s thermal inertia, which delays some global warming

for decades and even centuries, is accounted for in global climate

models and its effect is confirmed via measurements of Earth’s

energy balance (see next section). In addition there are slow

climate feedbacks, such as changes of ice sheet size, that occur

mainly over centuries and millennia. Slow feedbacks have little

effect on the immediate planetary energy balance, instead coming

into play in response to temperature change. The slow feedbacks

are difficult to model, but paleoclimate data and observations of

ongoing changes help provide quantification.

Earth’s Energy Imbalance
At a time of climate stability, Earth radiates as much energy to

space as it absorbs from sunlight. Today Earth is out of balance

because increasing atmospheric gases such as CO2 reduce Earth’s

heat radiation to space, thus causing an energy imbalance, as there

is less energy going out than coming in. This imbalance causes

Earth to warm and move back toward energy balance. The

warming and restoration of energy balance take time, however,

because of Earth’s thermal inertia, which is due mainly to the

global ocean.

Earth warmed about 0.8uC in the past century. That warming

increased Earth’s radiation to space, thus reducing Earth’s energy

imbalance. The remaining energy imbalance helps us assess how

much additional warming is still ‘‘in the pipeline’’. Of course

increasing CO2 is only one of the factors affecting Earth’s energy

balance, even though it is the largest climate forcing. Other

forcings include changes of aerosols, solar irradiance, and Earth’s

surface albedo.

Determination of the state of Earth’s climate therefore requires

measuring the energy imbalance. This is a challenge, because the

imbalance is expected to be only about 1 W/m2 or less, so

accuracy approaching 0.1 W/m2 is needed. The most promising
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approach is to measure the rate of changing heat content of the

ocean, atmosphere, land, and ice [64]. Measurement of ocean heat

content is the most critical observation, as nearly 90 percent of the

energy surplus is stored in the ocean [64–65].

Observed Energy Imbalance
Nations of the world have launched a cooperative program to

measure changing ocean heat content, distributing more than

3000 Argo floats around the world ocean, with each float

repeatedly diving to a depth of 2 km and back [66]. Ocean

coverage by floats reached 90% by 2005 [66], with the gaps

mainly in sea ice regions, yielding the potential for an accurate

energy balance assessment, provided that several systematic

measurement biases exposed in the past decade are minimized

[67–69].

Argo data reveal that in 2005–2010 the ocean’s upper 2000 m

gained heat at a rate equal to 0.41 W/m2 averaged over Earth’s

surface [70]. Smaller contributions to planetary energy imbalance

are from heat gain by the deeper ocean (+0.10 W/m2), energy

used in net melting of ice (+0.05 W/m2), and energy taken up by

warming continents (+0.02 W/m2). Data sources for these

estimates and uncertainties are provided elsewhere [64]. The

resulting net planetary energy imbalance for the six years 2005–

2010 is +0.5860.15 W/m2.

The positive energy imbalance in 2005–2010 confirms that the

effect of solar variability on climate is much less than the effect of

human-made greenhouse gases. If the sun were the dominant

forcing, the planet would have a negative energy balance in 2005–

2010, when solar irradiance was at its lowest level in the period of

accurate data, i.e., since the 1970s [64,71]. Even though much of

the greenhouse gas forcing has been expended in causing observed

0.8uC global warming, the residual positive forcing overwhelms

the negative solar forcing. The full amplitude of solar cycle forcing

is about 0.25 W/m2 [64,71], but the reduction of solar forcing due

to the present weak solar cycle is about half that magnitude as we

illustrate below, so the energy imbalance measured during solar

minimum (0.58 W/m2) suggests an average imbalance over the

solar cycle of about 0.7 W/m2.

Earth’s measured energy imbalance has been used to infer the

climate forcing by aerosols, with two independent analyses yielding

a forcing in the past decade of about 21.5 W/m2 [64,72],

including the direct aerosol forcing and indirect effects via induced

cloud changes. Given this large (negative) aerosol forcing, precise

monitoring of changing aerosols is needed [73]. Public reaction to

increasingly bad air quality in developing regions [74] may lead to

future aerosol reductions, at least on a regional basis. Increase of

Earth’s energy imbalance from reduction of particulate air

pollution, which is needed for the sake of human health, can be

minimized via an emphasis on reducing absorbing black soot [75],

but the potential to constrain the net increase of climate forcing by

focusing on black soot is limited [76].

Energy Imbalance Implications for CO2 Target
Earth’s energy imbalance is the most vital number character-

izing the state of Earth’s climate. It informs us about the global

temperature change ‘‘in the pipeline’’ without further change of

climate forcings and it defines how much greenhouse gases must

be reduced to restore Earth’s energy balance, which, at least to a

good approximation, must be the requirement for stabilizing

global climate. The measured energy imbalance accounts for all

natural and human-made climate forcings, including changes of

atmospheric aerosols and Earth’s surface albedo.

If Earth’s mean energy imbalance today is +0.5 W/m2, CO2

must be reduced from the current level of 395 ppm (global-mean

annual-mean in mid-2013) to about 360 ppm to increase Earth’s

heat radiation to space by 0.5 W/m2 and restore energy balance.

If Earth’s energy imbalance is 0.75 W/m2, CO2 must be reduced

to about 345 ppm to restore energy balance [64,75].

The measured energy imbalance indicates that an initial CO2

target ‘‘,350 ppm’’ would be appropriate, if the aim is to stabilize

climate without further global warming. That target is consistent

with an earlier analysis [54]. Additional support for that target is

provided by our analyses of ongoing climate change and

paleoclimate, in later parts of our paper. Specification now of a

CO2 target more precise than ,350 ppm is difficult and

unnecessary, because of uncertain future changes of forcings

including other gases, aerosols and surface albedo. More precise

assessments will become available during the time that it takes to

turn around CO2 growth and approach the initial 350 ppm target.

Below we find the decreasing emissions scenario that would

achieve the 350 ppm target within the present century. Specifically,

we want to know the annual percentage rate at which emissions

must be reduced to reach this target, and the dependence of this rate

upon the date at which reductions are initiated. This approach is

complementary to the approach of estimating cumulative emissions

allowed to achieve a given limit on global warming [12].

Figure 4. Decay of atmospheric CO2 perturbations. (A) Instantaneous injection or extraction of CO2 with initial conditions at equilibrium. (B)
Fossil fuel emissions terminate at the end of 2015, 2030, or 2050 and land use emissions terminate after 2015 in all three cases, i.e., thereafter there is
no net deforestation.
doi:10.1371/journal.pone.0081648.g004

Assessing Dangerous Climate Change

PLOS ONE | www.plosone.org 5 December 2013 | Volume 8 | Issue 12 | e81648

Exhibit 2 to James E. Hansen Comments 

 

 
012438



If the only human-made climate forcing were changes of

atmospheric CO2, the appropriate CO2 target might be close to

the pre-industrial CO2 amount [53]. However, there are other

human forcings, including aerosols, the effect of aerosols on

clouds, non-CO2 greenhouse gases, and changes of surface albedo

that will not disappear even if fossil fuel burning is phased out.

Aerosol forcings are substantially a result of fossil fuel burning

[1,76], but the net aerosol forcing is a sensitive function of various

aerosol sources [76]. The indirect aerosol effect on clouds is non-

linear [1,76] such that it has been suggested that even the modest

aerosol amounts added by pre-industrial humans to an otherwise

pristine atmosphere may have caused a significant climate forcing

[59]. Thus continued precise monitoring of Earth’s radiation

imbalance is probably the best way to assess and adjust the

appropriate CO2 target.

Ironically, future reductions of particulate air pollution may

exacerbate global warming by reducing the cooling effect of

reflective aerosols. However, a concerted effort to reduce non-CO2

forcings by methane, tropospheric ozone, other trace gases, and

black soot might counteract the warming from a decline in

reflective aerosols [54,75]. Our calculations below of future global

temperature assume such compensation, as a first approximation.

To the extent that goal is not achieved, adjustments must be made

in the CO2 target or future warming may exceed calculated values.

Climate Impacts

Determination of the dangerous level of global warming

inherently is partly subjective, but we must be as quantitative as

possible. Early estimates for dangerous global warming based on

the ‘‘burning embers’’ approach [1,19–20] have been recognized

as probably being too conservative [77]. A target of limiting

warming to 2uC has been widely adopted, as discussed above. We

suspect, however, that this may be a case of inching toward a

better answer. If our suspicion is correct, then that gradual

approach is itself very dangerous, because of the climate system’s

inertia. It will become exceedingly difficult to keep warming below

a target smaller than 2uC, if high emissions continue much longer.

We consider several important climate impacts and use

evidence from current observations to assess the effect of 0.8uC
warming and paleoclimate data for the effect of larger warming,

especially the Eemian period, which had global mean temperature

about +2uC relative to pre-industrial time. Impacts of special

interest are sea level rise and species extermination, because they

are practically irreversible, and others important to humankind.

Sea Level
The prior interglacial period, the Eemian, was at most ,2uC

warmer than 1880–1920 (Fig. 3). Sea level reached heights several

meters above today’s level [78–80], probably with instances of sea

level change of the order of 1 m/century [81–83]. Geologic

shoreline evidence has been interpreted as indicating a rapid sea

level rise of a few meters late in the Eemian to a peak about 9

meters above present, suggesting the possibility that a critical

stability threshold was crossed that caused polar ice sheet collapse

[84–85], although there remains debate within the research

community about this specific history and interpretation. The

large Eemian sea level excursions imply that substantial ice sheet

melting occurred when the world was little warmer than today.

During the early Pliocene, which was only ,3uC warmer than

the Holocene, sea level attained heights as much as 15–25 meters

higher than today [53,86–89]. Such sea level rise suggests that

parts of East Antarctica must be vulnerable to eventual melting

with global temperature increase of a few degrees Celsius. Indeed,

satellite gravity data and radar altimetry reveal that the Totten

Glacier of East Antarctica, which fronts a large ice mass grounded

below sea level, is now losing mass [90].

Greenland ice core data suggest that the Greenland ice sheet

response to Eemian warmth was limited [91], but the fifth IPCC

assessment [14] concludes that Greenland very likely contributed

between 1.4 and 4.3 m to the higher sea level of the Eemian. The

West Antarctic ice sheet is probably more susceptible to rapid

change, because much of it rests on bedrock well below sea level

[92–93]. Thus the entire 3–4 meters of global sea level contained

in that ice sheet may be vulnerable to rapid disintegration,

although arguments for stability of even this marine ice sheet have

been made [94]. However, Earth’s history reveals sea level

changes of as much as a few meters per century, even though the

natural climate forcings changed much more slowly than the

present human-made forcing.

Expected human-caused sea level rise is controversial in part

because predictions focus on sea level at a specific time, 2100. Sea

level on a given date is inherently difficult to predict, as it depends

on how rapidly non-linear ice sheet disintegration begins. Focus on

a single date also encourages people to take the estimated result as

an indication of what humanity faces, thus failing to emphasize

that the likely rate of sea level rise immediately after 2100 will be

much larger than within the 21st century, especially if CO2

emissions continue to increase.

Recent estimates of sea level rise by 2100 have been of the order

of 1 m [95–96], which is higher than earlier assessments [26], but

these estimates still in part assume linear relations between

warming and sea level rise. It has been argued [97–98] that

continued business-as-usual CO2 emissions are likely to spur a

nonlinear response with multi-meter sea level rise this century.

Greenland and Antarctica have been losing mass at rapidly

increasing rates during the period of accurate satellite data [23];

the data are suggestive of exponential increase, but the records are

too short to be conclusive. The area on Greenland with summer

melt has increased markedly, with 97% of Greenland experiencing

melt in 2012 [99].

The important point is that the uncertainty is not about whether

continued rapid CO2 emissions would cause large sea level rise,

submerging global coastlines – it is about how soon the large

changes would begin. The carbon from fossil fuel burning will

remain in and affect the climate system for many millennia,

ensuring that over time sea level rise of many meters will occur –

tens of meters if most of the fossil fuels are burned [53]. That order

of sea level rise would result in the loss of hundreds of historical

coastal cities worldwide with incalculable economic consequences,

create hundreds of millions of global warming refugees from

highly-populated low-lying areas, and thus likely cause major

international conflicts.

Shifting Climate Zones
Theory and climate models indicate that the tropical overturn-

ing (Hadley) atmospheric circulation expands poleward with

global warming [33]. There is evidence in satellite and radiosonde

data and in observational data for poleward expansion of the

tropical circulation by as much as a few degrees of latitude since

the 1970s [34–35], but natural variability may have contributed to

that expansion [36]. Change in the overturning circulation likely

contributes to expansion of subtropical conditions and increased

aridity in the southern United States [30,100], the Mediterranean

region, South America, southern Africa, Madagascar, and

southern Australia. Increased aridity and temperature contribute

to increased forest fires that burn hotter and are more destructive

[38].
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Despite large year-to-year variability of temperature, decadal

averages reveal isotherms (lines of a given average temperature)

moving poleward at a typical rate of the order of 100 km/decade

in the past three decades [101], although the range shifts for

specific species follow more complex patterns [102]. This rapid

shifting of climate zones far exceeds natural rates of change.

Movement has been in the same direction (poleward, and upward

in elevation) since about 1975. Wild species have responded to

climate change, with three-quarters of marine species shifting their

ranges poleward as much as 1000 km [44,103] and more than half

of terrestrial species shifting ranges poleward as much as 600 km

and upward as much as 400 m [104].

Humans may adapt to shifting climate zones better than many

species. However, political borders can interfere with human

migration, and indigenous ways of life already have been adversely

affected [26]. Impacts are apparent in the Arctic, with melting

tundra, reduced sea ice, and increased shoreline erosion. Effects of

shifting climate zones also may be important for indigenous

Americans who possess specific designated land areas, as well as

other cultures with long-standing traditions in South America,

Africa, Asia and Australia.

Human Extermination of Species
Biodiversity is affected by many agents including overharvest-

ing, introduction of exotic species, land use changes, nitrogen

fertilization, and direct effects of increased atmospheric CO2 on

plant ecophysiology [43]. However, an overriding role of climate

change is exposed by diverse effects of rapid warming on animals,

plants, and insects in the past three decades.

A sudden widespread decline of frogs, with extinction of entire

mountain-restricted species attributed to global warming [105–

106], provided a dramatic awakening. There are multiple causes

of the detailed processes involved in global amphibian declines and

extinctions [107–108], but global warming is a key contributor

and portends a planetary-scale mass extinction in the making

unless action is taken to stabilize climate while also fighting

biodiversity’s other threats [109].

Mountain-restricted and polar-restricted species are particularly

vulnerable. As isotherms move up the mountainside and poleward,

so does the climate zone in which a given species can survive. If

global warming continues unabated, many of these species will be

effectively pushed off the planet. There are already reductions in

the population and health of Arctic species in the southern parts of

the Arctic, Antarctic species in the northern parts of the Antarctic,

and alpine species worldwide [43].

A critical factor for survival of some Arctic species is retention of

all-year sea ice. Continued growth of fossil fuel emissions will cause

loss of all Arctic summer sea ice within several decades. In

contrast, the scenario in Fig. 5A, with global warming peaking just

over 1uC and then declining slowly, should allow summer sea ice

to survive and then gradually increase to levels representative of

recent decades.

The threat to species survival is not limited to mountain and

polar species. Plant and animal distributions reflect the regional

climates to which they are adapted. Although species attempt to

migrate in response to climate change, their paths may be blocked

by human-constructed obstacles or natural barriers such as coast

lines and mountain ranges. As the shift of climate zones [110]

becomes comparable to the range of some species, less mobile

species can be driven to extinction. Because of extensive species

interdependencies, this can lead to mass extinctions.

Rising sea level poses a threat to a large number of uniquely

evolved endemic fauna living on islands in marine-dominated

ecosystems, with those living on low lying islands being especially

vulnerable. Evolutionary history on Bermuda offers numerous

examples of the direct and indirect impact of changing sea level on

evolutionary processes [111–112], with a number of taxa being

extirpated due to habitat changes, greater competition, and island

inundation [113]. Similarly, on Aldahabra Island in the Indian

Ocean, land tortoises were exterminated during sea level high

stands [114]. Vulnerabilities would be magnified by the speed of

human-made climate change and the potentially large sea level

rise [115].

IPCC [26] reviewed studies relevant to estimating eventual

extinctions. They estimate that if global warming exceeds 1.6uC
above preindustrial, 9–31 percent of species will be committed to

extinction. With global warming of 2.9uC, an estimated 21–52

percent of species will be committed to extinction. A compre-

hensive study of biodiversity indicators over the past decade [116]

reveals that, despite some local success in increasing extent of

protected areas, overall indicators of pressures on biodiversity

including that due to climate change are continuing to increase

and indicators of the state of biodiversity are continuing to

decline.

Mass extinctions occurred several times in Earth’s history [117–

118], often in conjunction with rapid climate change. New species

evolved over millions of years, but those time scales are almost

beyond human comprehension. If we drive many species to

extinction we will leave a more desolate, monotonous planet for

our children, grandchildren, and more generations than we can

imagine. We will also undermine ecosystem functions (e.g.,

pollination which is critical for food production) and ecosystem

resilience (when losing keystone species in food chains), as well as

reduce functional diversity (critical for the ability of ecosystems to

respond to shocks and stress) and genetic diversity that plays an

important role for development of new medicines, materials, and

sources of energy.

Coral Reef Ecosystems
Coral reefs are the most biologically diverse marine ecosystem,

often described as the rainforests of the ocean. Over a million

species, most not yet described [119], are estimated to populate

coral reef ecosystems generating crucial ecosystem services for at

least 500 million people in tropical coastal areas. These ecosystems

are highly vulnerable to the combined effects of ocean acidification

and warming.

Acidification arises as the ocean absorbs CO2, producing

carbonic acid [120], thus making the ocean more corrosive to the

calcium carbonate shells (exoskeletons) of many marine organ-

isms. Geochemical records show that ocean pH is already outside

its range of the past several million years [121–122]. Warming

causes coral bleaching, as overheated coral expel symbiotic algae

and become vulnerable to disease and mortality [123]. Coral

bleaching and slowing of coral calcification already are causing

mass mortalities, increased coral disease, and reduced reef

carbonate accretion, thus disrupting coral reef ecosystem health

[40,124].

Local human-made stresses add to the global warming and

acidification effects, all of these driving a contraction of 1–2% per

year in the abundance of reef-building corals [39]. Loss of the

three-dimensional coral reef frameworks has consequences for all

the species that depend on them. Loss of these frameworks also has

consequences for the important roles that coral reefs play in

supporting fisheries and protecting coastlines from wave stress.

Consequences of lost coral reefs can be economically devastating

for many nations, especially in combination with other impacts

such as sea level rise and intensification of storms.
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Climate Extremes
Changes in the frequency and magnitude of climate extremes,

of both moisture and temperature, are affected by climate trends

as well as changing variability. Extremes of the hydrologic cycle

are expected to intensify in a warmer world. A warmer

atmosphere holds more moisture, so precipitation can be heavier

and cause more extreme flooding. Higher temperatures, on the

other hand, increase evaporation and can intensify droughts when

they occur, as can expansion of the subtropics, as discussed above.

Global models for the 21st century find an increased variability of

precipitation minus evaporation [P-E] in most of the world,

especially near the equator and at high latitudes [125]. Some

models also show an intensification of droughts in the Sahel,

driven by increasing greenhouse gases [126].

Observations of ocean salinity patterns for the past 50 years

reveal an intensification of [P-E] patterns as predicted by models,

but at an even faster rate. Precipitation observations over land

show the expected general increase of precipitation poleward of

the subtropics and decrease at lower latitudes [1,26]. An increase

of intense precipitation events has been found on much of the

world’s land area [127–129]. Evidence for widespread drought

intensification is less clear and inherently difficult to confirm with

available data because of the increase of time-integrated precip-

itation at most locations other than the subtropics. Data analyses

have found an increase of drought intensity at many locations

[130–131] The magnitude of change depends on the drought

index employed [132], but soil moisture provides a good means to

separate the effect of shifting seasonal precipitation and confirms

an overall drought intensification [37].

Global warming of ,0.6uC since the 1970s (Fig. 3) has already

caused a notable increase in the occurrence of extreme summer heat

[46]. The likelihood of occurrence or the fractional area covered by

3-standard-deviation hot anomalies, relative to a base period (1951–

1980) that was still within the range of Holocene climate, has

increased by more than a factor of ten. Large areas around Moscow,

the Mediterranean region, the United States and Australia have

experienced such extreme anomalies in the past three years. Heat

waves lasting for weeks have a devastating impact on human health:

the European heat wave of summer 2003 caused over 70,000 excess

deaths [133]. This heat record for Europe was surpassed already in

2010 [134]. The number of extreme heat waves has increased

several-fold due to global warming [45–46,135] and will increase

further if temperatures continue to rise.

Human Health
Impacts of climate change cause widespread harm to human

health, with children often suffering the most. Food shortages,

polluted air, contaminated or scarce supplies of water, an

expanding area of vectors causing infectious diseases, and more

intensely allergenic plants are among the harmful impacts [26].

More extreme weather events cause physical and psychological

harm. World health experts have concluded with ‘‘very high

confidence’’ that climate change already contributes to the global

burden of disease and premature death [26].

IPCC [26] projects the following trends, if global warming

continue to increase, where only trends assigned very high

confidence or high confidence are included: (i) increased

malnutrition and consequent disorders, including those related

to child growth and development, (ii) increased death, disease and

injuries from heat waves, floods, storms, fires and droughts, (iii)

increased cardio-respiratory morbidity and mortality associated

with ground-level ozone. While IPCC also projects fewer deaths

from cold, this positive effect is far outweighed by the negative

ones.

Growing awareness of the consequences of human-caused

climate change triggers anxiety and feelings of helplessness [136–

137]. Children, already susceptible to age-related insecurities, face

additional destabilizing insecurities from questions about how they

will cope with future climate change [138–139]. Exposure to

media ensures that children cannot escape hearing that their

future and that of other species is at stake, and that the window of

opportunity to avoid dramatic climate impacts is closing. The

psychological health of our children is a priority, but denial of the

truth exposes our children to even greater risk.

Health impacts of climate change are in addition to direct

effects of air and water pollution. A clear illustration of direct

effects of fossil fuels on human health was provided by an

inadvertent experiment in China during the 1950–1980 period of

central planning, when free coal for winter heating was provided

to North China but not to the rest of the country. Analysis of the

impact was made [140] using the most comprehensive data file

ever compiled on mortality and air pollution in any developing

country. A principal conclusion was that the 500 million residents

of North China experienced during the 1990s a loss of more than

2.5 billion life years owing to the added air pollution, and an

average reduction in life expectancy of 5.5 years. The degree of air

pollution in China exceeded that in most of the world, yet

Figure 5. Atmospheric CO2 if fossil fuel emissions reduced. (A) 6% or 2% annual cut begins in 2013 and 100 GtC reforestation drawdown
occurs in 2031–2080, (B) effect of delaying onset of emission reduction.
doi:10.1371/journal.pone.0081648.g005
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assessments of total health effects must also include other fossil fuel

caused air and water pollutants, as discussed in the following

section on ecology and the environment.

The Text S1 has further discussion of health impacts of climate

change.

Ecology and the Environment
The ecological impact of fossil fuel mining increases as the

largest, easiest to access, resources are depleted [141]. A constant

fossil fuel production rate requires increasing energy input, but

also use of more land, water, and diluents, with the production of

more waste [142]. The increasing ecological and environmental

impact of a given amount of useful fossil fuel energy is a relevant

consideration in assessing alternative energy strategies.

Coal mining has progressively changed from predominantly

underground mining to surface mining [143], including moun-

taintop removal with valley fill, which is now widespread in the

Appalachian ecoregion in the United States. Forest cover and

topsoil are removed, explosives are used to break up rocks to

access coal, and the excess rock is pushed into adjacent valleys,

where it buries existing streams. Burial of headwater streams

causes loss of ecosystems that are important for nutrient cycling

and production of organic matter for downstream food webs

[144]. The surface alterations lead to greater storm runoff [145]

with likely impact on downstream flooding. Water emerging from

valley fills contain toxic solutes that have been linked to declines in

watershed biodiversity [146]. Even with mine-site reclamation

intended to restore pre-mined surface conditions, mine-derived

chemical constituents are found in domestic well water [147].

Reclaimed areas, compared with unmined areas, are found to

have increased soil density with decreased organic and nutrient

content, and with reduced water infiltration rates [148].

Reclaimed areas have been found to produce little if any regrowth

of woody vegetation even after 15 years [149], and, although this

deficiency might be addressed via more effective reclamation

methods, there remains a likely significant loss of carbon storage

[149].

Oil mining has an increasing ecological footprint per unit

delivered energy because of the decreasing size of new fields and

their increased geographical dispersion; transit distances are

greater and wells are deeper, thus requiring more energy input

[145]. Useful quantitative measures of the increasing ecological

impacts are provided by the history of oil development in Alberta,

Canada for production of both conventional oil and tar sands

development. The area of land required per barrel of produced oil

increased by a factor of 12 between 1955 and 2006 [150] leading

to ecosystem fragmentation by roads and pipelines needed to

support the wells [151]. Additional escalation of the mining impact

occurs as conventional oil mining is supplanted by tar sands

development, with mining and land disturbance from the latter

producing land use-related greenhouse gas emissions as much as

23 times greater than conventional oil production per unit area

[152], but with substantial variability and uncertainty [152–153].

Much of the tar sands bitumen is extracted through surface mining

that removes the ‘‘overburden’’ (i.e., boreal forest ecosystems) and

tar sand from large areas to a depth up to 100 m, with ecological

impacts downstream and in the mined area [154]. Although

mined areas are supposed to be reclaimed, as in the case of

mountaintop removal, there is no expectation that the ecological

value of reclaimed areas will be equivalent to predevelopment

condition [141,155]. Landscape changes due to tar sands mining

and reclamation cause a large loss of peatland and stored carbon,

while also significantly reducing carbon sequestration potential

[156]. Lake sediment cores document increased chemical

pollution of ecosystems during the past several decades traceable

to tar sands development [157] and snow and water samples

indicate that recent levels of numerous pollutants exceeded local

and national criteria for protection of aquatic organisms [158].

Gas mining by unconventional means has rapidly expanded in

recent years, without commensurate understanding of the

ecological, environmental and human health consequences

[159]. The predominant approach is hydraulic fracturing (‘‘frack-

ing’’) of deep shale formations via injection of millions of gallons of

water, sand and toxic chemicals under pressure, thus liberating

methane [155,160]. A large fraction of the injected water returns

to the surface as wastewater containing high concentrations of

heavy metals, oils, greases and soluble organic compounds [161].

Management of this wastewater is a major technical challenge,

especially because the polluted waters can continue to backflow

from the wells for many years [161]. Numerous instances of

groundwater and river contamination have been cited [162]. High

levels of methane leakage from fracking have been found [163], as

well as nitrogen oxides and volatile organic compounds [159].

Methane leaks increase the climate impact of shale gas, but

whether the leaks are sufficient to significantly alter the climate

forcing by total natural gas development is uncertain [164].

Overall, environmental and ecologic threats posed by unconven-

tional gas extraction are uncertain because of limited research,

however evidence for groundwater pollution on both local and

river basin scales is a major concern [165].

Today, with cumulative carbon emissions ,370 GtC from all

fossil fuels, we are at a point of severely escalating ecological and

environmental impacts from fossil fuel use and fossil fuel mining,

as is apparent from the mountaintop removal for coal, tar sands

extraction of oil, and fracking for gas. The ecological and

environmental implications of scenarios with carbon emissions of

1000 GtC or greater, as discussed below, would be profound and

should influence considerations of appropriate energy strategies.

Summary: Climate Impacts
Climate impacts accompanying global warming of 2uC or more

would be highly deleterious. Already there are numerous

indications of substantial effects in response to warming of the

past few decades. That warming has brought global temperature

close to if not slightly above the prior range of the Holocene. We

conclude that an appropriate target would be to keep global

temperature at a level within or close to the Holocene range.

Global warming of 2uC would be well outside the Holocene range

and far into the dangerous range.

Transient Climate Change

We must quantitatively relate fossil fuel emissions to global

temperature in order to assess how rapidly fossil fuel emissions

must be phased down to stay under a given temperature limit.

Thus we must deal with both a transient carbon cycle and

transient global climate change.

Global climate fluctuates stochastically and also responds to

natural and human-made climate forcings [1,166]. Forcings,

measured in W/m2 averaged over the globe, are imposed

perturbations of Earth’s energy balance caused by changing

forcing agents such as solar irradiance and human-made

greenhouse gases (GHGs). CO2 accounts for more than 80% of

the added GHG forcing in the past 15 years [64,167] and, if fossil

fuel emissions continue at a high level, CO2 will be the dominant

driver of future global temperature change.

We first define our method of calculating atmospheric CO2 as a

function of fossil fuel emissions. We then define our assumptions
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about the potential for drawing down atmospheric CO2 via

reforestation and increase of soil carbon, and we define fossil fuel

emission reduction scenarios that we employ in our study. Finally

we describe all forcings employed in our calculations of global

temperature and the method used to simulate global temperature.

Carbon Cycle and Atmospheric CO2

The carbon cycle defines the fate of CO2 injected into the air by

fossil fuel burning [1,168] as the additional CO2 distributes itself

over time among surface carbon reservoirs: the atmosphere,

ocean, soil, and biosphere. We use the dynamic-sink pulse-

response function version of the well-tested Bern carbon cycle

model [169], as described elsewhere [54,170].

Specifically, we solve equations 3–6, 16–17, A.2.2, and A.3 of

Joos et al. [169] using the same parameters and assumptions

therein, except that initial (1850) atmospheric CO2 is assumed to

be 285.2 ppm [167]. Historical fossil fuel CO2 emissions are from

Boden et al. [5]. This Bern model incorporates non-linear ocean

chemistry feedbacks and CO2 fertilization of the terrestrial

biosphere, but it omits climate-carbon feedbacks, e.g., assuming

static global climate and ocean circulation. Therefore our results

should be regarded as conservative, especially for scenarios with

large emissions.

A pulse of CO2 injected into the air decays by half in about 25

years as CO2 is taken up by the ocean, biosphere and soil, but

nearly one-fifth is still in the atmosphere after 500 years (Fig. 4A).

Eventually, over hundreds of millennia, weathering of rocks will

deposit all of this initial CO2 pulse on the ocean floor as carbonate

sediments [168].

Under equilibrium conditions a negative CO2 pulse, i.e.,

artificial extraction and storage of some CO2 amount, decays at

about the same rate as a positive pulse (Fig. 4A). Thus if it is

decided in the future that CO2 must be extracted from the air and

removed from the carbon cycle (e.g., by storing it underground or

in carbonate bricks), the impact on atmospheric CO2 amount will

diminish in time. This occurs because carbon is exchanged among

the surface carbon reservoirs as they move toward an equilibrium

distribution, and thus, e.g., CO2 out-gassing by the ocean can

offset some of the artificial drawdown. The CO2 extraction

required to reach a given target atmospheric CO2 level therefore

depends on the prior emission history and target timeframe, but

the amount that must be extracted substantially exceeds the net

reduction of the atmospheric CO2 level that will be achieved. We

clarify this matter below by means of specific scenarios for capture

of CO2.

It is instructive to see how fast atmospheric CO2 declines if fossil

fuel emissions are instantly terminated (Fig. 4B). Halting emissions

in 2015 causes CO2 to decline to 350 ppm at century’s end (Fig.

4B). A 20 year delay in halting emissions has CO2 returning to

350 ppm at about 2300. With a 40 year delay, CO2 does not

return to 350 ppm until after 3000. These results show how

difficult it is to get back to 350 ppm if emissions continue to grow

for even a few decades.

These results emphasize the urgency of initiating emissions reduction [171].

As discussed above, keeping global climate close to the Holocene

range requires a long-term atmospheric CO2 level of about

350 ppm or less, with other climate forcings similar to today’s

levels. If emissions reduction had begun in 2005, reduction at

3.5%/year would have achieved 350 ppm at 2100. Now the

requirement is at least 6%/year. Delay of emissions reductions

until 2020 requires a reduction rate of 15%/year to achieve

350 ppm in 2100. If we assume only 50 GtC reforestation, and

begin emissions reduction in 2013, the required reduction rate

becomes about 9%/year.

Reforestation and Soil Carbon
Of course fossil fuel emissions will not suddenly terminate.

Nevertheless, it is not impossible to return CO2 to 350 ppm this

century. Reforestation and increase of soil carbon can help draw

down atmospheric CO2. Fossil fuels account for ,80% of the CO2

increase from preindustrial time, with land use/deforestation

accounting for 20% [1,170,172–173]. Net deforestation to date is

estimated to be 100 GtC (gigatons of carbon) with 650%

uncertainty [172].

Complete restoration of deforested areas is unrealistic, yet 100

GtC carbon drawdown is conceivable because: (1) the human-

enhanced atmospheric CO2 level increases carbon uptake by some

vegetation and soils, (2) improved agricultural practices can

convert agriculture from a CO2 ource into a CO2 sink [174], (3)

biomass-burning power plants with CO2 capture and storage can

contribute to CO2 drawdown.

Forest and soil storage of 100 GtC is challenging, but has other

benefits. Reforestation has been successful in diverse places [175].

Minimum tillage with biological nutrient recycling, as opposed to

plowing and chemical fertilizers, could sequester 0.4–1.2 GtC/year

[176] while conserving water in soils, building agricultural resilience

to climate change, and increasing productivity especially in

smallholder rain-fed agriculture, thereby reducing expansion of

agriculture into forested ecosystems [177–178]. Net tropical defor-

estation may have decreased in the past decade [179], but because of

extensive deforestation in earlier decades [170,172–173,180–181]

there is a large amount of land suitable for reforestation [182].

Use of bioenergy to draw down CO2 should employ feedstocks

from residues, wastes, and dedicated energy crops that do not

compete with food crops, thus avoiding loss of natural ecosystems and

cropland [183–185]. Reforestation competes with agricultural land

use; land needs could decline by reducing use of animal products, as

livestock now consume more than half of all crops [186].

Our reforestation scenarios assume that today’s net deforesta-

tion rate (,1 GtC/year; see [54]) will stay constant until 2020,

then linearly decrease to zero by 2030, followed by sinusoidal 100

GtC biospheric carbon storage over 2031–2080. Alternative

timings do not alter conclusions about the potential to achieve a

given CO2 level such as 350 ppm.

Emission Reduction Scenarios
A 6%/year decrease of fossil fuel emissions beginning in 2013,

with 100 GtC reforestation, achieves a CO2 decline to 350 ppm

near the end of this century (Fig. 5A). Cumulative fossil fuel

emissions in this scenario are ,129 GtC from 2013 to 2050, with

an additional 14 GtC by 2100. If our assumed land use changes

occur a decade earlier, CO2 returns to 350 ppm several years

earlier; however that has negligible effect on the maximum global

temperature calculated below.

Delaying fossil fuel emission cuts until 2020 (with 2%/year

emissions growth in 2012–2020) causes CO2 to remain above

350 ppm (with associated impacts on climate) until 2300 (Fig. 5B).

If reductions are delayed until 2030 or 2050, CO2 remains above

350 ppm or 400 ppm, respectively, until well after 2500.

We conclude that it is urgent that large, long-term emission

reductions begin soon. Even if a 6%/year reduction rate and 500

GtC are not achieved, it makes a huge difference when reductions

begin. There is no practical justification for why emissions

necessarily must even approach 1000 GtC.

Climate Forcings
Atmospheric CO2 and other GHGs have been well-measured

for the past half century, allowing accurate calculation of their

climate forcing. The growth rate of the GHG forcing has declined
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moderately since its peak values in the 1980s, as the growth rate of

CH4 and chlorofluorocarbons has slowed [187]. Annual changes

of CO2 are highly correlated with the El Niño cycle (Fig. 6). Two

strong La Niñas in the past five years have depressed CO2 growth

as well as the global warming rate (Fig. 3). The CO2 growth rate

and warming rate can be expected to increase as we move into the

next El Niño, with the CO2 growth already reaching 3 ppm/year

in mid-2013 [188]. The CO2 climate forcing does not increase as

rapidly as the CO2 amount because of partial saturation of CO2

absorption bands [75]. The GHG forcing is now increasing at a

rate of almost 0.4 W/m2 per decade [187].

Solar irradiance variations are sometimes assumed to be the

most likely natural driver of climate change. Solar irradiance has

been measured from satellites since the late 1970s (Fig. 7). These

data are from a composite of several satellite-measured time series.

Data through 28 February 2003 are from [189] and Physikalisch

Meteorologisches Observatorium Davos, World Radiation Center.

Subsequent update is from University of Colorado Solar Radiation

& Climate Experiment (SORCE). Data sets are concatenated by

matching the means over the first 12 months of SORCE data.

Monthly sunspot numbers (Fig. 7) support the conclusion that the

solar irradiance in the current solar cycle is significantly lower than

in the three preceding solar cycles. Amplification of the direct solar

forcing is conceivable, e.g., through effects on ozone or

atmospheric condensation nuclei, but empirical data place a

factor of two upper limit on the amplification, with the most likely

forcing in the range 100–120% of the directly measured solar

irradiance change [64].

Recent reduced solar irradiance (Fig. 7) may have decreased the

forcing over the past decade by about half of the full amplitude of

measured irradiance variability, thus yielding a negative forcing of,

say, 2 0.12 W/m2. This compares with a decadal increase of the

GHG forcing that is positive and about three times larger in

magnitude. Thus the solar forcing is not negligible and might

partially account for the slowdown in global warming in the past

decade [17]. However, we must (1) compare the solar forcing with

the net of other forcings, which enhances the importance of solar

change, because the net forcing is smaller than the GHG forcing,

and (2) consider forcing changes on longer time scales, which

greatly diminishes the importance of solar change, because solar

variability is mainly oscillatory.

Human-made tropospheric aerosols, which arise largely from

fossil fuel use, cause a substantial negative forcing. As noted above,

two independent analyses [64,72] yield a total (direct plus indirect)

aerosol forcing in the past decade of about 21.5 W/m2, half the

magnitude of the GHG forcing and opposite in sign. That

empirical aerosol forcing assessment for the past decade is

consistent with the climate forcings scenario (Fig. 8) that we use

for the past century in the present and prior studies [64,190].

Supplementary Table S1 specifies the historical forcings and Table

S2 gives several scenarios for future forcings.

Future Climate Forcings
Future global temperature change should depend mainly on

atmospheric CO2, at least if fossil fuel emissions remain high. Thus

to provide the clearest picture of the CO2 effect, we approximate

the net future change of human-made non-CO2 forcings as zero

and we exclude future changes of natural climate forcings, such as

solar irradiance and volcanic aerosols. Here we discuss possible

effects of these approximations.

Uncertainties in non-CO2 forcings concern principally solar,

aerosol and other GHG forcings. Judging from the sunspot

numbers (Fig. 7B and [191]) for the past four centuries, the current

solar cycle is almost as weak as the Dalton Minimum of the late

18th century. Conceivably irradiance could decline further to the

level of the Maunder Minimum of the late 17th century [192–

193]. For our simulation we choose an intermediate path between

recovery to the level before the current solar cycle and decline to a

still lower level. Specifically, we keep solar irradiance fixed at the

reduced level of 2010, which is probably not too far off in either

direction. Irradiance in 2010 is about 0.1 W/m2 less than the

mean of the prior three solar cycles, a decrease of forcing that

Figure 6. Annual increase of CO2 based on data from the NOAA Earth System Research Laboratory [188]. Prior to 1981 the CO2 change
is based on only Mauna Loa, Hawaii. Temperature changes in lower diagram are 12-month running means for the globe and Niño3.4 area [16].
doi:10.1371/journal.pone.0081648.g006
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would be restored by the CO2 increase within 3–4 years at its

current growth rate. Extensive simulations [17,194] confirm that

the effect of solar variability is small compared with GHGs if CO2

emissions continue at a high level. However, solar forcing can

affect the magnitude and detection of near-term warming. Also, if

rapidly declining GHG emissions are achieved, changes of solar

forcing will become relatively more important.

Aerosols present a larger uncertainty. Expectations of decreases

in large source regions such as China [195] may be counteracted

by aerosol increases other places as global population continues to

increase. Our assumption of unchanging human-made aerosols

could be substantially off in either direction. For the sake of

interpreting on-going and future climate change it is highly

desirable to obtain precise monitoring of the global aerosol forcing

[73].

Non-CO2 GHG forcing has continued to increase at a slow rate

since 1995 (Fig. 6 in [64]). A desire to constrain climate change

may help reduce emissions of these gases in the future. However, it

will be difficult to prevent or fully offset positive forcing from

increasing N2O, as its largest source is associated with food

production and the world’s population is continuing to rise.

On the other hand, we are also probably underestimating a

negative aerosol forcing, e.g., because we have not included future

volcanic aerosols. Given the absence of large volcanic eruptions in

the past two decades (the last one being Mount Pinatubo in 1991),

multiple volcanic eruptions would cause a cooling tendency [196]

and reduce heat storage in the ocean [197].

Overall, we expect the errors due to our simple approximation

of non-CO2 forcings to be partially off-setting. Specifically, we

have likely underestimated a positive forcing by non-CO2 GHGs,

while also likely underestimating a negative aerosol forcing.

Figure 7. Solar irradiance and sunspot number in the era of satellite data (see text). Left scale is the energy passing through an area
perpendicular to Sun-Earth line. Averaged over Earth’s surface the absorbed solar energy is ,240 W/m2, so the full amplitude of measured solar
variability is ,0.25 W/m2.
doi:10.1371/journal.pone.0081648.g007

Figure 8. Climate forcings employed in our six main scenarios. Forcings through 2010 are as in [64].
doi:10.1371/journal.pone.0081648.g008
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Note that uncertainty in forcings is partly obviated via the focus

on Earth’s energy imbalance in our analysis. The planet’s energy

imbalance is an integrative quantity that is especially useful for a

case in which some of the forcings are uncertain or unmeasured.

Earth’s measured energy imbalance includes the effects of all

forcings, whether they are measured or not.

Simulations of Future Global Temperature
We calculate global temperature change for a given CO2

scenario using a climate response function (Table S3) that

accurately replicates results from a global climate model with

sensitivity 3uC for doubled CO2 [64]. A best estimate of climate

sensitivity close to 3uC for doubled CO2 has been inferred from

paleoclimate data [51–52]. This empirical climate sensitivity is

generally consistent with that of global climate models [1], but the

empirical approach makes the inferred high sensitivity more

certain and the quantitative evaluation more precise. Because this

climate sensitivity is derived from empirical data on how Earth

responded to past changes of boundary conditions, including

atmospheric composition, our conclusions about limits on fossil

fuel emissions can be regarded as largely independent of climate

models.

The detailed temporal and geographical response of the climate

system to the rapid human-made change of climate forcings is not

well-constrained by empirical data, because there is no faithful

paleoclimate analog. Thus climate models necessarily play an

important role in assessing practical implications of climate

change. Nevertheless, it is possible to draw important conclusions

with transparent computations. A simple response function

(Green’s function) calculation [64] yields an estimate of global

mean temperature change in response to a specified time series for

global climate forcing. This approach accounts for the delayed

response of the climate system caused by the large thermal inertia

of the ocean, yielding a global mean temporal response in close

accord with that obtained from global climate models.

Tables S1 and S2 in Supporting Information give the forcings

we employ and Table S3 gives the climate response function for

our Green’s function calculation, defined by equation 2 of [64].

The Green’s function is driven by the net forcing, which, with the

response function, is sufficient information for our results to be

reproduced. However, we also include the individual forcings in

Table S1, in case researchers wish to replace specific forcings or

use them for other purposes.

Simulated global temperature (Fig. 9) is for CO2 scenarios of

Fig. 5. Peak global warming is ,1.1uC, declining to less than 1uC
by mid-century, if CO2 emissions are reduced 6%/year beginning

in 2013. In contrast, warming reaches 1.5uC and stays above 1uC
until after 2400 if emissions continue to increase until 2030, even

though fossil fuel emissions are phased out rapidly (5%/year) after

2030 and 100 GtC reforestation occurs during 2030–2080. If

emissions continue to increase until 2050, simulated warming

exceeds 2uC well into the 22nd century.

Increased global temperature persists for many centuries after

the climate forcing declines, because of the thermal inertia of the

ocean [198]. Some temperature reduction is possible if the climate

forcing is reduced rapidly, before heat has penetrated into the

deeper ocean. Cooling by a few tenths of a degree in Fig. 9 is a

result mainly of the 100 GtC biospheric uptake of CO2 during

2030–2080. Note the longevity of the warming, especially if

emissions reduction is as slow as 2%/year, which might be

considered to be a rapid rate of reduction.

The temporal response of the real world to the human-made

climate forcing could be more complex than suggested by a simple

response function calculation, especially if rapid emissions growth

continues, yielding an unprecedented climate forcing scenario. For

example, if ice sheet mass loss becomes rapid, it is conceivable that

the cold fresh water added to the ocean could cause regional

surface cooling [199], perhaps even at a point when sea level rise

has only reached a level of the order of a meter [200]. However,

any uncertainty in the surface thermal response this century due to

such phenomena has little effect on our estimate of the dangerous

level of emissions. The long lifetime of the fossil fuel carbon in the

climate system and the persistence of ocean warming for millennia

[201] provide sufficient time for the climate system to achieve full

response to the fast feedback processes included in the 3uC climate

sensitivity.

Indeed, the long lifetime of fossil fuel carbon in the climate

system and persistence of the ocean warming ensure that ‘‘slow’’

feedbacks, such as ice sheet disintegration, changes of the global

vegetation distribution, melting of permafrost, and possible release

of methane from methane hydrates on continental shelves, would

also have time to come into play. Given the unprecedented

rapidity of the human-made climate forcing, it is difficult to

establish how soon slow feedbacks will become important, but

clearly slow feedbacks should be considered in assessing the

‘‘dangerous’’ level of global warming, as discussed in the next

section.

Danger of Initiating Uncontrollable Climate
Change

Our calculated global warming as a function of CO2 amount is

based on equilibrium climate sensitivity 3uC for doubled CO2.

That is the central climate sensitivity estimate from climate models

[1], and it is consistent with climate sensitivity inferred from

Earth’s climate history [51–52]. However, this climate sensitivity

includes only the effects of fast feedbacks of the climate system,

such as water vapor, clouds, aerosols, and sea ice. Slow feedbacks,

such as change of ice sheet area and climate-driven changes of

greenhouse gases, are not included.

Slow Climate Feedbacks and Irreversible Climate Change
Excluding slow feedbacks was appropriate for simulations of the

past century, because we know the ice sheets were stable then and

our climate simulations used observed greenhouse gas amounts

that included any contribution from slow feedbacks. However, we

must include slow feedbacks in projections of warming for the 21st

century and beyond. Slow feedbacks are important because they

affect climate sensitivity and because their instigation is related to

the danger of passing ‘‘points of no return’’, beyond which

irreversible consequences become inevitable, out of humanity’s

control.

Antarctic and Greenland ice sheets present the danger of

change with consequences that are irreversible on time scales

important to society [1]. These ice sheets required millennia to

grow to their present sizes. If ice sheet disintegration reaches a

point such that the dynamics and momentum of the process take

over, at that point reducing greenhouse gases may be unable to

prevent major ice sheet mass loss, sea level rise of many meters,

and worldwide loss of coastal cities – a consequence that is

irreversible for practical purposes. Interactions between the ocean

and ice sheets are particularly important in determining ice sheet

changes, as a warming ocean can melt the ice shelves, the tongues

of ice that extend from the ice sheets into the ocean and buttress

the large land-based ice sheets [92,202–203]. Paleoclimate data for

sea level change indicate that sea level changed at rates of the

order of a meter per century [81–83], even at times when the

forcings driving climate change were far weaker than the human-
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made forcing. Thus, because ocean warming is persistent for

centuries, there is a danger that large irreversible change could be

initiated by excessive ocean warming.

Paleoclimate data are not as helpful for defining the likely rate of

sea level rise in coming decades, because there is no known case of

growth of a positive (warming) climate forcing as rapid as the

anthropogenic change. The potential for unstable ice sheet

disintegration is controversial, with opinion varying from likely

stability of even the (marine) West Antarctic ice sheet [94] to likely

rapid non-linear response extending up to multi-meter sea level

rise [97–98]. Data for the modern rate of annual ice sheet mass

changes indicate an accelerating rate of mass loss consistent with a

mass loss doubling time of a decade or less (Fig. 10). However, we

do not know the functional form of ice sheet response to a large

persistent climate forcing. Longer records are needed for empirical

assessment of this ostensibly nonlinear behavior.

Greenhouse gas amounts in the atmosphere, most importantly

CO2 and CH4, change in response to climate change, i.e., as a

feedback, in addition to the immediate gas changes from human-

caused emissions. As the ocean warms, for example, it releases

CO2 to the atmosphere, with one principal mechanism being the

simple fact that the solubility of CO2 decreases as the water

temperature rises [204]. We also include in the category of slow

feedbacks the global warming spikes, or ‘‘hyperthermals’’, that

have occurred a number of times in Earth’s history during the

course of slower global warming trends. The mechanisms behind

these hyperthermals are poorly understood, as discussed below,

but they are characterized by the injection into the surface climate

system of a large amount of carbon in the form of CH4 and/or

CO2 on the time scale of a millennium [205–207]. The average

rate of injection of carbon into the climate system during these

hyperthermals was slower than the present human-made injection

of fossil fuel carbon, yet it was faster than the time scale for

removal of carbon from the surface reservoirs via the weathering

process [3,208], which is tens to hundreds of thousands of years.

Methane hydrates – methane molecules trapped in frozen water

molecule cages in tundra and on continental shelves – and organic

matter such as peat locked in frozen soils (permafrost) are likely

mechanisms in the past hyperthermals, and they provide another

climate feedback with the potential to amplify global warming if

large scale thawing occurs [209–210]. Paleoclimate data reveal

instances of rapid global warming, as much as 5–6uC, as a sudden

additional warming spike during a longer period of gradual

warming [see Text S1]. The candidates for the carbon injected

into the climate system during those warmings are methane

hydrates on continental shelves destabilized by sea floor warming

[211] and carbon released from frozen soils [212]. As for the

present, there are reports of methane release from thawing

permafrost on land [213] and from sea-bed methane hydrate

deposits [214], but amounts so far are small and the data are

snapshots that do not prove that there is as yet a temporal increase

of emissions.

Figure 9. Simulated global temperature relative to 1880–1920 mean for CO2 scenarios of Figure 5.
doi:10.1371/journal.pone.0081648.g009

Figure 10. Annual Greenland and West Antarctic ice mass changes as estimated via alternative methods. Data were read from Figure 4
of Shepherd et al. [23] and averaged over the available records.
doi:10.1371/journal.pone.0081648.g010
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There is a possibility of rapid methane hydrate or permafrost

emissions in response to warming, but that risk is largely

unquantified [215]. The time needed to destabilize large methane

hydrate deposits in deep sediments is likely millennia [215].

Smaller but still large methane hydrate amounts below shallow

waters as in the Arctic Ocean are more vulnerable; the methane

may oxidize to CO2 in the water, but it will still add to the long-

term burden of CO2 in the carbon cycle. Terrestrial permafrost

emissions of CH4 and CO2 likely can occur on a time scale of a

few decades to several centuries if global warming continues [215].

These time scales are within the lifetime of anthropogenic CO2,

and thus these feedbacks must be considered in estimating the

dangerous level of global warming. Because human-made

warming is more rapid than natural long-term warmings in the

past, there is concern that methane hydrate or peat feedbacks

could be more rapid than the feedbacks that exist in the

paleoclimate record.

Climate model studies and empirical analyses of paleoclimate

data can provide estimates of the amplification of climate

sensitivity caused by slow feedbacks, excluding the singular

mechanisms that caused the hyperthermal events. Model studies

for climate change between the Holocene and the Pliocene, when

Earth was about 3uC warmer, find that slow feedbacks due to

changes of ice sheets and vegetation cover amplified the fast

feedback climate response by 30–50% [216]. These same slow

feedbacks are estimated to amplify climate sensitivity by almost a

factor of two for the climate change between the Holocene and the

nearly ice-free climate state that existed 35 million years ago [54].

Implication for Carbon Emissions Target
Evidence presented under Climate Impacts above makes clear

that 2uC global warming would have consequences that can be

described as disastrous. Multiple studies [12,198,201] show that

the warming would be very long lasting. The paleoclimate record

and changes underway in the Arctic and on the Greenland and

Antarctic ice sheets with only today’s warming imply that sea level

rise of several meters could be expected. Increased climate

extremes, already apparent at 0.8uC warming [46], would be

more severe. Coral reefs and associated species, already stressed

with current conditions [40], would be decimated by increased

acidification, temperature and sea level rise. More generally,

humanity and nature, the modern world as we know it, is adapted

to the Holocene climate that has existed more than 10,000 years.

Warming of 1uC relative to 1880–1920 keeps global temperature

close to the Holocene range, but warming of 2uC, to at least the

Eemian level, could cause major dislocations for civilization.

However, distinctions between pathways aimed at ,1uC and

2uC warming are much greater and more fundamental than the

numbers 1uC and 2uC themselves might suggest. These funda-

mental distinctions make scenarios with 2uC or more global

warming far more dangerous; so dangerous, we suggest, that

aiming for the 2uC pathway would be foolhardy.

First, most climate simulations, including ours above and those

of IPCC [1], do not include slow feedbacks such as reduction of ice

sheet size with global warming or release of greenhouse gases from

thawing tundra. These exclusions are reasonable for a ,1uC
scenario, because global temperature barely rises out of the

Holocene range and then begins to subside. In contrast, global

warming of 2uC or more is likely to bring slow feedbacks into play.

Indeed, it is slow feedbacks that cause long-term climate sensitivity

to be high in the empirical paleoclimate record [51–52]. The

lifetime of fossil fuel CO2 in the climate system is so long that it

must be assumed that these slow feedbacks will occur if

temperature rises well above the Holocene range.

Second, scenarios with 2uC or more warming necessarily imply

expansion of fossil fuels into sources that are harder to get at,

requiring greater energy using extraction techniques that are

increasingly invasive, destructive and polluting. Fossil fuel

emissions through 2012 total ,370 GtC (Fig. 2). If subsequent

emissions decrease 6%/year, additional emissions are ,130 GtC,

for a total ,500 GtC fossil fuel emissions. This 130 GtC can be

obtained mainly from the easily extracted conventional oil and gas

reserves (Fig. 2), with coal use rapidly phased out and unconven-

tional fossil fuels left in the ground. In contrast, 2uC scenarios have

total emissions of the order of 1000 GtC. The required additional

fossil fuels will involve exploitation of tar sands, tar shale,

hydrofracking for oil and gas, coal mining, drilling in the Arctic,

Amazon, deep ocean, and other remote regions, and possibly

exploitation of methane hydrates. Thus 2uC scenarios result in

more CO2 per unit useable energy, release of substantial CH4 via

the mining process and gas transportation, and release of CO2 and

other gases via destruction of forest ‘‘overburden’’ to extract

subterranean fossil fuels.

Third, with our ,1uC scenario it is more likely that the

biosphere and soil will be able to sequester a substantial portion of

the anthropogenic fossil fuel CO2 carbon than in the case of 2uC
or more global warming. Empirical data for the CO2 ‘‘airborne

fraction’’, the ratio of observed atmospheric CO2 increase divided

by fossil fuel CO2 emissions, show that almost half of the emissions

is being taken up by surface (terrestrial and ocean) carbon

reservoirs [187], despite a substantial but poorly measured

contribution of anthropogenic land use (deforestation and

agriculture) to airborne CO2 [179,216]. Indeed, uptake of CO2

by surface reservoirs has at least kept pace with the rapid growth of

emissions [187]. Increased uptake in the past decade may be a

consequence of a reduced rate of deforestation [217] and

fertilization of the biosphere by atmospheric CO2 and nitrogen

deposition [187]. With the stable climate of the ,1uC scenario it is

plausible that major efforts in reforestation and improved

agricultural practices [15,173,175–177], with appropriate support

provided to developing countries, could take up an amount of

carbon comparable to the 100 GtC in our ,1uC scenario. On the

other hand, with warming of 2uC or more, carbon cycle feedbacks

are expected to lead to substantial additional atmospheric CO2

[218–219], perhaps even making the Amazon rainforest a source

of CO2 [219–220].

Fourth, a scenario that slows and then reverses global warming

makes it possible to reduce other greenhouse gases by reducing

their sources [75,221]. The most important of these gases is CH4,

whose reduction in turn reduces tropospheric O3 and stratospheric

H2O. In contrast, chemistry modeling and paleoclimate records

[222] show that trace gases increase with global warming, making

it unlikely that overall atmospheric CH4 will decrease even if a

decrease is achieved in anthropogenic CH4 sources. Reduction of

the amount of atmospheric CH4 and related gases is needed to

counterbalance expected forcing from increasing N2O and

decreasing sulfate aerosols.

Now let us compare the 1uC (500 GtC fossil fuel emissions) and

the 2uC (1000 GtC fossil fuel emissions) scenarios. Global

temperature in 2100 would be close to 1uC in the 500 GtC

scenario, and it is less than 1uC if 100 GtC uptake of carbon by the

biosphere and soil is achieved via improved agricultural and

forestry practices (Fig. 9). In contrast, the 1000 GtC scenario,

although nominally designed to yield a fast-feedback climate

response of , 2uC, would yield a larger eventual warming because

of slow feedbacks, probably at least 3uC.
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Danger of Uncontrollable Consequences
Inertia of the climate system reduces the near-term impact of

human-made climate forcings, but that inertia is not necessarily

our friend. One implication of the inertia is that climate impacts

‘‘in the pipeline’’ may be much greater than the impacts that we

presently observe. Slow climate feedbacks add further danger of

climate change running out of humanity’s control. The response

time of these slow feedbacks is uncertain, but there is evidence that

some of these feedbacks already are underway, at least to a minor

degree. Paleoclimate data show that on century and millennial

time scales the slow feedbacks are predominately amplifying

feedbacks.

The inertia of energy system infrastructure, i.e., the time

required to replace fossil fuel energy systems, will make it

exceedingly difficult to avoid a level of atmospheric CO2 that

would eventually have highly undesirable consequences. The

danger of uncontrollable and irreversible consequences necessarily

raises the question of whether it is feasible to extract CO2 from the

atmosphere on a large enough scale to affect climate change.

Carbon Extraction

We have shown that extraordinarily rapid emission reductions

are needed to stay close to the 1uC scenario. In absence of

extraordinary actions, it is likely that growing climate disruptions

will lead to a surge of interest in ‘‘geo-engineering’’ designed to

minimize human-made climate change [223]. Such efforts must

remove atmospheric CO2, if they are to address direct CO2 effects

such as ocean acidification as well as climate change. Schemes

such as adding sulfuric acid aerosols to the stratosphere to reflect

sunlight [224], an attempt to mask one pollutant with another, is a

temporary band-aid for a problem that will last for millennia;

besides it fails to address ocean acidification and may have other

unintended consequences [225].

Potential for Carbon Extraction
At present there are no proven technologies capable of large-

scale air capture of CO2. It has been suggested that, with strong

research and development support and industrial scale pilot

projects sustained over decades, costs as low as ,$500/tC may be

achievable [226]. Thermodynamic constraints [227] suggest that

this cost estimate may be low. An assessment by the American

Physical Society [228] argues that the lowest currently achievable

cost, using existing approaches, is much greater ($600/tCO2 or

$2200/tC).

The cost of capturing 50 ppm of CO2, at $500/tC (,$135/

tCO2), is ,$50 trillion (1 ppm CO2 is ,2.12 GtC), but more than

$200 trillion for the price estimate of the American Physical

Society study. Moreover, the resulting atmospheric CO2 reduction

will ultimately be less than 50 ppm for the reasons discussed

above. For example, let us consider the scenario of Fig. 5B in

which emissions continue to increase until 2030 before decreasing

at 5%/year – this scenario yields atmospheric CO2 of 410 ppm in

2100. Using our carbon cycle model we calculate that if we extract

100 ppm of CO2 from the air over the period 2030–2100

(10/7 ppm per year), say storing that CO2 in carbonate bricks, the

atmospheric CO2 amount in 2100 will be reduced 52 ppm to

358 ppm, i.e., the reduction of airborne CO2 is about half of the

amount extracted from the air and stored. The estimated cost of

this 52 ppm CO2 reduction is $100–400 trillion.

The cost of CO2 capture and storage conceivably may decline

in the future. Yet the practicality of carrying out such a program

with alacrity in response to a climate emergency is dubious. Thus

it may be appropriate to add a CO2 removal cost to the current

price of fossil fuels, which would both reduce ongoing emissions

and provide resources for future cleanup.

Responsibility for Carbon Extraction
We focus on fossil fuel carbon, because of its long lifetime in the

carbon cycle. Reversing the effects of deforestation is also

important and there will need to be incentives to achieve increased

carbon storage in the biosphere and soil, but the crucial

requirement now is to limit the amount of fossil fuel carbon in

the air.

The high cost of carbon extraction naturally raises the question

of responsibility for excess fossil fuel CO2 in the air. China has the

largest CO2 emissions today (Fig. 11A), but the global warming

effect is closely proportional to cumulative emissions [190]. The

United States is responsible for about one-quarter of cumulative

emissions, with China next at about 10% (Fig. 11B). Cumulative

responsibilities change rather slowly (compare Fig. 10 of 190).

Estimated per capita emissions (Fig. 12) are based on population

estimates for 2009–2011.

Various formulae might be devised to assign costs of CO2 air

capture, should removal prove essential for maintaining acceptable

climate. For the sake of estimating the potential cost, let us assume

that it proves necessary to extract 100 ppm of CO2 (yielding a

reduction of airborne CO2 of about 50 ppm) and let us assign each

country the responsibility to clean up its fraction of cumulative

emissions. Assuming a cost of $500/tC (,$135/tCO2) yields a cost

of $28 trillion for the United States, about $90,000 per individual.

Costs would be slightly higher for a UK citizen, but less for other

nations (Fig. 12B).

Cost of CO2 capture might decline, but the cost estimate used is

more than a factor of four smaller than estimated by the American

Physical Society [228] and 50 ppm is only a moderate reduction.

The cost should also include safe permanent disposal of the

captured CO2, which is a substantial mass. For the sake of scaling

the task, note that one GtC, made into carbonate bricks, would

produce the volume of ,3000 Empire State buildings or ,1200

Great Pyramids of Giza. Thus the 26 ppm assigned to the United

States, if made into carbonate bricks, would be equivalent to the

stone in 165,000 Empire State buildings or 66,000 Great Pyramids

of Giza. This is not intended as a practical suggestion: carbonate

bricks are not a good building material, and the transport and

construction costs would be additional.

The point of this graphic detail is to make clear the magnitude

of the cleanup task and potential costs, if fossil fuel emissions

continue unabated. More useful and economic ways of removing

CO2 may be devised with the incentive of a sufficient carbon price.

For example, a stream of pure CO2 becomes available for capture

and storage if biomass is used as the fuel for power plants or as

feedstock for production of liquid hydrocarbon fuels. Such clean

energy schemes and improved agricultural and forestry practices

are likely to be more economic than direct air capture of CO2, but

they must be carefully designed to minimize undesirable impacts

and the amount of CO2 that can be extracted on the time scale of

decades will be limited, thus emphasizing the need to limit the

magnitude of the cleanup task.

Policy Implications

Human-made climate change concerns physical sciences, but

leads to implications for policy and politics. Conclusions from the

physical sciences, such as the rapidity with which emissions must

be reduced to avoid obviously unacceptable consequences and the

long lag between emissions and consequences, lead to implications

in social sciences, including economics, law and ethics. Intergov-
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ernmental climate assessments [1,14] purposely are not policy

prescriptive. Yet there is also merit in analysis and discussion of the

full topic through the objective lens of science, i.e., ‘‘connecting the

dots’’ all the way to policy implications.

Energy and Carbon Pathways: A Fork in the Road
The industrial revolution began with wood being replaced by

coal as the primary energy source. Coal provided more

concentrated energy, and thus was more mobile and effective.

We show data for the United States (Fig. 13) because of the

availability of a long data record that includes wood [229]. More

limited global records yield a similar picture [Fig. 14], the largest

difference being global coal now at ,30% compared with ,20%

in the United States. Economic progress and wealth generation

were further spurred in the twentieth century by expansion into

liquid and gaseous fossil fuels, oil and gas being transported and

burned more readily than coal. Only in the latter part of the

twentieth century did it become clear that long-lived combustion

products from fossil fuels posed a global climate threat, as formally

acknowledged in the 1992 Framework Convention on Climate

Change [6]. However, efforts to slow emissions of the principal

atmospheric gas driving climate change, CO2, have been

ineffectual so far (Fig. 1).

Consequently, at present, as the most easily extracted oil and

gas reserves are being depleted, we stand at a fork in the road to

our energy and carbon future. Will we now feed our energy needs

by pursuing difficult to extract fossil fuels, or will we pursue energy

policies that phase out carbon emissions, moving on to the post

fossil fuel era as rapidly as practical?

This is not the first fork encountered. Most nations agreed to the

Framework Convention on Climate Change in 1992 [6]. Imagine

if a bloc of countries favoring action had agreed on a common

gradually rising carbon fee collected within each of country at

domestic mines and ports of entry. Such nations might place

equivalent border duties on products from nations not having a

carbon fee and they could rebate fees to their domestic industry for

export products to nations without an equivalent carbon fee. The

legality of such a border tax adjustment under international trade

law is untested, but is considered to be plausibly consistent with

trade principles [230]. As the carbon fee gradually rose and as

additional nations, for their own benefit, joined this bloc of

nations, development of carbon-free energies and energy efficiency

would have been spurred. If the carbon fee had begun in 1995, we

Figure 11. Fossil fuel CO2 emissions. (A) 2012 emissions by source region, and (B) cumulative 1751–2012 emissions. Results are an update of Fig.
10 of [190] using data from [5].
doi:10.1371/journal.pone.0081648.g011

Figure 12. Per capita fossil fuel CO2 emissions. Countries, regions and data sources are the same as in Fig. 11. Horizontal lines are the global
mean and multiples of the global mean.
doi:10.1371/journal.pone.0081648.g012
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calculate that global emissions would have needed to decline

2.1%/year to limit cumulative fossil fuel emissions to 500 GtC. A

start date of 2005 would have required a reduction of 3.5%/year

for the same result.

The task faced today is more difficult. Emissions reduction of

6%/year and 100 GtC storage in the biosphere and soils are

needed to get CO2 back to 350 ppm, the approximate require-

ment for restoring the planet’s energy balance and stabilizing

climate this century. Such a pathway is exceedingly difficult to

achieve, given the current widespread absence of policies to drive

rapid movement to carbon-free energies and the lifetime of energy

infrastructure in place.

Yet we suggest that a pathway is still conceivable that could

restore planetary energy balance on the century time scale. That

path requires policies that spur technology development and

provide economic incentives for consumers and businesses such

that social tipping points are reached where consumers move

rapidly to energy conservation and low carbon energies. Moderate

overshoot of required atmospheric CO2 levels can possibly be

counteracted via incentives for actions that more-or-less naturally

sequester carbon. Developed countries, responsible for most of the

excess CO2 in the air, might finance extensive efforts in developing

countries to sequester carbon in the soil and in forest regrowth on

marginal lands as described above. Burning sustainably designed

biofuels in power plants, with the CO2 captured and sequestered,

would also help draw down atmospheric CO2. This pathway

would need to be taken soon, as the magnitude of such carbon

extractions is likely limited and thus not a solution to unfettered

fossil fuel use.

The alternative pathway, which the world seems to be on now,

is continued extraction of all fossil fuels, including development of

unconventional fossil fuels such as tar sands, tar shale, hydro-

fracking to extract oil and gas, and exploitation of methane

hydrates. If that path (with 2%/year growth) continues for 20

years and is then followed by 3%/year emission reduction from

2033 to 2150, we find that fossil fuel emissions in 2150 would total

1022 GtC. Extraction of the excess CO2 from the air in this case

would be very expensive and perhaps implausible, and warming of

the ocean and resulting climate impacts would be practically

irreversible.

Economic Implications: Need for a Carbon Fee
The implication is that the world must move rapidly to carbon-

free energies and energy efficiency, leaving most remaining fossil

fuels in the ground, if climate is to be kept close to the Holocene

range and climate disasters averted. Is rapid change possible?

Figure 13. United States energy consumption [229].
doi:10.1371/journal.pone.0081648.g013

Figure 14. World energy consumption for indicated fuels, which excludes wood [4].
doi:10.1371/journal.pone.0081648.g014
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The potential for rapid change can be shown by examples. A

basic requirement for phasing down fossil fuel emissions is

abundant carbon-free electricity, which is the most rapidly

growing form of energy and also has the potential to provide

energy for transportation and heating of buildings. In one decade

(1977–1987), France increased its nuclear power production 15-

fold, with the nuclear portion of its electricity increasing from 8%

to 70% [231]. In one decade (2001–2011) Germany increased the

non-hydroelectric renewable energy portion of its electricity from

4% to 19%, with fossil fuels decreasing from 63% to 61%

(hydroelectric decreased from 4% to 3% and nuclear power

decreased from 29% to 18%) [231].

Given the huge task of replacing fossil fuels, contributions are

surely required from energy efficiency, renewable energies, and

nuclear power, with the mix depending on local preferences.

Renewable energy and nuclear power have been limited in part by

technical challenges. Nuclear power faces persistent concerns

about safety, nuclear waste, and potential weapons proliferation,

despite past contributions to mortality prevention and climate

change mitigation [232]. Most renewable energies tap diffuse

intermittent sources often at a distance from the user population,

thus requiring large-scale energy storage and transport. Develop-

ing technologies can ameliorate these issues, as discussed below.

However, apparent cost is the constraint that prevents nuclear and

renewable energies from fully supplanting fossil fuel electricity

generation.

Transition to a post-fossil fuel world of clean energies will not

occur as long as fossil fuels appear to the investor and consumer to

be the cheapest energy. Fossil fuels are cheap only because they do

not pay their costs to society and receive large direct and indirect

subsidies [233]. Air and water pollution from fossil fuel extraction

and use have high costs in human health, food production, and

natural ecosystems, killing more than 1,000,000 people per year

and affecting the health of billions of people [232,234], with costs

borne by the public. Costs of climate change and ocean

acidification, already substantial and expected to grow consider-

ably [26,235], also are borne by the public, especially by young

people and future generations.

Thus the essential underlying policy, albeit not sufficient, is for

emissions of CO2 to come with a price that allows these costs to be

internalized within the economics of energy use. Because so much

energy is used through expensive capital stock, the price should

rise in a predictable way to enable people and businesses to

efficiently adjust lifestyles and investments to minimize costs.

Reasons for preference of a carbon fee or tax over cap-and-trade

include the former’s simplicity and relative ease of becoming

global [236]. A near-global carbon tax might be achieved, e.g., via

a bi-lateral agreement between China and the United States, the

greatest emitters, with a border duty imposed on products from

nations without a carbon tax, which would provide a strong

incentive for other nations to impose an equivalent carbon tax.

The suggestion of a carbon fee collected from fossil fuel companies

with all revenues distributed to the public on a per capita basis

[237] has received at least limited support [238].

Economic analyses indicate that a carbon price fully incorpo-

rating environmental and climate damage would be high [239].

The cost of climate change is uncertain to a factor of 10 or more

and could be as high as ,$1000/tCO2 [235,240]. While the

imposition of such a high price on carbon emissions is outside the

realm of short-term political feasibility, a price of that magnitude is

not required to engender a large change in emissions trajectory.

An economic analysis indicates that a tax beginning at $15/

tCO2 and rising $10/tCO2 each year would reduce emissions in

the U.S. by 30% within 10 years [241]. Such a reduction is more

than 10 times as great as the carbon content of tar sands oil carried

by the proposed Keystone XL pipeline (830,000 barrels/day)

[242]. Reduced oil demand would be nearly six times the pipeline

capacity [241], thus the carbon fee is far more effective than the

proposed pipeline.

A rising carbon fee is the sine qua non for fossil fuel phase out, but

not enough by itself. Investment is needed in RD&D (research,

development and demonstration) to help renewable energies and

nuclear power overcome obstacles limiting their contributions.

Intermittency of solar and wind power can be alleviated with

advances in energy storage, low-loss smart electric grids, and

electrical vehicles interacting with the grid. Most of today’s nuclear

power plants have half-century-old technology with light-water

reactors [243] utilizing less than 1% of the energy in the nuclear

fuel and leaving unused fuel as long-lived nuclear ‘‘waste’’

requiring sequestration for millennia. Modern light-water reactors

can employ convective cooling to eliminate the need for external

cooling in the event of an anomaly such as an earthquake.

However, the long-term future of nuclear power will employ ‘‘fast’’

reactors, which utilize ,99% of the nuclear fuel and can ‘‘burn’’

nuclear waste and excess weapons material [243]. It should be

possible to reduce the cost of nuclear power via modular standard

reactor design, but governments need to provide a regulatory

environment that supports timely construction of approved

designs. RD&D on carbon capture and storage (CCS) technology

is needed, especially given our conclusion that the current

atmospheric CO2 level is already in the dangerous zone, but

continuing issues with CCS technology [7,244] make it inappro-

priate to construct fossil fuel power plants with a promise of future

retrofit for carbon capture. Governments should support energy

planning for housing and transportation, energy and carbon

efficiency requirements for buildings, vehicles and other manu-

factured products, and climate mitigation and adaptation in

undeveloped countries.

Economic efficiency would be improved by a rising carbon fee.

Energy efficiency and alternative low-carbon and no-carbon

energies should be allowed to compete on an equal footing,

without subsidies, and the public and business community should

be made aware that the fee will continually rise. The fee for

unconventional fossil fuels, such as oil from tar sands and gas from

hydrofracking, should include carbon released in mining and

refining processes, e.g., methane leakage in hydrofracking [245–

249]. If the carbon fee rises continually and predictably, the

resulting energy transformations should generate many jobs, a

welcome benefit for nations still suffering from long-standing

economic recession. Economic modeling shows that about 60% of

the public, especially low-income people, would receive more

money via a per capita 100% dispersal of the collected fee than

they would pay because of increased prices [241].

Fairness: Intergenerational Justice and Human Rights
Relevant fundamentals of climate science are clear. The

physical climate system has great inertia, which is due especially

to the thermal inertia of the ocean, the time required for ice sheets

to respond to global warming, and the longevity of fossil fuel CO2

in the surface carbon reservoirs (atmosphere, ocean, and

biosphere). This inertia implies that there is additional climate

change ‘‘in the pipeline’’ even without further change of

atmospheric composition. Climate system inertia also means that,

if large-scale climate change is allowed to occur, it will be

exceedingly long-lived, lasting for many centuries.

One implication is the likelihood of intergenerational effects,

with young people and future generations inheriting a situation in

which grave consequences are assured, practically out of their
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control, but not of their doing. The possibility of such intergen-

erational injustice is not remote – it is at our doorstep now. We

have a planetary climate crisis that requires urgent change to our

energy and carbon pathway to avoid dangerous consequences for

young people and other life on Earth.

Yet governments and industry are rushing into expanded use of

fossil fuels, including unconventional fossil fuels such as tar sands,

tar shale, shale gas extracted by hydrofracking, and methane

hydrates. How can this course be unfolding despite knowledge of

climate consequences and evidence that a rising carbon price

would be economically efficient and reduce demand for fossil

fuels? A case has been made that the absence of effective

governmental leadership is related to the effect of special interests

on policy, as well as to public relations efforts by organizations that

profit from the public’s addiction to fossil fuels [237,250].

The judicial branch of governments may be less subject to

pressures from special financial interests than the executive and

legislative branches, and the courts are expected to protect the

rights of all people, including the less powerful. The concept that

the atmosphere is a public trust [251], that today’s adults must

deliver to their children and future generations an atmosphere as

beneficial as the one they received, is the basis for a lawsuit [252]

in which it is argued that the U.S. government is obligated to

protect the atmosphere from harmful greenhouse gases.

Independent of this specific lawsuit, we suggest that intergen-

erational justice in this matter derives from fundamental rights of

equality and justice. The Universal Declaration of Human Rights

[253] declares ‘‘All are equal before the law and are entitled

without any discrimination to equal protection of the law.’’

Further, to consider a specific example, the United States

Constitution provides all citizens ‘‘equal protection of the laws’’

and states that no person can be deprived of ‘‘life, liberty or

property without due process of law’’. These fundamental rights

are a basis for young people to expect fairness and justice in a

matter as essential as the condition of the planet they will inhabit.

We do not prescribe the legal arguments by which these rights can

be achieved, but we maintain that failure of governments to

effectively address climate change infringes on fundamental rights

of young people.

Ultimately, however, human-made climate change is more a

matter of morality than a legal issue. Broad public support is

probably needed to achieve the changes needed to phase out fossil

fuel emissions. As with the issue of slavery and civil rights, public

recognition of the moral dimensions of human-made climate

change may be needed to stir the public’s conscience to the point

of action.

A scenario is conceivable in which growing evidence of climate

change and recognition of implications for young people lead to

massive public support for action. Influential industry leaders,

aware of the moral issue, may join the campaign to phase out

emissions, with more business leaders becoming supportive as they

recognize the merits of a rising price on carbon. Given the relative

ease with which a flat carbon price can be made international

[236], a rapid global emissions phasedown is feasible. As fossil fuels

are made to pay their costs to society, energy efficiency and clean

energies may reach tipping points and begin to be rapidly adopted.

Our analysis shows that a set of actions exists with a good

chance of averting ‘‘dangerous’’ climate change, if the actions

begin now. However, we also show that time is running out.

Unless a human ‘‘tipping point’’ is reached soon, with implemen-

tation of effective policy actions, large irreversible climate changes

will become unavoidable. Our parent’s generation did not know

that their energy use would harm future generations and other life

on the planet. If we do not change our course, we can only pretend

that we did not know.

Discussion

We conclude that an appropriate target is to keep global

temperature within or close to the temperature range in the

Holocene, the interglacial period in which civilization developed.

With warming of 0.8uC in the past century, Earth is just emerging

from that range, implying that we need to restore the planet’s

energy balance and curb further warming. A limit of approx-

imately 500 GtC on cumulative fossil fuel emissions, accompanied

by a net storage of 100 GtC in the biosphere and soil, could keep

global temperature close to the Holocene range, assuming that the

net future forcing change from other factors is small. The longevity

of global warming (Fig. 9) and the implausibility of removing the

warming if it is once allowed to penetrate the deep ocean

emphasize the urgency of slowing emissions so as to stay close to

the 500 GtC target.

Fossil fuel emissions of 1000 GtC, sometimes associated with a

2uC global warming target, would be expected to cause large

climate change with disastrous consequences. The eventual

warming from 1000 GtC fossil fuel emissions likely would reach

well over 2uC, for several reasons. With such emissions and

temperature tendency, other trace greenhouse gases including

methane and nitrous oxide would be expected to increase, adding

to the effect of CO2. The global warming and shifting climate

zones would make it less likely that a substantial increase in forest

and soil carbon could be achieved. Paleoclimate data indicate that

slow feedbacks would substantially amplify the 2uC global

warming. It is clear that pushing global climate far outside the

Holocene range is inherently dangerous and foolhardy.

The fifth IPCC assessment Summary for Policymakers [14]

concludes that to achieve a 50% chance of keeping global

warming below 2uC equivalent CO2 emissions should not exceed

1210 GtC, and after accounting for non-CO2 climate forcings this

limit on CO2 emissions becomes 840 GtC. The existing drafts of

the fifth IPCC assessment are not yet approved for comparison

and citation, but the IPCC assessment is consistent with studies of

Meinshausen et al. [254] and Allen et al. [13], hereafter M2009

and A2009, with which we can make comparisons. We will also

compare our conclusions with those of McKibben [255]. M2009

and A2009 appear together in the same journal with the two lead

authors on each paper being co-authors on the other paper.

McKibben [255], published in a popular magazine, uses

quantitative results of M2009 to conclude that most remaining

fossil fuel reserves must be left in the ground, if global warming this

century is to be kept below 2uC. McKibben [255] has been very

successful in drawing public attention to the urgency of rapidly

phasing down fossil fuel emissions.

M2009 use a simplified carbon cycle and climate model to make

a large ensemble of simulations in which principal uncertainties in

the carbon cycle, radiative forcings, and climate response are

allowed to vary, thus yielding a probability distribution for global

warming as a function of time throughout the 21st century. M2009

use this distribution to infer a limit on total (fossil fuel+net land use)

carbon emissions in the period 2000–2049 if global warming in the

21st century is to be kept below 2uC at some specified probability.

For example, they conclude that the limit on total 2000–2049

carbon emissions is 1440 GtCO2 (393 GtC) to achieve a 50%

chance that 21st century global warming will not exceed 2uC.

A2009 also use a large ensemble of model runs, varying

uncertain parameters, and conclude that total (fossil fuel+net land

use) carbon emissions of 1000 GtC would most likely yield a peak
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CO2-induced warming of 2uC, with 90% confidence that the peak

warming would be in the range 1.3–3.9uC. They note that their

results are consistent with those of M2009, as the A2009 scenarios

that yield 2uC warming have 400–500 GtC emissions during

2000–2049; M2009 find 393 GtC emissions for 2uC warming, but

M2009 included a net warming effect of non-CO2 forcings, while

A2009 neglected non-CO2 forcings.

McKibben [255] uses results of M2009 to infer allowable fossil

fuel emissions up to 2050 if there is to be an 80% chance that

maximum warming in the 21st century will not exceed 2uC above

the pre-industrial level. M2009 conclude that staying under this

2uC limit with 80% probability requires that 2000–2049 emissions

must be limited to 656 GtCO2 (179 GtC) for 2007–2049.

McKibben [255] used this M2009 result to determine a remaining

carbon budget (at a time not specified exactly) of 565 GtCO2 (154

GtC) if warming is to stay under 2uC. Let us update this analysis to

the present: fossil fuel emissions in 2007–2012 were 51 GtC [5], so,

assuming no net emissions from land use in these few years, the

M2009 study implies that the remaining budget at the beginning

of 2013 was 128 GtC.

Thus, coincidentally, the McKibben [255] approach via M2009

yields almost exactly the same remaining carbon budget (128 GtC)

as our analysis (130 GtC). However, our budget is that required to

limit warming to about 1uC (there is a temporary maximum

during this century at about 1.1–1.2uC, Fig. 9), while McKibben

[255] is allowing global warming to reach 2uC, which we have

concluded would be a disaster scenario! This apparently vast

difference arises from three major factors.

First, we assumed that reforestation and improved agricultural

and forestry practices can suck up the net land use carbon of the

past. We estimate net land use emissions as 100 GtC, while M2009

have land use emissions almost twice that large (,180 GtC). We

argue elsewhere (see section 14 in Supporting Information of [54])

that the commonly employed net land use estimates [256] are

about a factor of two larger than the net land use carbon that is

most consistent with observed CO2 history. However, we need not

resolve that long-standing controversy here. The point is that, to

make the M2009 study equivalent to ours, negative land use

emissions must be included in the 21st century equal to earlier

positive land use emissions.

Second, we have assumed that future net change of non-CO2

forcings will be zero, while M2009 have included significant non-

CO2 forcings. In recent years non-CO2 GHGs have provided

about 20% of the increase of total GHG climate forcing.

Third, our calculations are for a single fast-feedback equilibrium

climate sensitivity, 3uC for doubled CO2, which we infer from

paleoclimate data. M2009 use a range of climate sensitivities to

compute a probability distribution function for expected warming,

and then McKibben [255] selects the carbon emission limit that

keeps 80% of the probability distribution below 2uC.

The third factor is a matter of methodology, but one to be borne

in mind. Regarding the first two factors, it may be argued that our

scenario is optimistic. That is true, but both goals, extracting 100

GtC from the atmosphere via improved forestry and agricultural

practices (with possibly some assistance from CCS technology) and

limiting additional net change of non-CO2 forcings to zero, are

feasible and probably much easier than the principal task of

limiting additional fossil fuel emissions to 130 GtC.

We noted above that reforestation and improving agricultural

and forestry practices that store more carbon in the soil make sense

for other reasons. Also that task is made easier by the excess CO2

in the air today, which causes vegetation to take up CO2 more

efficiently. Indeed, this may be the reason that net land use

emissions seem to be less than is often assumed.

As for the non-CO2 forcings, it is noteworthy that greenhouse

gases controlled by the Montreal Protocol are now decreasing, and

recent agreement has been achieved to use the Montreal Protocol

to phase out production of some additional greenhouse gases even

though those gases do not affect the ozone layer. The most

important non-CO2 forcing is methane, whose increases in turn

cause tropospheric ozone and stratospheric water vapor to

increase. Fossil fuel use is probably the largest source of methane

[1], so if fossil fuel use begins to be phased down, there is good

basis to anticipate that all three of these greenhouse gases could

decrease, because of the approximate 10-year lifetime of methane.

As for fossil fuel CO2 emissions, considering the large, long-lived

fossil fuel infrastructure in place, the science is telling us that policy

should be set to reduce emissions as rapidly as possible. The most

fundamental implication is the need for an across-the-board rising

fee on fossil fuel emissions in order to allow true free market

competition from non-fossil energy sources. We note that

biospheric storage should not be allowed to offset further fossil

fuel emissions. Most fossil fuel carbon will remain in the climate

system more than 100,000 years, so it is essential to limit the

emission of fossil fuel carbon. It will be necessary to have incentives

to restore biospheric carbon, but these must be accompanied by

decreased fossil fuel emissions.

A crucial point to note is that the three tasks [limiting fossil fuel

CO2 emissions, limiting (and reversing) land use emissions,

limiting (and reversing) growth of non-CO2 forcings] are

interactive and reinforcing. In mathematical terms, the problem

is non-linear. As one of these climate forcings increases, it increases

the others. The good news is that, as one of them decreases, it

tends to decrease the others. In order to bestow upon future

generations a planet like the one we received, we need to win on

all three counts, and by far the most important is rapid phasedown

of fossil fuel emissions.

It is distressing that, despite the clarity and imminence of the

danger of continued high fossil fuel emissions, governments

continue to allow and even encourage pursuit of ever more fossil

fuels. Recognition of this reality and perceptions of what is

‘‘politically feasible’’ may partially account for acceptance of

targets for global warming and carbon emissions that are well into

the range of ‘‘dangerous human-made interference’’ with climate.

Although there is merit in simply chronicling what is happening,

there is still opportunity for humanity to exercise free will. Thus

our objective is to define what the science indicates is needed, not

to assess political feasibility. Further, it is not obvious to us that

there are physical or economic limitations that prohibit fossil fuel

emission targets far lower than 1000 GtC, even targets closer to

500 GtC. Indeed, we suggest that rapid transition off fossil fuels

would have numerous near-term and long-term social benefits,

including improved human health and outstanding potential for

job creation.

A world summit on climate change will be held at United

Nations Headquarters in September 2014 as a preliminary to

negotiation of a new climate treaty in Paris in late 2015. If this

treaty is analogous to the 1997 Kyoto Protocol [257], based on

national targets for emission reductions and cap-and-trade-with-

offsets emissions trading mechanisms, climate deterioration and

gross intergenerational injustice will be practically guaranteed.

The palpable danger that such an approach is conceivable is

suggested by examination of proposed climate policies of even the

most forward-looking of nations. Norway, which along with the

other Scandinavian countries has been among the most ambitious

and successful of all nations in reducing its emissions, nevertheless

approves expanded oil drilling in the Arctic and development of

tar sands as a majority owner of Statoil [258–259]. Emissions
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foreseen by the Energy Perspectives of Statoil [259], if they occur,

would approach or exceed 1000 GtC and cause dramatic climate

change that would run out of control of future generations. If, in

contrast, leading nations agree in 2015 to have internal rising fees

on carbon with border duties on products from nations without a

carbon fee, a foundation would be established for phaseover to

carbon free energies and stable climate.
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BEFORE THE PUBLIC UTILITIES COMMISSION    

OF THE STATE OF SOUTH DAKOTA    
 

IN THE MATTER OF 
TRANSCANADA KEYSTONE 

PIPELINE, LP FOR ORDER 
ACCEPTING CERTIFICATION OF 
PERMIT ISSUED IN DOCKET HP-

09-001 TO CONSTRUCT THE 
KEYSTONE XL PIPELINE  

Surrebuttal  to Darren Kearney’s 
rebuttal to Cindy Myers’ testimony 

regarding Dr. Madden’s socio-
economic analysis 

HP14-001 

 
 
I am responding to Darren Kearney’s rebuttal to my direct testimony.  My 
testimony stated: 
 

"testimonial analysis by Dr. Madden is woefully inadequate to 
meet SDCL 49-416-22, which requires the project must protect the 
health, safety and welfare of SD residents. He is not a medical 
doctor, but an economist."   

 
Mr. Kearney states I misunderstood the purpose of Dr. Madden’s testimony.  
 
I understand that Dr. Madden is an economist and his testimony reflects 
a very brief socio-economic analysis of the project. 
 
However, as written, the HP09-001 document, specifically Finding of 
Fact #107, implies that Dr. Madden’s analysis from a socioeconomic 
standpoint was also meant to support the subpart of SDCL 49-41 B-22 
which states: 
 
“The facility will not substantially impair the health, safety or welfare 
of the inhabitants.” 
 
Finding of Fact #107 is included in Appendix C, South Dakota Final 
Decision and Order Tracking Table of Changes which was ordered by the 
PUC as part of the scope of discovery. 
 
Finding of Fact #107 is listed under the heading  “Socio-Economic Factors”. 
 
HP09-001, Finding of Fact #107, as directly copied from that document: 
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Socio-Economic Factors 
107. Socio-economic evidence offered by both Keystone and Staff 
demonstrates that the welfare of the citizens of South Dakota will 
not be impaired by the Project. Staff expert Dr. Michael Madden 
conducted a socio-economic analysis of the Keystone Pipeline, and 
concluded that the positive economic benefits of the project were 
unambiguous, while most if not all of the social impacts were 
positive or neutral. S-2, Madden Assessment at 21. The Project, 
subject to compliance with the Special Permit and the Conditions 
herein, would not, from a socioeconomic standpoint: (i) pose a 
threat of serious injury to the socioeconomic conditions in the 
project area; (ii) substantially impair the health, safety, or welfare 
of the inhabitants in the project area; or(iii) unduly interfere with 
the orderly development of the region. 

 
 
I agree with Mr. Kearney that Dr. Madden’s testimony does not include 
information concerning how the project would impact the health, safety, or 
welfare of the inhabitants, but finding of fact #107, as written, concludes that 
Dr. Madden’s testimony supports SDCL 49-41 B-22, including the subpart 
“The facility will not pose a threat of serious injury to the environment nor 
to the social and economic condition of inhabitants or expected inhabitants 
in the siting area” and also the subpart "the facility will not substantially 
impair the health, safety or welfare of the inhabitants” 
 
Respectfully submitted this 29th day of April, 2015 
 
Cindy Myers 
Individual Intervener HP14-001 
PO Box 104 
87925 468th Ave. 
Stuart, NE 68780 
csmyers77@hotmail.com 
402-709-2920 
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A copy of this letter has been electronically sent to the following: 
 

Ms. Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol Ave.  
Pierre, SD  57501 
patty.vangerpen@state.sd.us 

(605) 773-3201 (605) 773-3201 - voice 

Ms. Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave.  
Pierre, SD  57501 
Kristen.edwards@state.sd.us 

(605) 773-3201 (605) 773-3201 - voice 

Mr. Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Ave.  
Pierre, SD  57501 
brian.rounds@state.sd.us 

(605) 773-3201 (605) 773-3201- voice 

Mr. Darren Kearney 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Ave.  
Pierre, SD  57501 
darren.kearney@state.sd.us    

(605) 773-3201 (605) 773-3201 - voice 

Mr. James E. Moore - Representing: TransCanada Keystone Pipeline, LP 
Attorney  
Woods, Fuller, Shultz and Smith P.C.  
PO Box 5027  
Sioux Falls, SD 57117 
james.moore@woodsfuller.com 
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(605) 336-3890 (605) 336-3890 - voice  
(605) 339-3357 - fax  

Mr. Bill G. Taylor - Representing: TransCanada Keystone Pipeline, LP 
Attorney  
Woods, Fuller, Shultz and Smith P.C.  
PO Box 5027  
Sioux Falls, SD 57117 
bill.taylor@woodsfuller.com 

(605) 336-3890 (605) 336-3890 - voice  
(605) 339-3357 - fax 

Mr. Paul F. Seamans 
27893 249th St.  
Draper, SD 57531 
jacknife@goldenwest.net 

(605) 669-2777 (605) 669-2777 - voice 

Mr. John H. Harter 
28125 307th Ave.  
Winner, SD 57580 
johnharter11@yahoo.com 

(605) 842-0934 (605) 842-0934 - voice  

Ms. Elizabeth Lone Eagle 
PO Box 160 
Howes, SD 57748 
bethcbest@gmail.com 

(605) 538-4224 (605) 538-4224 - voice  

Mr. Tony Rogers 
Rosebud Sioux Tribe - Tribal Utility Commission 
153 S. Main St.  
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 

(605) 856-2727 (605) 856-2727 - voice  

Ms. Viola Waln  
PO Box 937 
Rosebud, SD 57570 
walnranch@goldenwest.net 

(605) 747-2440 (605) 747-2440 - voice 
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Ms. Jane Kleeb 
Bold Nebraska 
1010 N. Denver Ave. 
Hastings, NE 68901 
jane@boldnebraska.org 

(402) 705-3622 (402) 705-3622 - voice  

Mr. Benjamin D. Gotschall 
Bold Nebraska 
6505 W. Davey Rd. 
Raymond, NE 68428 
ben@boldnebraska.org 

(402) 783-0377 (402) 783-0377 - voice  

Mr. Byron T. Steskal & Ms. Diana L. Steskal 
707 E. 2nd St. 
Stuart NE 68780 
prairierose@nntc.net 

(402) 924-3186 (402) 924-3186 - voice  

Ms. Cindy Myers, R.N. 
PO Box 104 
Stuart, NE 68780 
csmyers77@hotmail.com 

(402) 709-2920 (402) 709-2920 - voice  

Mr. Arthur R. Tanderup 
52343 857th Rd. 
Neligh, NE 68756 
atanderu@gmail.com 

(402) 278-0942 (402) 278-0942 - voice 

Mr. Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
wisestar8@msn.com 

(605) 208-0606 (605) 208-0606 - voice  

Ms. Carolyn P. Smith 
305 N. 3rd St. 
Plainview, NE 68769 
peachie_1234@yahoo.com 

(402) 582-4708 (402) 582-4708 - voice 
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Mr. Robert G. Allpress 
46165 Badger Rd. 
Naper, NE 68755 
bobandnan2008@hotmail.com 

(402) 832-5298 (402) 832-5298 - voice  

Mr. Louis T. Genung 
902 E. 7th St. 
Hastings, NE 68901 
tg64152@windstream.net 

(402) 984-7548 (402) 984-7548 - voice  

Mr. Peter Capossela, P.C. - Representing: Standing Rock Sioux Tribe 
Attorney at Law 
PO Box 10643 
Eugene, OR 97440 
pcapossela@nu-world.com 

(541) 505-4883 (541) 505-4883 - voice 

Ms. Nancy Hilding 
6300 W. Elm 
Black Hawk, SD 57718  
nhilshat@rapidnet.com 

(605) 787-6779 (605) 787-6779 - voice  

Mr. Gary F. Dorr 
27853 292nd 
Winner, SD 57580 
gfdorr@gmail.com  

(605) 828-8391 (605) 828-8391 - voice  

Mr. Bruce & Ms. RoxAnn Boettcher 
Boettcher Organics 
86061 Edgewater Ave. 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

(402) 244-5348 (402) 244-5348 - voice 

Ms. Wrexie Lainson Bardaglio 
9748 Arden Rd. 
Trumansburg, NY 14886 
wrexie.bardaglio@gmail.com 

(607) 229-8819 (607) 229-8819 - voice  
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Mr. Cyril Scott 
President 
Rosebud Sioux Tribe 
PO Box 430 
Rosebud, SD 57570 
cscott@gwtc.net 
ejantoine@hotmail.com 

(605) 747-2381 (605) 747-2381 - voice  

Mr. Eric Antoine 
Attorney  
Rosebud Sioux Tribe 
PO Box 430 
Rosebud, SD 57570 
ejantoine@hotmail.com 

(605)747-2381 (605)747-2381 - voice  

Ms. Paula Antoine 
Sicangu Oyate Land Office Coordinator  
Rosebud Sioux Tribe 
PO Box 658 
Rosebud, SD 57570 
wopila@gwtc.net 
paula.antoine@rosebudsiouxtribe-nsn.gov 

(605) 747-4225 (605) 747-4225 - voice  

Mr. Harold C. Frazier 
Chairman 
Cheyenne River Sioux Tribe 
PO Box 590 
Eagle Butte, SD 57625 
haroldcfrazier@yahoo.com 

(605) 964-4155 (605) 964-4155 - voice 

Mr. Cody Jones 
21648 US HWY 14/63  
Midland, SD 57552 

(605) 843-2827 (605) 843-2827 - voice 

Ms. Amy Schaffer 
PO Box 114  
Louisville, NE 68037 
amyannschaffer@gmail.com  
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(402) 234-2590 (402) 234-2590 
 

Mr. Jerry Jones 
22584 US HWY 14 
Midland SD 57552 

(605) 843-2264 (605) 843-2264 

Ms. Debbie J. Trapp 
24952 US HWY 14 
Midland, SD 57552 
mtdt@goldenwest.net 

Ms. Gena M. Parkhurst 
2825 Minnewasta Place 
Rapid City, SD 57702 
gmp66@hotmail.com 

(605) 716-5147 (605) 716-5147 - voice 

Ms. Joye Braun 
PO Box 484 
Eagle Butte, SD 57625 
jmbraun57625@gmail.com 

(605) 964-3813 (605) 964-3813 

Mr. Robert Flying Hawk 
Chairman 
Yankton Sioux Tribe 
PO Box 1153 
Wagner, SD 57380 
Robertflyinghawk@gmail.com 

(605) 384-3804 (605) 384-3804 - voice  

Ms. Thomasina Real Bird - Representing - Yankton Sioux Tribe 
Attorney  
Fredericks Peebles & Morgan LLP 
1900 Plaza Dr. 
Louisville, CO 80027 
trealbird@ndnlaw.com  

(303) 673-9600 (303) 673-9600 - voice 
(303) 673-9155 - fax 
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Ms. Chastity Jewett 
1321 Woodridge Dr. 
Rapid City, SD 57701 
chasjewett@gmail.com  

(605) 431-3594 (605) 431-3594 - voice 

Mr. Duncan Meisel 
350.org 
20 Jay St. #1010 
Brooklyn, NY 11201  
duncan@350.org 

(518) 635-0350 (518) 635-0350 - voice  

Ms. Sabrina King  
Dakota Rural Action 
518 Sixth Street, #6 
Rapid City, SD 57701 
sabrina@dakotarural.org  

(605) 716-2200 (605) 716-2200 - voice 

Mr. Frank James 
Dakota Rural Action 
PO Box 549 
Brookings, SD 57006 
fejames@dakotarural.org   

(605) 697-5204 (605) 697-5204 - voice 
(605) 697-6230 - fax 

Mr. Bruce Ellison 
Attorney 
Dakota Rural Action 
518 Sixth St. #6 
Rapid City, SD 57701 
belli4law@aol.com 

(605) 716-2200 (605) 716-2200 - voice 

(605) 348-1117 (605) 348-1117 - voice  

Mr. Tom BK Goldtooth 
Indigenous Environmental Network (IEN)  
PO Box 485 
Bemidji, MN 56619 
ien@igc.org 

(218) 760-0442 (218) 760-0442 - voice 

 
012468



Mr. Dallas Goldtooth 
38371 Res. HWY 1 
Morton, MN 56270 
goldtoothdallas@gmail.com  

(507) 412-7609 (507) 412-7609  

Mr. Ronald Fees 
17401 Fox Ridge Rd. 
Opal, SD 57758 

(605) 748-2422 (605) 748-2422 - voice 

Ms. Bonny Kilmurry 
47798 888 Rd. 
Atkinson, NE 68713  
bjkilmurry@gmail.com 

(402) 925-5538 (402) 925-5538 - voice 

Mr. Robert P. Gough 
Secretary  
Intertribal Council on Utility Policy  
PO Box 25 
Rosebud, SD 57570  
bobgough@intertribalCOUP.org 

(605) 441-8316 (605) 441-8316 - voice  

Mr. Terry & Cheryl Frisch 
47591 875th Rd. 
Atkinson, NE 68713 
tcfrisch@q.com 

(402) 925-2656 (402) 925-2656 - voice  

Ms. Tracey Zephier - Representing: Cheyenne River Sioux Tribe 
Fredericks Peebles & Morgan LLP 
Ste. 104  
910 5th St. 
Rapid City, SD 57701 
tzephier@ndnlaw.com 

(605) 791-1515 (605) 791-1515 - voice 

Mr. Robin S. Martinez - Representing: Dakota Rural Action 
Martinez Madrigal & Machicao, LLC  
616 W. 26th St. 
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Kansas City, MO 64108 
robin.martinez@martinezlaw.net  

Ms. Mary Turgeon Wynne, Esq. 
Rosebud Sioux Tribe - Tribal Utility Commission 
153 S. Main St 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 

(605) 856-2727 (605) 856-2727 - voice 

Mr. Matthew L. Rappold - Representing: Rosebud Sioux Tribe 
Rappold Law Office 
816 Sixth St. 
PO Box 873 
Rapid City, SD 57709 
Matt.rappold01@gmail.com  

(605) 828-1680 (605) 828-1680 - voice 

Ms. April D. McCart - Representing: Dakota Rural Action 
Certified Paralegal 
Martinez Madrigal & Machicao, LLC 
616 W. 26th St. 
Kansas City, MO 64108 
april.mccart@martinezlaw.net 

(816) 415-9503 (816)  415-9503 - voice  

Mr. Paul C. Blackburn - Representing: Bold Nebraska 
Attorney  
4145 20th Ave. South  
Minneapolis, MN 55407  
paul@paulblackburn.net  

(612) 599-5568 (612) 599-5568 - voice 

Ms. Kimberly E. Craven - Representing: Indigenous Environmental Network (IEN) 
Attorney  
3560 Catalpa Way 
Boulder, CO 80304 
kimecraven@gmail.com  

(303) 494-1974 (303) 494-1974 - voice  
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

SURREBUTTAL TESTIMONY OF 
COREY GOULET 

Petitioner TransCanada Keystone Pipeline, LP, offers the following surrebuttal testimony 

of Corey Goulet. 

1. Please state your name and address for the record. 

Answer: My name is Corey Goulet. My business address is 450 1st Street S.W., 

Calgary, AB Canada T2P SHI. 

2. Please state your position with Keystone and provide a description of your areas of 

responsibility with respect to the Keystone XL Project. 

Answer: I am President, Keystone Projects, with overall accountability for the 

implementation and development of the Keystone Pipeline system, including the Keystone XL 

Project (Project). In that capacity, I am responsible for overall leadership and direction of the 

Project. 

{01989879.1} 

1 

 
012471



3. Have you provided direct and rebuttal testimony in this proceeding? 

Answer: Yes, I have. 

4. Which witnesses' rebuttal testimony are you responding to in your surrebuttal 

testimony? 

Answer: I am responding to portions of the rebuttal testimony of John Harter. 

5. In paragraph 2, Mr. Harter states that TransCanada does not have an agreement 

with him for an easement to allow the construction and operation of the Keystone XL 

Pipeline across his property. Is that a correct statement? 

Answer: No. Although TransCanada Keystone Pipeline, LP ("Keystone"), filed a 

lawsuit against John and Tammy Harter to obtain an easement through the use of eminent 

domain, the parties reached a settlement agreement on November 27, 2012, which was days 

before the case was set for trial. John Harter signed a document that day stating the settlement 

terms, which were confidential. He agreed that he would execute a final settlement agreement 

and an easement. Over the next two years, however, Mr. Harter failed to sign an easement or a 

formal settlement agreement. Thus, Keystone asked the Court to either set the case for trial, or 

enforce the terms of the settlement agreement. On August 5, 2014, the circuit court, the 

Honorable John L. Brown, entered an order that the settlement terms agreed to on November 27, 

2012, constituted an enforceable agreement. The order was filed on August 7, 2014, in 

TransCanada v. Harter, Civ. 11-62 (6th Jud. Cir.) 

6. In paragraph 6, Mr. Harter states that "TransCanada simply took my private 

property using eminent domain." Is that a correct statement? 

Answer: No. The circuit court in Civ. 11-62 entered judgment granting an easement in 

favor of Keystone based on the agreement reached between the parties. Although Keystone filed 

{01989879.1} 
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a lawsuit against Mr. Harter based on eminent domain, the judgment granting an easement was 

the result of the settlement agreement. 

7. Does this conclude your prepared surrebuttal testimony? 

Answer: Yes. 

Dated this 1...'7 day of July, 2015. 

CERTIFICATE OF SERVICE 

-th 
I hereby certify that on tht?Jr/ day of July, 2015, I sent by United States first-class mail, 

postage prepaid, or e-mail transmission, a true and correct copy of the foregoing Surrebuttal 

Testimony of Corey Goulet, to the following: 

Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
patty. vangerpen@state.sd. us 

Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
brian.rounds@state.sd. us 

Tony Rogers, Director 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 South Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 

{01989879.l} 

Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
kristen.edwards@state.sd. us 

Darren Kearney 
Staff Analyst South Dakota Public Utilities 
Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
darren.keamey@state.sd. us 

Cindy Myers, R.N. 
PO Box 104 
Stuart, NE 68780 
csmyers77@hotmail.com 
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Jane Kleeb 
1010 North Denver Avenue 
Hastings, NE 68901 
j ane@boldnebraska.org 

Terry Frisch 
Cheryl Frisch 
47591 875th Road 
Atkinson, NE 68713 
tcfrisch@q.com 

Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
wisestar8@msn.com 

Robert G. Allpress 
46165 Badger Road 
Naper, NE 68755 
bobandnan2008@hotmail.com 

Amy Schaffer 
PO Box 114 
Louisville, NE 6803 7 
amyannschaffer@gmail.com 

Benjamin D. Gotschall 
6505 W. Davey Road 
Raymond, NE 68428 
ben@boldnebraska.org 

Elizabeth Lone Eagle 
PO Box 160 
Howes, SD 57748 
bethcbest@gmail.com 

John H. Harter 
28125 30ih Avenue 
Winner, SD 57580 
johnharterl l@yahoo.com 

Peter Capossela 
Peter Capossela, P.C. 
Representing Standing Rock Sioux Tribe 
PO Box 10643 
Eugene, OR 97440 
pcapossela@nu-world.com 

{01989879.1} 

Byron T. Steskal 
Diana L. Steskal 
707 E. 2nd Street 
Stuart, NE 68780 
prairierose@nntc.net 

Arthur R. Tanderup 
52343 85ih Road 
Neligh, NE 68756 
atanderu@gmail.com 

Carolyn P. Smith 
305 N. 3rd Street 
Plainview, NE 68769 
peachie 1234@yahoo.com 

Louis T. (Tom) Genung 
902 E. ih Street 
Hastings, NE 68901 
tg64152@windstream.net 

Nancy Hilding 
6300 West Elm 
Black Hawk, SD 57718 
nhilshat@rapidnet.com 

Paul F. Seamans 
27893 249th Street 
Draper, SD 57531 
jacknife@goldenwest.net 

Viola Waln 
PO Box 937 
Rosebud, SD 57570 
walnranch@goldenwest.net 

Wrexie Lainson Bardaglio 
97 48 Arden Road 
Trumansburg, NY 14886 
wrexie. bardaglio@gmail.com 
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Travis Clark 
Fredericks Peebles & Morgan LLP 
Suite 104, 910 5th St. 
Rapid City, SD 57701 
tclark@ndnlaw.com 

Jerry P. Jones 
22584 US Hwy 14 
Midland, SD 57552 

Debbie J. Trapp 
24952 US Hwy 14 
Midland, SD 57552 
mtdt@goldenwest.net 

Jennifer S. Baker 
Representing Yankton Sioux Tribe 
Fredericks Peebles & Morgan LLP 
1900 Plaza Dr. 
Louisville, CO 80027 
jbaker@ndnlaw.com 

Duncan Meisel 
350.org 
20 Jay St., #1010 
Brooklyn, NY 11201 
duncan@350.org 

Bruce Ellison 
Attorney for Dakota Rural Action 
518 6th Street #6 
Rapid City, SD 57701 
beHi4law@aol.com 

RoxAnn Boettcher 
Boettcher Organics 
86061 Edgewater Avenue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Bonny Kilmurry 
47798 888 Road 
Atkinson, NE 68713 
bjkilmurry@gmail.com 
{01989879.1} 

Harold C. Frazier 
Chairman, Cheyenne River Sioux Tribe 
PO Box 590 
Eagle Butte, SD 57625 
haroldcfrazier@yahoo.com 
mailto:kevinckeckler@yahoo .com 

Cody Jones 
21648 US Hwy 14/63 
Midland, SD 57552 

Gena M. Parkhurst 
2825 Minnewsta Place 
Rapid City, SD 57702 
GMP66@hotmail.com 

Joye Braun 
PO Box484 
Eagle Butte, SD 57625 
jmbraun57 625@gmail.com 

The Yankton Sioux Tribe 
Robert Flying Hawk, Chairman 
PO Box 1153 
Wagner, SD 57380 
robertflyinghawk@gmail.com 
Thomasina Real Bird 
Attorney for Yankton Sioux Tribe 
trealbird@ndnlaw.com 

Chastity Jewett 
1321 Woodridge Drive 
Rapid City, SD 57701 
chasjewett@gmail.com 

Bruce Boettcher 
Boettcher Organics 
86061 Edgewater A venue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Ronald Fees 
17401 Fox Ridge Road 
Opal, SD 57758 
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Robert P. Gough, Secretary 
Intertribal Council on Utility Policy 
PO Box25 
Rosebud, SD 57570 
bobgough@intertribalCOUP.org 

Dallas Goldtooth 
38731 Res Hwy 1 
Morton, MN 56270 
goldtoothdallas@gmail.com 

William Kindle, President 
Rosebud Sioux Tribe 
PO Box 430 
Rosebud, SD 575 
William.Kindle@rst-nsn.gov 
ejantoine@hotmail.com 

Thomasina Real Bird 
Representing Yankton Sioux Tribe 
Fredericks Peebles & Morgan LLP 
1900 Plaza Dr. 
Louisville, CO 80027 
trealbird@ndnlaw.com 

Frank James 
Dakota Rural Action 
PO Box 549 
Brookings, SD 57006 
fej ames@dakotarural.org 

Tracey A. Zephier 
Attorney for Cheyenne River Sioux Tribe 
Fredericks Peebles & Morgan LLP 
910 5th Street, Suite 104 
Rapid City, SD 57701 
tzephier@ndnlaw.com 

Matthew Rappold 
Rappold Law Office 
on behalf of Rosebud Sioux Tribe 
PO Box 873 
Rapid City, SD 57709 
matt.rappoldO l@gmail.com 

{01989879.1} 

Tom BK Goldtooth 
Indigenous Environmental Network (IEN) 
PO Box 485 
Bemidji, MN 56619 
ien@igc.org 

Gary F. Dorr 
27853 292nd 
Winner, SD 57580 
gfdorr@gmail.com 

Paula Antoine 
Sicangu Oyate Land Office Coordinator 
Rosebud Sioux Tribe 
PO Box 658 
Rosebud, SD 57570 
wopila@gwtc.net 
paula.antoine@rosebudsiouxtribe-nsn.gov 

Sabrina King 
Dakota Rural Action 
518 Sixth Street, #6 
Rapid City, SD 57701 
sabinra@dakotarural.org 

Robin S. Martinez 
Dakota Rural Action 
Martinez Madrigal & Machicao, LLC 
616 West 26th Street 
Kansas City, MO 64108 
ro bin.martinez@martinezlaw.net 

Paul C. Blackbum 
4145 20th A venue South 
Minneapolis, MN 55407 
paul@paulblackbum.net 

April D. Mc Cart 
Representing Dakota Rural Action 
Certified Paralegal 
Martinez Madrigal & Machicao, LLC 
616 W. 26th Street 
Kansas City, MO 64108 
april.mccart@martinezlaw.net 
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Kimberly E. Craven 
3560 Catalpa Way 
Boulder, CO 80304 
kimecraven@gmail.com 

Mary Turgeon Wynne 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 S. Main Street 
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tuc@rosebudsiouxtribe-nsn.gov 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, 
LP FOR ORDER ACCEPTING 
CERTIFICATION OF PERMIT ISSUED IN 
DOCKET HP09-001 TO CONSTRUCT 
THE KEYSTONE XL PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

DOCKET NUMBER HP14-001 

SURREBUTTAL TESTIMONY 
OF DAN KING 

Petitioner TransCanada Keystone Pipeline, LP offers the following surrebuttal 

testimony of Dan King. 

1. Please state your name and address for the record. 

Answer: My name is Dan King. My role at TransCanada is Vice-President of 

Engineering, Asset Reliability and Chief Engineer. I am responsible for ensuring the safety 

and reliability of TransCanada's pipeline assets. 

2. Please state your professional qualifications and experience. 

Answer: I have been with TransCanada for 32 years. During that time, I have 

participated in the design, construction, operation and maintenance of TransCanada's natural 

gas and oil facilities in Canada, the United States, Mexico and overseas. I lead a team of 

approximately 600 engineers and other professionals whose job it is to meet or exceed 

regulatory requirements in the design, construction and safe operation ofTransCanada's 

pipeline assets. I hold a Bachelor of Science degree in electrical engineering from the 
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University of Calgary. I am a member of the Association of Professional Engineers and 

Geoscientists of Alberta, the American Society of Mechanical Engineers, and the Institute of 

Electrical Electronics Engineers. I sit on the board of the Common Ground Alliance, which 

is a U.S.-based non-profit organization that promotes the importance of safe excavation 

around utilities. 

3. Have you provided rebuttal testimony in this proceeding? 

Answer: Yes, I have. 

4. Which witness's rebuttal testimony are you responding to in your surrebuttal? 

Answer: I am responding to portions of the rebuttal testimony of Evan Vokes. 

5. Were there any regulatory non-compliances issued by the Pipeline and Hazardous 

Materials Safety Administration related to the Special Conditions on the Gulf Coast 

Pipeline Project? 

Answer: No, TransCanada was not issued any notices of probable violations by 

PHMSA. TransCanada did receive two Warning Letters from PHMSA. The first, issued 

September 10, 2013, related to pipe installation in the ditch and protection of existing 

pipeline coating from potential damage due to the welding. TransCanada provided a detai.led 

response to PHMSA on October 24, 2013 pointing out that TransCanada had constructed 

Gulf Coast to the same rigorous Special Conditions that will apply to KXL. One of the 

Special Conditions requires implementation of a performance-based quality assurance (QA) 

program. The intent of the program is to ensure that all potentially injurious construction or 

manufacturing-related defects are identified and remedied prior to placing the pipeline into 
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service. TransCanada had voluntarily reported to PHMSA the two areas of concern identified 

in PHMSA's letter and the fact that they were discovered by the secondary, post-installation 

QA program shows that the process works. The QA program functioned as intended to allow 

the coating damage and pipe body dents described in PHMSA's letter to be identified by 

TransCanada and repaired prior to placing the pipeline into operation. 

The second Warning Letter issued on September 26, 2013 and expressed concerns 

regarding the manual welding process used on Spread 3 of the project. In addition to the 

prior 12 months of extensive meetings and discussions with PHMSA, the exhaustive records 

reviews, and the comprehensive voluntary supplemental destructive testing conducted to 

prove the safely of the welds, after receipt of PHMSA's letter, on November 26, 2013, 

PHMSA's Washington and Regional representatives met with TransCanada to discuss the 

welding issues raised in the letter. At the meeting, TransCanada's subject matter experts 

and independent, third-party consultant confirmed that the welder qualifications and manual 

welding procedures performed on Spread 3 of the Project did, in fact, comply with all 

applicable requirements of 49 C.F.R. Part 195 and the standards incorporated by reference 

into the regulations. The conclusions reached at the meeting established that TransCanada 

had preemptively addressed any welding issues experienced at the very initial stages of 

construction of Spread 3 and had taken appropriate and additional steps to ensure the 

integrity of the welds. 
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With respect to both Warning Letters, PHMSA closed the files after receiving 

TransCanada's responses to them and, after TransCanada certified compliance with the 

Special Conditions, PHMSA authorized the Gulf Coast pipeline to be placed into service. 

6. Please explain the PHMSA oversight process on the Gulf Coast Pipeline Project? 

Answer: PHMSA's inspection of the Gulf Coast Project spanned three years, 

engaged 10 PHMSA inspectors (including a dedicated Project Manager), and entailed 165.9 

days PHMSA personnel either spent in the field with the project or at off-site inspection 

locations. PHMSA oversight included: 

• Design review meetings 

• Field inspection audits on specific construction activities 

• Construction records audits 

• Fabrication facility audits 

• Pipe mill audits. 

Monthly management meetings were conducted to review construction status, Special 

Condition compliance, and quality findings and remediation arising from the Project's quality 

management program and PHMSA audit observations. The Project uploaded nearly 60,000 

construction and compliance documents to a dedicated SharePoint site for PHMSA to review. 

7. Mr. Vokes suggests that a fatality occurred on the Gulf Coast Project caused by pipe 

falling off the skids. Is that accurate? 

Answer: No, it is not. 
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8. Can you comment on Mr. Vokes' allegations of deficiencies related to the corrosion 

defect found on the Keystone System in 2012? 

Answer: Yes. Cathodic protection must be in operation not later than I year after the 

pipeline is constructed. The cathodic protection system on the Keystone pipeline was operational 

within six months of the pipeline's construction as required by Condition 36 of the PHMSA 

Special Conditions applicable to the base Keystone system. TransCanada began working with the 

operators of the nearby pipelines and adjustments were being made to the network of cathodic 

protection systems within the pipeline corridor to fine-tune the cathodic protection system and 

resolve the interference issue. The location of the small, isolated corrosion feature was 

subsequently identified during the baseline in-line inspection. The subsequent excavation and 

inspection determined the feature to be localized metal loss. The feature was repaired per criteria 

set forth in PHMSA Special Condition 48. This incident demonstrates our pipeline inspection 

systems worked as they were designed to do. 

9. Mr. Vokes alleges that TransCanada has experienced widespread problems with 

fusion bonded epoxy (FBE) pipeline coating, including systemic coating disbondment on its 

natural gas GTN pipeline. Are you able to comment? 

Answer: TransCanada has over thirty years of experience with FBE and uses FBE 

because it adheres well to the pipe and, even if it does dis bond, it is easily detectable for repair 

and its disbondment does not interfere with the protection provided by the cathodic protection 

system. With specific reference to GTN, no systemic coating disbondment issues exist on the 

pipeline. 
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10. Is the Keystone XL pipeline subject to column separation? 

Answer: All liquids pipelines, including water lines, are subject to column separation. 

Column separation or slack line is a condition that occurs when the pressure in a pipeline drops 

below the vapor pressure of the liquid (essentially zero pressure) and a vapor space forms within 

the pipeline between liquid-filled spaces. Column separation can have detrimental effects on the 

pipeline and equipment and is therefore avoided during flowing operations. 

TransCanada utilizes both automated control systems and control center operating 

procedures to prevent column separation. Pipeline pump stations and other facilities are 

equipped with automated control systems that monitor and control the pressure along the pipeline 

while operating at levels significantly above the vapor pressure of the oil in the pipeline, thereby 

preventing column separation while the pipeline is flowing. Additionally, pressures along the 

entire pipeline are continually monitored 24 hours a day, 7 days a week from the pipeline control 

center by trained Controllers. The Controllers are trained to recognize the pending onset of 

column separation and are also equipped with automated advisory systems that will alert them of 

pending column separation. The Controllers will then adjust operating pressure set-points 

accordingly to prevent the onset of column separation. 
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11. Do you know the cause of the failure on the ExxonMobil Pegasus pipeline in 

Mayflower, Arkansas? 

Answer: PHMSA determined that the Pegasus pipeline failed due to manufacturing 

defects that were present in the pipe. The section of pipeline that failed was low-frequency 

ERW pipe manufactured by Youngstown in the late 1940's. This vintage of pipe is well- · 

documented to be prone to manufacturing defects within the longitudinal ER W seam which 

can cause leaks and failures. The Pegasus pipeline did not fail because it was transporting 

heavy Canadian crude or a dilbit mix. 

The manufacturing defects present on the Pegasus pipeline are a product of the pipe 

manufacturing processes that were used during that period in time. Modern steelmaking and pipe 

manufacturing processes prevent these defects from occurring on new pipelines. 

12. Can you comment on Mr. Vokes' allegations that armor plate is not an effective 

repair technique for repair of external corrosion? 

Answer: The use of composite reinforcement systems (i.e., armor plate) for pipelines has 

been extensively studied and they have been an accepted practice within the pipeline industry for 

decades and by PHMSA. Both ASME and ISO have established standards for the design and use 

of composite reinforcement on pipelines. The Armor Plate Pipe Wrap system that was used on 

Keystone has been tested more extensively than any other composite pipeline reinforcement 

system in the world. This system uses fiberglass to reinforce the pipeline, which is a material 

that has been used for structural applications since the 1930's. 
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Dated this ~day of July, 2015. 
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Pierre, SD 57501 
brian.rounds@state.sd. us 
Tony Rogers, Director 
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153 South Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 
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Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
kristen.edwards@state.sd. us 
Darren Kearney 
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Commission 
500.E. Capitol Avenue 
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PO Box 104 
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Terry Frisch 
Cheryl Frisch 
47591 875th Road 
Atkinson, NE 68713 
tcfrisch@q.com 
Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
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Robert G. Allpress 
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Amy Schaffer 
PO Box 114 
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johnharterl l@yahoo.com 
Peter Capossela 
Peter Capossela, P .C. 
Representing Standing Rock Sioux Tribe 
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Travis Clark 
Fredericks Peebles & Morgan LLP 
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tclark@ndnlaw.com 

Arthur R. Tanderup 
52343 85ih Road 
Neligh, NE 68756 
atanderu@gmail.com 

Carolyn P. Smith 
305 N. 3rd Street 
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peachie 1234@yahoo.com 

Louis T. (Tom) Genung 
902 E. ih Street 
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tg64152@windstream.net 
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PO Box 937 
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Robin S. Martinez 
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Paul C. Blackbum 
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11 

 
012488



Mary Turgeon Wynne 
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Commission 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

) 
IN THE MATTER OF THE APPLICATION ) 
BY TRANSCANADA KEYSTONE ) 
PIPELINE, LP FOR A PERMIT UNDER THE ) 
SOUTH DAKOTA ENERGY CONVERSION ) 
AND TRANSMISSION FACILITIES ACT TO ) 
CONSTRUCT THE KEYSTONE XL ) 
PROJECT ) 

HP14-001 

KEYSTONE'S RESPONSES TO 
DAKOTA RURAL ACTION'S FIRST 

INTERROGATORIES TO 
TRANSCANADA KEYSTONE 

PIPELINE, LP 

Applicant TransCanada makes the following responses to inte1Togatories pursuant to 

SDCL § 15-6-3 3, and responses to requests for production of documents pursuant to SDCL § 15-

6-34(a). These responses are made within the scope of SDCL 15-6-26(e) and shall not be 

deemed continuing nor be supplemented except as required by that rule. Applicant objects to 

definitions and directions in answering the discovery requests to the extent that such definitions 

and directions deviate from the South Dakota Rules of Civil Procedure. 

GENERAL OBJECTION 

Keystone objects to the instructions and definitions contained in Dakota Rural Action's 

First Set of Interrogatories and Requests for Production of Documents to the extent that they are 

inconsistent with the provisions ofSDCL Ch. 15-6. See ARSD 20:10:01:01.02. Keystone's 

answers are based on the requirements of SDCL §§ 15-6-26, 15-6-33, 15-6-34, and 15-6-36. 
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INTERROGATORIES 

INTERROGATORY NO. 1. Please identify the person or persons providing each answer 

to an Interrogatory or portion thereof, giving the full name, address of present residence, date of 

birth, business address and occupation. [Applicable Finding or Condition No.: all] 

ANSWER: Given the extremely broad scope volume of more than 800 discovery 

requests received by Keystone in this docket, a range of personnel were involved in answering 

the inte1Togatories. Keystone will designate the following witnesses with overall responsibility 

for the responsive information as related to the Conditions and proposed changes to the Findings 

of Fact, which are identified in Appendix C to Keystone's Certification Petition: Corey Goulet, 

President, Keystone Projects, 450 1st Street S.W., Calgary, AB Canada T2P 5Hl; Steve Marr, 

Manager, Keystone Pipelines & KXL, TransCanada Corporation, Bank of America Center, 700 

Louisiana, Suite 700, Houston, TX 77002; Meera Kothari, P. Eng., 450 1st Street, S.W., Calgary, 

AB Canada T2P 5Hl; David Diakow, Vice President, Commercial, Liquids Pipeline, 450 1st 

Street S.W., Calgary, AB Canada T2P 5Hl; Jon Schmidt, Vice President, Environmental & 

Regulatory, exp Energy Services, Inc., 1300 Metropolitan Boulevard, Suite 200, Tallahassee, FL 

32308; Heidi Tillquist, Senior Associate, Stantec Consulting Ltd., 2950 E. Harmony Rd., Suite 

290, Fort Collins, CO 80528. 

INTERROGATORY NO. 2. Prior to answering these interrogatories, have you made due 

and diligent search of all books, records, and papers of the Applicant with the view of eliciting 

all information available in this action? [Applicable Finding or Condition No.: all] 
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ANSWER: Yes, to the extent reasonably practicable in attempting to respond to over 

800 discovery requests within the time allowed. 

INTERROGATORY NO. 3. Describe the current status of the following permits and 

plans required prior to the start of construction of the KXL Pipeline: 

A. Permits from US Army Corps of Engineers, S.D. Regulatory Office, including under: 

1) §§404/401 of Clean Water Act, for authorization of discharge of fill material into waters 

of the United States including wetlands or other action; 

2) § 10 Rivers and Harbors Act, for authorization of pipeline crossings of navigable waters 

of the United States or other action; 

3) Section 106 of the Natural Historic Preservation Act (NHPA), including consultation 

with potentially impacted Tribes and/or other action; 

B. Permits from U.S. Fish and Wildlife Service, S.D. Ecological Services Field Office, 

including under the Endangered Species Act, Section 7 Consultation, to consider lead agency 

findings of impacts on federal-listed species, to provide a Biological Opinion ifthe Project is 

likely to adversely affect federally-listed or proposed species or their habitats, or other action; 

C. Permits from Farm Service Agency of the Natural Resources Conservation Service, 

including the Crop Reserve Program, for authorization of crossing areas enrolled in the Crop 

Reserve Program, or other action; 

D. Permit(s) from or Plan(s) Required to the S.D. Department of Environment and Natural 

Resources (DENR), including under: 
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1) National Pollutant Discharge Elimination System General Permit for Discharges of 

Hydrostatic Test Water, regarding proposed discharge into waters of the United States and 

construction dewatering of waters of the State, or other action; 

2) Surface Water Withdrawal Permit, for temporary surface water withdrawal, or other 

action; 

3) SDCL Chapter §34A-18, required submission of an Oil Spill Response Plan or Updated 

Plan to DENR, or other action; 

E. Consultation with SD Game Fish and Parks Department, under State Listed Threatened 

and Endangered Species; 

F. Any Updated Review and Comment from S.D. State Historical Society, State 

Preservation Office, under § 106 of the NHP A, on activities regarding jurisdictional cultural 

resources; 

G. Crossing Permits from S.D. Department ofTransp01iation for crossing State highways; 

H. Crossing Permits from County Road Departments for crossing of county roads; 

I. Flood plain, Conditional Use, and building permits where required from County and 

Local Authorities. 

[Applicable Finding or Condition No.: Conditions 1, 2; Findings 12(1)-(3), 60, 88, 90, 97-99] 

ANSWER: 

A. 1) No permit applications have been submitted to the US Anny Corps of Engineers, 

S.D. Regulatory Office. 

A. 2) No waterbody crossing in South Dakota requires permitting under the Section 10 

of the Rivers and Harbor Act. 
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A. 3) The Department of State is the lead agency for the consultation process under the 

Section 106. See Section 4.11, Cultural Resources of the Department of State FSEIS (2014) for a 

full discussion of the Project's compliance with Section 106. 

B. Keystone has not received any permits from the US Fish and Wildlife Service. The US 

Fish and Wildlife Service issued a Biological Opinion for the Project on May 15, 2013. The 

Biological Opinion is found in Appendix Hof the Department of State FSEIS (2014) 

C. In South Dakota, Keystone has not received any permits from the Fam1 Service Agency 

of Natural Resources Conservation Service. 

D. 1) Keystone has received a General Permit for Temporary Discharge Activities on April 

11, 2013 from the SD Department of Environment and Natural Resources. 

D. 2) Keystone has not received a Surface Water Withdrawal Permit from SD Department of 

Enviromnent and Natural Resources. 

D. 3) Keystone has not submitted an Oil Response Plan to DENR. 

E. The following is a summary of Keystone's consultation history with SD Game, Fish, and 

Parks as documented in the USFWS issued May 2013 Biological Opinion. 

• June 10, 2008: Keystone met with staff from USFWS and South Dakota 

Department of Game, Fish, and Parks (SDGFP), at the SDGFP office in Pierre, South Dakota, to 

discuss issues pertaining to wildlife, special status species, and sensitive habitat that could 

potentially occur in the Project area. The goal of the meeting was to gather input on agency 

recommendations based on the information sent to them in April 2008 for species occurrence, 

habitat assessments, and future field surveys. Keystone incorporated comments from the meeting 

into survey protocols and BMPs for future agency verification. 
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• January/February 2009: Keystone initiated section 7 consultation with the 

USFWS. Keystone continued discussions with BLM, and state wildlife agency offices for South 

Dakota that included state-specific special status species survey protocols and BMPs for the 

species identified as potentially occurring during the 2008 meetings. A summary of the findings 

from the 2008 biological field surveys was included in the discussions. 

• January 27, 2009: Keystone met with staff from the USFWS and SDGFP at the 

SDGFP office in Pierre, South Dakota, to discuss issues pertaining to special status species 

surveys. The goals of the meeting were to verify Keystone's survey approach, BMPs, discuss 

required field surveys, and review the information that was sent to the USFWS in the 

January/February 2009, informal consultation package. The USFWS and SDGFP provided 

additional recommendations to Keystone's sensitive species mitigation approach to be updated 

prior to final agency concurrence. 

• October 23, 2012: A meeting was held between the USFWS, Department, 

SDGFP, BLM, and Keystone regarding the greater sage-grouse and a compensatory mitigation 

plan for the species in South Dakota. Discussions included a management plan and avoidance, 

minimization, and mitigation strategies. 

F. Consultation with the SD SHPO is ongoing. Questions regarding specific cultural 

resources are resolved in a timely manner and would continue in the same manner in the future. 

G. Thirteen crossing permits and twenty-four temporary approach permit applications have 

been filed with the State of South Dakota Department of Transportation (SD DOT) for the 

pipeline to cross under the state road rights-of-way. All crossing and temporary approach 

permits have been received from the SD DOT. 
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H. A total of 103 crossing permit applications have been filed for the pipeline to cross under 

all county road rights-of-way. Of the 103 applications filed, 101 have been acquired as of 

December 30, 2014. 

I. The special use permits required for Harding County and Meade County pump stations 

have been approved. Of the remaining four pump stations, three do not require a special use 

permit. Special use permits applicable to valve sites, contractor yards, and contractor camps will 

be obtained prior to construction. 

INTERROGATORY NO. 4. Do you agree that diluted bitumen spills require different 

spill response techniques and different equipment types and amounts as compared to (a) a spill of 

conventional crude oil and (b) a spill of Williston Basin light crude oil? Please explain your 

answer and list any scientific study(ies) providing the basis for your answer. [Applicable Finding 

or Condition No.: Amended Condition 31-42] 

ANSWER: Crude oils are naturally variable; however, they share a range of common 

characteristics and properties that are important for emergency response purposes. The 

characteristics of the crude oils transported by Keystone XL are not unique and are transported 

throughout the US by truck, rail, pipelines, barges, and tankers. Crude oils has been safely 

transported by pipelines for decades. The Emergency Response Plan (ERP) will identify a range 

of appropriate standard response techniques that may be implemented in the event of a crude oil 

release. Ultimately, site-specific conditions, including the type of crude oil released, will assist in 

characterizing the nature of the release, its movement and fate within the environment, and 

selecting the most appropriate measures for containment and cleanup. The final version of the 

Keystone Pipeline Emergency Response Plan (ERP) is complete and complies with 49 C.F.R. 
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Part 194. The Keystone ERP will be amended to include Keystone XL. The ERP also addressed 

in the FSEIS at http://keystonepipeline-xl.state.gov/documents/organization/221189.pdf. 

INTERROGATORY NO. 5. Do you agree that diluted bitumen is heavier than 

conventional crude and results in greater expenses to remediate leaks or spills? Please explain 

your answer and identify any known scientific study(ies) providing the basis for your answer. 

[Applicable Finding or Condition No.: Amended Condition 31-42/] 

ANSWER: Physical characteristics of diluted bitumen are comparable to heavy 

conventional crude oil and consequently remediation costs would be anticipated to be equivalent. 

Diluted bitumen (API gravity of approximately 20-22) is heavier than light conventional crude 

oils (API gravity of approximately 35 to 40), but is consistent with heavy conventional crude oils 

(API gravity of approximately 19-22). All have API gravities greater than 10, indicating that the 

oils will float if released into water. The physicochemical properties and environmental fate of 

diluted bitumen are the same as that of heavy conventional crude oils. Thus, leaks and spills of 

diluted bitumen would not be expected to result in greater remediation expenses. A number of 

scientific studies have been conducted on the environmental fate and effects of diluted bitumen 

and other heavy crude oils, including: 

Environment Canada. 2013. Prope1iies, Composition and Marine Spill Behaviour, Fate and 

Transport of Two Diluted Bitumen Products from the Canadian Oil Sands. Federal 

Government Technical Report. 

Rymell, Matthew. 2009. RP595 Sunken and submerged oils - behavior and response. February 

2009. BMT Cordah. Available from: 
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http://www.dft.gov.uk/mca/s mca 019 sunken and submerged oils final report 27 

0209 _pub_ I. pdf 

SL Ross. 2012. Meso-scale Weathering of Cold Lake Bitumen/Condensate Blend. SL Ross 

Environmental Research Limited. Ottawa, Ontario. 

INTERROGATORY NO. 6. Do you agree that soil and rocks that are contaminated by 

oil spills cannot be cleaned but instead must be removed and disposed of in hazardous waste 

facilities? Please explain your answer and list any scientific study(ies) providing the basis for 

your answer. 

A. If so, do you agree that reclamation efforts for oil spills of the magnitude of the worst 

case discharge amount for the Keystone XL Pipeline fail to recover 100% of the oil 

contaminating the ground? 

B. Identify the Documents created by or on your behalf which would show the basis for 

your answer to this Interrogatory. 

[Applicable Finding or Condition No.: Amended Condition 32-38] 

ANSWER: Keystone does not agree with this statement. Although removal and 

disposal of contaminated materials is an effective and well established means of limiting the area 

affected by a crude oil spill, it is not the only option. In the event of a release affecting soils in 

South Dakota, Keystone would be required to meet the state's soil remediation standards. This 

can be accomplished using a number of active remediation techniques, including removal of 

crude oil, dual-pump recovery, total fluids recovery, bioslurping, air sparging, chemical 

oxidation, and enhanced biodegradation through the addition of oxygen and nutrients into the 
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soil (Sutherson 1997). In addition, natural biodegradation and attenuation would ultimately allow 

for a return to preexisting conditions in soil. 

Sutherson, S.S. 1997. Remediation Engineering: Design concepts. CRC Press, Boca Raton, FL. 

A. Due to the volatility of many crude oil constituents (e.g., BTEX), a significant portion of 

crude oil will evaporate soon after being released to the environment. Fate modeling of diluted 

bitumen indicates that approximately 20% of released crude oil would evaporate within 6 hours 

of a spill (NOAA 2015). Additional processes such as photodegradation and biodegradation also 

naturally decrease the volume of crude oil in the environment. Thus, a significant fraction of the 

discharge volume of a crude oil spill would not be available for recovery due to these natural 

weathering processes. 

If there is an accidental release from the proposed Project, Keystone would implement 

the remedial measures necessary to meet the federal, state, and local standards that are designed 

to help ensure protection of human health and environmental quality. Cleanup standards for the 

state of South Dakota are available in the South Dakota Department of Environment and Natural 

Resources' Petroleum Assessment and Cleanup Handbook 

(http://denr.sd.gov/des/gw/spills/handbook/hand _ book.aspx). Additional information on 

remediation is presented in Section 4.13 of the FSEIS, Potential Releases. 

B. NOAA. 2015. ADIOS2. Oil Spill response tool-documentation. 

http://response.restoration.noaa.gov/adios 

INTERROGATORY NO. 7. For each incident since January 1, 2010 in which any 

pipeline transporting crude oil constructed by TransCanada and its Affiliates leaked or spilled 

pipeline contents, please provide the: 
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A. Date; 

B. Location: 

C. Amount of materials leaked or spilled; 

D. Duration ofleak or spill before (i) the control center being notified, (ii) pump shut down, 

(iii) valve shutoff, (iv) national response center notified, and (v) arrival ofresponders on the 

scene; 

E. Duration of reclamation of affected soil and/or water resources; 

F. Established and documented cause of leak/spill; 

G. For each such spill, provide a copy of the Integrity Management Plan, the operational 

manual for the pipeline, the specifications for the SCAD A system, and the ERP for each spill in 

the US and Canada; 

H. Identify the documents which suppo1i your answers, above. 

[Applicable Finding or Condition No.: Findings 12(2)-(3), 41-45, 47, 103; Amended Condition 

32-38] 

OBJECTION AND ANSWER: Please see the spreadsheet attached as Keystone 

0774-0784. Keystone's Integrity Management Plan, SCADA specifications, and Emergency 

Response Plan are confidential and not relevant for the reasons identified elsewhere in these 

responses. 

INTERROGATORY NO. 8. Describe any forecasts you have developed with respect to 

(i) re-exports ofWCSB crude oil from PADD3, (ii) product exports from PADD 3, (iii) US 

domestic demand for PADD 3 refinery output, and (iv) total PADD 3 refinery output. 

A. Identify the documents upon which this answer is based. 
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[Applicable Finding or Condition No.: Findings 14, 24-29] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PUC'sjurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Department of State to determine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 

also may seek information that is not within Keystone's custody or control and is not maintained 

by Keystone in the ordinary course of business. Keystone is a provider of transportation service. 

It does not own the oil that is transported, is not a refiner, and does not make decisions about 

potential exports of crude oil or refined products. The oil forecast information that Keystone 

relied on in Appendix C to its Certification was derived from the following sources: The Final 

Supplemental Environmental Impact Statement; the CAPP Crude Oil Forecast, Markets and 

Transportation June 2014; and the Energy Information Agency Annual Energy Outlook 2014. 

These documents, except for the FSEIS, which is available at http://keystonepipeline

xl.state.gov/finalseis/index.htm, are marked as Keystone 0001-0467. 

INTERROGATORY NO. 9. What companies, if any, were partners or investors with 

TransCanada in the construction and operation of the KXL pipeline in 2009 which are no longer 

participating in the proposed project? [Applicable Finding or Condition No.: Findings 24-29] 

ANSWER: Conoco Phillips is no longer paiiicipating in the Project as of August 14, 

2009. 

INTERRROGATORY NO. 10. Identify the companies which have binding contractual 

commitments with TransCanada or its Affiliates to ship WCSB or Williston Basin crude oil 

through the KXL Pipeline. For each such company: 
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A. Provide the termination dates, opt-out dates, or other material dates in the contractual 

commitments of shippers with the contractual commitments that underpin the viability and need 

for the project; 

B. Identify all documents and sources for your answers. 

[Applicable Finding or Condition No.: Findings 17, 24, 29] 

OBJECTION: The identity of Keystone's shippers and the tem1s of their contracts have 

substantial commercial and proprietary value, are subject to substantial efforts by Keystone to 

protect this information from actual and potential competitors, and are required to be maintained 

on a confidential basis pursuant to the terms of the contracts between Keystone and its shippers 

and Section 15(13) of The Interstate Commerce Act. 

INTERROGATORY NO. 11. Provide and describe in detail the development schedule 

for the Project and describe how the development schedule for the Project is consistent with the 

contractual commitments made by TransCanada. Identify all documents and sources for your 

answers. [Applicable Finding or Condition No.: Findings 17, 24, 29] 

ANSWER: Currently, Keystone has not identified a date to commence construction, 

nor does it have a pipeline construction contract in place. 

Construction of the proposed Project would begin after Keystone obtains all necessary 

permits, approvals, and authorizations. Keystone anticipates that he proposed Project would be 

placed into service approximately two years after receiving such authorizations. As currently 

planned, the proposed Project would be constructed using 10 spreads of approximately 46 to 122 

miles long (see FSEIS Table 2.1-13). Final spread configurations and the final construction 

schedule may result in the use of more or fewer spreads than those indicated. Time periods and 

{01815049.1} 13 

 
012502



key milestones including the relationship between contractor mobilization, stai1 of construction 

(pre-welding), start and end of welding, post-welding and clean-up, and contractor 

demobilization are described in the FSEIS in Section 2.1.10.1 Schedule and Workforce. (FSEIS, 

pages 2.1-69 and 70). 

Keystone will comply with all conditions set out in its permits including the SDPUC 

Order, including condition 12 to, once known, inform the Commission of the date construction 

will commence, report to the Commission on the date construction is started, and keep the 

Commission updated on construction activities. Keystone will also comply with condition 10 to, 

not later than six months prior to the commencement of construction, commence a program to 

notify and educate state, county, and municipal agencies on the planned construction schedule 

and the measures that such agencies should begin taking to prepai·e for construction impacts and 

the commencement of project operations. Additionally, in the Special Conditions Recommended 

by PHMSA, number 17 Construction Plans and Schedule, Keystone will at least 90 days prior to 

the anticipated construction start date submit its construction plans and schedule to the 

appropriate PHMSA Directors for review. Subsequent plans and schedule revisions must also be 

submitted to the appropriate PHMSA Directors, on a monthly basis. (FSEIS, Appendix Z, 

Compiled Mitigation Measures, page 70.) 

INTERROGATORY NO. 12. Is there currently a growing (i) demand for crude oil US 

refineries, and (ii) demand for petroleum products by US consumers? 

A. Please explain your answer; 

B. Identify all sources for your answer; 

C. How and why has this changed since 2009? 
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[Applicable Finding or Condition No.: Findings 14, 17] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PU C's jurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Department of State to determine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 

also may seek information that is not within Keystone's custody or control and is not maintained 

by Keystone in the ordinary course of business. The oil forecast information that Keystone 

relied on in Appendix C to its Certification was derived from the following sources: The Final 

Supplemental Environmental Impact Statement; the CAPP Crude Oil Forecast, Markets and 

Transportation June 2014; and the Energy Information Agency Annual Energy Outlook 2014. 

These documents, except for the FSEIS, which is available at http://keystonepipeline

xl.state.gov/finalseis/index.htm, are marked as Keystone 0001-0467. 

INTERROGATORY NO. 13. Identify the forecasts of"additional crude oil production 

from the WCSB" and the Williston Basin that create a need for the Keystone XL Pipeline. 

A. As per such forecasts, state the potential impact of current low oil prices on these 

forecasts. 

B. Identify the basis for your answers to these Inten-ogatories. 

[Applicable Finding or Condition No.: Finding 24] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PUC'sjurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Department of State to determine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 
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also may seek information that is not within Keystone's custody or control and is not maintained 

by Keystone in the ordinary course of business. Keystone is a provider of transpmiation service. 

It does not own the oil that is transpmied, is not a refiner, and does not make decisions about 

potential exports of crude oil or refined products. The oil forecast information that Keystone 

relied on in Appendix C to its Certification was derived from the following sources: The Final 

Supplemental Environmental Impact Statement; the CAPP Crude Oil Forecast, Markets and 

Transportation June 2014; and the Energy Info1mation Agency Annual Energy Outlook 2014. 

These documents, except for the FSEIS, which is available at http://keystonepipeline

xl.state.gov/finalseis/index.htm, are marked as Keystone 0001-0467. 

INTERROGATORY NO. 14. Does TransCanada agree that domestic U.S. crude oil 

supplies are increasing? 

A. Please explain your answer; 

B. Identify documents which suppmi your answer to this Interrogatory. 

[Applicable Finding or Condition No.: Finding 26] 

ANSWER: According to the Department of State FSEIS 1.4.2.3, U.S. production of 

crude oil has increased significantly, from approximately 5.5 million bpd in 2010 to 6.5 million 

bpd in 2012 and 7.5 million bpd by mid-2013. Even with the domestic production growth the 

U.S. is expected to remain a net importer of crude oil well into the future. 

INTERROGATORY NO. 15. Provide a list of U.S. refineries that TransCanada expects 

to increase demand for WCSB and Williston Basin oil. 

A. For each refinery, state the basis for TransCanada's claim that the refinery will increase 

such demand for crude oil; 
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B. Identify the refineries in PADD 3: 

1. That could be served by the proposed KXL Project that are currently expanding refining 

capacity or have announced plans to expand their refining capacity; 

IL That TransCanada experts to impo1i less offshore crude oil and replace it with crude oil 

that would be transported by the Project; 

m. That are "optimally configured to process heavy crude slates"; 

C. Identify the new refineries and refinery expansions that are cun-ently proposed to be 

constructed in PADD 3; 

D. Itemize the annual heavy crude oil imp01is into PADD 3 by country since 2010. For each, 

state whether the costs of crude oil production in the source country are greater, the same, or less 

than the cost of heavy crude oil production in the WCSB; 

E. State whether pipeline expansions from the WCSB and the Williston Basin to the U.S. 

Gulf Coast operated by Enbridge (or companies affiliated with Enbridge) provide crude oil 

transportation services to the refineries that TransCanada claims would be served by the KXL 

Project. Please provide a detailed explanation for your answer. 

F. Identify and describe the proposed delivery locations of the Keystone System in PADD 3. 

G. Identify all pipelines in PADD 3 to which the Keystone System is connected; 

H. State the year in which TransCanada expects the Keystone XL Pipeline to be fully 

utilized; 

I. Describe the impact of growing crude oil production in P ADD 3 on the demand in PADD 

3 for crude oil from the WCSB and Williston Basin; 
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J. Describe the size of the potential market for Williston Basin light sweet crude oil in 

P ADD 3 and state whether or not such market is limited in size by production of light sweet 

crude oil inPADD 3; 

K. Identify the basis for your answers to these Interrogatories and identify all documents 

relied upon by you in answering this Interrogatory. 

[Applicable Finding or Condition No.: Findings 24, 26 and 27] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PUC'sjurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Department of State to determine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 

also may seek information that is not within Keystone's custody or control and is not maintained 

by Keystone in the ordinary course of business. Keystone is a provider of transpo1iation service. 

It does not own the oil that is transp01ied, is not a refiner, and does not make decisions about 

potential exports of crude oil or refined products. The oil forecast information that Keystone 

relied on in Appendix C to its Certification was derived from the following sources: The Final 

Supplemental Enviromnental Impact Statement; the CAPP Crude Oil Forecast, Markets and 

Transportation June 2014; and the Energy Information Agency Annual Energy Outlook 2014. 

These documents, except for the FSEIS, which is available at http://keystonepipeline

xl.state.gov/finalseis/index.htm, are marked as Keystone 0001-0467. 

INTERROGATORY NO. 16. Identify each existing pipeline that comprise the 

"insufficient pipeline capacity" identified by TransCanada as a factor driving the need for the 

KXL Project. For each of these pipelines: 
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A. Provide cun-ent usage as a percentage of each respective pipeline's total capacity; 

B. Identify the basis for your answers to these Inten-ogatories. 

[Applicable Finding or Condition No.: Finding 24] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PUC'sjurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Department of State to dete1mine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 

also seeks information that is not within Keystone's custody or control and is not maintained by 

Keystone in the ordinary course of business. Without waiving the objection, the demand 

evidenced by Keystone's binding shipper commitments demonstrates insufficient pipeline 

capacity. 

INTERROGATORY NO. 17. Given competing crude oil pipelines to Cushing, 

Oklahoma, and P ADD 3 and forecast low oil prices, does TransCanada still contend its KXL 

pipeline is necessary and will allow North American crude oil to replace U.S. reliance on 

unstable sources of off-shore crude oil? 

A. Please explain your answer; 

B. Identify all documents and sources for your answer; 

C. How and why has this changed since 2009? 

[Applicable Finding or Condition No.: Findings 14, 17] 

ANSWER: Shippers have committed to long-term binding contracts, which support 

construction of the pipeline once all regulatory, enviromnental, and other approvals are received. 

These long-term binding shipper commitments demonstrate a material endorsement of suppo11 
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for the Project, its economics, proposed route, and target market, as well as the need for 

additional pipeline capacity to access North Dakota and Canadian crude supplies. 

INTERROGATORY NO. 18. Provide the total current capacity of existing pipelines to 

transport crude oil from the WCSB and the Williston Basin to the U.S. Gulf Coast and identify 

the source(s) for your answer. [Applicable Finding or Condition No.: Finding 24] 

ANSWER: Specifics to operating capacity of third-party pipelines are under the 

responsibility of the pipeline owners and are beyond Keystone's control. 

INTERROGATORY NO. 19. Identify all other pipeline operations of TransCanada and 

its Affiliates, which since 2009 are utilizing the same pipeline materials, dimensions, and seals as 

proposed for the KXL pipeline through South Dakota, and described in Findings 18 and 28. 

[Applicable Finding or Condition No.: Findings 18, 28] 

OBJECTION AND RESPONSE: To the extent that it seeks information for pipelines 

other than crude oil pipelines, this request seeks infmmation that is not relevant and not likely to 

lead to the discovery of admissible evidence. Without waiving the objection, the Keystone I, 

Cushing Extension and Gulf Coast segments of the Keystone system are using similar materials 

to that of the proposed KXL pipeline. 

INTERROGATORY NO. 20. Identify each pipeline operated by TransCanada and its 

Affiliates which have operated at 900,000 bpd, giving the pipeline name, location, dates of such 

operation, together with: 

A. Identification of each such pipeline which subsequently developed a leak or spill, 

regardless of whether the pipeline was at that time operating at 900,000 bpd, giving date, 

location, amount spilled/leaked, damage caused; 
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B. Identify the documents upon which your answer(s) to these Interrogatories were based; 

[Applicable Finding or Condition No.: Findings 15, 18, 28] 

ANSWER: Keystone and its affiliates do not operate any pipelines at 900,000 bpd. 

INTERROGATORY NO. 21. State whether a failure by TransCanada to design, 

construct, test, or operate the proposed KXL Project in accordance with the special conditions 

developed by the Pipeline Hazardous Materials and Safety Administration (PHMSA), and set 

forth in Appendix Z to the Department of State, January 2014 Final Supplemental Environmental 

Impact Statement (FSEIS), would be a violation of federal law. If so: 

A. Identify the law(s) under which enforcement of these special conditions would be 

brought; 

B. Identify the enforcing agency; 

C. Identify all correspondence between TransCanada and the PHMSA. 

D. Identify the documents upon which your answer(s) to these Interrogatories were based; 

[Applicable Finding or Condition No.: Conditions 1-3; Findings 22, 28] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PUC'sjurisdiction and Keystone's burden under SDCL § 49-41B-27. This request 

also seeks information addressing an issue that is governed by federal law and is within the 

province of PHMSA. In addition, this request depends on a hypothetical condition and is 

therefore speculative and improper as to form. It is also overlybroad and burdensome to the 

extent that it seeks all con-espondence between TransCanada and PHMSA, and asks for 

information that is not relevant and not likely to lead to the discovery of admissible evidence 

under SDCL § 15-6-26(b). Without waiving the objection, unless and until the Department 
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issues a Record of Decision and a Presidential Permit, the recommendations in the Final EIS are 

not binding on Keystone. 

INTERROGATORY NO. 22: Identify all other crude oil pipeline operations of 

TransCanada and its Affiliates which, since 2009, have or are operating at a maximum operating 

pressure (MOP) of equal to or greater than 1,440 psig generally and/or 1,600 psig MOP for 

specific low elevation segments of pipeline with the same design factor and pipe wall thickness 

as described in Finding 19, close to the discharge of pump stations: 

A. For each such pipeline which subsequently developed a leak or spill, regardless of the 

psig MOP the pipeline was operating at the time, giving date, location, amount spilled/leaked, 

psig MOP at which pipeline was operating at the time, and describe the amount and nature of 

damage caused by such a leak or spill; 

B. Identify any documents upon which your answers to these Interrogatories were based; 

[Applicable Finding or Condition No.: Findings 19, 28] 

ANSWER: There are cmTently no crude oil pipelines operating equal to or greater 

than 1,440 psig generally and/or 1,600 psig MOP. 

INTERROGATORY NO. 23: For each spill/leak incident which has occtmed from a 

pipeline transporting WCSB crude oil operated by TransCanada and its Affiliates since 2009, 

state the dates on which transp01iation of the crude oil through that pipeline was disrupted by 

planned maintenance, unplanned maintenance, power outages, spills, leaks, or any other causes. 

Identify any documents upon which your answers to this Interrogatory was based. [Applicable 

Finding or Condition No.: Finding 28] 

ANSWER: 
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INTERROGATORY NO. 24: Explain why TransCanada has reduced the maximum 

operating pressure of the KXL pipeline at most locations to 1,307 psig; 

A. State whether TransCanada has any plans to subsequently increase this general operating 

pressure; 

B. If your answer to subpart A of this interrogatory is yes, what is the subsequent maximum 

operating pressure being contemplated for general use during pipeline operations? 

[Applicable Finding or Condition No.: Conditions 31-38; Findings 19, 20] 

ANSWER: On August 5 2010, TransCanada withdrew its application to the Pipeline 

Hazardous Materials and Safety Administration (PHMSA) for a special permit to design, 

construct and operate the pipeline at a 0.8 design factor and adopted the 57 additional safety 

measures that would have been required under the PHMSA special permit. The operating 

pressure reduction from 1,440 psig to 1,307 psig is a result of the use of the standard design 

factor (0.72) in accordance with 49 CFR 195.106 design pressure. TransCanada would be 

required to re-apply to PHMSA for a special permit in order to operate the pipeline at an 

increased design factor of 0.8 corresponding to an operating pressure of 1,440 psig. In addition, 

the attached Media Advisory, marked as Keystone 0647-0649, dated August 5, 2010, addresses 

this issue. 

INTERROGATORY NO. 25: With regard to the plan for mainline valves to be remotely 

controlled, what guarantee can you give the PUC that TransCanada can prevent a cyber-security 

attack on the control system? 

A. Describe the worst case scenario which could occur in the event of a computer systems 

security breach on the control system for the KXL Pipeline. 
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B. Describe the data security systems to be put in place to prevent any such system breach, 

identify any third-party vendor(s) providing system security software, hardware or monitoring, 

and identify the particular components or scopes of services such vendors will provide. 

C. Identify any documents used to support your answer to this Interrogatory. 

[Applicable Finding or Condition No.: Conditions 31-38; Finding 20] 

ANSWER: 

A. Once constructed, the Keystone XL pipeline will form part of North America's critical 

national energy infrastructure. Over time, actors such as terrorist organizations and hostile nation 

states can be expected to pursue their objectives by attempting to disrupt this critical 

infrastructure. Therefore, it is not prudent for TransCanada to publicly provide an opinion on 

how the adverse consequences of a cyber attack could be maximized. 

B. Consistent with industry practice, TransCanada does not publicly disclose the details of 

the security systems it has in place. We believe that it is not prudent to make this information 

public because of the likelihood that it will assist, and, potentially encourage, attackers. 

INTERROGATORY NO. 26. What is the current capacity contracted for WCSB crude 

oil from Canada? Identify any documents upon which you based your answer or which you are 

aware would be a basis for your answer. [Applicable Finding or Condition No.: Findings 14, 24-

29] 

OBJECTION: This request seeks information that is not within Keystone's custody and 

control. Keystone does not know the contractual details of other pipeline companies' 

commitments. 
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INTERROGATORY NO. 27. State whether there is a significant discount on the price 

currently of WCSB crude oil relative to West Texas Intermediate and Brent crude oils. 

A. Please explain your answer; 

B. Identify all documents which support your answers; 

[Applicable Finding or Condition No.: Finding 27] 

OBJECTION AND ANSWER: The scope of the question is too broad given the 

large number of crude oil grades available from the WCSB. The Canadian heavy benchmark 

discounts in 2014 range from $13 to $30. 

A. • 

• 

• 

• 

Western Canadian crudes are priced against West Texas Inte1mediate 
(WTI). 
Canadian crudes are traded on Net Energy and TMX (NGX) trading 
exchanges. 
Canadian crude monthly blended indices are calculated using calendar moth 
volume weighted average between the two platforms. 
As an example, WCS blended indices for 2014 range from $13 to $30 
discount to WTI monthly. 

B. Responsive documents are attached as Keystone 1116-1118. 

INTERROGATORY NO. 28: What is the current capacity contracted for Williston 

Basin oil? Identify any documents which would support your answer. [Applicable Finding or 

Condition No.: Findings 14, 24-29] 

ANSWER: Shippers have committed about 65,000 bmTels per day of capacity for 

transportation services on Bakken Marketlink. 

INTERROGATORY NO. 29: Describe the changes in contracted capacity amounts and 

duration since 2009 from Canada and the Williston Basin and identify any documents which 

would support your answer. [Applicable Finding or Condition No.: Findings 14, 24-29] 
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ANSWER: Shippers have committed about 65,000 ban-els per day of capacity for 

transportation services on Bakken Marketlink. Keystone also received additional commitments 

on Keystone XL Pipeline that would support an expansion of its total capacity from 700,000 

ban-els per day to 830,000 ban-els per day. The contracted capacity amounts, delivery locations 

and duration of each of the commitments are confidential. 

INTERROGATORY NO. 30. Regarding the "U.S. demand for petroleum products," 

i.e., produced for U.S. consumers and not for exp01i to other countries: 

A. What is the percent change since 201 O? 

B. What is the forecast for "U.S. demand for petroleum products" over the next 20 years? 

C. What has been the ammal import of crude oil for each year since 201 O? 

D. What is the forecast for offshore crude oil imports into the U.S. over the next 20 years? 

E. Of the 15 million bpd of crude oil demand identified in revised Finding of Fact 25, state 

whether some of this demand is used to produce petroleum products for export from the U.S. If 

so provide the quantity of crude oil: 

L Needed for domestic demand for petroleum products; 

11. Needed to produce petroleum products for export; 

F. Identify any documents which would support your answer; 

[Applicable Finding or Condition No.: Findings 14, 24-29] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PU C's jurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Department of State to determine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 
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also may seek information that is not within Keystone's custody or control and is not maintained 

by Keystone in the ordinary course of business. The oil forecast information that Keystone 

relied on in Appendix C to its Certification was derived from the following sources: The Final 

Supplemental Enviromnental Impact Statement; the CAPP Crude Oil Forecast, Markets and 

Transportation June 2014; and the Energy Information Agency Annual Energy Outlook 2014. 

These documents, except for the FSEIS, which is available at http://keystonepipeline

xl.state.gov/finalseis/index.htm, are marked as Keystone 0001-0467. 

INTERROGATORY NO. 31. What is the status of pipeline and rail capacity to move oil 

from oil fields in the Williston Basin to the Baker, Montana on-ramp? Identify any documents 

which would support your answer. [Applicable Finding or Condition No.: Findings 14, 24-29] 

OBJECTION AND ANSWER: This request seeks information that is not within 

Keystone's custody or control and is not maintained by Keystone in the ordinary course of 

business. Without waiving the objection, information regarding the Bakken on-ramp pipeline 

can be found in the Montana Department of Environmental Quality Certificate issued under the 

Montana Major Facility Siting Act available at 

http://www.deq.mt.gov/mfs/keystonexl/keystonecertificate.aspx. 

INTERROGATORY NO. 32: Why would the existing Keystone I pipeline not be capable 

of shipping enough crude oil from the Western Canadian Sedimentary Basin (WCSB) to offset 

the need for unstable foreign oil supplies? Identify any documents which would support your 

answer. [Applicable Finding or Condition No.: Finding 14] 

ANSWER: The Keystone Pipeline does not have sufficient capacity to meet additional 

demand. 
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INTERROGATORY NO. 33: What are the currently projected forecasts of production in 

the Western Canadian Sedimentary Basin (WCSB) and the Williston Basin over each of the next 

ten years? Identify any documents which would support your answer. [Applicable Finding or 

Condition No.: Findings 14, 24-29] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PU C's jurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Department of State to determine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 

also seeks information that is not within Keystone's custody or control and is not maintained by 

Keystone in the ordinary course of business. The oil forecast information that Keystone relied 

on in Appendix C to its Certification was derived from the following sources: The Final 

Supplemental Environmental Impact Statement; the CAPP Crude Oil Forecast, Markets and 

Transportation June 2014; and the Energy Information Agency Annual Energy Outlook 2014. 

These documents, except for the FSEIS, which is available at http://keystonepipeline

xl.state.gov/finalseis/index.htm, are marked as Keystone 0001-0467. 

INTERROGATORY NO. 34: Describe the impact oflow oil prices on crude oil 

production in the WCSB and Williston Basin. 

A. What is the effect on the forecast of demand for crude oil transp01iation services from the 

Williston Basin and WCSB given annual average West Texas Intermediate crude oil prices of 

$50/bbl, $60/bbl, $70/bbl, and $80/bbl? 
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B. In light oflow oil prices, what will be the impact of the Enbridge pipelines from the 

WCSB and Williston Basin to the US Gulf Coast on the need for transportation services of the 

KXL pipeline? 

C. Identify any documents which would support your answers; 

[Applicable Finding or Condition No.: Findings 14, 24-29] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PU C's jurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Depaiiment of State to determine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 

also seeks information that is not within Keystone's custody or control and is not maintained by 

Keystone in the ordinary course of business. The oil forecast infonnation that Keystone relied 

on in Appendix C to its Certification was derived from the following sources: The Final 

Supplemental Environmental Impact Statement; the CAPP Crude Oil Forecast, Markets and 

Transportation June 2014; and the Energy Information Agency Annual Energy Outlook 2014. 

These documents, except for the FSEIS, which is available at http://keystonepipeline

xl.state.gov/finalseis/index.htm, are marked as Keystone 0001-0467. 

INTERROGATORY NO. 35: Describe in detail, route changes in the proposed KXL 

pipeline since 2010, on a county by county basis, identifying specific land parcels to be affected 

by such changes. Identify any documents which would supp01i your answers. [Applicable 

Finding or Condition No.: Finding 16] 

ANSWER: Please see the attached route variation maps attached as Keystone 0470-

0583. 
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INTERROGATORY NO. 36: Provide the dates on which pipe segments to be used in 

South Dakota were delivered to storage location in South Dakota or adjacent states. 

A. For each such delivery of pipe segments, state the date on which an external fusion 

bonded epoxy (FBE) was applied; 

B. Describe the materials comprising and dimensions of any covering placed over each 

shipment of delivered pipe segments on its arrival; 

L Provide the date of each covering of the respective pipe shipment after delivery; 

C. As per the respective deliveries, state the longest time that any pipe segments were stored 

without protective covering; 

D. Provide the FBE manufacturer's recommendations for protection of the FBE from the 

effects of outside storage; 

E. Provide the pipeline manufacturer's recommendations for protection of FBE against the 

effects of outside storage; 

F. Provide the manufacturer's suggested maximum amount of time of sunlight exposure of 

FBE without protective covering; 

G. Describe the impact of UV radiation on FBE coating over time; 

H. Provide the manufacturer's warrantees and guarantees for the FBE coating applied to the 

pipe segments; 

I. Provide the manufacturer's warranties and guarantees for the pipe segments, including 

forthe FBE; 

J. Explain the elimination from use in the proposed Project of API 5L X80 high strength 

steel; 
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1. Describe how substituted material(s) would perform better than the API 5L X80 steel; 

K. Identify any documents which would supp01i your answers; 

[Applicable Finding or Condition No.: Finding 18] 

ANSWER: 

A. January 2011- November 2011 

B. Covering application commenced in October 2012 and was completed July 2013 

C. Approximately 18 months 

D. The manufacturer did not provide recommendation or direction for storage. Direction for 

storage is per TransCanada specification. 

E. The manufacturer did not provide recommendation or direction for storage. Direction for 

storage is per TransCanada specification. 

F. Per manufacture, pipe coated with FBE coatings can be stored for 730 days under most 

climatic weather conditions without commencement of deterioration of the coating. TransCanada 

specification provides criteria for minimum coating thickness requirements which would 

supersede any exposure time period. Applicable manufacturer warranties are related to 

application and workmanship to the specification 

G. Sunlight exposure over a significantly extended period of time could cause a reduction in 

coating thickness and coating flexibility due to degradation by UV radiation 

H. WARRANTY 

Unless otherwise specified in the Order for Pipe, the Supplier hereby warrants that the Pipe, 

including, if applicable, the Work done thereto, shall meet and conform to the Specifications and 

the Technical Agreements, and such other product characteristics agreed to by the Parties in 
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writing, for a period of twelve (12) calendar months from the day the Pipe is incorporated into 

the Company's pipeline and the Company's pipeline is commissioned for regular service or 

eighteen (18) calendar months from the date of delivery of all Pipe to the Delivery Point, 

whichever is earlier. If during the aforesaid wmTanty period, the Company discovers any Pipe 

which fails to conform, the Company shall fo1ihwith notify in writing the Supplier of such non

conformance. The Company and the Supplier shall jointly investigate any such non

confonnance in an effort, in good faith, to determine the cause thereof, provided that such 

investigation shall not umeasonably delay any repair or replacement of the Pipe. If the Paities 

are unable to agree upon the cause of the non-confom1ance with this Agreement within ten (10) 

days of the date of the discovery of such non-conformance, either Party shall have the right to 

request that the matter be arbitrated pursuant to single paiiy arbitration conducted in accordance 

with the then ctment International Chamber of Commerce's Rules of Arbitration. 

If such non-conformance is discovered after title to the Pipe passes to the Company, the 

Company may, after notification to the Supplier, to the extent the Company, acting reasonably, 

deems practical under the circumstances, repair the same at the Supplier's risk and expense. If 

repair is not practical in the Company's opinion, acting reasonably, the Company agrees that the 

Supplier may replace the non-conforming Pipe in the event that the Supplier can secure such 

replacement at delivery dates at least as favorable as those available to the Company from other 

sources. 

Any Pipe that is repaired or replaced pursuant to the warranties specified herein shall be 

warranted for a further period of twelve (12) calendar months from the day the Pipe is 

incorporated into the Company's pipeline and the Company's pipeline is commissioned for 
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regular service or eighteen (18) calendar months from the date of delivery of the Pipe to the 

Delivery Point, whichever is earlier. 

If the non-conforming Pipe cannot be repaired and the Company elects not to replace 

such Pipe, the Company shall have the right to return, at the Supplier's expense and risk, any or 

all of the non-conforming Pipe delivered by the Supplier to the Company whereupon the 

Supplier shall immediately repay the Company, without Interest, all monies previously paid by 

the Company to the Supplier on account of the non-conforming Pipe so returned, together with 

all costs and expenses incmTed by the Company in returning such Pipe. 

The express warranties of the Supplier in this Agreement are the only waITanties as to the 

Pipe and are in lieu of all other warranties in respect thereof, whether written, statutory, oral, 

express or implied including, without limitation, any warranty of merchantability or fitness for 

purpose. The rights and remedies contained in this Agreement are the Company's exclusive 

rights and remedies against the Supplier whatsoever in relation to, or arising out of, or in 

connection with the performance or conformance of the Supplier's obligations under these 

waITanties. 

I. WARRANTY 

Unless otherwise specified in the Order for Pipe, the Supplier hereby warrants that the 

Pipe, including, if applicable, the Work done thereto, shall meet and conform to the 

Specifications and the Technical Agreements, and such other product characteristics agreed to by 

the Parties in writing, for a period of twelve (12) calendar months from the day the Pipe is 

incorporated into the Company's pipeline and the Company's pipeline is commissioned for 

regular service or eighteen (18) calendar months from the date of delivery of all Pipe to the 
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Delivery Point, whichever is earlier. If during the aforesaid warranty period, the Company 

discovers any Pipe which fails to conform, the Company shall forthwith notify in writing the 

Supplier of such non-conformance. The Company and the Supplier shall jointly investigate any 

such non-confo1mance in an effort, in good faith, to determine the cause thereof, provided that 

such investigation shall not unreasonably delay any repair or replacement of the Pipe. If the 

Parties are unable to agree upon the cause of the non-conformance with this Agreement within 

ten (10) days of the date of the discovery of such non-conformance, either Party shall have the 

right to request that the matter be arbitrated pursuant to single party arbitration conducted in 

accordance with the then current International Chamber of Commerce's Rules of Arbitration. 

If such non-conformance is discovered after title to the Pipe passes to the Company, the 

Company may, after notification to the Supplier, to the extent the Company, acting reasonably, 

deems practical under the circumstances, repair the same at the Supplier's risk and expense. If 

repair is not practical in the Company's opinion, acting reasonably, the Company agrees that the 

Supplier may replace the non-conforming Pipe in the event that the Supplier can secure such 

replacement at delivery dates at least as favorable as those available to the Company from other 

sources. 

Any Pipe that is repaired or replaced pursuant to the warranties specified herein shall be 

warranted for a further period of twelve (12) calendar months from the day the Pipe is 

incorporated into the Company's pipeline and the Company's pipeline is commissioned for 

regular service or eighteen (18) calendar months from the date of delivery of the Pipe to the 

Delivery Point, whichever is earlier. 
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If the non-conforming Pipe cannot be repaired and the Company elects not to replace 

such Pipe, the Company shall have the right to return, at the Supplier's expense and risk, any or 

all of the non-conforming Pipe delivered by the Supplier to the Company whereupon the 

Supplier shall immediately repay the Company, without Interest, all monies previously paid by 

the Company to the Supplier on account of the non-conforming Pipe so returned, together with 

all costs and expenses incurred by the Company in returning such Pipe. 

The express warranties of the Supplier in this Agreement are the only warranties as to the 

Pipe and are in lieu of all other warranties in respect thereof, whether written, statutory, oral, 

express or implied including, without limitation, any warranty of merchantability or fitness for 

purpose. The rights and remedies contained in this Agreement are the Company's exclusive 

rights and remedies against the Supplier whatsoever in relation to, or arising out of, or in 

connection with the performance or conformance of the Supplier's obligations under these 

warranties. 

J. API SL X80 high strength steel was contemplated as an option during the early stages of 

the Project. Material evaluation and selection was finalized during the detail design phase of the 

Project at which time Keystone selected grade X70 materials for use in the pipeline. 

INTERROGATORY NO. 37: State whether any power lines have been permitted and 

constructed to provide power to pump stations by local power providers; 

A. Identify each such power line; 

B. State the cost of construction of the power line and identify the source(s) of the funds 

used for construction of each power line; 

C. Identify the contractors or vendors who will be engaged to construct power lines. 
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D. If any State or Tribal permit or other authorization is required for any planned 

construction of power lines to pump stations: 

1. Identify the permits which have been obtained, together with date permit granted; 

1i. Identify permits which have not yet been obtained; 

111. Identify which permits have been applied for and are pending. 

E. Identify any documents which would support your answers to this inteITogatory. 

[Applicable Finding or Condition No.: Finding 20] 

ANSWER: No power lines have been constructed to pump stations for KXL in South 

Dakota. All required permits pertaining to power lines are completed by the individual power 

providers. 

INTERROGATORY NO. 38. Describe each increased estimated cost of the KXL 

pipeline due to each of the following: 

A. New technical requirements; 

B. Inflation; 

C. Project management; 

D. New regulatory requirements; 

E. Material storage issues; 

F. Preservation; 

G. Identify documents upon which you base your answers; 

[Applicable Finding or Condition No.: Finding 23] 

OBJECTION: This request seeks information that is not relevant and not likely to lead to 

the discovery of admissible evidence under SDCL § 15-6-26(b ). In addition, Keystone does not 
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maintain a breakdown of the estimated project cost in the way requested, and requiring such a 

breakdown of costs would require the disclosure of information that has substantial commercial 

and proprietary value, and is subject to substantial efforts by Keystone to protect it from actual 

and potential competitors. 

INTERROGATORY NO. 39. Identify companies cun-ently interested in using the KXL 

pipeline to "further" diversify supply away from offshore foreign crude supply." For each 

company identified, 

A. State whether they are interested in "Canadian crude;" 

B. Identify documents upon which you base your answers; 

[Applicable Finding or Condition No.: Finding 27] 

OBJECTION: The identity of Keystone's shippers and the terms of their contracts have 

substantial commercial and proprietary value, are subject to substantial effo1is by Keystone to 

protect this info1mation from actual and potential competitors, and are required to be maintained 

on a confidential basis pursuant to the terms of the contracts between Keystone and its shippers. 

This request also seeks infonnation that is beyond the scope of the PUC'sjurisdiction and 

Keystone's burden of proof under SDCL § 49-41B-27. It is within the purview of the U.S. 

Department of State to determine whether the proposed project is in the national interest, under 

the applicable Presidential Executive Order. 

INTERROGATORY NO. 40: Describe the potential for pipeline transportation to 

replace rail transportation for shipments from the WCSB and the Williston Basin to P ADDs 1 

and5. 
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A. Provide the quantity of oil exported from the WCSB and the Williston Basin to PADDs 1 

through 5 by rail from 2010 to the present; 

B. Identify any documents which would support your answers; 

[Applicable Finding or Condition No.: Finding 27] 

OBJECTION AND RESPONSE: This request seeks information that is beyond the 

scope of the PUC'sjurisdiction and Keystone's burden of proof under SDCL § 49-41B-27. It is 

within the purview of the United States Depaiiment of State to determine whether the proposed 

project is in the national interest, under the applicable Presidential Executive Order. This request 

also seeks infonnation that is not within Keystone's custody or control and is not maintained by 

Keystone in the ordinary course of business. The oil forecast infonnation that Keystone relied 

on in Appendix C to its Certification was derived from the following sources: The Final 

Supplemental Environmental Impact Statement; the CAPP Crude Oil Forecast, Markets and 

Transportation June 2014; and the Energy Information Agency Annual Energy Outlook 2014. 

These documents, except for the FSEIS, which is available at http://keystonepipeline

xl.state.gov/finalseis/index.htm, are marked as Keystone 0001-0467 

INTERROGATORY NO. 41: List the changes in the KXL Project route since 2010 and 

identify any documents which would support your answers. [Applicable Finding or Condition 

No.: Finding 33] 

ANSWER: Please refer to the attached route variation maps attached as Keystone 

0470-0583. 

INTERROGATORY NO. 42: Identify paleontological studies within the Upper 

Cretaceous or Tertiary strata of which you have knowledge were conducted after 2009 in the 
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proximate location of the currently proposed KXL pipeline route and identify any documents 

which would support your answers. [Applicable Finding or Condition No.: Findings 34, 36; 

Conditions 43, 44] 

ANSWER: Paleontological fieldwork methodology, literature search information, and 

results can be found in Sections 3.1.2.2 and 3.1.2.3 of the Depaiiment of State FSEIS (2014). A 

list of rep01is detailing the results of all pre-construction paleontological field surveys can be 

found in Table 3.1-4 of the Department of State FSEIS (2014). 

INTERROGATORY NO. 43: Identify Section 106 type "cultural resource" studies of 

which you have knowledge that were conducted after 2009 in the proximate location of the 

currently proposed KXL pipeline route and identify any documents which would support your 

answers. [Applicable Finding or Condition No.: Conditions 43, 44] 

ANSWER: Cultural resources survey reports are listed in Section 3.11 of the 

Department of State FSEIS (2014), with results of the SD surveys detailed in Table 3.11-3. 

INTERROGATORY NO. 44: TransCanada is to identify the exact locations of active, 

shut-in, and abandoned wells and any associated underground pipelines in the construction 

ROW, what is the status of such identification procedures? As to the wells and pipelines to be 

identified: 

A. How long does TransCanada expect such an identification process will take before the 

Company would be willing to assure the PUC that all such wells and pipelines have been 

identified; 

B. If "appropriate precautions" prove inadequate, describe in detail a worst case scenario, 

especially involving a river, tributary, or other water resources, involving: 
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1. An unidentified well; 

ii. An unidentified pipeline; 

111. An identified well where the precautions fail; 

iv. An identified pipeline where the precautions fail; 

C. What circumstance(s) or event(s) could potentially cause the "appropriate precautions" to 

fail? 

1. How is it dete1mined what the specific appropriate precautions to be undertaken are for 

each kind of scenario? 

11. Who determines whether each specific precaution is "appropriate" to prevent 

enviromnental and/or human damage; 

111. As to appropriate precautions to be unde1iaken for each possible scenario, how is the 

PUC assured TransCanada actually implements or unde1iakes the precaution(s) necessary. 

D. What specific precautions have been or are planned to be taken to protect the soils in the 

Sand Hills from contamination; 

E. What specific precautions have been or are planned to be taken to protect the 

underground water resources of the Oglala Aquifer and other potentially affected aquifers from 

contamination; 

F. What specific precautions have been or are planned to protect the surface and alluvial 

waters of the State and respective Tribes from contamination; 

G. What type of gas or oil or related solutions or gases pumped or injected by a well within a 

mile or more along the general route of the KXL pipeline, could be involved in such a "worst 

case scenario"? 
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H. What type of gas or oil or related solutions or gases being transported by a pipeline 

within a mile or more along the general route of the KXL pipeline, could be involved in such a 

"worst case scenario"? 

I. Identify any documents which would support your answers. 

[Applicable Finding or Condition No.: Conditions 15, 16, 21, 22, 42] 

ANSWER: TransCanada has not yet identified the locations of the wells and pipelines 

as stated. TransCanada does not differentiate between active and abandoned but does identify 

wells and pipeline within the construction right of way utilizing public data, survey data and One 

Calls at the time of construction. 

INTERROGATORY NO. 45: What kind of"significant problems" are anticipated by the 

weathering of shale underlying almost all of Haakon, Jones and portions of Tripp Counties: 

A. To access roads; 

B. To structural foundations for roads, power lines, or other structures constructed in 

connection with the KXL pipeline (in answering, identify the type of foundations are of 

concern); 

C. To the proposed KXL pipeline or part thereof; 

D. Identify any documents which would support your answers. 

[Applicable Finding or Condition No.: Conditions 15, 16, 18, 21, 22, 23, 42] 

ANSWER: There are no "significant problems" anticipated concerning the weathering 

of shale in South Dakota. 

INTERROGATORY NO. 46: Describe a leak, the existence of which "may suggest a 

threat to the integrity of the pipeline." 
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A. Other than aerial patrols, ground patrols, and public awareness, what steps have been 

taken to prevent a leak of this nature and magnitude or prevent or minimize its effect on the 

pipeline's integrity? 

B. Identify documents which support and/or were used to provide your answers. 

[Applicable Finding or Condition No.: Finding 95; Conditions 31-38] 

ANSWER: A confirmed leak is in fact a loss of integrity, however a direct observation 

reported leak may not be a result of a pipeline release (e.g. an apparent sheen on standing water 

near the ROW) or the release may be from another line in a multi-pipeline corridor or at a 

foreign pipeline crossing. In this context, a leak which "may suggest a threat to the integrity of 

the pipeline" is a reported potential leak that has yet to be confirmed as originating from a 

Keystone line. 

Prevention of leaks of this magnitude are addressed in the sections of the FSEIS 

discussing pipeline integrity, Sections 3.13 and 4.13. In addition to these answer, in regard to 

remote sensing technologies, several initiatives have been unde1iaken by Keystone. A pilot 

implementation of a fixed thermal imaging system at a pump station will be tested this year, in 

addition to three industry projects that Keystone is participating in: 

• C-FER Technologies' ELDER joint industry project (JIP) that is evaluating the 

performance of four different cable based leak detection systems. 

• A second C-FER Technologies JIP that is quantifying the physical phenomenon 

that occur at the ground surface that could be detected by various technologies. 

• PHMSA's project entitled "INO Technologies Assessment as Leak Detection 

Systems for Hazardous Liquid Pipelines". 
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INTERROGATORY NO. 47: Describe the status of the written manual for normal 

operations, maintenance activities, and handling abnormal operating and emergencies. 

A. Identify the latest draft of the written manual and all prior drafts; 

B. Identify all documents which support or were used to provide your answers. 

[Applicable Finding or Condition No.: Finding 96; Conditions 31-38] 

ANSWER: As required by the Department of Transportation, Pipeline and Hazardous 

Material Safety Administration 49 CFR § 195 .402 Keystone has prepared and follows a manual 

of written procedures for conducting normal operations and maintenance activities and handling 

abnormal operations and emergencies. The current manual is version 07 and the original manual 

version 01 issued August 01, 2010. Other manual revisions are defined: 

• Version 02- 11/15/2011 

• Version 03 - 04/15/2012 

• Version 04 - 0610712012 

• Version 05 - 07/16/2012 

• Version 06- 07/09/2013 

The Operations and Maintenance (O&M) Manual U.S. Hazardous Liquids Pipelines and 

referenced versions were utilized in support of TransCanada's response. 

INTERROGATORY NO. 48: Calculate the worst case discharge and describe in detail 

the worst case scenario that would result from damage caused to the Keystone XL pipeline from 

the "high swelling potential" of the Cretaceous and Tertiary rocks located in the Missouri River 

Plateau due to this land form's susceptibility to instability in the form of slumps and earth-flows, 

including landslides. 
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A. Provide the locations where such ground swelling can be anticipated; 

B. Identify any documents which would support your answer; 

[Applicable Finding or Condition No.: Finding 40, 77; Conditions 31-42] 

OBJECTION AND RESPONSE: This request seeks information that is confidential. 

The volume and location of a worst case scenario spill are kept confidential for homeland 

security reasons. Without waiving the objection, Section 3 of Appendix A of the 2009 Keystone 

XL Risk Assessment (FSEIS Appendix P) discusses the state-specific incident frequencies for a 

variety of pipeline hazards, including ground movement and landslides. Within Section 3.5, 

specific failure mechanisms and mitigation measures relating to these natural hazards are also 

discussed. Pipelines are remarkably resilient to landslides and seismic events (CITE). If ground 

movement occurred and has the potential to affect the pipe's integrity, Keystone is required by 

federal regulations to inspect the pipe ( 49 CFR 195). 

TransCanada' s Integrity Management Program would continue to assess the Keystone 

XL Pipeline Project route and threats from outside forces (e.g., landslides) would be evaluated in 

a comprehensive and systematic program, as required by federal pipeline safety regulations ( 49 

CFR 195). As paii of the Integrity Management Program, Keystone evaluates the potential for a 

release along the entire length of its pipelines and determines what resources could potentially be 

affected by a release. This information is shared with TransCaimda's Emergency Response staff 

to facilitate emergency response planning and to develop appropriate training scenarios. 

A. Locations of ground swelling are identified in the FSEIS, Section 3 .1 Geology. In Section 

3.1 of the FSEIS, Table 3.1-6 and Figure 3.1.2-3 identify the high risk category Landslide 

Hazard Area (LSHR) areas for swelling soils and landslides. 
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Table 3.1-6 Locations within LSHR High-Risk Category along the Proposed 
Project Corridor 

State 
Montana 
Montana 
Montana 
South Dakota 
South Dakota 
South Dakota 
South Dakota 
South Dakota 
South Dakota 
South Dakota 
South Dakota 
South Dakota 
Nebraska 
Nebraska 
Total 

Start (MP) 
0.2 
25.5 
89.2 
308.3 
355.6 
358.1 
389.5 
425.9 
426.3 
485.1 
525.2 
537.1 
601.5 
606.8 

Sources: USGS 2009a; PHMSA-NPMS 2007b 

B. 49 CFR 194.105 

End(MP) 
25.5 
89.2 
102.0 
313.5 
358.1 
370.9 
425.9 
426.3 
485.1 
525.2 
537.1 
571.5 
605.3 
637.5 

Length 
25.3 
63.7 
12.8 
5.2 
2.5 

12.8 
36.4 
0.4 

58.8 
40.1 
11.9 
34.4 
3.8 

30.7 
338.8 

U.S. Department of State (USDOS). 2014. Final Supplemental Environmental Impact Statement 

for the Keystone XL Project. Washington D.C. Includes all appendices of the FSEIS. 

INTERROGATORY NO. 49: What lessons have been learned from previous pipeline 

construction, cun-ent right-of-way conditions and project requirements that have been 

incorporated into the Construction Mitigation and Reclamation (CMR) Plan? Identify any 

documents which would supp01i your answers, including but not limited to the latest version of 

the CMR plan. [Applicable Finding or Condition No.: Finding 32, 37, 73; Conditions 13-30] 

ANSWER: Lessons learned are incorporated through the changes to Keystone's CMR 

Plan, the current draft of which is attached to Exhibit C to Keystone's certification petition as 

Attachment A. 
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INTERROGATORY NO. 50: Provide a list of changes in the proposed KXL pipeline 

route since 2010. 

A. For each change in the route: 

i. State why the route was changed; 

11. State how the new route improves this Project when compared with the previously 

submitted route; 

B. Identify any documents which would support your answers. 

[Applicable Finding or Condition No.: Finding 33] 

ANSWER: Please refer to the attached route variation maps attached as Keystone 

0470-0583. 

INTERROGATORY NO. 51: Describe the status of the development of procedures for 

handling and disposal of unanticipated contaminated soil discovered during construction, and 

consultation with relevant agencies thereon. 

A. Identify any draft or final procures developed to date; 

B. Identify any documents which would support your answers. 

[Applicable Finding or Condition No.: Conditions 13-30] 

ANSWER: Keystone has not yet drafted the Unanticipated Contaminated Soils Plan. 

INTERROGATORY NO. 52: State whether or not TransCanada or its Affiliates have 

conducted any assessments or studies of potential risks to the structural integrity of the proposed 

KXL Pipeline from seismic activity. If so, describe the results of any such assessment or studies 

and describe the maximum impacts that could occur with respect to a pipeline rupture resulting 
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from seismic activity. Identify any documents which would support your answers. [Applicable 

Finding or Condition No.: Conditions 31-38] 

ANSWER: Please refer to the FEIS section 3 .1.4 Geologic Hazards. 

INTERROGATORY NO. 53: Describe the status ofTransCanada's efforts to obtain a 

permit process for water body crossings. 

A. List the agency(ies) to whom TransCanada has submitted a permit application; 

B. Identify all permit applications submitted; 

C. List any permits which TransCanada needs to obtain prior to its proposed KXL pipeline 

construction for each of the water body crossings desired to be crossed. 

D. Explain why horizontal directional drilling will not be used on water body crossing of 

perem1ial streams and intem1ittent water bodies; 

E. Identify any documents which would support your answers. 

[Applicable Finding or Condition No.: Finding 41; Conditions 1, 2, 13-30] 

ANSWER: The following is the requested information addressing the pe1mitting of 

the water body crossings: 

A. To date, Keystone has not submitted any permit applications to any agencies for water 

body crossings in South Dakota. All permits for waterbody crossings, as required, will be filed 

closer to the time period of construction. 

B. To date, Keystone has not submitted any permit applications for water body crossings in 

South Dakota. All permits for waterbody crossings, as required, will be filed closer to the time 

period of construction. 
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C. Keystone will permit all of the water body crossings in South Dakota under the US Army 

Corps of Engineers Nationwide General Permit (NWP) 12. Additionally, the South Dakota 

Department of Environment and Natural Resources is responsible for Clean Water Act permit 

certification under Section 401 and would review proposed stream and river crossings where 

necessary and may issue project-specific conditions. 

D. The decision to use the horizontal directional drilling (HDD) crossing method was based 

on and evaluation of engineering and environmental factors and use of an HDD does not always 

provide the most suitable methodology for a waterbody crossing. During the Project design, 

TransCanada has complied with all regulations and permit stipulations in determining the 

proposed crossing method for each waterbody in South Dakota. 

E. The Department of State FEIS (2014) Sections 4.3, Water Resources; 4.7 Fisheries; 4.8 

Threatened and Endangered Species; and Appendix H. 

INTERROGATORY NO. 54: Describe the maximum impacts that could occur from 

expected loss of in-stream habitat through direct disturbance, loss of bank cover, disruption of 

fish movement, direct disturbance to spawning, water quality effects, and sedimentation effects 

by open-cut trenching of water crossings other than the Little Missouri, Cheyenne and White 

River crossings. Identify any documents which would suppmi your answers. [Applicable Finding 

or Condition No.: Finding 41; Conditions 34, 41] 

ANSWER: The Depaiiment of State FSEIS (2014) evaluates the impacts to instream 

habitat as a result of the construction and operation of the Project in the following locations: 

a. Section 4.3.2.2, Surface Water 

b. Section 4.3.3.2, Surface Water 
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c. Section 4.7.3.2, Construction impacts 

d. Section 4.7.3.3 Proposed Project Operational Impacts 

INTERROGATORY NO. 55: Describe the maximum impacts that could occur during or 

as a result of horizontal directional drilling to cross the Little Missouri, Cheyenne, and White 

River crossings. Identify any documents which would support your answers. [Applicable Finding 

or Condition No.: Finding 41, 82-83; Condition 22] 

ANSWER: This issue is addressed several times in the FSEIS, as follows: 

At page 4.3-21: 

In some instances, pressurized fluids and drilling lubricants used in the HDD process 

have the potential to escape the active HDD bore, migrate through the soils, and come to the 

surface at or near the crossing construction site, an event commonly known as a frac-out. 

Measures identified in a required HDD contingency plan would be implemented, including 

monitoring of the directional drill bore, monitoring downstream for evidence of drilling fluids, 

and mitigation measures to address a frac-out should one occur. 

At page 4.8-20 : 

The HDD method avoids direct disturbance to the river, channel bed, or banks. While the 

HDD method poses a small risk of frac-out (i.e., release of bentonite-based drilling fluids), 

potential releases would be contained by best management practices that would be described 

within the HDD Contingency Plans required for drilled crossings. Most leaks ofHDD fluids 

occur near the entry, exit locations for the drill, and are quickly contained and cleaned up. Frac

outs that may release drilling fluids into aquatic environments are difficult to contain primarily 

because bentonite readily disperses in :flowing water and quickly settles in standing water. 
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Should this type of release occur, bentonite is non-toxic but in sufficient concentration may 

physically inhibit respiration of adult fish and eggs. 

At page 4.7-11,12: 

The HDD method for crossing waterbodies would be used to minimize disturbance to 

aquatic habitat, stream banks, and recreational or commercial fisheries. Impacts could occur if 

there is an unintended release of drilling fluids (i.e., a frac out) during the HDD operation. A frac 

out could release bentonitic drilling mud into the aquatic environment. The released drilling mud 

would readily disperse in flowing water or eventually settle in standing water. 

Although bentonite is non-toxic, suspended bentonite may produce short-term impacts to 

the respiration of fish and aquatic invertebrates due to fouled gills. Longer-term effects could 

result iflarval fish are covered and suffocate due to fouled gills and/or lack of oxygen. If the frac 

out occun-ed during a spawning period, egg masses of fish could be covered, thus inhibiting the 

flow of dissolved oxygen to the egg masses. Benthic inve1iebrates and the larval stages of 

pelagic organisms could also be covered and suffocate. 

INTERROGATORY NO. 56: Describe the worst case scenario of a worst case discharge 

into the Little Missouri, Cheyenne, and White River crossings. Identify any documents which 

would supp01i your answers. [Applicable Finding or Condition No.: Findings 41-52, 68-69, 82-

83; Conditions 31-42] 

OBJECTION AND RESPONSE: This request seeks information that is confidential. 

The location and volume of a worst case scenario spill are kept confidential for homeland 

security reasons. Without waiving the objection, worst case discharge data were provided to 

regulatory agencies in Appendix A of the 2009 Keystone XL Risk Assessment. 
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The 2009 Keystone XL Risk Assessment discussed the range of impacts based on abroad 

range of spill volumes that encompassed 99 .6 percent of all historical spill volumes, thereby 

describing a reasonable worst case scenario for the Keystone XL Pipeline Project. The 2009 

Keystone XL Risk Assessment discussed the spill volumes and a very conservative assessment 

(i.e., assessment intentionally overestimates) of the magnitude of potential impacts in flowing 

waterbodies (2009 Keystone XL Risk Assessment, Section 4.2.3.4 Water Resources). 

For streams that are HDD, most spills would not be expected to reach the river since the 

burial depth often can prevent a release from reaching the waterbody. However, as a worst case 

scenario for the purposes of this information response, a worst case scenario is assumed to reach 

the river. In the 2009 Keystone XL Risk Assessment, Table 4-1 from the 2009 Keystone XL 

Risk Assessment describes stream categories based on stream flows. The White River and Little 

Missouri Rivers are categorized as a stream with upper moderate flow, while the Cheyenne River 

would fall into the high flow Stream category. All three streams are being HDD. Based on those 

stream flow categories, impacts to water quality and aquatic biota can be identified in 2009 

Keystone XL Risk Assessment text in Section 4.2.3.4 and Tables 4.2, and 4.3 and 4.7 to 4.10. 

2009 Keystone XL Risk Assessment 

Table 4-1 Stream Categories 

Streamflow (cubic Top of Bank Stream Representative 
Category feet per second [cfs]) Width (feet) Streams 

Many unnamed 
intermittent 
tributaries 

Low Flow Stream 10 - 100 <50 in all states crossed, 
Bear Creek (MT), 
South Branch 
Timber Creek (NE) 
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Upper Sevenmile 

Lower Moderate 
Creek (MT), Lone 

100 -1,000 50- 500 Tree Creek (MT), 
Flow Stream Little Blue River 

(NE) 

Yellowstone River 

Upper Moderate 
(MT), White River 

Flow Stream 
1,000-10,000 500-1,000 (SD), Niobrara River 

(NE) 

Missouri River (MT), 
Loup River (NE), 

High Flow Stream >10,000 1,000 - 2,500 
Platte River (NE), 
Canadian River 
(OK), Red River (TX) 

INTERROGATORY NO. 57: Describe the worst case scenario which could occur from 

the Keystone XL pipeline as it passes under channels, adjacent flood plains and flood protection 

levees. Identify any documents which would support your answers. [Applicable Finding or 

Condition No.: Findings 41-49; Conditions 31-42] 

OBJECTION: This request seeks information that is confidential by statute. The location 

and volume of a worst case scenario spill are kept confidential for homeland security reasons. 

Without waiving the objection, when the pipe crosses channels and flood plains, scenarios would 

be dictated by stream flow rate (discharge) and are discussed in Section 4.2.3.4 of2009 Keystone 

XL Risk Assessment. Impacts are described in Section 4.2.3.4 for channels. Floodplain crossings 

are covered in FEIS Section 4.3.3.3 and Section 4.3.3.4 discusses impacts to floodplains. Worst 

case would be spill into low flow stream (Table 4-2 in 2009 Keystone XL Risk Assessment). 

Spills at individual river crossings are rare with occurrence interval of 1/22,000 years to 

1/830,000 years based on representative crossing distances (2009 Keystone XL Risk 

Assessment). Most spills are less than 3 barrels. 
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River crossings by pipelines are very common, number of incidents are low, and safety is 

not affected by material transported. Predicted Project-specific incident frequencies are provided 

in Section 3.0 of the 2009 Keystone XL Risk Assessment. Spills at individual river crossings are 

rare with occurrence interval of 1/22,000 years to 1/830,000 years based on representative 

crossing distances (2009 Keystone XL Risk Assessment). 

INTERROGATORY NO. 58: In light of the spill risk assessment provided by 

TransCanada in the HP09-001 docket: 

A. Explain the number of leaks along the Keystone I pipeline since 2008; 

B. Explain the number of leaks from the other oil pipelines constructed and/or operated by 

TransCanada or its Affiliates; 

C. What would be a worst case scenario discharge from the KXL pipeline? Please explain 

your answer; 

D. Identify any documents which would support your respective answers. 

[Applicable Finding or Condition No.: Findings 41-49, 51-52; Conditions 31-38] 

OBJECTION AND RESPONSE: Subpart( c) requests information that is confidential 

by statue. The location and volume of a worst case scenario spill are confidential for homeland 

security reasons. Subpart ( d) is overlybroad and unduly burdensome. There are thousands of 

pages of documents supporting Keystone's spill risk assessment. In addition, many of the 

documents contain information that is confidential and proprietary. Without waiving the 

objection: 

A. Keystone has delivered more than 760 million barrels of oil from Canada to the 

United States markets since it began operation in July 2010. The small number of leaks that 
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have occurred on the pipeline have had nothing to do with the integrity of the pipe itself. They 

have all occurred at our pump stations and other above-ground facilities and have been related to 

leakage from small-diameter fittings and seals. They have all been cleaned up with no 

environmental impact. We designed the pipeline to ensure that all small diameter fittings, valves 

and seals are located above ground where they can be easily accessed for maintenance and 

repairs. All of our pump stations are designed to capture and contain oil on our property. In 

total, less than 450 barrels of oil, out of more than 760 million barrels transported, have come out 

of the pipeline since it began operations five years ago TransCanada is constantly striving to 

improve our performance and working towards our goal of having zero leaks or safety incidents. 

All pipeline leaks are thoroughly investigated regardless of their size in order to understand the 

cause and prevent future such incidents. The leaks are identified in the spreadsheet attached as 

Keystone 0774-0784. 

B. None. 

INTERROGATORY NO. 59: Describe in detail the impact of a worst case scenario spill 

from the proposed KXL Pipeline through the Sand Hills in South Dakota. Identify any 

documents which would support your answers. [Applicable Finding or Condition No.: Findings 

43-49, 53; Conditions 16, 35] 

OBJECTION AND ANSWER: This request seeks information that is not within 

Keystone's custody or control. Without waiving the objection, there are no Sand Hills in South 

Dakota. See Table 3.5.-2 of the Department of State FSEIS (2014). 

INTERROGATORY NO. 60: Describe in detail the impact of a worst case scenario spill 

into the shallow and surficial aquifers in Tripp County from the proposed KXL Pipeline. Identify 
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any documents which would suppmi your answers. [Applicable Finding or Condition No.: 

Findings 43-49, 53; Conditions 16, 35] 

OBJECTION AND ANSWER: This request seeks information that is confidential 

by statute. The location and volume of a worst case scenario spill are confidential for homeland 

security reasons. Without waiving the objection, the 2009 Keystone XL Risk Assessment 

(FSEIS, Appendix P) described the movement of crude oil and its constituents in soils and 

groundwater. Field investigations of more than 600 historical petroleum hydrocarbon release 

sites indicate the migration of dissolved constituents typically stabilizes within several hundred 

feet of the crude oil source area (Newell and Conner 1998; USGS 1998). Over a longer period, 

the area of the contaminant plume may begin to reduce due to natural biodegradation. Removal 

of crude oil contamination will eliminate the source of dissolved constituents impacting the 

groundwater. 

Spills are also discussed in the FSEIS in Section 4.1.3.4, including those in shallow and 

surficial aquifers. The fate and transport of benzene and other crude oil constituents is discussed 

in numerous studies and articles, including those referenced in the 2009 Keystone XL Risk 

Assessment, such as: 

Freeze, R. A. and J. A. Chen-y. 1979. Groundwater. Prentice Hall, Inc. Englewood Cliffs, New 

Jersey. 604 pp. 

Minnesota Pollution Control Agency. 2005. Assessment of Natural Attenuation at 

Petroleum Release Sites. Guidance Document c-prp4-03, Petroleum Remediation 

Program, Minnesota Pollution Control Agency. April 2005. 11 pp. 
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Neff, J.M. 1979. Polycyclic aromatic hydrocarbons in the aquatic environment. Applied 

Science publ. Ltd., London. 262 pp. 

Newell, C. J. and J. A. Connor. 1998. Characteristics of Dissolved Petroleum Hydrocarbon 

Plumes: Results from Four Studies. American Petroleum Institute Soil I Groundwater 

Technical Task Force. December 1998. 

Spence, L. R., K. T. O'Reilly, R. I. Maagaw, and W. G. Rixey. 2001. Chapter 6- Predicting the 

fate and transport of hydrocarbons in soil and groundwater. In :risk-based decision

making or assessing petroleum impacts at exploration and production sites. Edited by S. 

McMillen, R. Magaw, R. Carovillano, Petroleum Enviromnental Research Forum and 

US Department of Energy. 

United States Geological Service (USGS). 1998. Groundwater Contamination by Crude Oil 

near Bemidji, Minnesota. US Geological Survey Fact Sheet 084-98, September 1998. 

Additional references on this subject from the FSEIS include: 

American Petroleum Institute (API). 1992. Review of Natural Resource Damage Assessments 

in Freshwater Environments: Effects of Oil Release into Freshwater Habitats. API 

Publ. No. 4514. 

APL 1997. Petroleum in the Freshwater Environment: An annotated Bibliography 1946-1993. 

API Publ. No. 4640. 

Grimaz, S., S. Allen, J. Steward, and G. Dolcetti. 2007. Predictive evaluation of the extent 

of the surface spreading for the case of accidental spillage of oil on ground. 

Selected Paper IcheaP8, AID IC Conference series, Vol. 8, 2007, pp. 151-160. 
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Hult, M.F. 1984. Groundwater Contamination by Crude Oil at the Bemidji, Minnesota, 

Research Site: U.S. Geological Survey Toxic Waste-Ground-Water Contamination 

Study. Papers presented at the Toxic-Waste Technical Meeting, Tucson, Arizona, March 

20-22. USGS Water Investigations Report 84-4188. 

Weaver, J.W., R.J. Charbeneau, J.D. Tauxe, B.K. Lien, and J.B. Provost. 1994. The 

hydrocarbon spill screening model (HSSM) Volume 1: User's guide. 

USEP A/600/R-94/039a.U.S. Enviromnental Protection Agency, Office of Research and 

Development, Robert S. Kerr, Environmental Research Laboratory, Ada, OK 

INTERROGATORY NO. 61: Identify the USGS or other geological, hydrological, geo-

hydrological studies conducted in the areas including what is now the proposed KXL pipeline 

route through South Dakota, which: 

A. Provide the thickness of the purportedly low permeability confining materials that would 

underlie the entirety of the proposed route either through the Sand Hills and over any shallow 

High Plains Aquifer; 

B. Provide the thickness of the confining materials underlying the balance of the proposed 

pipeline route; 

C. Provide the permeability of the sediment or bedrock underlying the proposed pipeline 

route for each part of the KXL pipeline; 

D. Describe the composition of the sediments and/or bedrock underlying each part of the 

proposed route; 
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E. Describe the absence of any fractures (including micro-fractures), faults, karsts, sinkholes 

within a mile of the entirety of the proposed route and which might lengthen the "unlikely" travel 

of crude oil more than 300 feet from a spill site; 

F. Describe the absence of channels in the underlying strata along each paii of the proposed 

route which might lengthen the "unlikely" travel of crude oil more than 300 feet from a spill site; 

G. Describe other factors which could lengthen the travel of crude oil beyond 300 feet from 

a spill site; 

H. The location(s) of shallow aquifers along each part of the route; 

I. The location(s) of surficial aquifers along each part of the route; 

J. The location of domestic and livestock wells, public and private, within a mile of each 

part of the proposed route; 

K. Describe the "appropriate" measures that TransCanada will take to prevent groundwater 

contamination; 

L. Describe the "steps" to be taken to manage the flow of any ground water encountered; 

M. Identify any documents which would support your respective answers. 

[Applicable Finding or Condition No.: Findings 43-49, 53; Conditions 16, 35] 

OBJECTION AND ANSWER: This request is overlybroad and unduly 

burdensome. This request may also seek information that is not within Keystone's custody or 

control and is not maintained by Keystone in the ordinary course of business. 

Without waiving the objection, geological references and hydrogeological references are 

listed in chapters 3 and 4 in the FSEIS. Some pe1iinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 
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Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Repo1i SIR 2014-5047. 

In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide aquifer 

thickness data. 

A. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Report SIR 2014-5047. 

In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide aquifer 

thickness data. 

B. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Report SIR 2014-5047. 

In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide aquifer 

thickness data. 

{01815049.l} 59 

 
012548



C. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Report SIR 2014-5047. 

In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov I des/wr/ dblog.search.aspx and http://denr.sd.gov I data.aspx provide aquifer 

thickness data. 

D. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Report SIR 2014-5047. 

In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide aquifer 

thickness data. 

E. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Rep01i SIR 2014-5047. 
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In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide aquifer 

thickness data. 

In addition, consider the following: 

Whitehead et al (1996): USGS Hydrologic Atlas HA 730-I 

Hammond (1994): South Dakota Geol. Survey open file report UR-68 

Lohmeyer (1985): USGS Prof. Paper 1402-D 

Luckey et al (1986): USGS Prof. Paper 1400-D. 

F. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Report SIR 2014-5047. 

In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide aquifer 

thickness data. 

G. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Report SIR 2014-5047. 
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In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide aquifer 

thickness data. 

Lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide the 

thickness data. In addition, consider the following: 

Davis and Putnam (2013): USGS Scientific Inv. Repmi SIR 2013-5069 

Downey (1986): USGS Prof. Paper 1402-E 

Gutentag (1984): USGS Prof. Paper 1400-A and 1400-B. 

H. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 

Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Report SIR 2014-5047. 

In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov I des/wr/ dblog.search.aspx and http://denr.sd. gov I data.aspx provide aquifer 

thickness data. 

In addition, consider the following: 

Downey (1986): USGS Prof. Paper 1402-E 

Gutentag et al (1984): USGS Prof. Paper 1400-B. 

I. Geological references and hydrogeological references are listed in chapters 3 and 4 in the 

FSEIS. Some pertinent additional references are: 
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Gutentag (1984): USGS Prof. Paper 1400-B 

Downey (1986): USGS Prof. Paper 1402-E 

Thamke et al (2014): USGS Scientific Inv. Report SIR 2014-5047. 

In addition, lithologic logs available from the South Dakota Dept. Natural Resources at 

http://denr.sd.gov/des/wr/dblog.search.aspx and http://denr.sd.gov/data.aspx provide aquifer 

thickness data. 

J. Keystone has not yet identified the location of wells, but will do so before construction. 

K. "In order to reduce the risk of spills, if permitted Keystone has agreed to incorporate 

additional mitigation measures in the design, construction, and operation of the proposed 

Keystone XL Project, in some instances above what is normally required, including: 

• 59 Special Conditions recommended by PHMSA; 

• 25 mitigation measures recommended in the Battelle and Exponent risk reports; and 

• 11 additional mitigation measures. 

Many of these mitigation measures relate to reductions in the likelihood of a release occurring. 

Other measures provide mitigation that reduces the consequences and impact of a spill should 

such an event occur. Mitigation measures are compiled I Appendix Z, Compiled Mitigation 

Measures, of this Supplemental EIS. Mitigation measures are actions that, if the proposed 

Project is determined to be in the national interest, Keystone would comply with as conditions of 

a Presidential Permit." (FSEIS Executive Summary, pg. ES-19"). 

In the FSEIS Appendix Z, Section 14.1, Potential Releases, Table 4, are listed the 59 

Special Conditions recommended by the PHMSA. TransCanada has committed to complying 

with the PHMSA 59 Special Conditions as listed in Appendix Z of the FSEIS. 
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"These regulations are intended to ensure adequate protection for the public and to 

prevent crude oil pipeline accidents. Among other design standards, 49 CFR 195 and the 

proposed Project-specific special conditions specify pipeline material and qualification, 

minimum design requirements, and protection from internal, external, and atmospheric 

corrosion" (FSEIS Appendix Hl-H2, pg. 2.0-32)". 

L. Keystone would coordinate with the South Dakota Department of Environment and 

Natural Resources regarding specific steps to be taken in the event that potential contamination 

of groundwater was suspected. These steps may include, but may not be limited to, soil and 

groundwater sampling, installation of monitoring wells, and use of groundwater remediation 

technologies. 

INTERROGATORY NO. 62: Describe the direct and indirect effects to people, other 

animals, plants and trees, fish, when exposed individually and or in combination to components 

of crude oil including: benzene, toluene, ethyl benzene and xylene. Identify any documents 

which would support your respective answers. [Applicable Finding or Condition No.: Findings 

43-49; Conditions 31-37] 

ANSWER: Effects to these receptors are discussed in the 2009 Keystone XL Risk 

Assessment and in the FSEIS (Chapter 4). Additional information, including effects of individual 

compounds, can be found in the Agency for Toxic Substances and Disease Registry (ATSDR) or 

the Hazardous Substances Data Bank (HSDB). Benzene is often used for screening for effects in 

petroleum products due its combined high water solubility and ability to cause toxicity at very 

low concentrations. 
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U.S. Depmiment of Health and Human Services. 2015. Agency for Toxic Substances ai1d 

Disease Registry (ATSDR). Internet website: http://www.atsdr.cdc.gov. Accessed January 21, 

2015. 

U.S. National Library of Medicine, Toxicology Data Network (TOXNET). 2015. 

Hazardous Substances Data Bank (HSDB). Internet website: http://toxnet.nlm.nih.gov/cgi

bin/sis/htmlgen?HSDB. Accessed January 21, 2015. 

INTERROGATORY NO. 63: Provide an explanation of why the occurrence of a spill or 

leak that could affect the High Consequence Area (HCA) only once every 250 years over the 

34.4 miles of HCA (Finding 50), while such a spill would purp01iedly occur once in 7,400 years 

per mile of pipeline (Finding 44). Identify any documents which would support your respective 

answer. [Applicable Finding or Condition No.: Findings 44, 50; Conditions 15-16, 35] 

ANSWER: Finding of Fact 44 in the South Dakota Public Utilities Commission 

Amended Order states that, "Keystone's expert estimated the chance of a leak from the Project to 

be not more than one spill in 7,400 years for any given mile of pipe." This is calculated based on 

historical incident data from Pipeline and Hazardous Materials Safety Administration (PHMSA), 

as discussed in Section 3.0. The occurrence interval of 7,400 years is calculated by taking the 

inverse of the incident frequency (0.000135 incidents per mile per year). The result is an 

estimate, in years, of the time between spills. This is similar to the concept of flood recurrence 

intervals (i.e., 100-year floods). 

Page 4-21 of the 2009 Keystone XL Risk Assessment shows that a spill affecting a High 

Consequence Area (HCA) in any state crossed by the Keystone XL Pipeline Project has an 
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occmTence interval of 53 years. This is calculated by taking the inverse of the incident frequency 

(measured as incidents per mile per year) multiplied by the miles ofHCAs crossed (141.2 miles). 

INTERROGATORY NO. 64: Describe the contents of the "information concerning 

activities of concern" to be made available to landowners and others. Identify any documents 

which would support your respective answer. [Applicable Finding or Condition No.: Finding 57; 

Condition 16] 

ANSWER: Condition 16 does not address "information concerning activities of 

concern." With respect to Finding 57, it is landowners who are permitted to contact Keystone 

regarding "activities of concern." Accordingly, Keystone does not know specifically what 

activities may be of concern to individual landowners. In the context of the Finding, it is likely 

that such activities can be expected to involve farming operations above the pipeline. 

INTERROGATORY NO. 65: Describe the worst case scenario for landowners ofa spill 

from the proposed pipeline onto only land, as well as other risks deemed "low" by the PUC. 

Identify any documents which would support your respective answer. [Applicable Finding or 

Condition No.: Findings 57; Conditions 16, 31-38] 

ANSWER: Keystone cannot speak to risks deemed "low" by the PUC. 

INTERROGATORY NO. 66: Provide a list of claims or complaints (of any kind) made 

to the Commission by landowners along the Keystone I pipeline corridor since 2008. Identify 

any documents which would support your respective answer. [Applicable Finding or Condition 

No.: Finding 57; Conditions 49-50] 

OBJECTION AND ANSWER: Assuming that the request is for a list of claims or 

complaints made by landowners along the Keystone Pipeline corridor in eastern South Dakota to 
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the PUC since 2008, this information is publicly available on the PUC website. To the extent 

that the request is for complaints made by landowners along the Keystone XL Pipeline con-idor 

since 2008, the request is vague, overlybroad, unduly burdensome, and seeks discovery of 

information that is not relevant and not likely to lead to the discovery of admissible evidence 

under SDCL 15-6-26(b). All complaints reported to the liaison by the SDPUC are documented 

by the liaison and reported quarterly. These reports are available at: 

https://puc.sd.gov/dockets/hydrocarbonpipeline/2009/publicliaisonreports.aspx. Without 

waiving the objection, attached as Keystone 0785-1115 are documents related to landowner 

complaints or concerns regarding damages resulting from Keystone XL's use of the easement, 

which is within the scope of Amended Pen11it Condition 49. 

INTERROGATORY NO. 67: Identify the latest version of the Unanticipated Discovery 

Plan, including any prior drafts. [Applicable Finding or Condition No.: Finding 58; Condition 

43] 

ANSWER: The Unanticipated Discovery Plan can be found within the Programmatic 

Agreement in Appendix E of the Department of State FSEIS (2014). 

INTERROGATORY NO. 68. Explain why TransCanada has sought a special permit 

from the PHMSA for authorization "to design, construct, and operate the Project up to 80% of 

the steel pipe specified minimum yield strength at most locations." 

A. Identify and describe all spills/leaks from TransCanada pipeline operations since 2009 in 

Canada which have involved a "0.8 design factor" and therefore involving use of steel pipe up to 

80% of the specified minimum yield strength. 

B. Identify documents upon which your answers are based. 
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[Applicable Finding or Condition No.: Findings 60-61] 

ANSWER: Keystone is no longer seeking a special permit from PHMSA. 

A. There are cun-ently no TransCanada crude oil pipelines operating at 0.8 design factor in 

Canada. 

B. Keystone's decision to withdraw its special permit request is explained in a Media 

Advisory dated August 5, 2010, attached as Keystone 0647-0649. 

INTERROGATORY NO. 69: Explain why it is expected that any special permit issued 

by PHMSA would exclude pipeline segments in High Consequence Areas (HCAs). 

A. Describe the potential risks of using pipeline segments with a design factor of 0.80 rather 

than 0.72, as required by 49 CFR § 195.106. 

B. Identify documents upon which your answers are based. 

[Applicable Finding or Condition No.: Findings 60-62] 

ANSWER: Keystone has withdrawn its request for a Special Permit. Hypothetically, 

if Keystone were to reapply for a Special Permit, it is reasonable to anticipate that such a Pe1mit 

would exclude pipeline segments in HCAs since the Special Permit for the original Keystone 

Pipeline excluded such areas. 

INTERROGATORY NO. 70: Explain how application of the "0.8 design factor and API 

5L PSL2 X70 high-strength steel pipe" with thinner walls would "provide a level of safety equal 

to or greater than that which would be provided if the pipeline were operated under the otherwise 

applicable regulations." [Applicable Finding or Condition No.: Finding 63] 

OBJECTION: This request seeks information that is beyond the scope of the PUC's 

jurisdiction and Keystone's burden of proof under SDCL 49-41B-27. The issue is within the 
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exclusive jurisdiction of PHMSA. Keystone has withdrawn its application for a special permit. 

Without waiving the objection, on August 5 2010, TransCanada withdrew its application to the 

Pipeline Hazardous Materials and Safety Administration (PHMSA) for a special pe1mit to 

design, construct and operate the pipeline at a 0.8 design factor and adopted the 57 additional 

safety measures that would have been required under the PHMSA special permit. 

INTERROGATORY NO. 71: With regard to over-pressure events: 

A. What are the potential causes of over-pressurization? 

B. Describe the failures of the SCADA system that could cause a full rupture of the KXL 

Pipeline; 

C. Describe TransCanada's maintenance and operational protocols and system redundancies 

that are intended to prevent failure of the SCADA system; 

D. Describe the ability of the SCADA system to detect leaks in the Keystone I pipeline from 

2008 through today; 

E. Describe improvements in SCADA technology since 2010; 

F. Describe actions TransCanada has taken to prevent a cyber-attack on the SCADA 

monitoring system; 

G. Identify documents upon which your answers are based. 

[Applicable Finding or Condition No.: Finding 72, 92-94; Conditions 31-38] 

ANSWER: 

A. There are two main causes of over-pressurization in pipelines: static pressure, and 

dynamic pressure. Static pressure excursions can occur during steady-state operation due to 

differences in elevation along the pipeline. In a static pressure excursion situation, it is possible 
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to see pressures in excess of the pipeline's MOP at points oflow elevation along the line. 

Dynamic pressure excursions result from a disturbance which causes a change in fluid velocity. 

Disturbances can result from events such as valve closure and pump shutdowns. Automated and 

independent pressure control and overpressure protection systems are designed to protect against 

static and dynamic overpressure. 

B. Potential threats contributing to releases from small to large volumes are described within 

section 3.13.3.10 of the FSEIS. Equipment malfunctions including those of SCADA 

components are addressed within this section. Associated tlu·eats have been addressed through 

the following: 

• Design practices including system fail safe functionality, key component and power 

supply redundancy (including key pressure and level sensors). 

• Functional validation of systems including factory and site acceptance testing as well as 

comprehensive point to point verification between SCADA and associated field devices. 

C. TransCanada has a dedicated team to provide operational support for its SCAD A 

systems. The team provides 7x24 on-call SCAD A suppmi, primarily to the Oil Control Center. 

Additionally, automated monitoring systems alert the SCADA team in the event that a SCADA 

system requires maintenance. The support team ensures that routine maintenance is performed 

on the SCADA systems, as required. Non-routine maintenance is managed through a risk-based 

integrity management process. The design of the Keystone XL SCADA system includes, at a 

minimum, dual redundant components at both the primary and backup Oil Control Centers. 
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D. TransCanada utilizes a state of the art Computational Pipeline Monitoring (CPM) leak 

detection system capable of identifying leaks down to the size of 1.5 to 2.0% of pipeline flow 

rate within a 2-hour window. 

TransCanada has maintained the CPM to meet or exceed this level of leak detection sensitivity 

since the beginning of operations. The Keystone pipeline is monitored 24/7 by a dedicated Leak 

Detection controller within the Oil Control Center who is trained to identify and to respond to 

emerging events. 

E. TransCanada actively funds and participates with Industry in the evaluation and 

development of leak detection technologies to augment our current systems. Examples of 

this effort include: 

1. New Generation of Rarefaction Wave Leak Detection 

This technology utilizes negative pressure waves generated to detect the onset of a leak. These 
waves travel from the origination point down both directions of the pipeline through the pipeline 
fluid at the speed of sound of the fluid medium and attenuate over distance as they travel. 
Dynamic pressure sensors installed at facilities with power and communication accesses (pump 
stations, mainline valves, etc.) can then measure these pulsations and detect the start of a leak 
and locate the leak by calculating the difference of arrival time of the pulsations at the two ends 
of the pipeline section. 

2. In Line Inspection Leak Detection 

An acoustic In Line Inspection (ILI) tool that is launched and received on a periodic basis like 
any other In Line Inspection (ILI) tool and is propelled by the commodity in the line. This 
technology claims to be able to detect leaks smaller than the current threshold of CPM systems; 
however, detection only occurs as the tool passes the leak location and is therefore not a 
continuous real time monitoring system. 

3. Infrared thermal camera for facilities 

The camera based leak detection technology functions by employing Infrared and color video 
cameras to detect temperature differences between objects of interest and the smTounding 
environment. Software analytics then attempt to determine whether the detection constitutes a 
leak or an environmental transient such as a wild animal, weather or other event (snow, rain, 
etc.). In the event of a detected leak, confirmation can be obtained through color cameras and 
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real time notifications would be sent the Control Center and/or control room as pre-specified. 
This technology is still its infancy. 

4. Aerial or Ground Patrol Leak Detection 

This is a transportable leak detection technology designed for aerial or ground. This technology 
takes advantage of the difference of light absorption rates between the atmosphere and 
hydrocarbon vapors to detect hydrocarbon leak. Performance depends on the selected spectrum 
band, visible or non-visible, and the analysis algorithm vendors choose. 

5. Cable Based External Leak Detection Systems 

Cable based leak detection systems are buried along the pipeline to provide external means of 
leak detection. Different cable based technologies apply different physical principles to detect 
phenomena accompanying a leak as temperature change (DTS), leakage caused sound and 
vibration (DAS), and existence of hydrocarbon liquid (HSC) or hydrocarbon vapor molecules 
(VST) outside the pipe. These can be used as independent means of detection outside of the 
mass balance CPM systems. Despite its long history of use for leak detection at oil and gas 
facilities and pipeline security, application for leak detection on long-haul transmission pipelines 
is a recent emerging development. 

Some of the above technologies are in a state of development, while others are commercially 

available today yet their practical application to long haul transmission pipelines such as 

Keystone XL has not been established. As part of our commitment to safety, TransCanada 

continues to evaluate these new and evolving leak detection technologies to potentially augment 

the best in class leak detection capabilities of our current system and for potential 

implementation on new pipelines including Keystone XL. 

F. Consistent with industry practice, TransCanada does not publicly disclose the details of the 

security systems it has in place. We believe that it is not prudent to make this information public 

because of the likelihood that it will assist, and, potentially encourage, attackers. 

INTERROGATORY NO. 72: Describe how TransCanada will report its full 

compliance with the CMR to the Commission, so that the Commission can confirm that 

TransCanada will minimize impacts on cultivated lands, grasslands, wetlands, streams, and 
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waterways? Identify documents upon which your answers are based. [Applicable Finding or 

Condition No.: Finding 73] 

ANSWER: Keystone will submit quarterly progress rep01is to the Commission that 

summarize the status of construction and environmental control activities as directed by 

Amended Permit Condition #8. Keystone has incorporated environmental inspectors into its 

CMR Plan Rev4 and will obtain follow-up information rep01is from such inspections upon the 

completion of each construction spread to help ensure compliance the CMR Plan Rev4 to the 

Commission as directed by Amended Permit Condition #14. 

INTERROGATORY NO. 73: Describe the status ofTransCanada's training of each of 

local first responders along the proposed route of the KXL Pipeline. 

A. Identify each first responder entity along the Keystone I pipeline routes for which 

TransCanada has provided training and describe this training; 

B. Describe how the training for the Keystone XL Pipeline will differ from the training 

provided for the Keystone I pipeline; 

C. Identify documents upon which your answers are based. 

[Applicable Finding or Condition No.: Finding 100; Conditions 10, 15] 

ANSWER: Emergency response training is addressed in detail at Appendix D of the 

Keystone Pipeline System Emergency Response Plan attached as Appendix I of the State 

Department January 2014 Final Supplemental EIS. 

See http ://keystonepipeline-xl. state. gov I documents/ organization/221231. pdf 

Specific training for Keystone XL has not yet been established but will be similar to that 

described in the Keystone ERP above. 
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INTERROGATORY NO. 74: Do you admit that ground movement can cause abnormal 

movement of the proposed KXL pipeline? 

A. Describe incidents where ground movement has resulted in abnormal movement of the 

Keystone I or other pipeline similar to the proposed KXL Pipeline; 

B. Identify documents upon which your answers are based. 

[Applicable Finding or Condition No.: Finding 101; Conditions 31-38] 

ANSWER: Because there are no areas of high ground movement potential along the 

Keystone XL route in South Dakota, Keystone does not expect any incidents of ground 

movement. There have been no incidents of ground movement resulting in abnormal movement 

of the Keystone I pipeline. 

INTERROGATORY NO. 75: Since 49 CFR Part 195 would require TransCanada 

Keystone to conduct an "internal inspection" of any pipe section(s) potentially moved by 

abnormal ground movement, describe the timeframe within which an inspection would take 

place considering the time required to transport personnel and equipment from their staging area 

to the most distant segment of the KXL Pipeline in South Dakota, and the time required to notify 

and mobilize inspectors to their staging area. Identify documents upon which your answers are 

based. [Applicable Finding or Condition No.: Finding 101; Conditions 31-38] 

ANSWER: It would take between one and two weeks to mobilize and conduct an 

internal inspection. 

INTERROGATORY NO. 76: Identify the location(s) where slope instability poses a 

potential threat of ground movement along the Project route. 
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A. Identify TransCanada' s most current Integrity Management Plan (IMP) showing 

incorporation of locations where slope instability poses a potential threat to the pipeline; 

B. Identify documents upon which your answers are based. 

[Applicable Finding or Condition No.: Finding 79; Conditions 8, 15, 20-21] 

OBJECTION AND ANSWER: To the extent that it seeks infonnation outside South 

Dakota, this request is overlybroad and unduly burdensome and seeks the discovery of 

information that is not relevant and not likely to lead to the discovery of admissible evidence 

under SDCL 15-6-26(b). In addition, the request for the Integrity Management Plan is beyond 

the scope of the PUC's jurisdiction and Keystone's burden under SDCL § 49-41B-27. This 

request also seeks information addressing an issue that is governed by federal law and is within 

the exclusive province of the PHMSA. The PU C's jurisdiction over the Integrity Management 

Plan is preempted by federal law. See 49 C.F.R. Part 194; 49 U.S.C. § 60104(c). This request 

further seeks information that is confidential and proprietary. See Amended Final Order, HP 09-

001, Condition if 36. Public disclosure of the Integrity Management Plan would commercially 

disadvantage Keystone. Without waiving the objection, please refer to FSEIS Chapter 3 

Affected Enviromnent, Section 3 .1.2 Environmental Setting, Section 3 .1.2.5 Landslide. Also, 

see Chapter 4 Environmental Consequences, Section 4.1.3.4 Geologic Hazards Landslides. 

INTERROGATORY NO. 77: What is the status of preparation and publication of the 

"public awareness programs" required to be prepared by 49 CFR Part 195? Identify the 

documents upon which your answers are based. [Applicable Finding or Condition No.: Finding 

102; Conditions 1-3, 6-7] 
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ANSWER: Keystone's existing public awareness program will be updated prior to 

KXL pipeline commencing service to incorporate any updated materials. 

INTERROGATORY NO. 78: Describe the status of preparation of different construction 

and reclamation techniques for the variety of geological for differing soils conditions, slopes, 

vegetation and land use along the pipeline route, in consultation with the National Resource 

Conservation Service, construction/reclamation unit. Identify documents upon which your 

answers are based. [Applicable Finding or Condition No.: Finding 80; Conditions 15-16] 

ANSWER: The preparation of different construction and reclamation techniques for 

the variety of geological for differing soils conditions, slopes, vegetation and land use along the 

pipeline route, in consultation with the National Resource Conservation Service, 

construction/reclamation unit has been completed. The 2013 Construction/Reclamation Unit 

Specifications contains this infonnation and are found in Appendix R of the Department of State 

FSEIS (2014). 

INTERROGATORY NO. 79: With regard to the inspectors that TransCanada will have 

"on a construction spread" during construction: 

A. What is the number of inspectors to be onsite; 

B. What is the number of such inspectors who will be "environmental inspectors;" 

C. Describe the minimum qualifications for such environmental inspectors; 

D. What is the distance of each construction spread that an individual environmental 

inspector will be responsible for monitoring on any given day of construction; 

E. In what manner and how often or under what circumstances will these inspectors submit 

their documentation of their findings to the Commission; 
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F. Identify documents upon which your answers are based. 

[Applicable Finding or Condition No.: Finding 85; Condition 14] 

ANSWER: The final Project construction schedule has not been determined. 

A. The number of inspectors including Environmental Inspectors (Els) and the 

configuration of the Els along the Project route in South Dakota will not be determined until the 

final Project schedule is detem1ined. 

B. There will be a minimum of one environmental inspector per spread. 

C. The minimum requirements for an environmental inspector will be specified by Keystone 

during the hiring process. 

D. Environmental inspectors are not stationary. They review procedures and activities along 

a spread based upon what work may be occurring on that spread on a given day. They then 

review and report on compliance by moving between the different spread activities that are 

occurring on a given day. 

E. Keystone will submit quarterly progress reports to the Commission that summarize the 

status of construction and environmental control activities as directed by Amended Permit 

Condition #8. Keystone has incorporated environmental inspectors into its CMR Plan Rev4 and 

will obtain follow-up information reports from such inspections upon the completion of each 

construction spread to help ensure compliance the CMR Plan Rev4 to the Commission as 

directed by Amended Permit Condition #14. 

F. The Depaiiment of State FSEIS (2014 ), The Amended Permit Conditions issued by the 

Commission. 
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INTERROGATORY NO. 80: Identify all bonding requirements with which TransCanada 

must comply for construction of the KXL Pipeline. In answering, also state the current bond 

amount under SDCL §49-41B-38 for damage to highways, roads, bridges and other related 

facilities during and after construction. 

A. Describe in detail how figures for perceived repair and reclamation were determined; 

B. Has TransCanada committed itself to pay any costs ofrepair or reclamation above the 

bond amount, should the bond amount prove too low to cover the total cost thereof? 

[Applicable Finding or Condition No.: Finding 88; Condition 23] 

OBJECTION AND RESPONSE: This request is not relevant or likely to lead to the 

discovery of admissible evidence to the extent that it seeks information outside South Dakota. 

Without waiving the objection, the bond requirements for Keystone XL are stated in the June 

2010 Amended Final Order at Condition 23(f). The amount of the bond was proposed by 

Keystone and recommended by staff witness Binder in Docket HP 09-001. 

INTERROGATORY NO. 81: State whether or a bond requirement exists with respect to 

damage to rivers, streams, shallow or surface or deeper aquifers during construction. If so, state 

the bond amount. 

A. Describe in detail how figures for perceived repair and reclamation were determined; 

B. Has TransCanada committed itself to pay any costs ofrepair or reclamation above the 

bond amount, should the bond amount prove too low to cover the total cost thereof? 

[Applicable Finding or Condition No.: Finding 88; Conditions 23, 49] 

ANSWER: The bond requirement referenced in the response to No. 80 above is the 

only bond requirement in South Dakota. 
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INTERROGATORY NO. 82: Describe each proposed location in South Dakota and 

adjacent states of spill response equipment prepositioned to respond to a spill from the KXL 

Pipeline. 

A. For each such location, estimate the time required to mobilize personnel to their assigned 

equipment and the time required for this equipment to travel to the most distant point on the 

pipeline in South Dakota from its storage location, showing the distance travelled and assumed 

speeds; 

B. Identify the documents upon which you relied to answer these questions; 

[Applicable Finding or Condition No.: Finding 98; Conditions 31-38] 

ANSWER: Oil spill response equipment (amounts, types and locations) that are 

owned by TransCanada are listed in Appendix A of the Keystone Emergency Response Plan, 

which was filed as a confidential document with the PUC in HP 07-001. The Keystone ERP will 

be amended to accommodate Keystone XL. PHMSA requires response times as outlined in the 

table below. TransCanada locates equipment and people that are transported by air, land and 

water to ensure that regulatory guidelines are meant. 
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CONTROL 

• Eliminate sources of ignition 

• Isolate the source of the discharge, minimize further flow 

NOTIFY 

• Make internal and external notifications 

• Activate local Company personnel as necessary 

• Activate response contractors and other external resources as necessary 

CONTAIN 

• Begin spill mitigation and response activities 

• Monitor and control the containment and clean-up effort 

• Protect the public and environmental sensitive areas 

* Response resources and personnel available to respond within time specified after discovery of a worst case 
discharge per US DOT 49 CFR Part 194.115 (Keystone ERP. Sec 3.1). 

INTERROGATORY NO. 83: Identify the most recent IMP submitted to the 

Commission and other appropriate agencies, including but not limited to sections in it related to 

HCAs. [Applicable Finding or Condition No.: Finding 102; Conditions 1-2] 

OBJECTION: This request seeks information that is beyond the scope of the PUC's 

jurisdiction and Keystone's burden under SDCL § 49-41B-27. This request also seeks 

information addressing an issue that is governed by federal law and is within the exclusive 

province of PHMSA. The PUC' s jurisdiction over the integrity management plan is preempted 

by federal law. See 49 C.F.R. Part 194; 49 U.S.C. § 60104(c). This request further seeks 
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information that is confidential and proprietary. See Amended Final Order, HP 09-001, 

Condition iJ 36. Public disclosure of the Integrity Management Plan would commercially 

disadvantage Keystone. 

INTERROGATORY NO. 84: Itemize the property tax payments paid by TransCanada 

and its Affiliates to respective South Dakota towns, cities, and counties each year since 2010 for 

the Keystone I pipeline: 

A. Compare TransCanada's property tax estimates for the Base Keystone Pipeline prepared 

prior to its construction to TransCanada' s actual payments and explain any discrepancy; 

B. Identify the documents upon which you relied to answer these questions; 

[Applicable Finding or Condition No.: Finding 23, 102, 108; Conditions] 

ANSWER: Keystone has paid $14,128,224 in property taxes in South Dakota from 

2009 through and including 2013. 2014 real property taxes are due and payable in 2015. 

Keystone paid Beadle County $1, 796, 731; Brookings County $5, 734; Clark County $1,602,403; 

Day County $2,294,723; Hanson County $627,561; Hutchinson County $2,015,399; Kingsbury 

County $955,201; Marshall County $1,533,417; McCook County $568,591; Miner County 

$1,782,412; and Yankton County $1,040,782; 2009 through 2013. The documents on which the 

answer is based are the tax bills rendered by the county treasurer in each county. 

In HP07-0100, the base Keystone Pipeline docket, the company first estimated ad 

valorem on prope1iy taxes spread among host counties in the first year as $6.5 million, then 

amended the estimate to $9 .1 million. Calculations were based.on an "all in" cost of 

construction of approximately $300 million, later amended to $500, million. The estimate 

assumed that the pipeline would be assessed based on its construction cost. The Depaiiment of 
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Revenue chose not to use construction cost as the basis for the assessment. In 2011, the 

legislature changed the way the value of agricultural property was assessed for ad valorem real 

property tax purposes. The change in valuation method has resulted in a substantial increase in 

the assessed value of agricultural property. An increase in the assessed valuation of one category 

of property affects the local need and local contribution calculations under the South Dakota 

school aid formula and affects the way the county, city, township and school levies are spread 

across other categories of prope1iy. A combination of the method of assessment, levies and the 

change in agricultural land valuation assessment methodology explains the difference. 

Documents used for the answer include the tax bills rendered, a summary thereof marked as 

Keystone 0768-0773, and Exhibit TC14 HP07-0100 Docket. 

INTERROGATORY NO. 85: With respect to the jobs you allege will be brought to 

South Dakota by the KXL pipeline project: 

A. State the number, job title, and expected duration of the temporary construction related 

jobs expected; 

i. State what percentage of current South Dakota citizens, as opposed to persons who move 

to South Dakota for a job, are expected to be hired for each job title. 

11. Is there any preference for South Dakota citizens to obtain any or all of these temporary 

jobs? 

m. State the number and percentage of the total construction jobs expected to be filled by 

out-of-state workers. 

B. State the number, type, and expected duration of the permanent jobs expected in South 

Dakota; 
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L State the number of permanent jobs expected to be held by current South Dakota citizens, 

as opposed to someone who moves from out of state to South Dakota to take the job. 

11. Will there any preference for South Dakota citizens to obtain any or all of the permanent 

jobs to be created in South Dakota? 

C. Identify the documents upon which you relied to answer these questions; 

[Applicable Finding or Condition No.: Finding 23, 102, 108; Conditions 1-2] 

ANSWER: 

A. Assuming this question refers to 'average annual jobs' - It is estimated that Project 

construction in South Dakota will support 3,500 jobs across all sectors, of which between 1,038 

and 1,500 jobs will be directly construction-related. The 3,500 jobs supported by construction of 

the Project are considered 'average annual jobs', defined as one position that is filled for one 

year, while the 2,700 to 3,900 temporary construction personnel are expected to be employed for 

the 4- to 8-month seasonal construction period over 1 to 2 years. 

L It is estimated that between 270 and 390 temporary construction positions created 

in South Dakota will be filled by residents of the State. 

11. Jobs are filled based on the availability of qualified persom1el. 

111. It is estimated that between 2,430 and 3,510 temporary construction positions 

created in South Dakota will be filled by non-South Dakota residents. 

B. Approximately 25 permanent employees and 15 temporary contractors will be distributed 

along the proposed pipeline route, including the route in South Dakota. Job duration is 

commensurate with operations of the pipeline and titles will vary. 

1. Jobs are filled based on the availability of qualified persom1el. 

{01815049.1} 83 

 
012572



11. Jobs are filled based on the availability of qualified persom1el. 

C. Section 4.10 of the Final SEIS. 

INTERROGATORY NO. 86: Should there be a worst case discharge or even a 

substantial release of crude oil into farmland and/or water resources and/or an explosion of the 

pipeline near homes or towns with people, explain how the Project will have a "minimal" effect 

on the health, safety, or welfare of its inhabitants. Identify the documents upon which you relied 

to answer these questions. 

[Applicable Finding or Condition No.: Finding 23, 102, 108; Conditions 1,2, 31-36] 

OBJECTION: This request is argumentative and improper in form. It calls for 

speculation and assumes facts not in evidence and is therefore beyond the scope of discovery 

under SDCL § 15-6-26(b). The PUC found in its conclusions oflaw, ii 6, that Keystone met its 

burden of proof on this issue. 

{01815049.l} 84 
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5Tff 
Dated this __ day of February, 2015. 

{01815049.1} 

TRANSCANADA KEYSTONE PIPELINE, LP 
by its agent, TC Oil Pipeline Operations, Inc. 
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OBJECTIONS 

The objections stated to Dakota Rural Action's InteITogatories and Request for 

Production of Documents were made by James E. Moore, one of the attorneys for Applicant 

TransCanada herein, for the reasons and upon the grounds stated therein. 

Dated this 6th day of February, 2015. 

WOODS, FULLER, SHULTZ & SMITH P.C. 

By William Ta~ 
James E. Moore 
Post Office Box 5027 
300 South Phillips A venue, Suite 300 
Sioux Falls, SD 57117-5027 
Phone: (605) 336-3890 
Fax: (605) 339-3357 
Email: Bill.Taylor@woodsfuller.com 
J ames.Moore@woodsfuller.com 
Attorneys for Applicant TransCanada 

CERTIFICATE OF SERVICE 

I hereby certify that on the 6th day of February, 2015, I sent by e-mail transmission, a true 

and correct copy of Keystone's Responses to Dakota Rural Action's First Interrogatories, to the 

following: 

Bruce Ellison 
518 6th Street #6 
Rapid City, SD 57701 
belli4law@aol.com 
Attorney for Dakota Rural Action 

{01815049. l} 

Robin S. Martinez 
Maiiinez Madrigal & Machicao, LLC 
616 West 26th Street 
Kansas City, MO 64108 
robin.martinez@martinezlaw.net 
Attorney for Dakota Rural Action 

One of the attorneys for TransCanada 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

) 
IN THE MATTER OF THE APPLICATION ) 
BY TRANSCANADA KEYSTONE ) 
PIPELINE, LP FOR A PERMIT UNDER THE ) 
SOUTH DAKOTA ENERGY CONVERSION ) 
AND TRANSMISSION FACILITIES ACT TO ) 
CONSTRUCT THE KEYSTONE XL ) 
PROJECT ) 

HP14-001 

KEYSTONE'S SUPPLEMENTAL 
RESPONSES TO DAKOTA RURAL 

ACTION'S FIRST 
INTERROGATORIES TO 

TRANSCANADA KEYSTONE 
PIPELINE, LP 

Applicant TransCanada makes the following supplemental responses to interrogatories 

pursuant to SDCL § 15-6-33, and responses to requests for production of documents pursuant to 

SDCL § 15-6-34(a). These supplemental responses are made within the scope of SDCL 15-6-

26( e) and shall not be deemed continuing nor be supplemented except as required by that rule. 

Applicant objects to definitions and directions in answering the discovery requests to the extent 

that such definitions and directions deviate from the South Dakota Rules of Civil Procedure. 

GENERAL OBJECTION 

Keystone objects to the instructions and definitions contained in Dakota Rural Action's 

First Set of Interrogatories and Requests for Production of Documents to the extent that they are 

inconsistent with the provisions ofSDCL Ch. 15-6. See ARSD 20:10:01:01.02. Keystone's 

answers are based on the requirements of SDCL §§ 15-6-26, 15-6-33, 15-6-34, and 15-6-36. 

{01855251.1} 1 
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INTERROGATORIES 

INTERROGATORY NO. 1. Please identify the person or persons providing each answer 

to an Interrogatory or portion thereof, giving the full name, address of present residence, date of 

birth, business address and occupation. [Applicable Finding or Condition No.: all] 

ANSWER: Given the extremely broad scope volume of more than 800 discovery 

requests received by Keystone in this docket, a range of personnel were involved in answering 

the interrogatories. Keystone will designate the following witnesses with overall responsibility 

for the responsive information as related to the Conditions and proposed changes to the Findings 

of Fact, which are identified in Appendix C to Keystone's Certification Petition: Corey Goulet, 

President, Keystone Projects, 4SO I st Street S.W., Calgary, AB Canada T2P SHI; Steve Marr, 

Manager, Keystone Pipelines & KXL, TransCanada Corporation, Bank of America Center, 700 

Louisiana, Suite 700, Houston, TX 77002; Meera Kothari, P. Eng., 4SO I st Street, S.W., Calgary, 

AB Canada T2P SHI; David Diakow, Vice President, Commercial, Liquids Pipeline, 4SO 1st 

Street S.W., Calgary, AB Canada T2P SHl; Jon Schmidt, Vice President, Environmental & 

Regulatory, exp Energy Services, Inc., 1300 Metropolitan Boulevard, Suite 200, Tallahassee, FL 

32308; Heidi Tillquist, Senior Associate, Stantec Consulting Ltd., 29SO E. Harmony Rd., Suite 

290, Fort Collins, CO 80S28. 

In addition to the witnesses previously identified, Keystone may offer rebuttal testimony 

from Danielle Dracy regarding emergency response; Lou Thompson regarding tribal 

engagement; Steve Klekar regarding tax issues; and Doug Robertson regarding SCAD A and leak 

detection. Resumes for these possible rebuttal witnesses are marked as Keystone 1930-1934. 

{01855251.1} 2 
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Dated this lD_ day of March, 2015. 

TRANSCANADA KEYSTONE PIPELINE, LP 
by its agent, TC Oil Pipeline Operations, Inc. 

BY{}§, 
Jo;epilBr ~ 
ts Director, Authorized Signatory 

1' 
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CERTIFICATE OF SERVICE 

I hereby certify that on the 10th day of March, 2015, I sent by e-mail transmission, a true 

and correct copy of Keystone's Supplemental Responses to Dakota Rural Action's First 

Interrogatories, to the following: 

Bruce Ellison 
518 6th Street #6 
Rapid City, SD 57701 
belli4law(a),aol.com 
Attorney for Dakota Rural Action 

{01855251.1} 

Robin S. Martinez 
Martinez Madrigal & Machicao, LLC 
616 West 26th Street 
Kansas City, MO 64108 
robin.martinez@mruiinezlaw.net 
Attorney for Dakota Rural Action 

One of the ~~ada 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

• 
IN THE MATTER OF THE PETITION • 
OF TRANSCANADA KEYSTONE • STAFF'S RESPONSE TO DAKOTA 
PIPELINE, LP FOR ORDER • RURAL ACTION'S FIRST SET OF 
ACCEPTING CERTIFICATION OF • INTERROGATORIES AND DATA 
PERMIT ISSUED IN DOCKET HP09- • REQUESTS 001 TO CONSTRUCT THE KEYSTONE • 
XL PIPELINE • HP14-001 

• 

COMES NOW, Commission Staff by and through its attorney of record, Kristen N. 

Edwards, and hereby provides the following Response to Dakota Rural Action's First Set of 

Interrogatories and Data Requests ("Response"). For the purpose of this response any reference 

to "dockets" refers to HP09-001 and HP14-001, unless otherwise stated . 

.JP 
Dated this~ day of February, 2015. 

JStellN:EdWllfd;,staffAttomey 
PUC Staff 
500 East Capitol Avenue 
Pierre, SD 57501 
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INTERROGATORIES 

INTERROGATORY NO. 1. Please identify the person or persons providing each answer 
to an Interrogatory or portion thereof, giving the full name, address of present residence, date of 
birth, business address and occupation. [Applicable Finding or Condition No.: all] 

RESPONSE: OBJECTION. Staff objects as to the relevance of the address of present 
residence and date of birth for each person providing each answer. Subject to and without 
waiving its objection, Staff will provide the name, occupation, and business address of the 
persons providing each answer to the Interrogatories. 

Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 

Darren Kearney 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 

Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 

Mary Zanter 
Pipeline Safety Program Manager 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
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INTERROGATORY NO. 2. Prior to answering these interrogatories, have you made due 
and diligent search of all books, records, and papers of the Applicant with the view of eliciting all 
information available in this action? [Applicable Finding or Condition No.: all] 

RESPONSE: Staff has exercised due diligence, however, we will continue to review the 
evidence throughout the certification processes and as new information becomes available. 
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INTERROGATORY NO. 3. Describe the current status of the following permits and 
plans required prior to the start of construction of the KXL Pipeline: 

A. Permits from US Army Corps of Engineers, S.D. Regulatory Office, including under: 

1) §§404/401 of Clean Water Act, for authorization of discharge of fill material 
into waters of the United States including wetlands or other action; 

2) § 10 Rivers and Harbors Act, for authorization of pipeline crossings of navigable 
waters of the United States or other action; 

3) Section 106 of the Natural Historic Preservation Act (NHP A), including 
consultation with potentially impacted Tribes and/or other action; 

B. Permits from U.S. Fish and Wildlife Service, S.D. Ecological Services Field Office, 
including under the Endangered Species Act, Section 7 Consultation, to consider lead 
agency findings of impacts on federal-listed species, to provide a Biological Opinion if 
the Project is likely to adversely affect federally-listed or proposed species or their 
habitats, or other action; 

C. Permits from Farm Service Agency of the Natural Resources Conservation Service, 
including the Crop Reserve Program, for authorization of crossing areas enrolled in the 
Crop Reserve Program, or other action; 

D. Permits from the Pipeline and Hazardous Materials Safety Administration (PHMSA), 
including under 49 CFR Parts 194 and 195, for development of an Integrity 
Management Plan (IMP) and Emergency Response Plan (ERP), or other action; 

E. Permit(s) from or Plan(s) Required to the South Dakota Department of Environment 
and Natural Resources (DE.N'R), including under: 

1) National Pollutant Discharge Elimination System General Permit for 
Discharges of Hydrostatic Test Water, regarding proposed discharge into 
waters of the United States and construction dewatering of waters of the State, 
or other action; 

2) Surface Water Withdrawal Permit, for temporary surface water withdrawal, or 
other action; 

3) SDCL Chapter §34A-18, required submission of an Oil Spill Response Plan or 
Updated Plan to DENR, or other action; 

F. Consultation with SD Game Fish and Parks Department, under State Listed Threatened 
and Endangered Species; 
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G. Any Updated Review and Comment from South Dakota State Historical Society, State 
Preservation Office, under § 106 of the NHP A, on activities regarding jurisdictional 
cultural resources; 

H. Crossing Permits from South Dakota Department of Transportation for crossing State 
highways; 

I. Crossing Permits from County Road Departments for crossing of county roads; 

J. Flood plain, Conditional Use, and building permits where required from County and 
Local Authorities. 

[Applicable Finding or Condition No.: Conditions 1, 2; Findings 12( 1 )-(3 ), 60, 88, 90, 97-99] 

RESPONSE: OBJECTION. This guestion improperly attempts to shift the burden to 
produce permits fro:m the Company to Staff. Subject to and without waiving the objection, Staff 
provides the followmg answer. 

Staff does not have this information, nor is it readily obtainable. The PUC is neither the 
issuer nor the issuee of the permits listed in Interrogatory No. 3. The only information Staff has 
regarding the status of permits is the information provided bY. Kt:ystone in its Quarterly Report. 
Tliis most recent information can be found in Section 5.0 ofihe December 31, 2014 Quarterly 
Report, filed in docket HP09-001. 

As for consultation with SD Game Fish and Parks Department (GF&P), as described in 
subpart F of the interrogatory, Staff does not have this information, but does intend to call a witness 
from GF&P and will continue to work with that witness to gather information. Therefore, no 
additional information, beyond what is available in Docket No. HP09-001 is available at present. 
Staff will supplement this response if necessary in the future. 

In response to subparts Hand I, this information is included in Keystone's Quarterly 
Report,_ whicli th~ PUC has made available online. For current information, see the most recent 
quarterly report filed in HP09-001 
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INTERROGATORY NO. 4. Do you agree that diluted bitumen spills require different 
spill response techniques and different equipment types and amounts as compared to (a) a spill of 
conventional crude oil and (b) a spill of Williston Basin light crude oil? Please explain your 
answer and list any scientific study(ies) providing the basis for your answer. [Applicable Finding 
or Condition No.: Amended Condition 31-42} 

RESPONSE: OBJECTION. The question calls for a legal conclusion. Subject to and 
without waiving the objection, Staff provides the following answer. 

. . Staff qoys not have an opinion at this time but will continue to work with its experts to 
mvestlgate this issue. 

 
013412



INTERROGATORY NO. 5. Do you agree that diluted bitumen is heavier than 
conventional crude and results in greater expenses to remediate leaks or spills? Please explain 
your answer and identify any known scientific study(ies) providing the basis for your answer. 
[Applicable Finding or Condition No.: Amended Condition 31-421] 

RESPONSE: OBJECTION. This question improperly attempts to shift the burden 
concerning whether the project continues to meet the conditions upon which the permit was 
granted from the Company to Staff. Subject to and without waiving the objection, Staff provides 
the followmg answer. 

Staff does not have an opinion at this time but will continue to work with its experts to 
investigate this issue. 
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INTERROGATORY NO. 6. Do you agree that soil and rocks that are contaminated by 
oil spills cannot be cleaned but instead must be removed and disposed of in hazardous waste 
facilities? Please explain your answer and list any scientific study(ies) providing the basis for your 
answer. 

A. If so, do you agree that reclamation efforts for oil spills of the magnitude of the worst 
case discharge amount for the Keystone XL Pipeline fail to recover 100% of the oil 
contaminating the ground? 

B. Identify the Documents created by or on your behalf which would show the basis for 
your answer to this Interrogatory. 

[Applicable Finding or Condition No.: Amended Condition 32-38] 

RESPONSE: OBJECTION. This question improperly attempts to shift the burden 
concerning whether the project continues to meet the conditions upon which the permit was 
granted from the Company to Staff. Subject to and without waiving the objection, Staff provides 
the following answer. 

Staff does not have an opinion at this time but will continue to work with its experts to 
review this issue. 
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INTERROGATORY NO. 7. Describe how the PUC Staff plans to monitor compliance 
of TransCanada with all conditions imposed by the PUC, together with all applicable laws, and 
regulations: 

A During construction; 
B. During proposed operation; 

[Applicable Finding or Condition No.: Amended Condition l; Finding 73] 

RESPONSE: As per the Amended Final Decision and Order in HP09-001, Keystone must 
provide quarterly reports to the Commission. In addition, the Commission has a formal complaint 
process available to anypers.on who has a grievance against the company. Staff will also be 
reviewing compliance filings and following up with any issues we find. 
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INTERROGATORY NO. 8. Does the PUC Staff have inspectors who will monitor on
site construction of the KXL pipeline? 

A. State the number of inspectors; 
B. Describe the expertise of each of these inspectors in relevant fields regarding 

crude oil pipeline construction and operation; 
C. Describe how often and what type of inspectors will be on-site: 

i. During construction of the KXL Pipeline; 
ii. During operation of the KXL Pipeline. 

[Applicable Finding or Condition No.: Amended Condition l; Finding 73] 

RESPONSE: No. Keystone XL would operate as an interstate pipeline and would, 
therefore, be under federal jurisdiction for purposes of inspection. The authority to grant siting 
permits is the sole authority of the PUC with n:giect to interstate pipelines. Please refer to page 4 
of the prefiled testimony of William Walsh in HP09-001. 
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INTERROGATORY NO. 9. State whether or not the PUC Staff monitors or tracks 
spill/leak incidents involving operations of TransCanada and its Affiliates: 

A. Within South Dakota? 

B. Outside South Dakota? 
i. Within the United States; 

ii. Within Canada; 

C. To the extend PUC Staff monitors or tracks any of the foregoing, describe the 
monitoring and tracking procedures engaged in and identify any documents regarding 
monitoring or tracking procedures, processes or instructions. 

[Applicable Finding or Condition No.: Amended Condition I; Finding 73] 

RESPONSE: The PUC does not monitor or track spill/leak incidents involvin,g operations 
of TransCanada and its Affiliates within or outside of South Dakota. This task is withm tfie 
.iurisdiction of the federal government. Staff suggests contacting either the company itself or the 
South Dakota Department of Environment and l'fatural Resources. 
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INTERROGATORY NO. 10. For each incident since January 1, 2010 in which any 
pipeline transporting crude oil constructed by TransCanada and its Affiliates in South Dakota 
leaked or spilled pipeline contents, the: 

A. Date; 

B. Location: 

C. Amount of materials leaked or spilled; 

D. Actions taken by the PUC to prevent re-occurrence which did not involve 
design or construction procedure changes in pipeline material composition or 
dimensions, or construction procedures for use in the pipeline which suffered 
the incident. 

E. Actions taken to prevent re-occurrence which involved design or construction 
procedure changes in pipeline material composition or dimensions, or 
construction procedures for use in construction of the proposed KXL Pipeline; 

F. Identify and produce the documents which support your answers, above, 
including any incident reports. 

[Applicable Finding or Condition No.: Findings 12(2)-(3), 41-45, 47, 103; Amended Condition 
32-38] 

RESPONSE: OBJECTION. This question attempts to shift the regulatory burden from 
the federal goverument and the South Dakota Department of Environment Natural Resources 
(DENR) to !he PUC. Subject to and without waiving the objection, Staff provides the following 
answer. 

Because TransCanada reports to the federal goverument, specifically to agencies such as the 
Pipeline and Hazardous Materials Safety Administration, Staff does not have this information. 
Staff suggests contacting either the company itself or DENR. This information may also be 
accessible through DENR's website (http://aTcgis.sd.gov/server/denr/spillsviewer/ ). However, 
PUC Staff carmot vouch for the accuracy of the information on DENR's website. 
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INTERROGATORY NO. 11: Identify all other crude oil pipeline operations of 
TransCanada and its Affiliates in South Dakota which, since 2009, have or are operating al a 
maximum operating pressure (MOP) of equal to or greater than 1,440 psig generally and/or 1,600 
psig MOP for specific low elevation segments of pipeline with the same design factor and pipe 
wall thickness as described in Finding 19, close to the discharge of pump stations: 

A. For each such pipeline which subsequently developed a leak or spill, regardless of the 
psig MOP the pipeline was operating at the time, giving date, location, amount 
spilled/leaked, psig MOP at which pipeline was operating at the time, and describe the 
amount and nature of damage caused by such a leak or spill; 

B. Identify any documents upon which your answers to these Interrogatories were based; 

[Applicable Finding or Condition No.: Findings 19, 28] 

RESPONSE: The Keystone Pipeline in eastern South Dakota is the only crude oil pipeline 
operated by TransCanada and its Affiliates in South Dakota of which Staff has knowledge. The 
PUC sited this pipeline in Docket HP07-001. For information on leaks and spills on this pipeline, 
see Staff's answer to Interrogatory No. 10. 
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INTERROGATORY NO. 12: For each spill/leak incident which has occurred from a 
pipeline transporting Western Canadian Sedimentary Basin (WCSB) crude oil operated by 
TransCanada and its Affiliates since 2009 in South Dakota, state the dates on which transportation 
of the crude oil through that pipeline was disrupted by planned maintenance, unplanned 
maintenance, power outages, spills, leaks, or any other causes. Identify any documents upon which 
your answers to this Interrogatory was based. [Applicable Finding or Condition No.: Finding 28] 

RESPONSE: OBJECTION. This question attempts to shift the regulatory burden from 
the federal government to the state. Subject to and without waiving the objection, Staff provides 
the following answer. 

Because this information is not reported to the PUC, Staff does not have this information. 
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INTERROGATORY NO. 13: Explain why TransCanada has reduced the maximum 
operating pressure of the KXL pipeline at most locations to 1,307 psig; 

A. State whether the PUC Staff has received information or a commitment from 
TransCanada about any future plans to subsequently increase this general operating 
pressure; 

B. If your answer to subpart A of this interrogatory is yes, what is the subsequent 
maximum operating pressure being contemplated for general use during pipeline 
operations? 

C. Explain the PUC Staff's understanding of why TransCanada wants to construct the 
KXL pipeline pump stations with pumps of sufficient capacity to meet the maximum 
design flow rate of 830,000 bpd. 

[Applicable Finding or Condition No.: Conditions 31-38; Findings 19, 20] 

RESPONSE: OBJECTION. This question improperly attempts to shift the burden 
concerning whether the project continues to meet the conditions upon which the permit was 
granted from the Company to Staff. Subject to and without waiving the objection, Staff provides 
the following answer. 

This is information that Staff has requested of TransCanada in the discovery process. If 
necessary, Staff will supplement its response to this interrogatory as more information becomes 
available. 
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INTERROGATORY NO. 14: With regard to the plan for mainline valves to be remotely 
controlled, what guarantee has been received from TransCanada that it is capable of preventing 
any cyber-security attack on the control system? 

A. Describe the worst case scenario which could occur in the event of a computer systems 
security breach on the control system for the KXL Pipeline. 

B. Describe the data security systems TransCanada has indicated to the PUC Staff that it 
has or plans to be put in place to prevent any such system breach, identify any third
party vendor(s) providing system security software, hardware or monitoring, and 
identify the particular components or scopes of services such vendors will provide. 

C. Identify any documents used to support your answer to this Interrogatory. 

[Applicable Finding or Condition No.: Conditions 31-38; Finding 20] 

RESPONSE: At this time, Staff does not have the information to answer this question but will 
continue to investigate this issue throughout the discovery process. 
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INTERROGATORY NO. 15: Provide the dates on which pipe segments to be used in 
South Dakota were delivered to storage location in South Dakota or adjacent states and state 
whether the PUC Staff has or plans to independently inspect the integrity of the stockpiled pipe 
lengths. If PUC Staff is planning to conduct inspections, describe how those inspections would 
occur and what factors or information would be reviewed during the course of such inspections. 

A Identify any documents which would support your answers. 

[Applicable Finding or Condition No.: Finding 18] 

RESPONSE: OBJECTION. The question is argumentative, as it requires the adoption of 
the assumption that pipe segments have, in fact, been delivered to South Dakota. Subject to and 
without waiving its objection, Staff provides the following answer. 

Staff has no knowledge of pipeline segments being delivered to South Dakota for use on the 
Keystone XL Pipeline. However, federal regulations do provide for how pipe must be stored, and 
TransCanada must comply with those regulations. 

 
013423



INTERROGATORY NO. 16: State whether any power lines have been permitted and 
constructed to provide power to pump stations by local power providers; 

A. Identify each such power line; 

B. If any State or Tribal permit or other authorization 1s required for any planned 
construction of power lines to pump stations: 

i. Identify the permits which have been obtained, together with date permit granted; 
ii. Identify permits which have not yet been obtained; 
iii. Identify which permits have been applied for and are pending. 

C. Identify any documents which would support your answers to this interrogatory. 

[Applicable Finding or Condition No.: Finding 20; Amended Condition l] 

RESPONSE: No permits have been sought from the PUC for power lines in connection with the 
Keystone XL pipeline at this time. It is Staff's understanding that Bas in Electric Power 
Cooperative will need to file for a permit to construct a proposed 230-kV transmission line from 
Big Bend substation to Witten substation. This project is discussed in the Department of State's 
Final Supplemental Environmental Impact Statement and the Environmental Assessment prepared 
specifically for the transmission line project. 
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INTERROGATORY NO. 17: List the changes in the KXL Project route since 2010 and 
identify any documents which would support your answers. [Applicable Finding or Condition No.: 
Finding 33] 

RESPONSE: Staff has sought this information from TransCanada in a discovery request. We do 

not have this information at this time. 
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INTERROGATORY NO. 18: Identify paleontological studies within the Upper 
Cretaceous or Tertiary strata of which you have knowledge were conducted after 2009 in the 
proximate location of the currently proposed KXL pipeline route and identify any documents 
which would support your answers. [Applicable Finding or Condition No.: Findings 34, 36; 
Conditions 43, 44] 

RESPONSE: OBJECTION. The interrogatory attempts to illicit an answer that would incorrectly 
have the burden of proof concerning environmental issues to Staff. It is the Company's burden to 
provide this information. 

At this time Staff only has knowledge of certain paleontolo~ical studies conducted after 2009 that 
were completed in oruer to 11repare !he Der,artment of State s Final Supplemental Environmental 
Impact Statement (FSEIS). Descriptions of the studies performed are mcluded in section 3.1.2.3 of 
the FSEIS. 
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INTERROGATORY NO. 19: Identify Section 106 type "cultural resource" studies of 
which you have knowledge that were conducted after 2009 in the proximate location of the 
currently proposed KXL pipeline route and identify any documents which would support your 
answers. [Applicable Finding or Condition No.: Conditions 43, 44] 

RESPONSE: At this time, Staff has knowledge of certain cultural resource studies conducted 
after 2009 that were completed in order to prepare the Department of State's Final Supplemental 
Environmental Impact Statement (FSEIS). Descriptions of the studies performed are mcluded in 
section 3.11.3.3 ofFSEIS. 

 
013427



INTERROGATORY NO. 20: TransCanada is to identify the exact locations of active, 
shut-in, and abandoned wells and any associated underground pipelines in the construction ROW. 
What is the status of such identification procedures? 

A. How long does TransCanada expect such an identification process will take before the 
Company would be willing to assure the PUC that all such wells and pipelines have 
been identified; 

B. Has TransCanada communicated to the PUC Staff how long it expects such an 
identification process will take before TransCanada would be willing to assure the PUC 
that all such wells and pipelines have been identified; 

C. How does the PUC Staff intend to ensure compliance by TransCanada with regulations, 
laws and PUC conditions, in order to protect water resources from contamination? 

D. Identify any documents which would support your answers. 

[Applicable Finding or Condition No.: Conditions 15, 16, 21, 22, 42] 

RESPONSE: OBJECTION. The interrogatory attempts to illicit an answer that would incorrectly 
have the burden of proof concerning environmental issues to Staff. It is the Company's burden to 
provide this information. 
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INTERROGATORY NO. 21. Describe the worst case scenario for landowners of a spill 
from the proposed pipeline onto only land, as well as other risks deemed "low" by the PUC. 
Identify any documents which would support your respective answer. [Applicable Finding or 
Condition No.: Findings 57; Conditions 16, 31-38] 

RESPONSE: OBJECTION. This question improperly attempts to shift the burden 
concerning whether the project continues to meet the conditions upon which the permit was 
granted from the Company to Staff. Subject to and without waiving the objection, Staff provides 
fhe following answer. 

Staff has requested that TransCanada update that information. 
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INTERROGATORY NO. 22. Provide a list of claims or complaints (of any kind) made 
to the Commission by landowners along the existing Keystone I pipeline corridor since 2008. 
Identify any documents which would support your respective answer. [Applicable Finding or 
Condition No.: Finding 57; Conditions 49-50} 

RESPONSE: There have been no formal complaints to the PUC, however, landowner 
concerns were included in the Liaison Annual Report filed in Docket No. HP09-001. See Section 5 

of the most recent Liaison Annual Report. 
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INTERROGATORY NO. 23. What is the understanding of PUC Staff as to why 
TransCanada has sought a special permit from the PHMSA for authorization "to design, construct, 
and operate the Project up to 80% of the steel pipe specified minimum yield strength at most 
locations." 

A. Identify and describe all spills/leaks from TransCanada (or its Affiliates) pipeline 
operations since 2009 in South Dakota which have involved a "0.8 design factor" and 
therefore involving use of steel pipe up to 80% of the specified minimum yield strength. 

B. Identify documents upon which your answers are based. 

[Applicable Finding or Condition No.: Findings 60-61] 

RESPONSE: TransCanada is no longer seeking a special permit. TransCanada now seeks to 
operate at 70% of SMYS. 
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INTERROGATORY NO. 24. Explain the PUC's understanding of how application of 
the "0.8 design factor and API SL PSL2 X70 high-strength steel pipe" with thinner walls would 
"provide a level of safety equal to or greater than that which would be provided if the pipeline 
were operated under the otherwise applicable regulations." [Applicable Finding or Condition No.: 
Finding 63] 

RESPONSE: This is no longer relevant, as TransCanada is no longer seeking a special permit. 

:=----
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INTERROGATORY NO. 25. Describe how the PUC Staff plans to ensure that 
TransCanada will thoroughly implement procedures in the CMR to minimize impacts on cultivated 
lands, grasslands, wetlands, streams, and waterways? Identify documents upon which your 
answers are based. [Applicable Finding or Condition No.: Finding 73] 

RESPONSE: There are three methods identified in the Amended Final Decision and Order; 

Notice of Entry that will ensure TransCanada fully and thoroughly implements the CMR. These 

methods include self-monitoring by TransCanada, self-reporting by TransCanada, and the 
Commission's formal complaint process. 

First, TransCanada will self-monitor the implementation of the CMR through the use of 

Environmental Inspectors on each construction spread. (Condition 14 and Section 2.2 of the CMR). 
The Environmental Inspector has the authority, subject to approval from the Chief Environmental 
Inspector, to stop work and order corrective action if activities violate the CMR. (Section 2.2 of 
CMR). 

Second, TransCanada is required to submit quarterly reports to the Commission until reclamation is 
complete. According to Condition 8 of the Amended Final Decision and Order; Notice of Entry, 

the quarterly reports must summarize "the status of land acquisition and route finalization, the 
status of construction, the status of environmental control activities, including permitting status 

and Emergency Response Plan and Integrity Management Plan development, the implementation 

of the other measures required by these conditions, and the overall percent of physical completion 
of the project and design changes of a substantive nature." [emphasis added]. PUC Staff expects 
TransCanada to self-report its implementation of the CMR, or any deviations in the implementation 

of the CMR, in the quarterly reports in accordance with Condition 8. Should TransCanada self
report any deviations from the CMR, PUC Staff can follow-up with the company in order to ensure 
proper corrective actions were taken. If issues with CMR implementation remain unresolved, PUC 
Staff can file a formal complaint against TransCanada as discussed in the following paragraph. 

Third, Condition 50 of the Amended Final Decision and Order; Notice of Entry identifies that "the 

Commission's complaint process as set forth in ARSD 20:10:01 shall be available to landowners, 
other persons sustaining or threatened with damage or the consequences of Keystone's failure to 

abide by the conditions of the permit or otherwise having standing to obtain enforcement of the 
conditions of the Order and Permit." Should a landowner or other affected person report to the 
PUC Staff that TransCanada failed to properly implement the CMR, PUC Staff can either bring a 
formal complaint against TransCanada or instruct the affected person on how to file a formal 

complaint. If a complaint is brought before the Commission, the Commission will make its 
decision on how to resolve the matter based on the specific facts presented during the complaint 

proceeding. 
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INTERROGATORY NO. 26. Since 49 CPR Part 195 would require TransCanada 
Keystone to conduct an "internal inspection" of any pipe seclion(s) potentially moved by 
abnormal ground movement, describe the PUC's understanding of the timeframe within which 
an inspection would take place considering the time required to transport personnel and 
equipment from their staging area to the most distant segment of the KXL Pipeline in South 
Dakota, and the time required to notify and mobilize inspectors to their staging area. Identify 
documents upon which your answers are based. 

[Applicable Finding or Condition No.: Finding 101; Conditions 31-38] 

RESPONSE: OBJECTION. This question attempts to shift the regulatory burden from the 
federal government to the state. Subject to and without waiving the objection, Staff provides the 
following answer. 

South Dakota does not have jurisdiction of hazardous liquid lines. Enforcement of 49 
CFR is under federal jurisdiction of PHMSA. 
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INTERROGATORY NO. 27. Identify and produce the most recent IMP submitted to 
the Commission by TransCanada, including but not limited to section in it related to HCAs. 
[Applicable Finding or Condition No.: Finding 102; Conditions 1-2} 

RESPONSE: OBJECTION. This question attempts to shift the regulatory burden from 
the federal government to the state. Subject to and without waiving the objection, Staff provides 
the following answer. 

South Dakota does not have jurisdiction of hazardous liquid lines. Enforcement of the 
IMP and related HCAs is under federal jurisdiction of PHMSA. 
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INTERROGATORY NO. 28. Itemize the property tax payments paid by 
TransCanada and its Affiliates to respective South Dakota towns, cities, and counties each year 
since 2010 for the existing Keystone I pipeline and identify the documents upon which you 
relied to answer these questions; 

[Applicable Finding or Condition No.: Finding 23, 102, 108; Conditions] 

RESPONSE: The PUC does not have access to this information. It is Staff's belief that 
this information is held by the Dept. of Revenue. 
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INTERROGATORY NO. 29. With respect to the jobs TransCanada has alleged it 
will bring to South Dakota by its proposed pipeline project, describe the most current 
information provided by TransCanada: 

A. As to the number, job title, and expected duration of the temporary construction 
related jobs provided, and: 

i. The percentage of South Dakota citizens are expected to be hired for each job 
title. ii. Is there any preference for South Dakota citizens to obtain any or all 
of these 

temporary jobs? 
iii. State the number and percentage of the total construction jobs expected to be 

already be filled by out-of-state workers. 

B. Describe the most recent information provided by TransCanada as to the number, 
type, and expected duration of the permanent jobs expected, and; 

i. State the number of permanent jobs it expects to be held by current South 
Dakota citizens, as opposed to someone who moves from out of state to South 
Dakota to take the job, and; 

ii. Will there any preference for South Dakota citizens to obtain any or all of 
the permanent jobs in South Dakota? 

C. Identify the documents upon which you relied to answer these questions; 

[Applicable Finding or Condition No.: Finding 23, 102, 108; Conditions 1-2] 

RESPONSE: All information the PUC has relevant to this question is posted in Docket No. 
HP09-001 and is available to the public. 
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INTERROGATORY NO. 30. Should there be a worst case discharge or even a 
substantial release of crude oil into farmland and/or water resources and/or an explosion of the 
pipeline near homes or towns with people, would the PUC Staff still have confidence the 
proposed KXL Pipeline Project would have only a "minimal" effect on the health, safety, or 
welfare of its inhabitants. Identify the documents upon which you relied to answer these 
questions. 

[Applicable Finding or Condition No.: Finding 23, 102, 108; Conditions 1,2, 31-36] 

RESPONSE: OBJECTION. Staff objects to this interrogatory as it calls for a legal conclusion. 
Subject to and without waiving its objection, Staff provides the following answer. 

SDCL 49-41B-22 does not require the Commission to conclude that the project would have a 

"minimal" effect on the health, safety, or welfare of the inhabitants. The statute identifies that 
the company must prove the facility will not "substantially" impair the health, safety, or welfare 
of the inhabitants. 
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REQUESTS FOR PRODUCTION 

1. All documents identified or referred to in your Answers to DRA's 

First Interrogatories to you. [Applicable Finding or Condition No.: all] 

a. The December 31, 2014 Quarter! y Report can be accessed at 

http://www.puc.sd.gov/commissionldockets/hydrocarbonpipeline/2009/hp09-

001/quarterlyreport123114.pdf. All Quarterly Reports submitted by Keystone are 

available in Docket HP09-001. 

b. The Department of State's Final Supplemental Environmental Impact Statement, 

which can be accessed at: http://keystonepipeline-xl.state.gov/finalseis/ 

c. The Liaison Annual report, referenced in Staff's answer to Interrogatory No. 22 is 

also available in Docket HP09-001, and can be accessed at 

http:l/www.puc.sd.gov/commission/dockets/HydrocarbonPipeline/2009/HP09-

00111iasomeport2014. pelf. 

cl. U.S. Department of Agriculture Rural Utilities Service's Big Bend to Witten 230-

kv Transmission Project Environmental Assessment, which can be accessed at: 

http:l/www.wapa.gov/ugp!Environment/documents/BigBendtoWitten EA Nov 201 

4 Final.pelf 

2. All documents and correspondence presented to any expert in connection 

with the above-captioned proceedings, or received from any expert, including but not 

limited to emails, letters, engagement documents, resumes, curriculum vitaes, reports, 

analysis, spreadsheets, schedules, and any drafts thereof. [Applicable Finding or Condition 

No.: all] 

a. OBJECTION. Staff objects to the request for all correspondence presented to 
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any expert or received from any expert. All correspondence was conducted by 

Staff's attorney of record and is, therefore, attorney work product. 

b. OBJECTION. Staff objects to the request for production of engagement 

documents as not relevant to the proceedings. Subject to and without waiving its 

objection, staff provides the following subpoenas: 

c. 

d. 

i. Attachment 9, Subpoena of Brian Walsh 

11. Attachment 10, Subpoena of Derric Iles 

m. Attachment 11, Subpoena of Kimberly Mcintosh 

1v. Attachment 12, Subpoena of Paige Olson 

v. Attachment 13, Subpoena of Tom Kirschenmann 

Staff provides the following resumes and curriculum vitae, and will provide the 

same for its other witnesses as they are received: 

i. Attachment 1, Resume of Darren Kearney 

ii. Attachment 2, Resume of Kimberly Mcintosh (not attached, as 

not been received by Staff) 

iii. Attachment 3, Resume of Brian Walsh 

iv. Attachment 4, Resume of Paige Olson 

v. Attachment 5, Resume of Tom Kirschenmann 

vi. Attachment 3, Resume of Daniel Flo 

vii. Attachment 7, Resume of Jenny Hudson (not attached, has not 

been received by Staff) 

viii. Attachment 8, Resume of Derric Iles 

At this time, Staff has not received any reports, analysis, spreadsheets, schedules, 

~ 
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or drafts at this time. 

3. The most recent resume or curriculum vitae of each expert whom you expect 

to call as an expert witness at the hearing before the Commission. [Applicable Finding or 

Condition No.: all] 

See previous answer. 

4. The written reports of experts who are expected to testify on behalf of the 

PUC. [Applicable Finding or Condition No.: all] 

Staff has not received any reports at this time. 

5. All correspondence between TransCanada or its Affiliates and the Commission 

or Commission Staff concerning the Project. [Applicable Finding or Condition No.: all] 

OBJECTION. Staff objects to this request on the grounds of attorney work product. 

All communications between Staff and TransCanada have been conducted by attorneys and are, 

therefore, the subject of attorney work product. Furthermore, Staff operates as a party, separate 

from the Commission and does not have access to or knowledge of Commission 

communications. 

6. All documents concerning a change in routing of the Project between 2010 

and the present date, including but not limited to, any parcel maps showing the precise 

location of the proposed Project through South Dakota. [Applicable Finding or Condition 

No.: Finding 16] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff asserts that it does not 

have this information and this time, but has requested updated maps and information from the 

Company. 
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7. All documents setting forth TransCanada's proposed construction schedule 

for the Project, and all contracts for construction of the proposed Project. [Applicable 

Finding or Condition No.: Finding 17] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. 

8. All documents showing location of power lines for pumping stations 

proposed for the Project, the location of proposed pumping stations and mainline valves 

for the Project in South Dakota, and including, but not limited to all communications 

between TransCanada's or its Affiliates' staff, consultants, advisors, or other parties and 

the PUC concerning location and operation of pumping stations, mainline valves, and the 

proposed conversion of valves to remote control operations. [Applicable Finding or 

Condition No.: Finding 20] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff submits that it does not 

have any relevant information. 

9. All documents describing soil types and conditions along the currently-

proposed Project route through South Dakota. [Applicable Finding or Condition No.: 

Finding33] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

10. All documents describing, discussing, or setting forth plans for the Project 

to cross perennial streams and rivers, intermittent streams, and ephemeral streams in 
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South Dakota, including but not limited to all documents concerning the methodology 

used by TransCanada (and its Affiliates) or its agents in determining construction plans 

for the Project across such waterways. [Applicable Finding or Condition No.: Finding 41] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

11. All documents concerning the reduction iu the length of the proposed 

Project potentially affecting High Consequence Areas. [Applicable Finding or Condition 

No.: Finding 50] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

12. All documents concerning TransCanada's (or its Affiliates') decision to 

withdraw its request to the PHMSA for a special permit referenced in Finding 60. 

[Applicable Finding or Condition No.: Finding 60] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

13. All documents containing information concerning construction/reclamation 

unit mapping referenced in Finding 80, including but not limited to the 

construction/reclamation unit mapping. [Applicable Finding or Condition No.: Finding 80] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 
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have any information supplementary to what has been made publicly available in the dockets. 

14. All documents, including but not limited to forecasts and projections of tax 

revenue accruing to the State of South Dakota should construction and operation of the 

Project commence, together with all documents reflecting payments to towns, cities, 

counties in South Dakota since 2008 along the operating portions of the original 

Keystone I pipeline. [Applicable Finding or Condition No.: Finding 107] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

15. All documents submitted to the PUC by TransCanada evidencing 

TransCanada's or its Affiliates' compliance efforts with applicable laws and regulations 

related to construction and operation of the Project. [Applicable Finding or Condition No.: 

Condition 1] 

See Quarterly Reports available in HP09-001. Staff has no additional documentation. 

Every document submitted by TransCanada is made publicly available in the appropriate 

docket. 

16. All documents submitted to the PUC by TransCanada concerning 

TransCanada's or its Affiliates' efforts to obtain and comply with applicable permitting 

referenced in Condition 2, including but not limited to copies of any permits obtained. 

[Applicable Finding or Condition No.: Condition 2] 

See Quarter! y Reports available in HP09-001. Staff has no additional documentation. 

Every document submitted by TransCanada is made publicly available in the appropriate 

docket. 
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17. All documents submitted by TransCanada to the PUC concerning 

TransCanada's or its Affiliates' compliance with the recommendations set forth the 

DOS's Final Environmental Impact Statement, including but not limited to documents 

discussing or concerning compliance with Section 106 of the National Historic 

Preservation Act. [Applicable Finding or Condition No.: Condition 3] 

See Quarterly Reports available in HP09-001. Staff has no additional documentation. 

Every document submitted by TransCanada is made publicly available in the appropriate 

docket. 

18. All documents submitted by TransCanada to the PUC concerning or 

discussing proposed adjustments or deviations in the route of the Project, including but 

not limited to copies of notices to affected land owners. [Applicable Finding or Condition 

No.: Condition 6] 

See Quarterly Reports available in HP09-001. Staff has no additional documentation. 

Every document submitted by TransCanada is made publicly available in t.lie appropriate 

docket. 

19. All documents submitted by TransCanada to the PUC concerning the 

appointment of a public liaison officer by TransCanada for the Project, and all 

documents containing information regarding communications between the public liaison 

officer and landowners affected by the Project. [Applicable Finding or Condition No.: 

Condition 7] 

See Motion for Approval of Public Liaison Officer in docket HP09-001, 

http://www. puc. sd. gov I commission/dockets/h yc!rocarbonpipel ine/2009/hp09-00 l /04 2710. pdf; 

Letter from Jerry Roitsch regarding the Liaison's Role, 
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http://www.puc.sd.gov/ com miss ion/ dockets/hydrocarbonp ipeline/2009/h p09-001/050410. pdf; 

and all Liaison Annual Reports submitted in docket HP09-001. 

20. All documents containing information with respect to contacts or 

communications with state, county and municipal emergency response, law enforcement 

and highway, road and other infrastructure management agencies regarding the Project. 

[Applicable Finding or Condition No.: Condition 10] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets, 

see Quarter! y Reports available in Docket HP09-001. 

21. All documents containing information concerning TransCanada's or its 

Affiliates' efforts to comply with mitigation measures set forth in the Construction 

Mitigation and Reclamation Plan submitted to the Commission, regarding the KXL 

Pipeline and the existing Keystone I pipeline. [Applicable Finding or Condition No.: 

Condition 13] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

22. All documents containing information regarding consultations, including 

but not limited to communications, with Natural Resources Conservation Services 

("NRCS") regarding development of construction/reclamation units ("Con/Rec Units"). 

[Applicable Finding or Condition No.: Condition 15] 

OBJECTION. The request attempts to shift the burden for production from the 
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Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets, 

see Quarterly Reports available in Docket HP09-001. 

23. All documents containing information regarding consultations between 

TransCanada (or its Affiliates) and South Dakota Game, Fish and Parks. [Applicable 

Finding or Condition No.: Condition 20(c)] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

24. All documents submitted by TransCanada to the PUC describing the 

development of frac-out plans in areas where horizontal directional drilling will occur in 

connection with the Project, including but not limited to any frac-out plans developed. 

[Applicable Finding or Condition No.: Condition 21] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

25. All docnments describing or containing information regarding 

TransCanada's or its Affiliates' efforts to comply with conditions regarding construction 

of the Project near wetlands, water bodies, and riparian areas, such documents including 

but not limited to compliance plans, construction plans, mitigation plans, and 

communications with any regulatory agency in such regard. [Applicable Finding or 

Condition No.: Condition 22] 

OBJECTION. The request attempts to shift the burden for production from the 

--

 
013447



Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets, 

see Quarterly Reports available in Docket HP09-001. 

26. All documents containing or referencing adverse weather land protection 

plans developed in connection with the Project. [Applicable Finding or Condition No.: 

Condition 25] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

27. All documents that reference or identify private and new access roads to be 

used or required during construction of the Project. [Applicable Finding or Condition No.: 

Condition 28] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

28. All documents referencing agreements reached with landowners, including 

but not limited to any agreements reached with landowners modifying any requirements 

or conditions established by the Commission in connection with the Project. [Applicable 

Finding or Condition No.: Condition 30] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

29. All documents containing information regarding assessments performed in 
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connection with TransCanada's activities in "high consequence areas", including but not 

limited to documents referencing efforts by you to comply with 49 C.F.R. Part 195, and 

any communications or consultations with the South Dakota Geological Survey, the 

Department of Game Fish and Parks ("SDGFP"), affected landowners and government 

officials.[Applicable Finding or Condition No.: Condition 34] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets, 

see Quarterly Reports available in Docket HP09-001. 

30. All documents where TransCanada has identified hydrologically sensitive 

areas as required by Condition Number 35. [Applicable Finding or Condition No.: 

Condition 35] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information suppiementary to what has been made publicly available in the dockets, 

see Quarterly Reports available in Docket HP09-001. 

31. All documents containing information regarding noise-producing facilities 

in connection with the Project, including but not limited to any studies conducted 

regarding noise levels, and any noise mitigation measures. [Applicable Finding or 

Condition No.: Condition 39] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets, 
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see Quarter! y Reports available in Docket HP09-001. 

32. All documents containing information regarding TransCanada's or its 

Affiliates' efforts to comply with protection and mitigation requirements of the US Fish 

and Wildlife Service ("USFWS") and SDGFP with respect to any endangered species. 

[Applicable Finding or Condition No.: Condition 41] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets, 

see Quarterly Reports available in Docket HP09-001. 

33. All documents containing information or details regarding location of 

drain tiles, including but not limited to all documents containing information regarding 

the potential for drain tiles to operate as conduits for contaminants in connection with 

construction or operation of the Project. [Applicable Finding or Condition No.: Condition 

42] 

OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets. 

34. All documents referencing or containing information concerning cultural or 

paleontological resources along the Project route, including but not limited to all 

documents identifying cultural and paleontological resources, consultations and 

communications with the Bureau of Land Management and Museum of Geology at the 

South Dakota School of Mines and Technology. [Applicable Finding or Condition No.: 

Condition 44] 
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OBJECTION. The request attempts to shift the burden for production from the 

Company to Staff. Subject to and without waiving its objection, Staff informs that it does not 

have any information supplementary to what has been made publicly available in the dockets, 

see Quarterly Reports available in Docket HP09-001. 
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STATEOFSOUTHDAKOTA) 
)SS. 

COUNTY OF HUGHES ) 

I, Kristen N. Edwards, attorney for Staff of the Public Utilities Commission, being of legal age, being first 
duly sworn upon oath, hereby swear or affirm that the forgoing answers and information provided are true 
and corre to the best of my knowledge. 

f;\ 
Subscribed and sworn to before me this I() day of March, 2015. 

- -;-·-- l./Vl.,,._ J)O'Ll./4 (7~ 
V llNA DOUGLAS 

Notary Public My Commis1ion Expires 
April 1-4, 2017 

My C:o~nmission expires: _________ _ 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE PETITION OF ) 
TRANSCANADA KEYSTONE PIPELINE, LP ) 
FOR ORDER ACCEPTING CERTIFICATION ) 

CERTIFICATE OF SERVICE 

OF PERMIT ISSUED IN DOCKET HP09-001 ) 
TO CONSTRUCT THE KEYSTONE XL ) 
PIPELINE ) 

HP14-001 

hereby certify that true and correct copies of Staff's Response to 
Interrogatories and Requests for Production of Documents from Paul Seamans, 
Affirmation of Oath and Certificate of Service were served electronically to the Party 
listed below, on the 1 Oth day of March, 2015, addressed to: 

Mr. Paul F. Seamans 
27893 249th St. 
Draper, SD 57531 
jacknife@qoldenwest.net 

K · ten N. Edwards 
taff Attorney 

South Dakota Public Utilities Commission 
500 East Capitol 
Pierre, SD 57501 
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This  presentation includes certain forward looking information to help current and potential investors understand management’s assessment of our future plans  and financ ial outlook, 

dividend prospects and our future prospects overall. Statements that are forward-looking are based on certain assumptions and on what we know and expec t today and generally 

inc lude words  like anticipate, expect, believe, may, will, should, es timate or other s imilar words .  Forward -looking s tatements do not guarantee future performance. A ctual events and 

results could be s ignificantly different because of assumptions, risks or uncertainties related to our bus iness or events tha t happen after the date of this  presentation.  O ur forward-

looking information is based on the following key assumptions: inflation rates, commodity prices and capacity prices, timing of financ ings and hedging, regulatory decisions and 

outcomes, foreign exchange rates, interest rates, tax rates , planned and unplanned outages and the use of our pipeline and en ergy assets, integrity and reliability of our assets, access 

to capital markets, anticipated construction costs, schedules and completion dates, acquisitions and divestitures. 

O ur forward looking information is subject to risks and uncertainties, inc luding but not limited to: our ability to successfu lly implement our s trategic initiatives and whether they will 

yield the expec ted benefits, the operating performance of our pipeline and energy assets, economic and competitive conditions  in North America and globally, the availability and price 

of energy commodities and changes in market commodity prices, the amount of capacity sold and rates  achieved in our pipeline businesses, the amount of capac ity payments and 

revenues we receive from our energy bus iness, regulatory decisions and outcomes, outcomes of legal proceedings, inc luding arb itration and insurance claims, performance of our 

counterparties, changes in the political environment, changes in environmental and other laws  and regulations, construction a nd completion of capital projects, labour, equipment and 

material costs, access to capital markets, interest and foreign exchange rates, weather, cyber security and technological developments.  You can read more about these risks and 

others  in our most recent Q uarterly Report to Shareholders and 2014 Annual Report filed with C anadian securities regulators a nd the U .S. Securities and Exchange C ommission (SEC) 

and available at www.transcanada.com.     

A s  ac tual results could vary s ignificantly from the forward-looking information, you should not put undue reliance on forward-looking information and should not use future-oriented 

information or financ ial outlooks for anything other than their intended purpose. We do not update our forward -looking s tatements due to new information or future events, unless we 

are required to by law. 

This  presentation contains reference to certain financ ial measures (non-GAAP measures) that do not have any s tandardized meaning as prescribed by U .S. generally accepted 

accounting principles (GAAP) and therefore may not be comparable to s imilar measures presented by other entities.  These non -GAAP measures may include C omparable Earnings, 

C omparable Earnings per Share, Earnings Before Interest, Taxes, Depreciation and A mortization (EBITDA), C omparable EBITDA, an d Funds  Generated from O perations.  Reconciliations 

to the most c losely related GAAP measures are inc luded in our most recent Quarterly Report to Shareholders filed with C anadia n securities regulators and the SEC and available at 

www.transcanada.com.  

Forward Looking Information and Non-GAAP Measures 
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TransCanada in 2000 

• Asset Base: $26 billion 

• Comparable EBITDA: $2.5 billion 
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Unparalleled Portfolio of 

Complementary Energy 

Infrastructure Assets 

TransCanada Today 

• One of North America’s Largest
Natural Gas Pipeline Networks

– 68,000 km (42,000 mi) of pipeline

– 368 Bcf of storage capacity

– 14 Bcf/d or 20% of continental demand

• Premier Liquids Pipeline System

– 4,250 km (2,600 mi) of pipeline

– 530,000 bbl/d or 18% of Western

Canadian production

• Largest Private Sector Power

Generator in Canada

– 19 power plants, 10,900 MW

• Enterprise Value ~ $73 billion
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Funds Generated from 
Operations ($Millions) 

Earnings per Share 
(Comparable) 

Realizing Our Vision 

Comparable EBITDA 
($Millions) 

Compound Annual Growth Rate (CAGR) 013462



Track Record of Delivering Long-Term Shareholder Value 

Common Share Price Common Share Dividend 

* Annualized based on second quarter declaration

15% Average Annual Total Shareholder Return Since 2000 
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Funds Generated from 
Operations ($Millions) 

Earnings per Share 
(Comparable) 

First Quarter 2015 Financial Highlights 

Comparable EBITDA 
($Millions) 
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Deliver Superior 
Long-Term 
Returns to 
Shareholders 

Our Priorities 

• Maximize value of our $64 billion asset base

• Complete $46 billion capital program

• Cultivate a portfolio of low-risk growth opportunities

• Maintain financial strength and flexibility
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Maximizing the Value of our Base Business 

Long-term stability for Canadian Mainline and ANR Pipeline 
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Maximizing the Value of our Base Business 

Keystone Pipeline EBITDA surpassed $1 billion 
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Maximizing the Value of our Base Business 

Bruce Power and Ontario Solar online 
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$46 Billion Portfolio of Commercially Secured Projects* 

Predictable & 
stable earnings 
and cash flow  
for decades 

* Certain projects are subject

to various conditions, including

corporate and regulatory approvals. 013469



Projects expect 
to be completed 
by the end of 
2017 

$12 Billion of Small to Medium-Sized Projects Drive Growth* 

* Certain projects are subject

to various conditions, including

corporate and regulatory approvals. 013470



EBITDA Growth 2013A – 2017E* 

~8% CAGR in EBITDA through 2017 

* TransCanada share in billions  of dollars . Certain projects  are subject to various  conditions  including corporate and regul atory approvals . Includes  exis ting assets, non-controlling interes ts  in

U.S. Natural Gas  Pipelines  and full year EBITDA contribution from $12 billion of commercially secured projects  expected to be in  service by the end of 2017.
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Dividend Outlook 

Dividend growth poised to accelerate 

Equates to ~35% 

of cash flow 

* Dividends are declared at the discretion of the Board of Directors 013472



Strong Platform for 
Future Growth  

• North America requires new and 
improved energy infrastructure 

 

• Secured $34 billion in large-scale 

projects 

 

• Numerous additional opportunities in 
our core markets 

 

• Advancing growth plans will deliver 
exceptional value for shareholders 
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Natural Gas Pipelines 
Growth Opportunities 

• Advance $13 billion of large-scale
commercially secured projects*

• Leverage NGTL’s strong competitive

position

• Connect growing Marcellus/Utica
gas to market

• Capitalize on build-out of
Mexico infrastructure

* Certain projects are subject to various conditions, including corporate

and regulatory approvals. 013474



Liquids Pipelines  
Growth Opportunities 

• Advance $21 billion of large-scale
commercially secured projects*

• Connect growing Western Canadian

and U.S. oil supply to key refining
markets

• Capture Alberta regional liquids
infrastructure opportunities

• Extend market connectivity

* Certain projects are subject to various conditions, including corporate

and regulatory approvals. 013475



Energy Growth 
Opportunities 

• Bruce Power refurbishments

• Renewables: wind, solar and hydro

• Natural gas-fired generation

• Mexico power

• Repowering opportunities
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Deliver Significant Growth 

Predictable and 
sustainable 
EBITDA growth 

* Includes  exis ting assets, non-controlling interes ts  in U.S. natural gas  pipelines  and $46 billion of commercially secured projec ts  expected to be in

service by 2020, subject to certain conditions  including corporate and regulatory approvals .
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Funding Options Available: 

• Internally generated cash flow

• Senior debt

• Preferred shares and hybrid securities

• Portfolio management including asset
sales to TC PipeLines, LP

• Partners/Project Finance

• Dividend reinvestment plan

• Discrete common equity issue

Financial Flexibility Enhances Long-Term Shareholder Value 

* At March 31, 2015. Common equity includes non-controlling interests in TC PipeLines, LP and Portland.

Strong Financial Position* 
 Supports Access to Significant Capital at Attractive Rates 
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Focus on Safety 
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Commitment to Responsible Development 

Corporate 
Social 

Responsibility 
Report 

Summary 
2014 

It’s what matters. 
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Conclusion 
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 PREFACE 

This document is a revised edition of the Engineering and Geoscience Professions Act, 

Regulations (including the Code of Ethics) and By-Laws, incorporating all amendments up to March 

2012. The Act and Regulations are printed with the permission of the Government of the Province of 

Alberta. 

The Act, (Revised Statutes of Alberta. Chapter E-11.1), is a government consolidation of the 1981 

Act, the 1984 Amendment Act and other subsequent amendments. The amendments proclaimed in 

2012 created APEGA in the place of APEGGA.  The General Regulation is a consolidation of the 

1981 Regulation and amendments to the Regulation approved in December 1985, July 1990, April 

1996, July 1999 (AR 150/99), February 2003 (AR 37/2003), April 2007 (AR 72/2007), October 2009 

(AR 281/2009) and March 2012 (AR 55/2012).  A regulation providing for registration of 

professional technologists (AR 283/2009) was amended by AR 57/2012, and a regulation respecting 

the operation of ASET (AR 282/2009) was amended by AR 56/2012.  All persons making use of this 

consolidation are reminded that it has no legislative sanction, that the amendments have been 

embodied for convenience of reference only, and that the original Act, Regulations and amending 

Acts and Regulations be consulted for all purposes of interpreting and applying the law. 

The By-Laws incorporate the amendments which were approved at the APEGGA Annual General 

Meetings of June 1983, June 1987, April 1991, April 1993, April 1996, April 1997, April 1998, April 

1999, April 2000, April 2001, April 2002, April 2004, April 2005, April 2009, and April 2010 and at 

a special meeting of members in October, 2009.  Consequential amendments to Bylaws taking effect 

in March 2012 with the latest amendments to Act and Regulations are included. These are the latest 

amendments. 

An index is provided for convenient reference to any or all of the three documents. 
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THE ENGINEERING AND GEOSCIENCE PROFESSIONS ACT 

Being Chapter E-11.1 

Revised Statutes of Alberta, 2000 

Printed April 2012 
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RSA 2000 
2012 ENGINEERING AND GEOSCIENCE PROFESSIONS ACT Chapter E-11 

1 

ENGINEERING AND GEOSCIENCE PROFESSIONS ACT 

Chapter E-11 

Table of Contents 

1 Definitions 
1.1 Joint Councils Committee 

Part 1 
Scope of Practice 

2 Exclusive scope of the practice of engineering 
3 Exclusive use of name engineer  
4 Holding out by joint firm 
5 Exclusive scope of the practice of geoscience 
6 Exclusive use of name geoscientist 
9 Injunction  

Part 2 
Association 

10 Association of Professional Engineers and Geoscientists 
11 Capacity and powers 
12 Council 
13 Registrar 
14 Council members  
15 Practice Review Board 
16 Powers of the Practice Review Board 
17 Appeal to Appeal Board 
18 Appeal Board 

Part 3 
Regulations and Bylaws 

19 Regulations 
20 Bylaws 

20.1 Consultation with Ministers required 

Part 4 
Registration 

21 Registers and membership records 
22 Registration as professional member 
23 Registration as licensee 
24 Registration of permit holders 
25 Evidence of registration 
26 Annual certificate 
27 Entries in registers 
28 List of registrants open to the public 
29 Cancellation on request 
30 Board of Examiners 
31 Approval by the Board of Examiners 
32 Review by the Appeal Board 
33 Joint firms 
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Chapter E-11 ENGINEERING AND GEOSCIENCE PROFESSIONS ACT 2012 

2 

34 Approval by Joint Board 
35 Registration of joint firm 
36 Duties of joint firm 
37 Restricted practitioner 
38 Exemption from stamp or seal requirement 
39 Cancellation 
40 Cancellation of a joint firm 
41 Cancellation of restricted practitioners 

Part 5 
Discipline 

42 Definitions 
43 Complaints 
44 Determination of unprofessional conduct and unskilled practice 
45 Discipline Committee 
46 Investigative Committee 
47 Investigation Panel 
48 Notice of preliminary investigation 
49 Evidence for preliminary investigation 
50 Report to Investigative Committee 
51 Termination of investigation 
52 Power of Investigative Committee to recommend an order 
53 Duty of Discipline Committee 
54 Further investigation 
55 Suspension pending investigation and hearing 
56 Right to counsel and to appearance 
57 Public hearings 
58 Evidence 
59 Witnesses and documents 
60 Enforcement of attendance and production of documents 
61 Failure to give evidence 
62 Finding by the Discipline Committee 
63 Powers of the Discipline Committee 
64 Order to pay costs or a fine 
65 Service of written decision 
66 Suspension or cancellation pending appeal 
67 Appeal to Appeal Board 
68 Time of appeal 
69 Powers of the Appeal Board on appeal 
70 Appeal to the Court of Appeal 
71 Order for stay pending appeal 
72 Material in support of appeal 
73 Power of the court on appeal 
74 Fraudulent registration 
75 Surrender of certificates 
76 Misrepresentation of status 
77 Publication 

Part 6 
General 

78 Use of stamps, seal, permit number 
79 Exemption from municipal licence 
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3 

80 Liability to others 
81 Registrar’s certificate 
82 Protection from liability 

Part 7 
Professional Licensees 

83 Scope of practice 
83.01 Exclusive use of name 

83.1 Prohibition on holding out 
83.2 Stamp or seal of professional licensee (engineering) 
83.3 Stamp or seal of professional licensee (geoscience) 
83.4 Non-application of provisions to professional licensees 
83.5 Register for professional licensees 
83.6 Eligibility for registration 
83.7 Application for registration 
83.8 Registration as professional licensee 

84 Evidence of registration
85 Regulation-making authority
86 Fees

86.1 Annual licence
86.2 Application of Act
86.3 Practice prohibitions 

86.31 Injunction 

Part 8 
ASET, Joint Boards and Committees, Professional 
Technologists and Other ASET Members 

86.4 Definitions

Division 1 

ASET 

86.5 Corporation continued
86.6 Capacity and powers

87 ASET Council 
87.1 ASET Registrar 
87.2 ASET Council members
87.3 ASET regulations
87.4 ASET bylaws 

87.41 Consultation with Ministers required 

Division 2 

Joint Boards and Committees 

87.5 Establishment of joint boards and committees
87.6 Public appointees to joint boards and committees

88 Governance of joint boards and committees
88.1 Powers of the Joint Practice Review Board
88.2 Joint Practice Review Board appointees
88.3 Appeal to Joint Appeal Board 
88.4 Joint Appeal Board 
88.5 JPT Regulations Committee authority 

88.51 Consultation with Ministers required 
88.6 Resolving disputes

89 Joint Board of Examiners
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 4 

 89.1 Joint Discipline Committee 

 89.2 Joint Investigative Committee 

Division 3 

Professional Technologists 

 89.3 Scope of practice 
 89.4 Use of title 

 89.5 Stamp or seal 
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HER MAJESTY, by and with the advice and consent of the Legislative Assembly of Alberta, enacts as follows: 

Definitions  

1   In this Act, 

(a) “Appeal Board” means the Appeal Board established under section 18; 

(a.1) “ASET Council” means the Council continued under section 87; 

(b) “Association” means the Association of Professional Engineers and Geoscientists of Alberta; 

(c) “Board of Examiners” means the Board of Examiners established under section 30; 

(d) “certificate holder” means 

(i) a joint firm, and 

(ii) a restricted practitioner; 

(e) “Council” means the Council of the Association; 

(f) “Court” means the Court of Queen’s Bench; 

(g) “Discipline Committee” means the Discipline Committee established under section 45; 

(h) “Investigative Committee” means the Investigative Committee established by the Council pursuant to section 46; 

(i) “Joint Board” means the Joint Board of Practice under  section 1 of Schedule 8 to the Government Organization 

Act; 

(i.1) “Joint Councils Committee” means the committee established by section 1.1; 

(j) “joint firm” means a firm to which a certificate of authorization has been issued under section 35; 

(k) “licensee” means an individual who holds a licence under this Act but does not include a professional licensee; 

(l) “member of the Association” means a person who is registered as a professional member or a member of a class 

or category of membership established under this Act; 

(m) “member of the public” means, in sections 14, 15 and 30, a person who is 

(i ) a Canadian citizen or who is lawfully admitted to Canada for permanent residence, 

(ii) a resident of Alberta, and 

(iii )not a professional member of the Association; 

(n) “member-in-training” means engineer-in-training or geoscientist-in-training, as the case may be; 

(o) “Minister” means the Minister determined under section 16 of the Government Organization Act as the Minister 

responsible for this Act; 

(p) “permit holder” means a partnership or other association of persons or a corporation that holds a permit under 

this Act but does not include an ASET permit holder as defined in section 86.4; 

(q) “practice of engineering” means 

(i) reporting on, advising on, evaluating, designing, preparing plans and specifications for or directing the 

construction, technical inspection, maintenance or operation of any structure, work or process 
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(A) that is aimed at the discovery, development or utilization of matter, materials or energy or in any other 

way designed for the use and convenience of humans, and0 

(B) that requires in that reporting, advising, evaluating, designing, preparation or direction the professional 

application of the principles of mathematics, chemistry, physics or any related applied subject, or 

(ii) teaching engineering at a university; 

(r)“practice of geoscience” means  

(i) reporting, advising, evaluating, interpreting, processing, geoscientific surveying, exploring, classifying 

reserves or examining related to any activity 

 (A) that relates to the earth sciences or the environment, 

 (B) that is aimed at the discovery or development of oil, natural gas, coal, metallic or non-metallic 

minerals, precious stones, other natural resources or water or that is aimed at the investigation of 

surface or subsurface conditions of the earth, and 

 (C) that requires, in that reporting, advising, evaluating, interpreting, processing, geoscientific surveying, 

exploring, classifying reserves or examining, the professional application of the principles of 

mathematics, chemistry, physics or biology through the application of the principles of geoscience, 

  or 

(ii) teaching geoscience at a university; 

(s) repealed 2011 c3 s3; 

(t) “Practice Review Board” means the Practice Review Board established under section 15; 

(u) “profession” means the profession of engineering or geoscience, as the case may be; 

(v) “professional engineer” means an individual who holds a certificate of registration to engage in the practice of 

engineering under this Act but does not include 

(i) a professional licensee (engineering), or 

(ii) a professional technologist as defined in section 86.4(m); 

(w) “professional geoscientist” means an individual who holds a certificate of registration to engage in the practice of 

geoscience under this Act but does not include 

(i) a professional licensee (geoscience), or 

(ii) a professional technologist as defined in section 86.4(m); 

(x) repealed 2011 c3 s3; 

(x.1) “professional licensee” means a professional licensee (engineering) or a professional licensee (geoscience); 

(x.2) “professional licensee (engineering)” means an individual who holds a certificate of registration and an annual 

licence to engage in the practice of engineering within the scope of practice specified by the Board of 

Examiners; 

(x.3) “professional licensee (geoscience)” means an individual who holds a certificate of registration and an annual 

licence to engage in the practice of geoscience within the scope of practice specified by the Board of 

Examiners; 

(x.4) repealed 2011 c3 s3; 

(y) “professional member” means a professional engineer or professional geoscientist; 

(z) “Registrar” means the Registrar appointed under section 13; 
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 (aa) “restricted practitioner” means a registered architect under the Architects Act who holds a certificate of 

authorization under this Act. 
RSA 2000 cE-11 s1;2007 c13 s2;2011 c3 s3 

Joint Councils Committee 

1.1(1)  There is established a Joint Councils Committee composed of an equal number of members from the Executive 

Committees of the Council and ASET Council appointed respectively by the Council and ASET Council.  

(2)  The purposes of the Joint Councils Committee are to 

(a) discuss proposed amendments to this Act and new or proposed amendments to any regulations made under this 

Act; 

(b) provide a forum for discussion, collaboration and co-ordination with respect to matters of mutual interest to the 

Association and ASET; 

(c) perform any other function prescribed by this Act or any regulation made under this Act, or by agreement of the 

Council and ASET Council. 

(3)  The Joint Councils Committee shall meet and its procedure shall be governed by rules established by agreement of the 

Council and ASET Council.  

(4)  The Council and ASET Council may, by agreement, alter the composition of the Joint Councils Committee described 

in subsection (1).  
2007 13 s3;2011 c3 s4 

Part 1 

Scope of Practice 

Exclusive scope of the practice of engineering  

2(1)  Except as otherwise provided in this Act, no individual, corporation, partnership or other entity, except a professional 

engineer, a licensee so authorized in the licensee’s licence, a permit holder so authorized in its permit or a certificate 

holder so authorized in the certificate holder’s certificate, shall engage in the practice of engineering. 

(2)  No individual, corporation, partnership or other entity, shall engage in both the practice of engineering and the practice 

of architecture as defined in the Architects Act, or hold out that it is entitled to engage in both the practice of engineering 

and the practice of architecture unless it holds a certificate of authorization under this Act or the Architects Act permitting 

it to do so. 

(3)  A professional engineer, licensee, permit holder or joint firm may engage in the practice of surveying other than land 

surveying as defined in the Land Surveyors Act. 

(4)  Subsection (1) does not apply to the following: 

(a) a person engaged in the execution or supervision of the construction, maintenance, operation or inspection of any 

process, system, work, structure or building in the capacity of contractor, superintendent, foreman or inspector or 

in any similar capacity, when the process, system, work, structure or building has been designed by and the 

execution or supervision is being carried out under the supervision and control of a professional engineer or 

licensee; 

(b) a person engaged in the practice of engineering as an engineer-in-training or engineering technologist in the 

course of being employed or engaged and supervised and controlled by a professional engineer, licensee, permit 

holder or certificate holder; 

(c) repealed 2007 c13 s4; 

(d) a person who in accordance with an Act or regulation in respect of mines, minerals, pipelines, boilers and 

pressure vessels, building codes or safety codes for buildings is engaged in any undertaking or activity required 

under or pursuant to that Act or the regulations under that Act; 

 
013492



  RSA 2000 
2012 ENGINEERING AND GEOSCIENCE PROFESSIONS ACT Chapter E-11 
 

 

 9 

(e) a person who, on the person’s own property and for the person’s sole use or the use of the person’s domestic 

establishment, carries out any work that does not involve the safety of the public; 

(f) a member of the Canadian Forces while actually employed on duty with the Forces; 

(g) a person engaged or employed by a university whose practice of the profession consists exclusively of teaching 

engineering at the university. 

(5)  A restricted practitioner is not authorized by the operation of subsection (1) to engage in the practice of engineering 

beyond the scope of the practice that is specified in the register. 

(6)  Subsection (1) does not apply to a person if the person engages in 

(a) planning, designing or giving advice on the design of or on the erection, construction or alteration of or addition 

to, 

(b) preparing plans, drawings, detail drawings, specifications or graphic representations for the design of or for the 

erection, construction or alteration of or addition to, or 

(c) inspecting work or assessing the performance of work under a contract for the erection, construction or alteration 

of or addition to 

a building set out in subsection (7). 

(7)  The buildings referred to in subsection (6) are the following: 

(a) a building, 3 storeys or less in height, for assembly occupancy or institutional occupancy that, 

(i) in the case of a single storey building, has a gross area of 300 square metres or less, 

(ii) in the case of a 2 storey building, has a gross area of 150 square metres or less on each floor, or 

(iii)in the case of a 3 storey building, has a gross area of 100 square metres or less on each floor; 

(b) a building for residential occupancy that 

(i) is a single family dwelling, or 

(ii) is a multiple family dwelling, containing 4 dwelling units or less; 

(c) a building, 3 storeys or less in height, for residential occupancy as a hotel, motel or similar use that, 

(i) in the case of a single storey building, has a gross area of 400 square metres or less, 

(ii) in the case of a 2 storey building, has a gross area of 200 square metres or less on each floor, or 

(iii)in the case of a 3 storey building, has a gross area of 130 square metres or less on each floor; 

(d) a building, 3 storeys or less in height, for warehouse, business and personal services occupancy, for mercantile 

occupancy or for industrial occupancy that, 

(i) in the case of a single storey building, has a gross area of 500 square metres or less, 

(ii) in the case of a 2 storey building, has a gross area of 250 square metres or less on each floor, or 

(iii)in the case of a 3 storey building, has a gross area of 165 square metres or less on each floor; 

(e) a building that is a farm building not for public use; 

(f) a relocatable industrial camp building. 
RSA 2000 cE-11 s2;2007 c13 s4 
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Exclusive use of name engineer  

3(1)  No individual, corporation, partnership or other entity, except a professional engineer, licensee or permit holder 

entitled to engage in the practice of engineering, shall 

(a) use 

(i) the title “professional engineer”, the abbreviation “P. Eng.” or any other abbreviation of that title, 

(i.1)repealed 2011 c3 s5, 

(ii) the word “engineer” in combination with any other name, title, description, letter, symbol or abbreviation that 

represents expressly or by implication that the individual, corporation, partnership or other entity is a 

professional engineer, licensee or permit holder, 

or 

(b) represent or hold out, expressly or by implication, that the individual, corporation, partnership or other entity 

(i) is entitled to engage in the practice of engineering, or 

(ii) is a professional engineer, licensee or permit holder. 

(2)  No individual, corporation, partnership or other entity, except a professional engineer, licensee or permit holder 

entitled to engage in the practice of engineering, shall affix the stamp or seal of a professional engineer or licensee or the 

permit number of a permit holder or allow that stamp, seal or permit number to be affixed to a plan, drawing, detail 

drawing, specification or other document or a reproduction of any of them unless 

(a) that plan, drawing, detail drawing, specification, other document or reproduction was prepared by or under the 

supervision and control of, and 

(b) the stamp, seal or permit number is affixed with the knowledge and consent or in accordance with the direction 

of 

the professional engineer or licensee to whom or the permit holder to which the stamp, seal or permit number was issued. 

(3)  Notwithstanding subsection (2), a professional engineer, licensee or permit holder may affix a stamp, seal or permit 

number, as the case may be, to a plan, drawing, detail drawing, specification, other document or reproduction prepared by 

other persons if the professional engineer, licensee or permit holder completes a thorough review of and accepts 

professional responsibility for that plan, drawing, detail drawing, specification, other document or reproduction. 
RSA 2000 cE-11 s3;2007 c13 s5;2011 c3 s5 

Holding out by joint firm  

4   A joint firm 

(a) may hold itself out as “engineers and architects” or “architects and engineers” only if it has both professional 

engineers and registered architects as partners or shareholders in an arrangement that is satisfactory to the 

Council and the council of The Alberta Association of Architects; 

(b) shall not hold itself out as “engineers and architects” or “architects and engineers” if the registered architects or 

professional engineers are employees only and not partners or shareholders, or if the partnership or shareholding 

arrangement is not satisfactory to the Council or the council of The Alberta Association of Architects. 
1981 cE-11.1 s4 

Exclusive scope of the practice of geoscience  

5(1)  Subject to subsection (2), no individual, corporation, partnership or other entity, except a professional geoscientist, a 

licensee so authorized in the licensee’s licence or a permit holder so authorized in the permit, shall engage in the practice 

of geoscience. 

(2)  Subsection (1) does not apply to the following: 
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(a) a person engaged in the execution or supervision of the construction, maintenance, operation or inspection of any 

geoscientific investigation, process, system, study, work or instrumentation in the capacity of contractor, 

superintendent, foreman or inspector, or in any similar capacity, when the investigation, process, system, study, 

work or instrumentation has been designed by, and the execution or supervision is being carried out under the 

supervision and control of, a professional geoscientist or licensee; 

(b) a person engaged in the practice of geoscience as a geoscientist-in-training or geoscience technologist in the 

course of being employed or engaged and supervised and controlled by a professional geoscientist, licensee or 

permit holder; 

(c) a person who, as a prospector, is engaged in any activities that are normally associated with the business of 

prospecting; 

(d) a member of the Canadian Forces while actually employed on duty with the Forces; 

(e) a person engaged in conducting a routine geoscientific survey or preparing a routine geoscientific report where 

the specifications and standards for the survey or report have been prepared or approved by a professional 

geoscientist or licensee; 

(f) a person engaged in the routine reduction or plotting of geoscientific data under the supervision and control of a 

professional geoscientist or licensee; 

(g) a person engaged in the routine operation, maintenance or repair of geoscience equipment or facilities; 

(h) a person engaged or employed by a university whose practice of the profession consists exclusively of teaching 

geoscience at the university. 
RSA 2000 cE-11 s5;2007 c13 s6;2011 c3 s6 

Exclusive use of name geoscientist 

6(1)  No individual, corporation, partnership or other entity, except a professional geoscientist or a licensee or permit 

holder entitled to engage in the practice of geoscience, shall 

(a) use 

(i) the title “professional geoscientist”, the abbreviation “P. Geo.” or any other abbreviation of that title,  

(ii) the word “geoscientist” in combination with any other name, title, description, letter, symbol or abbreviation 

that represents expressly or by implication that the individual, corporation, partnership or other entity is a 

professional geoscientist, licensee or permit holder, 

 or 

(b) represent or hold out, expressly or by implication, that the individual, corporation, partnership or other entity 

(i) is entitled to engage in the practice of geoscience, or 

(ii) is a professional geoscientist, licensee or permit holder. 

(2)  No individual, corporation, partnership or other entity, except a professional geoscientist or a licensee or permit holder 

entitled to engage in the practice of geoscience, shall affix the stamp or seal of a professional geoscientist or licensee or the 

permit number of a permit holder or allow that stamp, seal or permit number to be affixed to a map, geoscientific 

cross-section, specification, report or other document or a reproduction of any of them unless 

(a) that map, geoscientific cross-section, specification, report, other document or reproduction was prepared by or 

under the supervision and control of, and 

(b) the stamp, seal or permit number is affixed with the knowledge and consent or in accordance with the direction 

of 

the professional geoscientist or licensee to whom or the permit holder to which the stamp, seal or permit number was 

issued. 
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(3)  Notwithstanding subsection (2), a professional geoscientist, licensee or permit holder may affix a stamp, seal or permit 

number, as the case may be, to a map, geoscientific cross-section, specification, report, other document or reproduction 

prepared by other persons if the professional geoscientist, licensee or permit holder completes a thorough review of and 

accepts professional responsibility for that map, geoscientific cross-section, specification, report, other document or 

reproduction. 
RSA 2000 cE-11 s6;2007 c13 s7;2011 c3 s6 

7 and 8   Repealed 2011 c3 s6. 

Injunction  

9   The Court, on application by the Council, may grant an injunction enjoining any person from doing any act or thing 

that contravenes this Part, notwithstanding any penalty that may be provided by this Act or the regulations in respect of 

that act or thing. 
RSA 2000 cE-11 s9;2009 c53 s59 

Part 2 

Association 

Association of Professional Engineers and Geoscientists 

10(1)  The Association of Professional Engineers, Geologists and Geophysicists of Alberta is continued as a corporation 

with the name “Association of Professional Engineers and Geoscientists of Alberta”. 

(2)  The abbreviated form of the name of the Association is A.P.E.G.A. or APEGA. 

(3)  No person other than the Association shall use the abbreviated  form of the name of the Association or any other 

abbreviation alone or in combination with any other word or name in a way that represents expressly or by implication that 

the person is a member of or connected in any way with the Association. 
RSA 2000 cE-11 s10;2011 c3 s7 

Capacity and powers 

11   The Association has the capacity and, subject to this Act, the rights, powers and privileges of a natural person. 
RSA 2000 cE-11 s11;2007 c13 s10 

Council  

12(1)  There is hereby established a governing body of the Association called the Council. 

(2)  The Council shall manage and conduct the business and affairs of the Association and exercise the powers of the 

Association in the name of and on behalf of the Association. 

(3)  The Council shall submit annually to the Minister in a form satisfactory to the Minister a report on those matters of the 

business and affairs of the Association that the Minister requires. 

(4)  The Minister shall, on receipt of the annual report of the Association, lay it before the Legislative Assembly if it is 

then sitting, and if it is not then sitting, within 15 days after the commencement of the next sitting. 
1981 cE-11.1 s12 

Registrar  

13   The Council shall appoint a Registrar for the purposes of this Act. 
1981 cE-11.1 s13 

Council members  

14(1)  Subject to subsection (2), the Council shall include the president, 2 vice-presidents, the immediate past-president 

and at least 12 other professional members, the number of which shall be prescribed by the bylaws, each of whom shall be 

elected by the professional members at the time, in the manner and for the period provided for in the bylaws. 

(2)  The Council shall consist of 

(a) at least 16 professional members among whom there shall be not less than 
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(i) 2 professional engineers, and 

(ii) 2 professional geoscientists, 

 and 

(b) when the total number of elected professional members does not exceed 20, 3 members of the public, who shall 

be appointed by the Minister, after consultation with the Association, for a 3-year term of office. 

(3)  For each 10 elected professional members by which the membership of the Council exceeds 20, an additional member 

of the public shall be appointed by the Minister, after consultation with the Association, for a 3-year term of office. 

(4)  A member of the Council appointed under subsection (2)(b) continues to hold office after the expiry of the member’s 

term of office until the member is reappointed or the member’s successor is appointed. 

(5)  The Minister may, after consultation with the Council, revoke the appointment of a member of the Council made 

under subsection (2)(b). 

(6)  The Minister may pay to a member of the Council appointed under subsection (2)(b) travelling and living expenses 

incurred by that member for the member’s attendance at any meeting of the Council while away from the member’s usual 

place of residence and fees in an amount prescribed by the Minister. 

(7)  The powers, duties and operations of the Council under this Act, the regulations and the bylaws are not affected by 

(a) the fact that no member of the public is appointed as a member of the Council pursuant to subsection (2)(b), 

(b) the revocation under subsection (5) of the appointment of a member of the public, or 

(c) the resignation from the Council of a member of the public. 

(8)  The failure of a member of the public appointed under subsection (2)(b) to attend a meeting of the Council shall not be 

construed to affect or restrict the Council from exercising at that meeting any powers or performing any duties under this 

Act, the regulations or the bylaws. 
RSA 2000 cE-11 s14;2011 c3 s8 

Practice Review Board  

15(1)  There is hereby established a board called the Practice Review Board consisting of not less than 5 members as 

follows: 

(a) the Council shall appoint not less than 4 professional members who have a combination of knowledge and 

experience suitable for determining the academic qualifications and experience necessary for a person to 

continue to engage in the practice of the profession of engineering or geoscience; 

(b) the Minister shall appoint one member of the public nominated by the Council. 

(2)  If the Council fails, within a reasonable period of time after being requested to do so by the Minister, to make a 

nomination for the purposes of subsection (1)(b), the Minister may appoint a member of the public to the Practice Review 

Board without the Council’s nomination. 

(3)  The Minister may pay to the member of the Board appointed under subsection (1)(b) travelling and living expenses 

incurred by that member for the member’s attendance at a hearing of the Board while away from the member’s usual place 

of residence and fees in an amount prescribed by the Minister. 

(4)  The Minister may, after consultation with the Council, revoke the appointment under subsection (1)(b) of a member of 

the public. 

(5)  The powers, duties and operations of the Board under this Act, the regulations and the bylaws are not affected by 

(a) the fact that no member of the public is appointed as a member of the Board pursuant to subsection (1)(b), 

(b) the revocation under subsection (4) of the appointment of a member of the public, or 

(c) the resignation as a member of the Board of a member of the public. 
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(6)  The failure of a member of the public appointed under subsection (1)(b) to attend a meeting of the Board shall not be 

construed to affect or restrict the Board from exercising at that meeting any powers or performing any duties under this 

Act, the regulations or the bylaws. 
RSA 2000 cE-11 s15;2001 c10 s3;2011 c3 s32 

Powers of the Practice Review Board  

16(1)  The Practice Review Board 

(a) shall, on its own initiative or at the request of the Council, inquire into 

(i) the assessment of existing and the development of new educational standards and experience requirements 

that are conditions precedent to obtaining and continuing registration under this Act, 

(ii) the evaluation of desirable standards of competence of professional members, licensees, permit holders and 

certificate holders generally, 

(iii)the practice of the profession by professional members, licensees, permit holders or certificate holders 

generally, and 

(iv)any other matter that the Council from time to time considers necessary or appropriate in connection with the 

exercise of its powers and the performance of its duties in relation to competence in the practice of the 

profession under this Act and the regulations, and 

(b) may conduct a review of the practice of a professional member, licensee, permit holder or certificate holder in 

accordance with this Act and the regulations. 

(2)  The Board shall report to and advise the Council with respect to any matter dealt with by it pursuant to subsection (1). 

(3)  A person requested to appear at an inquiry under this section by the Board is entitled to be represented by counsel. 

(4)  The Board may, after a review under this section with respect to an individual practitioner, make any order that the 

Discipline Committee may make under section 63 or 64. 

(5)  The provisions of Part 5 with respect to an investigation by the Investigative Committee apply to a review of an 

individual practitioner by the Practice Review Board. 

(6)  The Board may at any time during an inquiry or review under this section recommend to the Investigative Committee 

that the inquiry or review be conducted by the Investigative Committee pursuant to Part 5. 

(7)  On receiving a recommendation under subsection (6), the Investigative Committee may proceed with an investigation 

under Part 5 as if the recommendation were a written complaint. 

(8)  After each inquiry under this section, the Board shall make a written report to the Council on the inquiry and may 

make any recommendations to the Council that the Board considers appropriate in connection with the matter inquired 

into, with reasons for the recommendations. 

(9)  The Council may, if it considers it to be in the public interest to do so, direct that the whole or any portion of an 

inquiry by the Board under this section shall be held in camera. 
1981 cE-11.1 s16;1995 c14 s6;1998 c14 s5 

Appeal to Appeal Board 

17   A professional member, licensee, permit holder or certificate holder who is the subject of a hearing or a review by the 

Practice Review Board may appeal any decision or order of the Board to the Appeal Board as if it were a decision or order 

of the Discipline Committee under Part 5. 
1981 cE-11.1 s17;1995 c14 s7 

Appeal Board 

18(1)  There is hereby established an Appeal Board consisting of 

(a) the professional members appointed by the Council in accordance with the regulations, and 
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(b) one member of the public appointed by the Minister, after consultation with the Association, for a 3-year term of 

office. 

(2)  A member of the Appeal Board appointed under subsection (1)(b) continues to hold office after the expiry of the 

member’s term of office until the member is reappointed or the member’s successor is appointed. 

(3)  The Minister may, after consultation with the Appeal Board, revoke the appointment of a member of the Appeal Board 

made under subsection (1)(b). 

(4)  The Minister may pay to a member of the Appeal Board appointed under subsection (1)(b) travelling and living 

expenses incurred by that member for the member’s attendance at any meeting of the Appeal Board while away from the 

member’s usual place of residence and fees in an amount prescribed by the Minister. 

(5)  The powers, duties and operations of the Appeal Board under this Act, the regulations and the bylaws are not affected 

by 

(a) the fact that no member of the public is appointed as a member of the Appeal Board pursuant to subsection 

(1)(b), 

(b) the revocation of the appointment of a member of the public, or 

(c) the resignation from the Appeal Board of a member of the public. 

(6)  The failure of a member of the public appointed pursuant to subsection (1)(b) to attend a meeting of the Appeal Board 

shall not be construed to affect or restrict the Appeal Board from exercising any powers or performing any duties under 

this Act, the regulations or the bylaws at that meeting. 
1995 c14 s8 

Part 3 

Regulations and Bylaws 

Regulations  

19(1)  The Council may make regulations 

(a) respecting the establishment of categories of and conditions respecting the enrolment of engineers-in-training, 

geoscientists-in-training, examination candidates and students; 

(b) respecting the academic qualifications of and experience requirements for applicants for registration as 

professional engineers or geoscientists; 

(c) governing the evaluation by the Council, the Board of Examiners, the Practice Review Board, the Appeal Board 

or a committee established by any of them of the academic qualifications of and experience requirements for 

applicants for registration to engage in the practice of engineering or geoscience and the examination of those 

applicants with respect to those qualifications or requirements; 

(d) respecting the eligibility of applicants generally for registration to engage in the practice of engineering or 

geoscience; 

(e) respecting the powers, duties and functions of the Practice Review Board, including but not limited to the referral 

of matters by that Board to the Council or the Investigative Committee and appeals from decisions of that Board; 

(f) respecting the appointment of members of the Appeal Board, other than the public member; 

(g) prescribing the number of members that constitutes a quorum of the Council, the Investigative Committee, the 

Appeal Board, the Practice Review Board, the Board of Examiners or the Discipline Committee; 

(h) governing the establishment of boards or committees of professional members and respecting the delegation of 

powers of the Council to those boards or committees or the Practice Review Board; 

(i) prescribing technical standards for the practice of the profession; 
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(j) establishing and providing for the publication of a code of ethics respecting the practice of the profession, the 

maintenance of the dignity and honour of the profession and the protection of the public interest; 

(k) governing the names under which professional members, licensees, permit holders and certificate holders may 

engage in the practice of the profession; 

(l) governing, subject to this Act, the operation and proceedings of the Appeal Board, the Board of Examiners and 

the Practice Review Board, the designation of chair and vice-chair, the appointment of acting members and the 

procedures for filling vacancies in the offices of chair and vice-chair and in the membership of any of those 

Boards, and the appointment to any of those Boards of members  by virtue of their office and prescribing their 

powers, duties and functions; 

(m) respecting the procedures of the Discipline Committee, of the Practice Review Board, of the Investigative 

Committee and of the Appeal Board in matters relating to the conduct or practice of professional members, 

licensees, permit holders or certificate holders, whether or not a complaint has been made; 

(n) respecting the establishment by the Council of a compulsory continuing education program for professional 

members and licensees; 

(o) governing the publication of a notice of the suspension or cancellation of the registration of a professional 

member, licensee, permit holder or certificate holder in a form and manner prescribed by the Council; 

(p) respecting committees of inquiry for reinstatement under Part 5; 

(q) - (w) repealed 2007 c13 s11; 

(x) establishing classes or categories of professional engineers or geoscientists and licensees or permit holders and 

prescribing the restrictions of practice and the privileges and obligations of the classes or categories so 

established; 

(y) respecting the academic and other qualifications and the experience required of the classes or categories 

established under clause (x); 

(z) respecting the use of stamps, seals and permit numbers; 

(aa) governing the eligibility for registration of persons, firms, partnerships and other entities as permit holders or 

certificate holders; 

(bb) governing the operation of permit holders or certificate holders; 

(cc) governing the publication of information with respect to the profession, including but not limited to the 

publication of surveys of fees; 

(dd) respecting registration, licensing, the issuing of permits and certificates, disciplinary matters and the practice of 

engineering and geoscience generally; 

(ee) respecting the service on any person of a document or notice required to be served under this Act. 

(2)  Repealed 2007 c13 s11. 

(3)  A regulation under subsection (1) may be made only by the Council.  

(4)  A regulation must be approved in principle by a majority of the professional members 

(a) present and voting at a special meeting called for that purpose, 

(b) voting by a mail vote or a vote authorized by bylaw that is conducted by electronic, telecommunication or other 

appropriate means, or 

(c) at the annual general meeting following the Council’s adoption of the regulation. 

(5)  The Council may change the text of a regulation that was approved in principle under subsection (4) if the change 

(a) is consistent with the approval in principle, and 
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(b) is made before the regulation is submitted to the Lieutenant Governor in Council for approval. 

(6)  A regulation made under this section does not come into force unless it has been approved by the Lieutenant Governor 

in Council.  
RSA 2000 cE-11 s19;2007 c13 s11;2011 c3 s9 

Bylaws  

20(1)  The Council may make bylaws 

(a) for the government of the Association and the management and conduct of its affairs; 

(b) determining the location of the head office of the Association; 

(c) respecting the calling of and conduct of meetings of the Association and the Council; 

(d) respecting the nomination, election, number and term of office of Council members and officers of the 

Association and the appointment of individuals as members of the Council by virtue of their office, the 

Discipline Committee, the Practice Review Board, the Appeal Board, the Board of Examiners and any other 

committee established by the Council and prescribing their powers, duties and functions; 

(e) prescribing those areas of the professions of engineering and geoscience from which members of the Board of 

Examiners shall be appointed by the Council; 

(f) respecting the appointment, functions, duties and powers of a Chief Executive Officer of the Association; 

(g) respecting the establishment of districts and branches of the Association and their operation; 

(h) providing for the division of Alberta into electoral districts and prescribing the number of Council members to be 

elected from each district; 

(i) providing for the appointment of a Deputy Registrar who has all of the powers and can perform all of the duties 

of the Registrar under this Act, the regulations and the bylaws when the Registrar is absent, or unable to act or 

when there is a vacancy in the office of Registrar; 

(j) establishing classes or categories of membership in the Association in addition to professional engineers and 

professional geoscientists and prescribing the rights, privileges and obligations of the classes or categories of 

membership so established; 

(k) providing for the appointment of acting members of the Council and procedures for the election or appointment 

of professional members to fill vacancies on the Council; 

(l) prescribing the number of professional members that constitutes a quorum at meetings of the Association; 

(m) governing the establishment, operation and proceedings of committees, the appointment of members of 

committees, the appointment of acting members and procedures for filling vacancies on committees and the 

delegation of any powers or duties of the Council under this Act, the regulations or the bylaws to a committee 

established by the Council or under this Act; 

(n) prescribing fees and expenses payable to members of the Association for attending to the business of the 

Association; 

(o) respecting the establishment and payment of sums of money for scholarships, fellowships and any other 

educational incentive or benefit program that the Council considers appropriate; 

(p) governing the information to be engraved on stamps and seals issued to professional members, licensees and 

restricted practitioners; 

(q) respecting permit numbers issued to permit holders; 

(r) respecting the fixing of fees, dues and levies payable to the Association; 

(s) respecting the costs payable by any person on the conclusion of a hearing or review by the Practice Review 

Board or under Part 5; 
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(t) respecting the establishment, content and maintenance of registers of professional members, licensees, permit 

holders and certificate holders and of records of other classes or categories of membership to be kept by the 

Registrar; 

(u) respecting the removal from the registers and records of any memorandum or entry made in them under this Act 

or the bylaws; 

(v) requiring professional members, licensees, permit holders and certificate holders to inform the Registrar in 

writing of their current mailing addresses and of any change of address forthwith after the change occurs; 

(w) prescribing the form of a certificate of registration, a licence, a permit, a certificate of authorization and an 

annual certificate; 

(x) respecting the expiry of annual certificates, annual licences, permits and other authorizations. 

(2)  The Council may make bylaws respecting the holding of mail votes or votes conducted by electronic, 

telecommunication or other appropriate means on any matter relating to the Association, but a bylaw under this subsection 

does not come into force unless it is approved by a majority of professional members of the Association present and voting 

at a general meeting. 

(3)  A bylaw under subsection (1) does not come into force unless it is approved by a majority of the professional 

members 

(a) present and voting at a general meeting, or 

(b) voting by a mail vote or vote conducted by electronic, telecommunication or other appropriate means conducted 

in accordance with the bylaws. 

(4)  The Regulations Act does not apply to bylaws of the Association made under this section. 
RSA 2000 cE-11 s20;2007 c13 s12;2011 c3 s10 

Consultation with Ministers required 

20.1   Before the Council, by regulation, establishes or amends the academic qualifications for applicants for registration 

as professional engineers, geologists or geophysicists, the Council must consult with the Minister and the Minister 

responsible for Parts 1 to 3 of the Post-secondary Learning Act and must consider the comments received from those 

Ministers. 
2010 c7 s3 

Part 4 

Registration 

Registers and membership records  

21(1)  The Registrar shall maintain, in accordance with the bylaws and subject to the direction of the Council, a register 

for each of the following: 

(a) professional engineers; 

(b) professional geoscientists; 

(c) repealed 2011 c3 s11; 

(d) licensees to engage in the practice of 

(i) professional engineering, or 

(ii) professional geoscience; 

(iii)repealed 2011 c3 s11; 

(e) permit holders to engage in the practice of 

(i) professional engineering, or 
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(ii) professional geoscience; 

(iii)repealed 2011 c3 s11; 

(f) joint firms; 

(g) restricted practitioners. 

(2)  The Registrar shall enter in the appropriate register the name of a person who has paid the fee prescribed under the 

bylaws, and 

(a) whose registration to engage in the practice of 

(i) engineering, as a professional engineer or licensee, or 

(ii) geoscience, as a professional geoscientist or licensee, 

(iii)repealed 2011 c3 s11, 

has been approved by the Board of Examiners, 

(b) whose registration to engage in the practice of the profession as a permit holder has been approved by the 

Council, or 

(c) whose registration to engage in the practice of engineering has been approved 

(i) in the case of a joint firm, by the Council, or 

(ii) in the case of a restricted practitioner, in accordance with section 37. 

(3)  The Registrar shall maintain, in accordance with the bylaws and subject to the direction of the Council, a membership 

record of the members in each class or category of membership established under the regulations and the bylaws. 
RSA 2000 cE-11 s21;2011 c3 s11 

Registration as professional member  

22   The Board of Examiners shall approve for registration as a professional engineer or professional geoscientist an 

individual who has applied to the Board and is eligible in accordance with this Act and the regulations to become a 

professional engineer or professional geoscientist, as the case may be. 
RSA 2000 cE-11 s22;2011 c3 s12 

Registration as licensee  

23   The Board of Examiners shall approve the registration as a licensee of an individual who has applied to the Board of 

Examiners and is eligible in accordance with this Act and the regulations to become registered to engage in the practice of 

engineering or geoscience as a licensee. 
RSA 2000 cE-11 s23;2011 c3 s32 

Registration of permit holders 

24(1)  The Council shall approve the registration as a permit holder of a partnership or other association of persons, or of a 

corporation incorporated or registered under the Companies Act or continued, incorporated or registered under the 

Business Corporations Act, that has applied to the Council and is eligible under this section and the regulations to become 

registered to engage in the practice of engineering or geoscience as a permit holder. 

(2)  A partnership or other association of persons or a corporation that applies to the Council is eligible to become 

registered as a permit holder entitled to engage in the practice of engineering or geoscience if it satisfies the Council that it 

complies with the Act and the regulations. 
RSA 2000 cE-11 s24;2011 c3 s32 

Evidence of registration  

25(1)  On entering the name of a professional engineer or geoscientist in the register, the Registrar shall issue to the 

professional engineer or geoscientist 
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(a) a certificate of registration, and 

(b) a stamp or seal engraved as prescribed in the bylaws. 

(2)  On entering the name of a licensee in the register, the Registrar shall issue to the licensee 

(a) a licence to engage in the practice of engineering or geoscience as a licensee as authorized in the licence, and 

(b) a stamp or seal engraved as prescribed in the bylaws. 

(3)  On entering the name of a permit holder in the register, the Registrar shall issue to the permit holder 

(a) a permit to engage in the practice of engineering or geoscience as a permit holder as authorized in the permit, and 

(b) a permit number as prescribed in the bylaws. 

(4)  On entering the name of a joint firm in the register, the Registrar shall issue to the joint firm 

(a) a certificate of authorization to engage in the practice of engineering and architecture, and 

(b) a permit number as prescribed in the bylaws. 

(5)  On entering the name of a restricted practitioner in the register, the Registrar shall issue to that individual a certificate 

of authorization to engage in the restricted scope of the practice of engineering that is specified in the certificate. 

(6)  A certificate of registration, a licence, a permit or a certificate of authorization issued under this section entitles the 

holder to engage in the practice of engineering or geoscience, as the case may be, subject to this Act, the regulations and 

the bylaws. 
RSA 2000 cE-11 s25;2011 c3 s13 

Annual certificate  

26(1)  A professional member, licensee, permit holder or certificate holder engaged in the practice of engineering or 

geoscience shall pay to the Association the annual fee prescribed under the bylaws. 

(2)  The Registrar shall issue an annual certificate in accordance with the bylaws to a professional member, licensee, 

permit holder or certificate holder 

(a) whose registration is not under suspension, and 

(b) who has paid the annual fee. 

(3)  Subject to this Act, an annual certificate entitles the professional member, licensee, permit holder or certificate holder 

to engage in the practice of engineering or geoscience, as the case may be, during the year for which the annual certificate 

is issued. 

(4)  Repealed 2007 c13 s13. 
RSA 2000 cE-11 s26;2007 c13 s13;2011 c3 s32 

Entries in registers  

27(1)  The registration of a professional member, licensee, permit holder or certificate holder is suspended when the 

decision to suspend the registration is made in accordance with this Act. 

(2)  The Registrar shall enter a memorandum of suspension of a registration in the appropriate register indicating 

(a) the duration of the suspension, and 

(b) the reason for the suspension. 

(3)  The registration of a professional member, licensee, permit holder or certificate holder is cancelled when the decision 

to cancel the registration is made in accordance with this Act. 

(4)  The Registrar shall enter a memorandum of cancellation of a registration in the appropriate register. 
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(5)  The Registrar shall not remove from the registers any memorandum made by the Registrar under this section, except 

in accordance with the bylaws. 
1981 cE-11.1 s26 

List of registrants open to the public  

28   The Registrar shall maintain and, during regular office hours, permit any person to inspect a list of all the professional 

members, licensees, permit holders and certificate holders in good standing. 
1981 cE-11.1 s27 

Cancellation on request  

29(1)  The Registrar shall not cancel the registration of a professional member, licensee, permit holder or certificate holder 

at that person’s request unless the request for the cancellation has been approved by the Council. 

(2)  When a request for cancellation of a registration is approved by the Council 

(a) the Registrar shall cancel that registration, and 

(b) the professional member, licensee, permit holder or restricted practitioner requesting the cancellation shall, on 

being notified of the approval, 

(i) immediately surrender to the Registrar 

(A) the certificate of registration, licence and the stamp or seal, in the case of a professional member, 

licensee or restricted practitioner, or 

(B) the permit and annual certificate, in the case of a permit holder, 

 and 

(ii) cease using the permit number, in the case of a permit holder. 

(3)  The Council may direct the Registrar to reinstate in the applicable register a registration that was cancelled under this 

section, subject to any conditions that the Council may prescribe, and to reissue the certificate of registration, licence or 

permit and the stamp, seal or permit number. 

(4)  Notwithstanding subsection (3), if a person whose registration is cancelled applies to be reinstated more than 7 years 

after the date of the cancellation, the application for reinstatement must be referred to the Board of Examiners. 
1981 cE-11.1 s28;1995 c14 s12;1998 c14 s9 

Board of Examiners  

30(1)  The Council shall establish a Board of Examiners in accordance with the regulations. 

(2)  The Minister shall appoint as members of the Board of Examiners 3 persons from a list of members of the public 

nominated by the Council. 

(3)  If the Council fails, within a reasonable period of time after being requested to do so by the Minister, to make 

nominations for the purposes of subsection (2), the Minister may appoint 3 members of the public to the Board of 

Examiners without the Council’s nomination. 

(4)  The Minister may pay to a member of the Board appointed under subsection (2) travelling and living expenses 

incurred by that member for the member’s attendance at a hearing of the Board while away from the member’s usual place 

of residence and fees in an amount prescribed by the Minister. 

(5)  The Minister may, after consultation with the Council, revoke the appointment under subsection (2) of a member of 

the public. 

(6)  The powers, duties and operations of the Board under this Act, the regulations and the bylaws are not affected by 

(a) the fact that no member of the public is appointed as a member of the Board pursuant to subsection (2), 

(b) the revocation under subsection (5) of the appointment of a member of the public, or 
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(c) the resignation as a member of the Board of a member of the public. 

(7)  The failure of a member of the public appointed under subsection (2) to attend a meeting of the Board is not to be 

construed to affect or restrict the Board from exercising at that meeting any powers or performing any duties under this 

Act, the regulations or the bylaws. 

(8)  The Board of Examiners shall consider applications for the registration of applicants as professional members or 

licensees in accordance with this Part, the regulations and the bylaws and may 

(a) approve the registration, 

(b) refuse the registration, or 

(c) defer the approval of registration until it is satisfied that the applicant has complied with a requirement made 

under this section. 

(9)  The Board of Examiners may, in its discretion, require an applicant for registration 

(a) to pass one or more examinations set by the Board, 

(b) to obtain more experience of a kind satisfactory to the Board for a period set by the Board, or 

(c) to pass one or more examinations and obtain more experience 

before it approves the registration. 
1981 cE-11.1 s29;1984 c17 s11;1995 c14 s13 

Approval by the Board of Examiners  

31(1)  The Board of Examiners shall approve the registration as a professional member of a person who proves to the 

satisfaction of the Board that 

(a) the person is of good character and reputation, 

(b) the person is a Canadian citizen or lawfully admitted to Canada for permanent residence, and 

(c) the person meets the requirements of the regulations. 

(2)  If an applicant for registration as a licensee is not a Canadian citizen or lawfully admitted to Canada for permanent 

residence but otherwise complies, to the satisfaction of the Board of Examiners, with subsection (1), the Board shall 

approve the registration. 
1981 cE-11.1 s30;1984 c17 s12;1995 c14 s14 

Review by the Appeal Board 

32(1)  The Board of Examiners shall send a written notice of any decision made by it under this Part to the applicant. 

(2)  If the decision made by the Board is to refuse or defer registration of the applicant, reasons for the decision shall be 

sent in writing to the applicant. 

(3)  If the decision made by the Board is to approve the registration, the Registrar shall publish a notice of approval in 

accordance with the bylaws. 

(4)  An applicant whose application for registration has been refused by the Board of Examiners may, within 30 days after 

receiving a notice of refusal and the reasons for refusal, appeal the decision to the Appeal Board by serving a notice of 

appeal on the Registrar. 

(5)  On receiving a notice of appeal, the Registrar shall set a date, time and place for the hearing of the appeal and notify 

the appellant, in writing, of the date, time and place. 

(6)  The appellant may appear with counsel and make representations to the Appeal Board. 

(7)  On concluding the hearing, the Appeal Board may make any decision the Board of Examiners was authorized to make. 
1981 cE-11.1 s31;1995 c14 s15 
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Joint firms  

33(1)  In this section and sections 34 and 35, 

(a) “Architects Association” means The Alberta Association of Architects under the Architects Act; 

(b) “architects firm” means a partnership or corporation 

(i) that 

(A) confines its practice to providing architectural consulting services, or 

(B) if it does not confine its practice to providing architectural consulting services, engages in a practice 

satisfactory to the Joint Board, 

 and 

(ii) in which registered architects 

(A) hold a majority interest, and 

(B) control the partnership or corporation, 

and that is otherwise entitled to engage in the practice of architecture under the Architects Act; 

(c) “engineers firm” means a partnership or corporation 

(i) that 

(A) confines its practice to providing engineering consulting services, or 

(B) if it does not confine its practice to providing engineering consulting services, engages in a practice 

satisfactory to the Joint Board, 

 and 

(ii) in which professional engineers 

(A) hold a majority interest, and 

(B) control the partnership or corporation, 

and that is otherwise entitled to engage in the practice of engineering under this Act; 

(d )“proposed engineers and architects firm” means a partnership or corporation 

(i) that 

(A) proposes to confine its practice to providing engineering consulting services and architectural 

consulting services, or 

(B) if it does not propose to confine its practice to providing engineering consulting services and 

architectural consulting services, proposes to engage in a practice satisfactory to the Joint Board, 

 and 

(ii) in which professional engineers and registered architects 

(A) hold a majority interest, and 

(B) control the partnership or corporation, 

 and that is otherwise entitled to engage in the practice of engineering under this Act or the practice of 

architecture under the Architects Act. 
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(2)  An application for a certificate of authorization may be made by the following: 

(a) a professional engineer; 

(b) a registered architect; 

(c) an engineers firm; 

(d) an architects firm; 

(e) a proposed engineers and architects firm; 

(f) a partnership or corporation that is not referred to in clause (c), (d) or (e) that the Joint Board considers a suitable 

applicant for a certificate of authorization. 

(3)  An applicant under subsection (2) shall 

(a) if its prime activity is the provision of engineering consulting services, apply to the Council, and 

(b) if its prime activity is the provision of architectural consulting services, apply to the council of the Architects 

Association. 
1981 cE-11.1 s32 

Approval by Joint Board  

34(1)  Every application under section 33 shall be referred to the Joint Board by the council to which it was made, with or 

without comment from that council. 

(2)  The Joint Board shall consider with respect to each application referred to it whether 

(a) the applicant is eligible to apply under section 33(2); 

(b) the applicant has at least one full-time employee who is a professional engineer who shall take responsibility for 

the engineering work of the applicant and at least one full-time employee who is a registered architect who shall 

take responsibility for the architectural work of the applicant; 

(c) the presence of any ownership interests in the applicant will give rise to conflicts with the professional 

responsibilities of the firm; 

(d) the granting of a certificate of authorization to the applicant will give rise to unauthorized practice or otherwise 

lead to circumvention of this Act or the Architects Act; 

(e) any detriment to the public would result from the applicant becoming entitled to engage in the practice of both 

engineering and architecture. 

(3)  After considering an application for a certificate of authorization referred to it, the Joint Board shall recommend 

(a) in the case of an application by a registered architect or an architects firm, to the Council, 

(b) in the case of an application by a professional engineer or an engineers firm, to the council of the Architects 

Association, or 

(c) in the case of an application by a proposed engineers and architects firm or other applicant, to the Council and to 

the council of the Architects Association, 

whether or not to grant a certificate of authorization, based on the criteria considered by it under subsection (2). 
1981 cE-11.1 s33 

Registration of joint firm  

35(1)  On receipt of a recommendation of the Joint Board under section 34, the Council may approve the registration of a 

proposed engineers and architects firm if that firm is eligible to become registered under the regulations. 
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(2)  When recommendations are made by the Joint Board to both the Council and the council of the Architects Association 

with respect to an application for a certificate of authorization, both councils must agree that the certificate should be 

issued and both shall sign the certificate before it is issued. 

(3)  Subject to subsection (2), an applicant is entitled to be registered as a joint firm when the Council approves its 

registration. 
1981 cE-11.1 s34 

Duties of joint firm  

36(1)  A joint firm may engage in the practice of both engineering and architecture in 

(a) the names of the individuals who are its partners, 

(b) its corporate name, or 

(c) any other name that is approved by the Council pursuant to the bylaws. 

(2)  A joint firm shall advise the Registrar in writing of 

(a) the names of the individual shareholders, directors and officers of the firm, 

(b) the names of the employees who are professional engineers and registered architects, and 

(c) of any change in those shareholders, directors, officers or employees forthwith after the change occurs. 

(3)  When a joint firm causes plans, drawings, detail drawings and specifications prepared in its practice of engineering, or 

prepared by other persons and reviewed by the professional members in its practice of engineering, to be signed by its 

proper officers and affixed with the permit number issued to the firm, it shall also cause them to be signed by and 

imprinted with the stamp or seal of the professional engineer who 

(a) had supervision and control over their preparation, or 

(b) reviewed and assumed professional responsibility for them. 
1981 cE-11.1 s35;1998 c14 s10 

Restricted practitioner  

37(1)  The Joint Board may recommend to the Council that a certificate of authorization be issued to an individual who is 

a registered architect who 

(a) has historically competently provided a service in the practice of professional engineering in Alberta, and 

(b) applied for the certificate before October 1, 1982. 

(2)  On receipt of a recommendation under subsection (1), the Council may approve the registration of an individual who 

has applied to the Council and is eligible under the bylaws to become registered as a restricted practitioner. 

(3)  If the Council approves the registration of an individual as a restricted practitioner, it shall specify in the certificate 

and in the register the restricted scope of the practice of engineering in which the individual is permitted to engage. 
1981 cE-11.1 s36;1983 cD-25.5 s23 

Exemption from stamp or seal requirement  

38   On the recommendation of the Joint Board, the Council may authorize an individual who is a registered architect 

under the Architects Act to apply for a permit authorized by the regulations under the Safety Codes Act without the final 

design drawings and specifications of the building having the stamp or seal of a professional engineer. 
1981 cE-11.1 s37;1991 cS-0.5 s70;1995 c14 s16 

Cancellation  

39(1)  The Council may direct the Registrar to cancel the registration of 
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(a) a professional member, licensee or permit holder who is in default of payment of annual fees or any other fees, 

dues or levies payable under this Act, or 

(b) a permit holder if it no longer has employees in compliance with this Act, 

after the expiration of 30 days following the service on the professional member, licensee or permit holder of a written 

notice by the Council pursuant to subsection (2), unless the professional member, licensee or permit holder on whom the 

notice is served complies with the notice. 

(2)  The notice under subsection (1) shall state that the Registrar may cancel the registration unless 

(a) the fees, dues or levies are paid as indicated in that notice, or 

(b) evidence satisfactory to the Council has been received by it within the time prescribed in the notice indicating 

that the permit holder has employees in compliance with this Act. 

(3)  The Council may direct the Registrar to cancel the registration of a professional member, licensee or permit holder 

that was entered in error in the register. 

(4)  If the registration of a professional member or licensee has been cancelled under this section, the professional member 

or licensee shall forthwith surrender to the Registrar any certificate of registration, licence, stamp or seal issued to the 

professional member or licensee. 

(5)  If the registration of a permit holder has been cancelled under this section, the permit holder shall immediately 

surrender the permit to the Registrar and cease to use the permit number issued to that permit holder. 

(6)  If a registration has been cancelled pursuant to subsection (1), the Council may direct the Registrar, subject to any 

conditions that the Council may prescribe, to reinstate that registration in the applicable register and to reissue the 

certificate of registration, licence or permit and the stamp, seal or permit number. 

(7)  Notwithstanding subsection (6), if a person whose registration is cancelled applies to be reinstated more than 7 years 

after the date of the cancellation, the application for reinstatement must be referred to the Board of Examiners. 
1981 cE-11.1 s38;1995 c14 s17;1998 c14 s11 

Cancellation of a joint firm  

40(1)  The Council may direct the Registrar to cancel the registration of a joint firm that 

(a) is in default of payment of annual fees or any other fees, dues or levies payable under this Act, or 

(b) ceases to have at least one professional engineer and at least one registered architect to take the responsibility 

referred to in section 34(2)(b), 

after the expiration of one month following the service on the joint firm of a written notice that the Council intends to 

cancel the registration, unless the joint firm on which the notice is served complies with the notice. 

(2)  The notice under subsection (1) shall state that the Registrar may cancel the registration unless 

(a) the fees, dues or levies are paid as indicated in the notice, or 

(b) the joint firm has at least one professional engineer and at least one registered architect to take the responsibility 

referred to in section 34(2)(b). 

(3)  If the registration of a joint firm has been cancelled under this section, the joint firm shall forthwith surrender to the 

Registrar the certificate of authorization and the stamp issued to it. 

(4)  The Council may direct the Registrar, subject to any conditions that the Council may prescribe, to reinstate the joint 

firm in the applicable register and to reissue the certificate of authorization and the stamp. 
1981 cE-11.1 s39 

Cancellation of restricted practitioners  

41(1)  The Council may direct the Registrar to cancel the registration of a restricted practitioner who 
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(a) is in default of payment of annual fees or any other fees, dues or levies payable under this Act, or 

(b) who is not a registered architect in good standing under the Architects Act, 

after the expiration of one month following the service on the restricted practitioner of a written notice that the Council 

intends to cancel the registration, unless the restricted practitioner on whom the notice is served complies with the notice. 

(2)  The notice under subsection (1) shall state that the Registrar may cancel the registration unless 

(a) the fees, dues or levies are paid as indicated in the notice, or 

(b) the restricted practitioner is a registered architect in good standing under the Architects Act. 

(3)  If the registration of a restricted practitioner has been cancelled under this section, the restricted practitioner shall 

forthwith surrender to the Registrar the certificate of authorization and the stamp issued to it. 

(4)  The Council may direct the Registrar, subject to any conditions that the Council may prescribe, to reinstate the 

restricted practitioner in the applicable register and to reissue the certificate of authorization and the stamp. 
1981 cE-11.1 s40 

Part 5 

Discipline 

Definitions  

42   In this Part, 

(a) “conduct” includes an act or omission; 

(b) “investigated person” means a professional member, licensee, permit holder, certificate holder or 

member-in-training with respect to whose conduct an investigation is held under this Part; 

(c) “practice of the profession” means practice of engineering or practice of geoscience, as the case may be. 
RSA 2000 cE-11 s42;2011 c3 s14 

Complaints  

43(1)  A person may complain to the Registrar, or to a person who is authorized in writing by the Registrar to receive 

complaints, about the conduct of a professional member, licensee, permit holder, certificate holder or member-in-training, 

and the complaint shall be dealt with in accordance with this Part and the regulations. 

(2)  A complaint must be in writing. 

(3)  A complaint respecting the conduct of a professional member, licensee, permit holder or certificate holder whose 

registration was cancelled pursuant to this Act may, notwithstanding the cancellation, be dealt with within 2 years 

following the date of cancellation of the registration as if the cancellation had not occurred. 

(4)  Notwithstanding section 47, a person designated by the Registrar as a mediator may assist in settling a complaint if the 

complainant and the person about whose conduct the complaint was made agree, but if within 30 days from the date of 

receipt of the complaint, or a longer period agreed to by those persons, a settlement of the complaint between those 

persons does not occur, or in the mediator’s opinion is not likely to occur, the complaint shall be referred forthwith by the 

Registrar to the Investigative Committee. 

(5)  If a complaint is settled with the assistance of a mediator, any agreement that is reached by the complainant and the 

person about whose conduct the complaint was made must be reviewed by the Investigative Committee, and that 

Committee may 

(a) approve the agreement, or 

(b) proceed with a preliminary investigation in accordance with section 47. 
1981 cE-11.1 s42;1984 c17 s13;1995 c14 s18 
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Determination of unprofessional conduct and unskilled practice  

44(1)  Any conduct of a professional member, licensee, permit holder, certificate holder or member-in-training that in the 

opinion of the Discipline Committee or the Appeal Board 

(a) is detrimental to the best interests of the public, 

(b) contravenes a code of ethics of the profession as established under the regulations, 

(c) harms or tends to harm the standing of the profession generally, 

(d) displays a lack of knowledge of or lack of skill or judgment in the practice of the profession, or 

(e) displays a lack of knowledge of or lack of skill or judgment in the carrying out of any duty or obligation 

undertaken in the practice of the profession, 

whether or not that conduct is disgraceful or dishonourable, constitutes either unskilled practice of the profession or 

unprofessional conduct, whichever the Discipline Committee or the Appeal Board finds. 

(2)  If an investigated person fails to comply with or contravenes this Act, the regulations or the bylaws, and the failure or 

contravention is, in the opinion of the Discipline Committee, of a serious nature, the failure or contravention may be found 

by the Discipline Committee to be unprofessional conduct whether or not it would be so found under subsection (1). 
1981 cE-11.1 s43;1995 c14 s19 

Discipline Committee  

45(1)  The Council shall establish a Discipline Committee, the members of which shall be appointed in accordance with 

the regulations. 

(2)  The Council shall make regulations governing, subject to this Part, the operation and proceedings of the Discipline 

Committee, the designation of a chair, the appointment of acting members and the procedures for filling vacancies in the 

offices of the chair and the membership and the appointment of members by virtue of their office, and prescribing their 

powers, duties and functions. 

(3)  The Council may make regulations respecting the hearing of a matter under this Part by a panel of the Discipline 

Committee. 

(4)  A regulation made under subsection (2) or (3) does not come into force unless it has been approved by the Lieutenant 

Governor in Council. 
1981 cE-11.1 s44;1984 c17 s14 

Investigative Committee 

46(1)  The Council shall establish an Investigative Committee, the members of which shall be appointed in accordance 

with the regulations. 

(2)  The Council shall make regulations governing, subject to this Part, the operation and proceedings of the Investigative 

Committee, the designation of a chair, the appointment of members, acting members and members by virtue of their office 

and the procedures for filling vacancies in the offices of the chair and the membership, and prescribing their powers, duties 

and functions. 

(3)  A regulation made under subsection (2) does not come into force unless it has been approved by the Lieutenant 

Governor in Council. 
1995 c14 s20 

Investigation panel 

47   When a complaint is referred to the Investigative Committee under section 43, the Investigative Committee shall 

appoint an investigation panel from among its members to conduct a preliminary investigation. 
1981 cE-11.1 s45;1995 c14 s21 
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Notice of preliminary investigation  

48   The Registrar shall forthwith send notice in writing to the investigated person that a preliminary investigation is being 

conducted. 
1981 cE-11.1 s46 

Evidence for preliminary investigation  

49(1)  An investigation panel may 

(a) require the investigated person or any other member of the Association to produce any plans, drawings, detailed 

drawings, specifications, reports, books, papers or other documents or records in that person’s possession or 

control, and 

(b) copy and keep copies for the purposes of this Part of any thing that is produced under clause (a). 

(2)  An investigation panel may investigate any other matter regarding the conduct of the investigated person that arises in 

the course of the investigation. 
1981 cE-11.1 s47;1995 c14 s22 

Report to Investigative Committee  

50   On concluding a preliminary investigation, the investigation panel shall report its findings to the Investigative 

Committee. 
1981 cE-11.1 s48;1995 c14 s23 

Termination of investigation  

51(1)  The Investigative Committee may terminate an investigation at any time if it is of the opinion that 

(a) the complaint is frivolous or vexatious, or 

(b) there is insufficient evidence of unskilled practice of the profession or unprofessional conduct. 

(2)  On terminating an investigation, the Investigative Committee shall direct the Registrar to serve on the investigated 

person and on the complainant, if any, a notice in accordance with the bylaws that the investigation has been terminated. 

(3)  A complainant who is served with a notice under subsection (2) informing the complainant that the investigation has 

been terminated may, by notice in writing to the Registrar within 30 days after receipt of the notice under subsection (2), 

appeal that decision to the Appeal Board. 

(4)  On an appeal under subsection (3), the Appeal Board shall 

(a) uphold the decision of the Investigative Committee to terminate the investigation if, in the opinion of the Appeal 

Board, 

(i) the complaint is frivolous or vexatious, or 

(ii) there is insufficient evidence of unskilled practice of the profession or unprofessional conduct, 

or 

(b) refer the matter to the Discipline Committee for a formal hearing. 

(5)  The Appeal Board shall notify the complainant, the investigated person and the Investigative Committee in writing of 

its decision under subsection (4). 
1981 cE-11.1 s49;1984 c17 s15;1995 c14 s24;1998 c14 s12 

Power of Investigative Committee to recommend an order 

52(1)  If an investigation is not terminated under section 51, the Investigative Committee may 
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(a) if the investigated person has admitted to conduct that constitutes unskilled practice of the profession or to 

unprofessional conduct, recommend, in accordance with subsection (2), any order that the Investigative 

Committee considers appropriate, or 

(b) refer the matter to the Discipline Committee for a formal hearing. 

(2)  An order recommended by the Investigative Committee must be provided to a member of the Discipline Committee 

who has been designated by that Committee to act as a case manager. 

(3)  If the case manager agrees with the order recommended by the Investigative Committee, the case manager must 

discuss the order with the investigated person and, if the investigated person agrees with the order, the order has the same 

force and effect as an order made by the Discipline Committee following a formal hearing. 

(4)  If the case manager or the investigated person rejects the order recommended by the Investigative Committee, the 

matter must be referred to the Discipline Committee for a formal hearing. 
1995 c14 s25 

Duty of Discipline Committee  

53(1)  On the referral of a matter to the Discipline Committee for a formal hearing, the Discipline Committee shall hold 

the hearing forthwith. 

(2)  Notwithstanding subsection (1), if proceedings in respect of the same circumstances or events are commenced in 

Provincial Court or the Court of Queen’s Bench, the Discipline Committee may adjourn the hearing. 

(3)  The Registrar shall serve on the investigated person and on the complainant, if any, a notice of hearing stating the 

date, time and place at which the Discipline Committee will hold the hearing and giving reasonable particulars of the 

conduct or complaint in respect of which the hearing will be held. 
1981 cE-11.1 s50;1984 c17 s16;1995 c14 s26 

Further investigation  

54(1)  The Discipline Committee may also investigate and hear any other matter concerning the conduct of the 

investigated person that arises in the course of the hearing, but in that event the Committee shall declare its intention to 

investigate and hear the further matter and shall permit the person sufficient opportunity to prepare the person’s answer to 

the further matter. 

(2)  Sections 56 to 62 apply to an investigation and hearing of a further matter under subsection (1). 
1981 cE-11.1 s51 

Suspension pending investigation and hearing  

55(1)  Notwithstanding anything in this Act, the Investigative Committee may suspend the registration of a professional 

member, licensee, permit holder, certificate holder or member-in-training pending a preliminary investigation or a decision 

of the Discipline Committee. 

(2)  A person whose registration is suspended under subsection (1) may apply to the Court for an order staying the 

suspension. 

(3)  A copy of an application under subsection (2) must be served on the Registrar. 
RSA 2000 cE-11 s55;2009 c53 s59 

Right to counsel and to appearance  

56   The Investigative Committee and the investigated person may appear and be represented by counsel at a hearing 

before the Discipline Committee. 
1981 cE-11.1 s53;1984 c17 s18;1995 c14 s28 

Public hearings 

57   All hearings before the Discipline Committee and the Appeal Board under this Part are open to the public unless that 

Committee or Board orders otherwise. 
1981 cE-11.1 s54;1995 c14 s29 
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Evidence  

58(1)  Evidence may be given before the Discipline Committee in any manner that the Committee considers appropriate, 

and the Committee is not bound by the rules of law respecting evidence applicable to judicial proceedings. 

(2)  For the purposes of an investigation, hearing or review under this Act, any member of the Appeal Board, the 

Discipline Committee or the Practice Review Board is conferred with the power of a commissioner for oaths under the 

Commissioners for Oaths Act. 
1981 cE-11.1 s55;1995 c14 s30 

Witnesses and documents  

59(1)  The investigated person and any other person who in the opinion of the Discipline Committee has knowledge of the 

complaint or any conduct being investigated are compellable witnesses in any proceeding under this Part. 

(2)  A witness may be examined on oath on all matters relevant to the investigation or hearing and is not to be excused 

from answering any question on the ground that the answer might 

(a) tend to incriminate the witness, 

(b) subject the witness to punishment under this Part, or 

(c) tend to establish the witness’s liability 

(i) to a civil proceeding at the instance of the Crown or of any other person, or 

(ii) to prosecution under any Act or regulations under any Act, 

but if the answer so given tends to incriminate the witness, subjects the witness to punishment or tends to establish the 

witness’s liability, it shall not be used or received against the witness in any civil proceedings, in a prosecution under Part 

7 or in any proceeding under any other Act, except in a prosecution for or proceedings in respect of perjury or the giving 

of contradictory evidence. 

(3)  For the purpose of obtaining the testimony of a witness who is out of Alberta, a judge of the Court on an application 

ex parte by the Association may direct the obtaining of the evidence of the witness in the manner provided under the 

Alberta Rules of Court for the taking of the evidence of a person outside Alberta. 
RSA 2000 cE-11 s59;2009 c53 s59 

Enforcement of attendance and production of documents  

60(1)  The attendance of witnesses before the Discipline Committee and the production of plans, drawings, detail 

drawings, specifications, reports, books, papers and other documents or records may be enforced by a notice issued by the 

Registrar requiring the witness to attend and stating the date, time and place at which the witness is to attend and the plans, 

drawings, detail drawings, specifications, reports, books, papers and other documents or records, if any, the witness is 

required to produce. 

(2)  On the written request of the investigated person or of the investigated person’s counsel or agent, the Registrar shall 

without charge issue and deliver to that person or that person’s counsel or agent any notices that that person or that 

person’s counsel or agent may require for the attendance of witnesses or the production of documents or records. 

(3)  A witness other than the investigated person who has been served with a notice to attend or a notice for the production 

of documents or records under subsection (1) or (2) is entitled to be paid the same fees, expenses and allowances as are 

payable to witnesses in an action in the Court. 
RSA 2000 cE-11 s60;2009 c53 s59 

Failure to give evidence  

61(1)  Proceedings for civil contempt of court may be brought against a witness 

(a) who fails 

(i) to attend before the Discipline Committee in compliance with a notice to attend, 

(ii) to produce any books, papers or other documents or records in compliance with a notice to produce them, or 

 
013515



RSA 2000 
Chapter E-11 ENGINEERING AND GEOSCIENCE PROFESSIONS ACT 2012 
 

 

 32 

(iii)in any way to comply with either notice, 

or 

(b) who refuses to be sworn or to answer any question directed to be answered by the Discipline Committee. 

(2)  If the witness referred to in subsection (1) is the investigated person, the witness’s failure or refusal may be held to be 

unprofessional conduct. 

(3)  The Discipline Committee, on proof of service of the notice of investigation on the investigated person and the 

complainant, if any, may 

(a) proceed with the investigation in the absence of either or both of those persons, and 

(b) act on the matter being investigated in the same way as though either or both of those persons were in attendance. 
1981 cE-11.1 s58 

Finding by the Discipline Committee  

62(1)  The Discipline Committee may find that the conduct of an investigated person constitutes neither unskilled practice 

of the profession nor unprofessional conduct. 

(2)  The Discipline Committee may find that the conduct of an investigated person constitutes unskilled practice of the 

profession or unprofessional conduct, or both, and shall deal with the investigated person in accordance with this Part. 
1981 cE-11.1 s59 

Powers of the Discipline Committee  

63   If the Discipline Committee finds that the conduct of the investigated person is unprofessional conduct or unskilled 

practice of the profession, or both, the Discipline Committee may make any one or more of the following orders: 

(a) reprimand the investigated person; 

(b) suspend the registration of the investigated person for a specified period; 

(c) suspend the registration of the investigated person either generally or from any field of practice until 

(i) the investigated person has completed a specified course of studies or obtained supervised practical 

experience, or 

(ii) the Discipline Committee is satisfied as to the competence of the investigated person generally or in a 

specified field of practice; 

(d) accept in place of a suspension the investigated person’s undertaking to limit the investigated person’s practice; 

(e) impose conditions on the investigated person’s entitlement to engage in the practice of the profession generally 

or in any field of the practice, including the conditions that the investigated person 

(i) practise under supervision, 

(ii) not engage in sole practice, 

(iii)permit periodic inspections by a person authorized by the Discipline Committee, or 

(iv)report to the Discipline Committee on specific matters; 

(f) direct the investigated person to pass a particular course of study or satisfy the Discipline Committee as to the 

investigated person’s practical competence generally or in a field of practice; 

(g) direct the investigated person to satisfy the Discipline Committee that a disability or addiction can be or has been 

overcome, and suspend the person until the Discipline Committee is so satisfied; 

(h) require the investigated person to take counselling or to obtain any assistance that in the opinion of the Discipline 

Committee is appropriate; 
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(i) direct the investigated person to waive, reduce or repay a fee for services rendered by the investigated person 

that, in the opinion of the Discipline Committee, were not rendered or were improperly rendered; 

(j) cancel the registration of the investigated person; 

(k) any other order that it considers appropriate in the circumstances. 
1981 cE-11.1 s60 

Order to pay costs or a fine  

64(1)  The Discipline Committee may, in addition to or instead of dealing with the investigated person in accordance with 

section 63, order that the investigated person pay 

(a) all or part of the costs of the hearing in accordance with the bylaws, 

(b) a fine not exceeding $10 000 to the Association, or 

(c) both the costs under clause (a) and a fine under clause (b), 

within the time fixed by the order. 

(2)  If the investigated person ordered to pay a fine, costs, or both, under subsection (1) fails to pay the fine, costs, or both, 

within the time ordered, the Discipline Committee may suspend the registration of that person until the person has paid the 

fine, costs or both. 

(3)  A fine or costs ordered to be paid to the Association under this section is a debt due to the Association and may be 

recovered by the Association by civil action for debt. 
1981 cE-11.1 s61;1984 c17 s19 

Service of written decision  

65(1)  The Discipline Committee shall, within a reasonable time after the conclusion of a hearing, make a written decision 

on the matter, in which it shall 

(a) describe each finding made in accordance with this Part, 

(b) state the reasons for each finding made, and 

(c) state any order made under this Part. 

(2)  The Discipline Committee shall immediately forward to the Registrar 

(a) the decision, and 

(b) the record of the hearing, consisting of all evidence presented before it, including 

(i) all exhibits, 

(ii) all documents and records, and 

(iii)a transcript of all testimony given before it, whether recorded electronically, mechanically or in handwritten 

form. 

(3)  The Registrar shall, immediately on receiving the decision and the record of the hearing referred to in subsection (2), 

serve 

(a) a copy of the decision on the investigated person and the Investigative Committee, and 

(b) a notice of the nature of the decision on the complainant, if any. 

(4)  The investigated person or the investigated person’s counsel or agent may examine the record or any part of the record 

of the proceedings and hear any recording or examine any mechanical or handwritten form of record of any testimony. 
1981 cE-11.1 s62;1995 c14 s31 
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Suspension or cancellation pending appeal  

66(1)  Notwithstanding an appeal under this Part, the Discipline Committee may order that its decision remain in effect 

until the Appeal Board or the Court of Appeal, as the case may be, makes its decision on the appeal. 

(2)  An investigated person may apply to the Court for an order staying the decision of the Discipline Committee pending 

the determination of the appeal. 

(2.1)  A copy of an application under subsection (2) must be served on the Registrar. 

(3)  The Court may hear an application made under this section not less than 10 days after the application has been served 

on the Registrar. 

(4)  On hearing an application made under this section the Court may, subject to any conditions that it considers proper, 

stay the decision of the Discipline Committee pending the determination of the appeal. 
RSA 2000 cE-11 s66;2009 c53 s59 

Appeal to Appeal Board 

67(1)  The Investigative Committee or the investigated person may appeal to the Appeal Board any finding or order of the 

Discipline Committee. 

(2)  An appeal under subsection (1) shall be commenced by a written notice of appeal that shall 

(a) describe the finding or order appealed from, 

(b) state the reasons for the appeal, and 

(c) be served on the Registrar not more than 30 days after the date that the decision of the Discipline Committee was 

served on the investigated person. 

(3)  On receiving a notice of appeal from the Investigative Committee, the Registrar shall forthwith provide a copy to the 

investigated person and make the record of the hearing available to the investigated person. 

(4)  On receiving a notice of appeal, the Registrar shall provide a copy to the Appeal Board and make the record of the 

hearing available to each member of the Appeal Board. 
1981 cE-11.1 s64;1984 c17 s21;1995 c14 s33 

Time of appeal  

68(1)  The Appeal Board, on receiving a notice of appeal under section 67, shall serve on the investigated person and the 

Investigative Committee a notice of hearing of an appeal stating the date, time and place that the Appeal Board will hear 

the matters appealed. 

(2)  The Appeal Board shall hear an appeal forthwith. 
1981 cE-11.1 s65;1995 c14 s34 

Powers of the Appeal Board on appeal  

69(1)  The Appeal Board on an appeal may do any or all of the following: 

(a) grant adjournments of the proceedings or reserve the determination of the matters before it for a future meeting 

of the Appeal Board; 

(b) receive further evidence on granting special leave for that purpose; 

(c) draw inferences of fact and make a determination or finding that in its opinion ought to have been made by the 

Discipline Committee; 

(d) order that the matter be referred back to the Discipline Committee. 

(2)  Sections 56 to 62, 65 and 66 apply to the hearing of an appeal by the Appeal Board. 

(3)  The Appeal Board shall forthwith after the date of the conclusion of all proceedings before it, 
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(a) make any finding as to the conduct of the investigated person that in its opinion ought to have been made by the 

Discipline Committee, 

(b) quash, confirm or vary the finding or order of the Discipline Committee or substitute or make a finding or order 

of its own, or 

(c) refer the matter back to the Discipline Committee for further consideration in accordance with any direction that 

the Appeal Board may make. 

(4)  The Appeal Board may order the investigated person to pay all or part of the costs of the appeal determined in 

accordance with the bylaws. 
1981 cE-11.1 s66;1984 c17 s22;1995 c14 s35 

Appeal to the Court of Appeal  

70(1)  An investigated person may appeal to the Court of Appeal any finding or order made by the Appeal Board under 

section 69. 

(2)  The Appeal Board shall be the respondent in an appeal under subsection (1) and may make representations to the 

Court of Appeal. 

(3)  An appeal under this section shall be commenced 

(a) by filing a notice of appeal with the Registrar of the Court of Appeal in Edmonton or Calgary, and 

(b) by serving a copy of the notice of appeal on the Registrar, 

both within 30 days from the date on which the decision of the Appeal Board is served on the investigated person. 
1981 cE-11.1 s68;1984 c17 s24;1995 c14 s36 

Order for stay pending appeal  

71   The appellant may, after commencing an appeal and on notice to the Registrar, apply to the Court of Appeal for an 

order staying all or any part of the order or decision of the Appeal Board appealed. 
1981 cE-11.1 s69;1984 c17 s25;1995 c14 s37 

Material in support of appeal  

72(1)  An appeal under section 70 shall be supported by copies, certified by the Registrar, of the decision of the Appeal 

Board and the record of the appeal before the Appeal Board. 

(2)  The Registrar, on being paid any disbursements and expenses in connection with a request made by the appellant or 

the appellant’s solicitor or agent, shall furnish to the appellant or the appellant’s solicitor or agent the number of copies so 

requested of the documents mentioned in subsection (1). 
1981 cE-11.1 s70;1984 c17 s26;1995 c14 s37 

Power of the court on appeal  

73(1)  The Court of Appeal on hearing the appeal may do any or all of the following: 

(a) make any finding that in its opinion ought to have been made; 

(b) quash, confirm or vary the order or decision of the Appeal Board or any part of it; 

(c) refer the matter back to the Appeal Board for further consideration in accordance with any direction of the Court 

of Appeal; 

(d) direct that a new trial of any mixed questions of law and fact relating to a finding or order, or to both a finding 

and an order of the Appeal Board made under section 69, be held before the Court. 

(2)  The Court of Appeal may make any award as to the costs of an appeal to it that it considers appropriate. 
1981 cE-11.1 s71;1984 c17 s27;1995 c14 s37 
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Fraudulent registration  

74(1)  If the Council is satisfied, after a hearing on the matter, that a person whose registration is entered in the register 

obtained registration by means of any false or fraudulent representation or declaration, either oral or written, the Council 

shall order that the person’s registration be cancelled. 

(2)  The provisions of this Part respecting the procedures of the Discipline Committee apply to a hearing held by the 

Council under subsection (1). 
1981 cE-11.1 s72 

Surrender of certificates  

75(1)  If the registration of a professional member, licensee or restricted practitioner has been cancelled or suspended 

under this Part, the professional member, licensee or restricted practitioner shall immediately surrender any certificate, 

stamp or seal to the Registrar. 

(2)  If the registration of a permit holder or joint firm has been cancelled or suspended under this Part, the permit holder or 

joint firm shall immediately 

(a) surrender the permit or certificate of authorization to the Registrar, and 

(b) cease using the permit number issued by the Registrar. 

(3)  If the registration of a professional member, licensee, permit holder or certificate holder has been cancelled under this 

Part, the registration shall not be reinstated in the register except by order of the Council, the Court or the Court of Appeal. 

(4)  No order shall be made under subsection (3) within one year after 

(a) the date on which the registration was cancelled, or 

(b) if an order was granted staying the imposition of a punishment imposed by the Council and the punishment is 

later confirmed by the Court or the Court of Appeal, the date on which the Court or the Court of Appeal made its 

order confirming the punishment. 

(5)  A member of the Council who is a member of a committee of inquiry appointed pursuant to the regulations to consider 

an application under this Part for reinstatement of registration may participate in or vote at any proceedings of the Council 

under this section, and the Registrar and the Association’s solicitor may participate in those proceedings. 
1981 cE-11.1 s73;1998 c14 s13 

Misrepresentation of status 

76   The conduct of a person who is or was registered as a professional member, licensee, permit holder or certificate 

holder who represents or holds out that the person is registered and in good standing while the person’s registration is 

suspended or cancelled may be dealt with as being unprofessional conduct in accordance with this Part. 
1981 cE-11.1 s74 

Publication  

77   After a finding or order is made by the Discipline Committee, the Council, the Appeal Board, the Court or the Court 

of Appeal under this Part, the name of the investigated person may be published in accordance with the regulations. 
1981 cE-11.1 s75;1995 c14 s38 

Part 6 

General 

Use of stamps, seal, permit number 

78(1)  A professional member, licensee or restricted practitioner shall, in accordance with the regulations,  

(a) sign documents or records, and 

(b) stamp or seal documents or records. 
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(2)  A permit holder shall affix its permit number on documents or records in accordance with the regulations. 
1981 cE-11.1 s76;1984 c17 s28;1998 c14 s14 

Exemption from municipal licence 

79   No municipality has the power to require 

(a) any professional member, licensee, permit holder or certificate holder to obtain a licence from the municipality to 

engage in the practice of engineering or the practice of geoscience, or 

(b) any member-in-training to obtain a licence from the municipality for or in connection with the performance of 

any acts or services authorized by this Act to be performed by a member-in-training. 
RSA 2000 cE-11 s79;2011 c3 s15 

Liability to others  

80(1)  The relationship between a permit holder or certificate holder engaged in the practice of engineering or geoscience 

and a person receiving the professional services of the permit holder or certificate holder is subject to this Act, the 

regulations and any other law applicable to the relationship between a professional member and the professional member’s 

client. 

(2)  The relationship of a professional member or licensee to a permit holder, whether as member, shareholder or 

employee of the permit holder, does not affect, modify or diminish the application of this Act, the regulations and the 

bylaws 

(a) to the professional member or licensee personally as a professional member or licensee, or 

(b) to the relationship between the professional member or licensee and the professional member’s or licensee’s 

client. 
RSA 2000 cE-11 s80;2011 c3 s32 

Registrar’s certificate  

81(1)  A certificate purporting to be signed by the Registrar and stating that a named person was or was not, on a specified 

day or during a specified period, 

(a) a professional member, licensee or certificate holder, or 

(b) an officer of the Association or a member of the Council 

shall be admitted in evidence as proof, in the absence of evidence to the contrary, of the facts stated in it without proof of 

the Registrar’s appointment or signature. 

(2)  A certificate purporting to be signed by the Registrar and stating that a named corporation, partnership or other 

association of persons was or was not, on a specified day or during a specified period, a permit holder or certificate holder 

shall be admitted in evidence as proof, in the absence of evidence to the contrary, of the facts stated in it without proof of 

the Registrar’s appointment or signature. 
1981 cE-11.1 s78 

Protection from liability  

82(1)  No action lies against 

(a) any person conducting a preliminary investigation, a member of the Discipline Committee, the Practice Review 

Board, the Investigative Committee, the Appeal Board, the Council or the Board of Examiners, the Registrar, the 

Association or any person acting on the instructions of any of them, or 

(b) any member, officer or employee of the Association 

for anything done by that person or body in good faith and in purporting to act under this Act, the regulations or the 

bylaws. 

 
013521



RSA 2000 
Chapter E-11 ENGINEERING AND GEOSCIENCE PROFESSIONS ACT 2012 
 

 

 38 

(2)  No action for defamation may be founded on a communication that consists of or pertains to a complaint regarding the 

conduct of a professional member, licensee, permit holder, certificate holder or member-in-training, if the communication 

is published to or by 

(a) the Association, 

(b) a member of the Council, the Discipline Committee, the Practice Review Board, the Investigative Committee, the 

Appeal Board or the Board of Examiners, 

(c) a person conducting a preliminary investigation, 

(d) an officer or employee of the Association, or 

(e) a person acting on the instructions of any of them 

in good faith in the course of investigating the complaint or in the course of any proceedings under Part 5 relating to the 

complaint. 
1981 cE-11.1 s79;1995 c14 s39 

Part 7 

Professional Licensees 

Scope of practice 

83   No professional licensee shall engage in the practice of engineering or geoscience except within the scope of practice 

specified by the Board of Examiners. 
2007 c13 s14;2011 c3 s32 

Exclusive use of name 

83.01(1)  No individual, corporation, partnership or other entity, except a professional licensee (engineering) or a permit 

holder entitled to engage in the practice of engineering, shall use the title “professional licensee (engineering)”. 

(2)  No individual, corporation, partnership or other entity, except a professional licensee (geoscience) or a permit holder 

entitled to engage in the practice of geoscience, shall use the title “professional licensee (geoscience)”. 
2011 c3 s16 

Prohibition on holding out 

83.1   No individual, corporation, partnership or other entity, except a professional licensee, shall represent or hold out, 

expressly or by implication, that the person is a professional licensee. 
2007 c13 s14 

Stamp or seal of professional licensee (engineering) 

83.2(1)  No individual, corporation, partnership or other entity, except a professional licensee (engineering), shall affix the 

stamp or seal of a professional licensee (engineering) or allow that stamp or seal to be affixed to a plan, drawing, detail 

drawing, specification or other document or a reproduction of any of them unless 

(a) that plan, drawing, detail drawing, specification, other document or reproduction was prepared by or under the 

supervision and control of, and 

(b) the stamp or seal is affixed with the knowledge and consent or in accordance with the direction of 

the professional licensee (engineering) to whom the stamp or seal was issued. 

(2)  Notwithstanding subsection (1), a professional licensee (engineering) may affix a stamp or seal to a plan, drawing, 

detail drawing, specification, other document or reproduction prepared by other persons if the professional licensee 

(engineering) completes a thorough review of and accepts professional responsibility for that plan, drawing, detail 

drawing, specification, other document or reproduction. 
2007 c13 s14 
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Stamp or seal of professional licensee (geoscience) 

83.3(1)  No individual, corporation, partnership or other entity, except a professional licensee (geoscience), shall affix the 

stamp or seal of a professional licensee (geoscience), or allow that stamp or seal to be affixed, to a map, geoscientific 

cross-section, specification, report or other document or a reproduction of any of them unless  

(a) that map, geoscientific cross-section, specification, report, other document or reproduction was prepared by or 

under the supervision and control of, and  

(b) the stamp or seal is affixed with the knowledge and consent or in accordance with the direction of  

the professional licensee (geoscience), to whom the stamp or seal was issued.  

(2)  Notwithstanding subsection (1), a professional licensee (geoscience) may affix a stamp or seal to a map, geoscientific 

cross-section, specification, report or other document or reproduction prepared by other persons if the professional 

licensee (geoscience), completes a thorough review of and accepts professional responsibility for that map, geoscientific 

cross-section, specification, report, other document or reproduction. 
2007 c13 s14;2011 c3 s17 

Non-application of provisions to professional licensees 

83.4(1)  Sections 2(1) and 3(1)(b)(i) do not apply to a professional licensee (engineering) engaged in the practice of 

engineering within the scope of practice specified by the Board of Examiners. 

(2)  Sections 5(1) and 6(1)(b)(i) do not apply to a professional licensee (geoscience) engaged in the practice of geoscience 

within the scope of practice specified by the Board of Examiners. 

(3)  Repealed 2011 c3 s18. 
2007 c13 s14;2011 c3 s18 

Register for professional licensees 

83.5(1)  The Registrar shall maintain, in accordance with the bylaws and subject to the direction of the Council, a register 

for each category of professional licensee. 

(2)  The Registrar shall enter in the appropriate register the name of a person who has paid the fee prescribed under the 

bylaws and whose registration to engage in the practice of engineering or geoscience as a professional licensee has been 

approved by the Board of Examiners. 
2007 c13 s14;2011 c3 s32 

Eligibility for registration 

83.6   A person who meets the requirements of this Act and the regulations and applies to the Registrar for registration is 

entitled to become registered as a professional licensee. 
2007 c13 s14 

Application for registration 

83.7(1)  The Board of Examiners shall consider applications for the registration of applicants as professional licensees in 

accordance with this Act, the regulations and the bylaws, and may  

(a) approve the registration, 

(b) refuse the registration, or 

(c) defer the approval of registration until it is satisfied that the applicant has complied with a requirement made 

under this section. 

(2)  The Board of Examiners may, at its discretion, require an applicant for registration 

(a) to pass one or more examinations set by the Board,  

(b) to obtain more experience of a kind satisfactory to the Board for a period set by the Board, or  
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(c) to pass one or more examinations and obtain more experience 

before it approves the registration. 

(3)  If the Board of Examiners approves the registration of an individual as a professional licensee, it shall specify in the 

certificate and in the register the scope of practice of engineering or geoscience in which the individual is permitted to 

engage.  
2007 c13 s14;2011 c3 s32 

Registration as professional licensee  

83.8   The Board of Examiners shall approve for registration as a professional licensee an individual who has applied to 

the Board and is eligible in accordance with this Act and the regulations to engage in the practice of engineering or 

geoscience within the scope of practice specified by the Board of Examiners. 
2007 c13 s14;2011 c3 s32 

Evidence of registration 

84   On entering the name of a professional licensee in the register, the Registrar shall issue to that individual  

(a) a certificate of registration to engage in the practice of engineering or geoscience, as the case may be, within the 

scope of practice specified by the Board of Examiners, and  

(b) a stamp or seal engraved as prescribed in the bylaws. 
2007 c13 s14;2011 c3 s32 

Regulation-making authority 

85   The Council may make regulations or bylaws applicable to professional licensees in respect of any of the matters 

under sections 19 and 20. 
2007 c13 s14 

Fees 

86   Fees prescribed under the bylaws in respect of professional licensees must not be greater than the corresponding fees 

fixed in respect of professional members.  
2007 c13 s14 

Annual licence 

86.1(1)  A professional licensee engaged in the practice of engineering or geoscience shall pay to the Association the 

annual fee prescribed in the bylaws. 

(2)  The Registrar shall issue an annual licence in accordance with the bylaws to a professional licensee 

(a) whose registration is not under suspension, and 

(b) who has paid the annual fee. 

(3)  Subject to this Act, an annual licence entitles the professional licensee to engage in the practice of engineering or 

geoscience within the scope of practice specified by the Board of Examiners during the year for which the annual licence 

is issued. 
2007 c13 s14;2011 c3 s32 

Application of Act 

86.2(1)  Sections 14, 15, 16, 17, 19(4), 20(3), 24, 27, 28, 29, 31, 39, 78, 79, 80(2), 81 and 82(2) apply to a professional 

licensee as if the professional licensee were a professional member. 

(2)  Section 2(4)(a) applies to a professional licensee (engineering) practising within the scope of practice specified by the 

Board of Examiners as if that professional licensee (engineering) were a professional engineer or licensee. 
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(3)  Section 5(2)(a) applies to a professional licensee (geoscience) practising within the scope of practice specified by the 

Board of Examiners as if that professional licensee (geoscience) were a professional geoscientist or licensee. 

(4)  Repealed 2011 c3 s19. 

(5)  Section 32 applies to a professional licensee as if the professional licensee were an applicant. 

(6)  Part 5 applies to a professional licensee as if the professional licensee were a professional member. 
2007 c13 s14;2011 c3 s19 

Practice prohibitions 

86.3(1)  A person whose registration as a professional licensee is cancelled or suspended under this Act shall not, without 

the consent of the Council, engage in the practice of engineering or geoscience or directly or indirectly associate with any 

professional member, professional licensee, licensee, permit holder or certificate holder in the practice of engineering, 

geology or geophysics. 

(2)  No professional licensee shall, in the practice of engineering or geoscience, except with the permission of the Council, 

directly or indirectly associate with or employ in connection with the professional licensee’s practice a person whose 

registration has been cancelled or suspended under this Act. 
2007 c13 s14;2011 c3 s32 

Injunction  

86.31   The Court, on application by the Council, may grant an injunction enjoining any person from doing any act or 

thing that contravenes section 83.01 or 83.1, notwithstanding any penalty that may be provided by this Act or the 

regulations in respect of that act or thing. 
2011 c3 s20 

Part 8 

ASET, Joint Boards and Committees, Professional Technologists 

and Other ASET Members 

Definitions 

86.4   In this Part, 

(a) “ASET” means the Association of Science and Engineering Technology Professionals of Alberta continued 

under section 86.5; 

(b) “ASET bylaws” means bylaws enacted under section 87.4; 

(c) “ASET member” has the meaning given to it in ASET bylaws; 

(d) “ASET permit holder” means a partnership, other association of persons or corporation registered under section 

90.4 and to which a permit is issued in accordance with ASET bylaws; 

(e) “ASET Registrar” means the individual appointed as ASET Registrar under section 87.1; 

(f) “ASET regulations” means regulations enacted under section 87.3; 

(g) “Joint Appeal Board” means the Joint Appeal Board established by section 87.5; 

(h) “Joint Board of Examiners” means the Joint Board of Examiners established by section 87.5; 

(i) “Joint Discipline Committee” means the Joint Discipline Committee established by section 87.5; 

(j) “Joint Investigative Committee” means the Joint Investigative Committee established by section 87.5; 

(k) “Joint Practice Review Board” means the Joint Practice Review Board established by section 87.5; 

(l) “JPT Regulations Committee” means the Joint Professional Technologists Regulations Committee established by 

section 87.5; 

 
013525



RSA 2000 
Chapter E-11 ENGINEERING AND GEOSCIENCE PROFESSIONS ACT 2012 
 

 

 42 

(m) “professional technologist” means an individual who is issued a certificate of registration by the ASET Registrar 

in accordance with this Act to engage in the practice of engineering or geoscience within the scope of practice 

specified by the Joint Board of Examiners; 

(n) “professional technologist regulations” means regulations enacted under section 88.5 or 88.6; 

(o) “regulated member” has the meaning given to it in ASET regulations. 
2007 c13 s14;2011 c3 s32 

Division 1 
ASET 

Corporation continued 

86.5(1)  The Association of Science and Engineering Technology Professionals of Alberta, previously established as a 

society under the Societies Act, is continued as a corporation with that name under this Act. 

(2)  The abbreviated form of the name of the Association of Science and Engineering Technology Professionals of Alberta 

is ASET or A.S.E.T. 

(3)  No person other than the Association of Science and Engineering Technology Professionals of Alberta shall use the 

abbreviated form of the name of ASET or any other abbreviation alone or in combination with any other word or name in 

a way that represents expressly or by implication that the person is a member of or connected in any way with ASET. 
2007 c13 s14 

Capacity and powers 

86.6   ASET has the capacity and, subject to this Act, the rights, powers and privileges of a natural person. 
2007 c13 s14 

ASET Council  

87(1)  The governing body of ASET continues to be its Council. 

(2)  ASET Council shall manage and conduct the business and affairs of ASET and exercise the powers of ASET in the 

name of and on behalf of ASET. 

(3)  ASET Council shall submit annually to the Minister, in a form satisfactory to the Minister, a report on those matters of 

the business and affairs of ASET that the Minister requires. 

(4)  The Minister shall, on receipt of the annual report of ASET, lay it before the Legislative Assembly if it is then sitting, 

and if it is not then sitting, within 15 days after the commencement of the next sitting. 
2007 c13 s14 

ASET Registrar  

87.1   ASET Council shall appoint a Registrar for the purposes of this Part, ASET regulations and ASET bylaws. 
2007 c13 s14 

ASET Council members  

87.2(1)  Subject to subsection (2), ASET Council shall include 

 (a) a president, 

 (b) 2 vice-presidents and the past president, and 

 (c) other members, the number of which shall be prescribed by ASET bylaws,  

each of whom shall be elected by ASET members at the time, in the manner and for the period provided for in the bylaws. 
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(2)  ASET Council  

(a) shall include, when the total number of elected members does not exceed 20, 3 members of the public appointed 

by the Minister, after consultation with ASET Council, for a 3-year term of office, and 

(b) may also include non-voting members of ASET Council determined by ASET bylaws. 

(3)  For each 10 elected members by which the membership of ASET Council exceeds 20, an additional member of the 

public shall be appointed by the Minister, after consultation with ASET Council, for a 3-year term of office. 

(4)  A member of ASET Council appointed under subsection (2)(a) continues to hold office after the expiry of the 

member’s term of office until the member is reappointed or the member’s successor is appointed. 

(5)  The Minister may, after consultation with ASET Council, revoke the appointment of a member of ASET Council 

made under subsection (2)(a). 

(6)  The Minister may pay to a member of ASET Council appointed under subsection (2)(a) travelling and living expenses 

incurred by that member for the member’s attendance at any meeting of ASET Council while away from the member’s 

usual place of residence and fees in an amount prescribed by the Minister. 

(7)  The powers, duties and operations of ASET Council under this Act, ASET regulations and ASET bylaws are not 

affected by 

(a) the fact that no member of the public is appointed as a member of ASET Council pursuant to subsection (2)(a), 

(b) the revocation under subsection (5) of the appointment of a member of the public, or 

(c) the resignation from ASET Council of a member of the public. 

(8)  The failure of a member of the public appointed under subsection (2)(a) to attend a meeting of ASET Council shall not 

be construed to affect or restrict ASET Council from exercising any powers or performing any duties under this Act, 

ASET regulations or ASET bylaws at that meeting. 
2007 c13 s14 

ASET regulations 

87.3(1)  ASET Council may make regulations 

(a) respecting the establishment of categories of, and conditions respecting the enrolment of, regulated members, 

regulated members in training, examination candidates and students; 

(b) respecting the academic qualifications of and experience requirements for applicants for registration as regulated 

members; 

(c) governing the evaluation by ASET Council, the ASET Board of Examiners, the ASET Practice Review Board or 

the ASET Appeal Board, or a committee established by any of them, of the academic qualifications of and 

experience requirements for applicants for registration to engage in practice as regulated members and the 

examination of those applicants with respect to those qualifications or requirements; 

(d) respecting generally the eligibility of applicants for registration to engage in practice as regulated members; 

(e) respecting the powers, duties and functions of the ASET Practice Review Board, including but not limited to the 

referral of matters by that Board to ASET Council or the ASET Investigative Committee and appeals from 

decisions of that Board; 

(f) respecting the appointment of members of the ASET Appeal Board; 

(g) prescribing the number of members that constitutes a quorum of ASET Council, the ASET Investigative 

Committee, the ASET Appeal Board, the ASET Practice Review Board, the ASET Board of Examiners or the 

ASET Discipline Committee; 

(h) governing the establishment of boards or committees and respecting the delegation of powers of ASET Council 

to those boards or committees or to the ASET Practice Review Board; 
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(i) prescribing technical standards of practice for regulated members; 

(j) establishing and providing for the publication of a code of ethics respecting the practice of regulated members 

and the protection of the public interest; 

(k) governing the names under which regulated members may engage in practice; 

(l) governing, subject to this Act, the operation and proceedings of the ASET Appeal Board, the ASET Board of 

Examiners and the ASET Practice Review Board, the designation of chair and vice-chair, the appointment of 

acting members and the procedures for filling vacancies in the offices of chair and vice-chair and in the 

membership of any of those boards, and the appointment to any of those boards of members by virtue of their 

office, and prescribing their powers, duties and functions; 

(m) respecting the procedures of the ASET Discipline Committee, of the ASET Practice Review Board, of the ASET 

Investigative Committee and of the ASET Appeal Board in matters relating to the conduct or practice of 

regulated members, whether or not a complaint has been made; 

(n) respecting the establishment by ASET Council of a compulsory continuing education program for regulated 

members; 

(o) governing the publication of a notice of the suspension or cancellation of the registration of a regulated member 

in a form and manner prescribed by ASET Council; 

(p) respecting committees of inquiry for reinstatement; 

(q) respecting the titles that may be used by regulated members and the circumstances and conditions under which 

the titles may be used; 

(r) establishing classes or categories of regulated members and prescribing the restrictions of practice and the 

privileges and obligations of the classes or categories so established; 

(s) respecting the academic and other qualifications and the experience required of the classes or categories 

established in addition to regulated members; 

(t) governing the eligibility of persons, firms, partnerships and other entities for registration as ASET permit holders 

or certificate holders under this Part; 

(u) governing the operation of ASET permit holders or certificate holders under this Part; 

(v) governing the publication of information with respect to ASET and ASET members; 

(w) respecting registration, licensing, the issuing of permits and certificates, disciplinary matters and the practice of 

regulated members generally; 

(x) respecting the service on any person of a document or notice required to be served under this Act; 

(y) defining “regulated member” for the purposes of all or any provision of this Act, ASET regulations and ASET 

bylaws. 

(2)  A regulation under subsection (1) may be made only by ASET Council. 

(3)  A regulation must be approved in principle by a majority of the ASET members 

(a) present and voting at a special meeting called for that purpose, 

(b) voting by a mail vote or a vote authorized by bylaw that is conducted by electronic, telecommunication or other 

appropriate means, or 

(c) at the annual general meeting following ASET Council’s adoption of the regulation. 

(4)  ASET Council may change the text of a regulation that has been approved in principle under subsection (3) if the 

change 

(a) is consistent with the approval in principle, and 
 

013528



  RSA 2000 
2012 ENGINEERING AND GEOSCIENCE PROFESSIONS ACT Chapter E-11 
 

 

 45 

(b) is made before the regulation is submitted to the Lieutenant Governor in Council for approval. 

(5)  A regulation under this section does not come into force unless it has been approved by the Lieutenant Governor in 

Council. 
2007 c13 s14 

ASET bylaws 

87.4(1)  ASET Council may make bylaws 

(a) for the government of ASET and the management and conduct of its affairs; 

(b) determining the location of the head office of ASET; 

(c) respecting the calling of and conduct of meetings of ASET members and ASET Council; 

(d) respecting the nomination, election, number and term of office of ASET Council members and officers of ASET 

and the appointment of individuals as members of ASET Council by virtue of their office, the ASET Discipline 

Committee, the ASET Practice Review Board, the ASET Appeal Board, the ASET Board of Examiners and any 

other committee established by ASET Council and prescribing their powers, duties and functions; 

(e) prescribing those areas of practice from which members of the ASET Board of Examiners shall be appointed by 

ASET Council; 

(f) respecting the appointment, functions, duties and powers of an Executive Director of ASET; 

(g) respecting the establishment of districts and branches of ASET and their operation; 

(h) providing for the division of Alberta into electoral districts and prescribing the number of ASET Council 

members to be elected from each district; 

(i) providing for the appointment of a Deputy Registrar of ASET who has all of the powers and may perform all of 

the duties of the ASET Registrar under this Act, ASET regulations and ASET bylaws when the ASET Registrar 

is absent or unable to act or when there is a vacancy in the office of the ASET Registrar; 

(j) establishing classes or categories of membership in ASET in addition to regulated members and professional 

technologists and prescribing the rights, privileges and obligations of the classes or categories of membership so 

established; 

(k) providing for the appointment of acting members of ASET Council and procedures for an election or 

appointment to fill vacancies on ASET Council; 

(l) prescribing the quorum at meetings of ASET members; 

(m) governing the establishment, operation and proceedings of committees, the appointment of members of 

committees, the appointment of acting members and procedures for filling vacancies on committees and the 

delegation of any powers or duties of ASET Council under this Act, ASET regulations or ASET bylaws to a 

committee established by ASET Council or under this Act; 

(n) prescribing fees and expenses payable to members of ASET for attending to the business of ASET; 

(o) respecting the establishment and payment of sums of money for scholarships, fellowships and any other 

educational incentive or benefit program that ASET Council considers appropriate; 

(p) respecting the issuing of permit numbers to ASET permit holders; 

(q) respecting the fixing of fees, dues and levies payable to ASET; 

(r) respecting the costs payable by any person on the conclusion of a hearing or review; 

(s) respecting the establishment, contents and maintenance of registers of members and of records of other classes or 

categories of membership to be kept by the ASET Registrar; 

(t) respecting the removal from the registers and records of any memorandum or entry made in them; 
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(u) requiring members to inform the ASET Registrar in writing of their current mailing addresses and of any change 

of address forthwith after the change occurs; 

(v) prescribing the form of a certificate of registration, a permit, a certificate of authorization and an annual 

certificate; 

(w) defining “ASET members” for the purposes of this Act and ASET regulations and ASET bylaws; 

(x) respecting the expiry of annual certificates, annual licences, permits and other authorizations. 

(2)  ASET Council may make bylaws respecting the holding of mail votes and votes conducted by electronic, 

telecommunication or other appropriate means on any matter relating to ASET, but a bylaw under this subsection does not 

come into force unless it is approved by a majority of ASET members present and voting at a general meeting. 

(3)  A bylaw under subsection (1) does not come into force unless it is approved by a majority of ASET members 

(a) present and voting at a general meeting, or 

(b) voting by a mail vote or vote conducted by electronic, telecommunication or other appropriate means conducted 

in accordance with ASET bylaws. 

(4)  The Regulations Act does not apply to ASET bylaws made under this section. 
2007 c13 s14 

Consultation with Ministers required 

87.41   Before the ASET Council, by regulation, establishes or amends the academic qualifications for applicants for 

registration as regulated members, the Council must consult with the Minister and the Minister responsible for Parts 1 to 3 

of the Post-secondary Learning Act and must consider the comments received from those Ministers. 
2010 c7 s3 

Division 2 
Joint Boards and Committees 

Establishment of joint boards and committees 

87.5(1)  The following joint boards and committees are established: 

(a) Joint Practice Review Board; 

(b) Joint Appeal Board; 

(c) Joint Professional Technologists Regulations Committee; 

(d) Joint Discipline Committee; 

(e) Joint Board of Examiners; 

(f) Joint Investigative Committee. 

(2)  Each joint board and committee is, subject to this Act, to be composed of 

(a) an equal number of appointees of the Council and ASET Council, and 

(b) one member of the public appointed by the Minister, from one or more nominees of the Joint Councils 

Committee, for a term determined by the Minister. 

(3)  Every member of a joint board or committee must act solely in the interest of the public and for the safety of the 

public. 
2007 c13 s14 
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Public appointees to joint boards and committees 

87.6(1)  The Minister may pay to a member of the public appointed to a joint board or committee by the Minister 

travelling and living expenses incurred by that member for the member’s attendance at a meeting or hearing of the joint 

board or committee while away from the member’s usual place of residence and fees in an amount prescribed by the 

Minister. 

(2)  The Minister may, after consultation with the Joint Councils Committee, revoke the appointment of a member of the 

public appointed to a joint board or committee. 

(3)  The powers, duties and operations of a joint board or committee under this Act, the regulations and the bylaws are not 

affected by 

(a) the fact that no member of the public is appointed as a member of the joint board or committee, 

(b) the revocation of the appointment of a member of the public, or 

(c) the resignation as a member of the joint board or committee of a member of the public. 

(4)  The failure of a member of the public appointed under this section to attend a meeting of a joint board or committee 

shall not be construed to affect or restrict the joint board or committee from exercising any powers or performing any 

duties under this Act or the professional technologist regulations at that meeting. 
2007 c13 s14 

Governance of joint boards and committees 

88(1)  After consultation with the Council and ASET Council, the Minister shall, by order, prescribe, subject to any 

provision to the contrary in this Act, with respect to each joint board and committee established under section 87.5, 

(a) the number of members, and 

(b) the governance and operation of the committee or board, including 

(i) the method of appointment and term of the chair, 

(ii) the quorum, and 

(iii)procedural matters or delegating to the board or committee the authority to make decisions about procedural 

matters. 

(2)  Section 20(7) and (8) of the Interpretation Act apply to the joint boards and committees. 

(3)  The Regulations Act does not apply to an order made under this section, but the order must be published in Part I of 

The Alberta Gazette. 
2007 c13 s14 

Powers of the Joint Practice Review Board  

88.1(1)  The Joint Practice Review Board 

(a) shall, on its own initiative or at the request of either the Council or ASET Council, inquire into 

(i) the assessment of existing and the development of new educational standards and experience requirements 

that are to be conditions precedent to obtaining and continuing registration under this Act as a professional 

technologist, 

(ii) the evaluation of desirable standards of competence of professional technologists generally, 

(iii)the practice of professional technologists generally, and 

(iv)any other matter that the Council or ASET Council from time to time considers necessary or appropriate in 

connection with the exercise of its powers and the performance of its duties in relation to competence in the 

practice of professional technologists under this Act and the professional technologist regulations, 
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 and 

(b) may conduct a review of the practice of a professional technologist in accordance with this Act and the 

professional technologist regulations. 

(2)  The Joint Practice Review Board shall report to and advise the Council and ASET Council with respect to any matter 

dealt with by it pursuant to subsection (1). 

(3)  A person requested to appear at an inquiry under this section by the Joint Practice Review Board is entitled to be 

represented by counsel. 

(4)  The Joint Practice Review Board may, after a review under this section with respect to a professional technologist, 

make any order that the Joint Discipline Committee may make under section 63 or 64. 

(5)  The provisions of Part 5 with respect to an investigation by the Joint Investigative Committee apply to a review of an 

individual professional technologist by the Joint Practice Review Board. 

(6)  The Joint Practice Review Board may at any time during an inquiry or review under this section recommend to the 

Joint Investigative Committee that the inquiry or review be conducted by the Joint Investigative Committee pursuant to 

Part 5. 

(7)  On receiving a recommendation under subsection (6), the Joint Investigative Committee may proceed with an 

investigation under Part 5 as if the recommendation were a written complaint. 

(8)  After each inquiry under this section, the Joint Practice Review Board shall make a written report to the Council and 

ASET Council on the inquiry and may make any recommendations to the Council or ASET Council, or both, that the Joint 

Board considers appropriate in connection with the matter inquired into, with reasons for the recommendations. 

(9)  The Joint Practice Review Board, if it considers it to be in the public interest to do so, may direct that the whole or any 

portion of an inquiry by the Joint Practice Review Board under this section shall be held in camera. 
2007 c13 s14 

Joint Practice Review Board appointees 

88.2   The individuals appointed to the Joint Practice Review Board by the Council and ASET Council must each have a 

combination of knowledge and experience suitable for determining the academic qualifications and experience necessary 

for a person to continue to engage in practice as a professional technologist. 
2007 c13 s14 

Appeal to Joint Appeal Board 

88.3   A professional technologist who is the subject of a hearing or a review by the Joint Practice Review Board may 

appeal any decision or order of the Joint Practice Review Board to the Joint Appeal Board as if it were a decision or order 

of the Joint Discipline Committee under Part 5. 
2007 c13 s14 

Joint Appeal Board 

88.4   The Joint Appeal Board has all the powers, duties and functions with respect to a professional technologist that the 

Appeal Board has with respect to professional members. 
2007 c13 s14 

JPT Regulations Committee authority  

88.5(1)  The JPT Regulations Committee may make regulations 

(a) respecting the eligibility of applicants for registration as professional technologists; 

(b) respecting the academic and other qualifications and the experience required of an applicant for registration as a 

professional technologist, and the evaluation of applicants, and their qualifications and experience, by the Joint 

Board of Examiners; 

(c) respecting the examination of applicants for registration as professional technologists; 
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(d) respecting the establishment and administration of a register of professional technologists and the functions, 

duties and responsibilities of the ASET Registrar, including the removal of entries from the register; 

(e) respecting the stamps or seals issued to professional technologists, the use of stamps and seals, and the 

circumstances under which a stamp or seal is to be surrendered to the ASET Registrar; 

(f) governing the names under which professional technologists may engage in practice; 

(g) establishing a continuing education program for professional technologists; 

(h) establishing and providing for the publication of a code of ethics for professional technologists respecting the 

practice of the profession, the maintenance of the dignity and honour of the profession and the protection of the 

public interest; 

(i) respecting notices of suspension or cancellation, and reinstatement committees; 

(j) respecting technical standards of practice for professional technologists; 

(k) respecting eligibility of professional technologists for registration as ASET permit holders; 

(l) respecting registration, and the issue and use of permits, permit numbers and certificates for professional 

technologists and respecting the discipline, practice review and the practice of professional technologists 

generally; 

(m) respecting service of documents; 

(n) requiring professional technologists to notify the ASET Registrar of name and address changes, and requiring 

them to keep contact information up to date; 

(o) prescribing forms for use under this Act and regulations made under this section, or delegating that function; 

(p) respecting the expiry of annual certificates, permits and other authorizations issued to professional technologists. 

(2)  A regulation under subsection (1) does not come into force unless 

(a) the regulation is approved by the Council and by ASET Council, and 

(b) the regulation is approved by the Lieutenant Governor in Council. 
2007 c13 s14 

Consultation with Ministers required 

88.51   Before the JPT Regulations Committee, by regulation, establishes or amends the academic qualifications for 

applicants for registration as professional technologists, the Council must consult with the Minister and the Minister 

responsible for Parts 1 to 3 of the Post-secondary Learning Act and must consider the comments received from those 

Ministers. 
2010 c7 s3 

Resolving disputes 

88.6(1)  If after 2 meetings at which a matter has been discussed the JPT Regulations Committee has not resolved the 

matter, the Committee may refer the matter to the Joint Councils Committee in accordance with rules established by 

agreement of the Council and ASET Council. 

(2)  On receipt of a reference, the Joint Councils Committee may do either or both of the following: 

(a) refer the matter, or any aspect of it, back to the JPT Regulations Committee with suggestions or directions about 

how to resolve it; 

(b) resolve the matter, or any aspect of it. 

(3)  If the Joint Councils Committee fully resolves the matter, the JPT Regulations Committee shall, if required, 

implement the resolution of the Joint Councils Committee. 
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(4)  If the Joint Councils Committee does not fully resolve the matter and does not refer the matter back to the JPT 

Regulations Committee under subsection (2), the Joint Councils Committee may, or if 120 days has passed from the date 

of receipt of the reference from the JPT Regulations Committee, the Joint Councils Committee shall, refer the matter, or 

any aspect of it that remains unresolved, to arbitration under the Arbitration Act. 

(5)  The Joint Councils Committee may extend the 120-day period if it considers an extension warranted. 

(6)  The Arbitration Act applies to an arbitration under this section with the following change, that the arbitration shall be 

heard and decided by an arbitration tribunal composed of 3 persons, appointed as follows: 

(a) one person shall be appointed by the Council; 

(b) one person shall be appointed by ASET Council; 

(c) one person shall be appointed as chair of the arbitration tribunal by the Minister. 

(7)  In addition to the authority of the arbitration tribunal under the Arbitration Act, the arbitration tribunal may, as the 

circumstances require, do either or both of the following: 

(a) make a decision binding on the Council, ASET Council and the JPT Regulations Committee; 

(b) make a new regulation or amend a regulation respecting professional technologists, and for that purpose the 

arbitration tribunal has the same authority to make or amend regulations as the JPT Regulations Committee has 

under section 88.5. 

(8)  A regulation or amendment made by the arbitration tribunal under subsection (7) does not come into force unless it is 

approved by the Lieutenant Governor in Council. 
2007 c13 s14 

Joint Board of Examiners 

89   The Joint Board of Examiners has all the powers, duties and functions with respect to professional technologists that 

the Board of Examiners has with respect to professional members. 
2007 c13 s14 

Joint Discipline Committee 

89.1   The Joint Discipline Committee has all the powers, duties and functions with respect to professional technologists 

that the Discipline Committee has with respect to professional members. 
2007 c13 s14 

Joint Investigative Committee 

89.2   The Joint Investigative Committee has all the powers, duties and functions with respect to professional 

technologists that the Investigative Committee has with respect to professional members. 
2007 c13 s14 

Division 3  
Professional Technologists 

Scope of practice 

89.3   No professional technologist shall engage in the practice of engineering or geoscience except within the scope of 

practice specified by the Joint Board of Examiners. 
2007 c13 s14;2011 c3 s32 

Use of title 

89.4(1)  No individual, corporation, partnership or other entity, except a professional technologist, shall use 

(a) the title “professional technologist”, the abbreviation “P. Tech” or any other abbreviation of that title, 

(b) the title “professional technologist (engineering)”, the abbreviation “P. Tech (eng)” or any other abbreviation of 

that title, or 
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(c) the title “professional technologist (geoscience)”, the abbreviation “P. Tech (geo)” or any other abbreviation of 

that title. 

(d) repealed 2011 c3 s21. 

(2)  No individual, corporation, partnership or other entity, except a professional technologist, shall represent or hold out, 

expressly or by implication, that the person is a professional technologist. 
2007 c13 s14;2011 c3 s22 

Stamp or seal 

89.5(1)  No individual, corporation, partnership or other entity, except a professional technologist (engineering), shall 

affix the stamp or seal of a professional technologist (engineering) or allow that stamp or seal to be affixed to a plan, 

drawing, detail drawing, specification or other document or a reproduction of any of them unless 

(a) that plan, drawing, detail drawing, specification, other document or reproduction was prepared by or under the 

supervision and control of, and 

(b) the stamp or seal is affixed with the knowledge and consent or in accordance with the direction of 

the professional technologist (engineering) to whom the stamp or seal was issued. 

(2)  Notwithstanding subsection (1), a professional technologist (engineering) may affix a stamp or seal to a plan, drawing, 

detail drawing, specification, other document or reproduction prepared by other persons if the professional technologist 

(engineering) completes a thorough review of and accepts professional responsibility for that plan, drawing, detail 

drawing, specification, other document or reproduction. 

(3)  No individual, corporation, partnership or other entity, except a professional technologist (geoscience) entitled to 

engage in the practice of geoscience, shall affix the stamp or seal of a professional technologist (geoscience) or allow that 

stamp or seal to be affixed to a map, geoscientific cross-section, specification, report or other document or a reproduction 

of any of them unless 

(a) that map, geoscientific cross-section, specification, report, other document or reproduction was prepared by or 

under the supervision and control of, and 

(b) the stamp or seal is affixed with the knowledge and consent or in accordance with the direction of 

the professional technologist (geoscience) to whom the stamp or seal was issued. 

(4)  Notwithstanding subsection (3), a professional technologist (geoscience) may affix a stamp or seal to a map, 

geoscientific cross-section, specification, report, other document or reproduction prepared by other persons if the 

professional technologist (geoscience) completes a thorough review of and accepts professional responsibility for that 

map, geoscientific cross-section, specification, report, other document or reproduction. 
2007 c13 s14;2011 c3 s22 

Non-application of provisions to professional technologists 

89.6   Sections 2(1), 3(1)(b)(i), 5(1) and 6(1)(b)(i) do not apply to a professional technologist engaged in the practice of 

engineering or geoscience within the scope of practice specified by the Joint Board of Examiners. 
2007 c13 s14;2011 c3 s23 

Register for professional technologists  

90(1)  The ASET Registrar shall maintain, in accordance with the professional technologist regulations, a register for 

professional technologists. 

(2)  The ASET Registrar shall enter in the register the name of a person who has paid the fee prescribed by ASET bylaws 

and whose registration to engage in the practice of engineering or geoscience as a professional technologist has been 

approved by the Joint Board of Examiners. 
2007 c13 s14;2011 c3 s32 
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Registration as professional technologist and scope of practice  

90.1(1)  The Joint Board of Examiners shall approve for registration as a professional technologist an individual who is 

eligible in accordance with this Act and the professional technologist regulations to engage in the practice of engineering 

or geoscience within the scope of practice specified by the Joint Board of Examiners. 

(2)  When the Joint Board of Examiners specifies the scope of practice for a professional technologist, it must specify a 

scope of practice that is the routine application of industry recognized codes, standards, procedures and practices using 

established engineering or applied science principles and methods of problem solving. 

(3)  For the purposes of subsection (2), the Joint Board of Examiners may 

(a) define or describe “routine application”; 

(b) define or describe “industry recognized”; 

(c) specify or describe the codes, standards, procedures and practices applicable; 

(d) define or describe all or any of the following terms: “engineering or applied science principles” and “methods of 

problem solving”. 
2007 c13 s14;2011 c3 s32 

Evidence of registration 

90.2   On entering the name of a professional technologist in the register, the ASET Registrar shall issue to that individual  

(a) a certificate of registration to engage in the practice of engineering or geoscience, as the case requires, within the 

scope of practice specified by the Joint Board of Examiners, and  

(b) a stamp or seal engraved as prescribed in the professional technologist regulations. 
2007 c13 s14;2011 c3 s32 

Joint Board of Examiners to consider applications 

90.3(1)  The Joint Board of Examiners shall consider applications for the registration of applicants as professional 

technologists in accordance with this Act and the professional technologist regulations and may 

(a) approve the registration, 

(b) refuse the registration, or 

(c) defer the approval of registration until it is satisfied that the applicant has complied with a requirement made 

under this section. 

(2)  The Joint Board of Examiners may, in its discretion, require an applicant for registration 

(a) to pass one or more examinations set by the Joint Board of Examiners, 

(b) to obtain more experience of a kind satisfactory to the Joint Board of Examiners for a period set by the Joint 

Board of Examiners, or 

(c) to pass one or more examinations and obtain more experience 

before it approves the registration. 
2007 c13 s14 

Registration of ASET permit holders 

90.4(1)  ASET Council shall approve the registration as an ASET permit holder of a partnership or other association of 

persons, or of a corporation incorporated or registered under the Companies Act or continued, incorporated or registered 

under the Business Corporations Act, that has applied to ASET Council and is eligible under this section and the 

professional technologist regulations to become registered to engage in the practice of engineering or geoscience as an 

ASET permit holder within the scope of practice of those professional technologists who are responsible for the practice of 

the ASET permit holder. 
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(2)  A partnership or other association of persons or a corporation that applies to ASET Council is eligible to become 

registered as an ASET permit holder under subsection (1) if it satisfies ASET Council that it complies with this Act and 

the professional technologist regulations. 
2007 c13 s14;2011 c3 s32 

Annual certificate  

90.5(1)  A professional technologist or ASET permit holder engaged in the practice of engineering or geoscience shall pay 

to ASET the annual fee prescribed under ASET bylaws. 

(2)  The ASET Registrar shall issue an annual certificate in accordance with ASET bylaws to a professional technologist 

(a) whose registration is not under suspension, and 

(b) who has paid the annual fee. 

(3)  Subject to this Act, an annual certificate entitles the professional technologist or ASET permit holder to engage in the 

practice of engineering or geoscience, as the case may be, during the year for which the annual certificate is issued within 

the scope of practice of the professional technologist or ASET permit holder. 
2007 c13 s14;2011 c3 s32 

Entries in registers  

90.6(1)  The registration of a professional technologist or ASET permit holder is suspended when the decision to suspend 

the registration is made in accordance with this Act. 

(2)  The ASET Registrar shall enter a memorandum of suspension of a registration in the appropriate register indicating 

(a) the duration of the suspension, and 

(b) the reason for the suspension. 

(3)  The registration of a professional technologist or ASET permit holder is cancelled when the decision to cancel the 

registration is made in accordance with this Act. 

(4)  The ASET Registrar shall enter a memorandum of cancellation of a registration in the appropriate register. 

(5)  The ASET Registrar shall not remove from the register any memorandum made by the ASET Registrar under this 

section except in accordance with the professional technologist regulations. 

(6)  The ASET Registrar shall provide the Registrar with access to the registers established for professional technologists. 
2007 c13 s14 

List of registrants open to the public  

91   The ASET Registrar shall maintain and, during regular office hours, permit any person to inspect a list of all the 

professional technologists and ASET permit holders in good standing. 
2007 c13 s14 

Cancellation on request  

91.1(1)  The ASET Registrar shall not cancel the registration of a professional technologist or ASET permit holder at that 

person’s request unless the request for cancellation has been approved by ASET Council. 

(2)  When a request for cancellation of a registration is approved by ASET Council, 

(a) the ASET Registrar shall cancel that registration, and 

(b) the professional technologist or ASET permit holder requesting the cancellation shall, on being notified of the 

approval, 

(i) immediately surrender to the ASET Registrar 
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(A) the certificate of registration, annual certificate and stamp or seal, in the case of a professional 

technologist, or 

(B) the permit and annual certificate, in the case of an ASET permit holder, 

 and 

(ii) cease using the permit number, in the case of an ASET permit holder. 

(3)  ASET Council may direct the ASET Registrar to reinstate in the applicable register a registration that was cancelled 

under this section, subject to any conditions that ASET Council may prescribe, and to reissue the certificate of registration, 

annual certificate or permit and the stamp, seal or permit number. 

(4)  Notwithstanding subsection (3), if a person whose registration is cancelled applies to be reinstated more than 7 years 

after the date of the cancellation, the application for reinstatement must be referred to the Joint Board of Examiners. 
2007 c13 s14 

Review by the Joint Appeal Board 

91.2(1)  The Joint Board of Examiners shall send a written notice of any decision made by it under this Part to the 

applicant. 

(2)  If the decision made by the Joint Board of Examiners is to refuse or defer registration of the applicant, reasons for the 

decision shall be sent in writing to the applicant. 

(3)  If the decision made by the Joint Board of Examiners is to approve the registration, the ASET Registrar shall publish a 

notice of approval in accordance with ASET bylaws. 

(4)  An applicant whose application for registration has been refused by the Joint Board of Examiners may, within 30 days 

after receiving a notice of refusal and the reasons for refusal, appeal the decision to the Joint Appeal Board by serving a 

notice of appeal on the ASET Registrar. 

(5)  On receiving a notice of appeal, the ASET Registrar shall set a date, time and place for the hearing of the appeal and 

notify the appellant, in writing, of the date, time and place. 

(6)  The appellant may appear with counsel and make representations to the Joint Appeal Board. 

(7)  On concluding the hearing, the Joint Appeal Board may make any decision the Joint Board of Examiners was 

authorized to make. 
2007 c13 s14 

Cancellation  

91.3(1)  ASET Council may direct the ASET Registrar to cancel the registration of 

(a) a professional technologist or ASET permit holder who is in default of payment of annual fees or any other fees, 

dues or levies payable under this Act, or 

(b) an ASET permit holder if it no longer has employees in compliance with the professional technologist 

regulations, 

after the expiration of 30 days following the service on the professional technologist or ASET permit holder of a written 

notice by ASET Council pursuant to subsection (2), unless the professional technologist or ASET permit holder on whom 

the notice is served complies with the notice. 

(2)  The notice under subsection (1) shall state that the ASET Registrar may cancel the registration unless 

(a) the fees, dues or levies are paid as indicated in that notice, or 

(b) evidence satisfactory to ASET Council has been received by it within the time prescribed in the notice indicating 

that the ASET permit holder has employees in compliance with the professional technologist regulations. 

(3)  ASET Council may direct the ASET Registrar to cancel the registration of a professional technologist or ASET permit 

holder that was entered in error in the register. 
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(4)  If the registration of a professional technologist has been cancelled under this section, the professional technologist 

shall forthwith surrender to the ASET Registrar any certificate of registration, annual certificate and stamp or seal issued 

to the professional technologist. 

(5)  If the registration of an ASET permit holder has been cancelled under this section, the ASET permit holder shall 

immediately surrender the permit to the ASET Registrar and cease to use the permit number issued to that ASET permit 

holder. 

(6)  If a registration has been cancelled pursuant to subsection (1), ASET Council may direct the ASET Registrar, subject 

to any conditions that ASET Council may prescribe, to reinstate that registration in the applicable register and to reissue 

the certificate of registration, annual certificate or permit and the stamp, seal or permit number. 

(7)  Notwithstanding subsection (6), if a person whose registration is cancelled applies to be reinstated more than 7 years 

after the date of the cancellation, the application for reinstatement must be referred to the Joint Board of Examiners. 
2007 c13 s14 

Application of disciplinary provisions 

91.4(1)  Part 5, except sections 45 and 46, applies to professional technologists, subject to the following changes: 

(a) “professional member” means a professional technologist; 

(b) “practice of the profession” means the practice of a professional technologist; 

(c) “Registrar” means the ASET Registrar; 

(d) “the regulations” means the professional technologist regulations and ASET regulations; 

(e) “Investigative Committee” means the Joint Investigative Committee; 

(f) “Discipline Committee” means the Joint Discipline Committee; 

(g) “Appeal Board” means the Joint Appeal Board; 

(h) “bylaws” means the professional technologist regulations and ASET bylaws; 

(i) “Council” means the JPT Regulations Committee; 

(j) “investigation panel” means an investigation panel established by the Joint Investigative Committee under 

section 47; 

(k) “Association” means ASET; 

(l) “Practice Review Board” means the Joint Practice Review Board. 

(2)  If the registration of a professional technologist has been cancelled under Part 5, the registration shall not be reinstated 

unless the Joint Board of Examiners approves. 
2007 c13 s14 

Use of stamps, seals and permit numbers 

91.5(1)  A professional technologist shall, in accordance with the professional technologist regulations,  

(a) sign documents or records, and 

(b) stamp or seal documents or records. 

(2)  An ASET permit holder shall affix its permit number on documents or records in accordance with the professional 

technologist regulations. 
2007 c13 s14 
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Exemption from municipal licence 

91.6   No municipality has the power to require any professional technologist or ASET permit holder to obtain a licence 

from the municipality to engage in the practice of engineering or the practice of geoscience. 
2007 c13 s14;2011 c3 s24 

Liability to others  

92(1)  The relationship between an ASET permit holder engaged in the practice of engineering or geoscience and a person 

receiving the professional services of the ASET permit holder is subject to this Act, the professional technologist 

regulations and any other law applicable to the relationship between a professional technologist and a client. 

(2)  The relationship of a professional technologist to an ASET permit holder, whether as member, shareholder or 

employee of the ASET permit holder, does not affect, modify or diminish the application of this Act or the professional 

technologist regulations 

(a) to the professional technologist personally as a professional technologist, or 

(b) to the relationship between the professional technologist and the professional technologist’s client. 
2007 c13 s14;2011 c3 s32 

Division 4 
Other ASET Members 

Registers 

92.1(1)  In addition to the ASET Registrar’s other responsibilities, the ASET Registrar shall maintain in accordance with 

ASET bylaws and subject to the direction of ASET Council, a register for 

(a) certified engineering technologists; 

(b) any other class or category of membership in ASET. 

(2)  The ASET Registrar shall maintain a register for registered engineering technologists in accordance with Part 9 of the 

General Regulation (AR 150/99). 

(3)  The ASET Registrar shall enter in the appropriate register the name of a person who has paid the fee prescribed in 

ASET bylaws and who 

(a) in the case of a certified engineering technologist, has been approved by the ASET Board of Examiners, or 

(b) in the case of any other class or category of regulated member, has been approved by ASET Council. 

(4)  The ASET Registrar shall maintain, in the case of regulated members, a membership record in accordance with ASET 

bylaws. 
2007 c13 s14 

Registration of regulated members 

92.2(1)  The ASET Board of Examiners shall approve for registration as a regulated member an individual who has 

applied to the ASET Board of Examiners and is eligible under this Act and ASET regulations to become a regulated 

member. 

(2)  Sections 2(1), 3(1)(b)(i), 5(1) and 6(1)(b)(i) do not apply to a regulated member engaged in the practice of engineering 

or geoscience under the supervision of a professional member, a professional licensee or a professional technologist. 
2007 c13 s14;2011 c3 s25 

Evidence of registration  

92.3   On entering the name of a regulated member in the register, the ASET Registrar shall issue to the regulated member 

a certificate of registration. 
2007 c13 s14 
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Annual certificate  

92.4(1)  A regulated member shall pay to ASET the annual fee prescribed under ASET bylaws. 

(2)  The ASET Registrar shall issue an annual certificate in accordance with ASET bylaws to a regulated member 

(a) whose registration is not under suspension, and 

(b) who has paid the annual fee. 

(3)  Subject to this Act, an annual certificate entitles the regulated member to use the title granted to the regulated member 

during the year for which the annual certificate is issued. 
2007 c13 s14 

Entries in registers  

92.5(1)  The registration of a regulated member is suspended when the decision to suspend the registration is made in 

accordance with this Act. 

(2)  The ASET Registrar shall enter a memorandum of suspension of a registration in the appropriate register indicating 

(a) the duration of the suspension, and 

(b) the reason for the suspension. 

(3)  The registration of a regulated member is cancelled when the decision to cancel the registration is made in accordance 

with this Act. 

(4)  The ASET Registrar shall enter a memorandum of cancellation of a registration in the appropriate register. 

(5)  The ASET Registrar shall not remove from the registers any memorandum made under this section, except in 

accordance with ASET bylaws. 
2007 c13 s14 

List of registrants open to the public  

92.6   The ASET Registrar shall maintain and, during regular office hours, permit any person to inspect a list of all the 

regulated members in good standing. 
2007 c13 s14 

Cancellation on request  

93(1)  The ASET Registrar shall not cancel the registration of a regulated member at that person’s request unless the 

request for cancellation has been approved by ASET Council. 

(2)  When a request for cancellation of a registration is approved by ASET Council, 

(a) the ASET Registrar shall cancel that registration, and 

(b) the regulated member requesting the cancellation shall, on being notified of the approval, immediately surrender 

to the ASET Registrar 

(i) the certificate of registration, and 

(ii) the annual certificate. 

(3)  ASET Council may direct the ASET Registrar to reinstate in the applicable register a registration that was cancelled 

under this section, subject to any conditions that ASET Council may prescribe, and to reissue the certificate of registration 

and annual certificate. 

(4)  Notwithstanding subsection (3), if a person whose registration is cancelled applies to be reinstated more than 7 years 

after the date of the cancellation, the application for reinstatement must be referred to the ASET Board of Examiners. 
2007 c13 s14 
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ASET Board of Examiners  

93.1(1)  ASET Council shall establish a board of examiners in accordance with ASET regulations to be known as the 

ASET Board of Examiners. 

(2)  The ASET Board of Examiners shall consider applications for the registration of applicants as regulated members in 

accordance with this Part, ASET regulations and ASET bylaws and may 

(a) approve the registration, 

(b) refuse the registration, or 

(c) defer the approval of registration until it is satisfied that the applicant has complied with a requirement made 

under this section. 

(3)  The ASET Board of Examiners may, in its discretion, require an applicant for registration 

(a) to pass one or more examinations set by the ASET Board of Examiners, 

(b) to obtain more experience of a kind satisfactory to the ASET Board of Examiners for a period set by the ASET 

Board of Examiners, or 

(c) to pass one or more examinations and obtain more experience 

before it approves the registration. 
2007 c13 s14 

Approval by the ASET Board of Examiners  

93.2   The ASET Board of Examiners shall approve the registration as a regulated member of a person who proves to the 

satisfaction of the ASET Board of Examiners that 

(a) the person is of good character and reputation, and 

(b) the person meets the requirements of ASET regulations. 
2007 c13 s14 

Review by the ASET Appeal Board 

93.3(1)  The ASET Board of Examiners shall send a written notice of any decision made by it under this Division to the 

applicant. 

(2)  If the decision made by the ASET Board of Examiners is to refuse or defer registration of the applicant, reasons for the 

decision shall be sent in writing to the applicant. 

(3)  If the decision made by the ASET Board of Examiners is to approve the registration, the ASET Registrar shall publish 

a notice of approval in accordance with ASET bylaws. 

(4)  An applicant whose application for registration has been refused by the ASET Board of Examiners may, within 30 

days after receiving a notice of refusal and the reasons for refusal, appeal the decision to the ASET Appeal Board by 

serving a notice of appeal on the ASET Registrar. 

(5)  On receiving a notice of appeal, the ASET Registrar shall set a date, time and place for the hearing of the appeal and 

notify the appellant, in writing, of the date, time and place. 

(6)  The appellant may appear with counsel and make representations to the ASET Appeal Board. 

(7)  On concluding the hearing, the ASET Appeal Board may make any decision the ASET Board of Examiners was 

authorized to make. 
2007 c13 s14 
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ASET Practice Review Board  

93.4  There is hereby established a board called the ASET Practice Review Board consisting of not fewer than 4 members 

who have a combination of knowledge and experience suitable for determining the academic qualifications and experience 

necessary for a person to continue to engage in practice as a regulated member. 
2007 c13 s14 

Powers of the ASET Practice Review Board  

93.5(1)  The ASET Practice Review Board 

(a) shall, on its own initiative or at the request of ASET Council, inquire into 

(i) the assessment of existing and the development of new educational standards and experience requirements  

that are to be conditions precedent to obtaining and continuing registration as a regulated member under this 

Act, 

(ii) the evaluation of desirable standards of competence of regulated members generally, 

(iii)the practice of regulated members generally, and 

(iv)any other matter that ASET Council from time to time considers necessary or appropriate in connection with 

the exercise of its powers and the performance of its duties in relation to competence in practice of regulated 

members under this Act and ASET regulations, 

 and 

(b) may conduct a review of the practice of a regulated member in accordance with this Act and ASET regulations. 

(2)  The ASET Practice Review Board shall report to and advise ASET Council with respect to any matter dealt with by it 

pursuant to subsection (1). 

(3)  A person requested to appear at an inquiry under this section by the ASET Practice Review Board is entitled to be 

represented by counsel. 

(4)  The ASET Practice Review Board may, after a review under this section with respect to a regulated member, make 

any order that the ASET Discipline Committee may make under section 63 or 64. 

(5)  The provisions of Part 5 with respect to an investigation by the ASET Investigative Committee apply to a review of a 

regulated member by the ASET Practice Review Board. 

(6)  The ASET Practice Review Board may at any time during an inquiry or review under this section recommend to the 

ASET Investigative Committee that the inquiry or review be conducted by the ASET Investigative Committee pursuant to 

Part 5. 

(7)  On receiving a recommendation under subsection (6), the ASET Investigative Committee may proceed with an 

investigation under Part 5 as if the recommendation were a written complaint. 

(8)  After each inquiry under this section, the ASET Practice Review Board shall make a written report to ASET Council 

on the inquiry and may make any recommendations to ASET Council that the ASET Practice Review Board considers 

appropriate in connection with the matter inquired into, with reasons for the recommendations. 

(9)  ASET Council may, if it considers it to be in the public interest to do so, direct that the whole or any portion of an 

inquiry by the ASET Practice Review Board under this section shall be held in camera. 
2007 c13 s14 

Appeal to ASET Appeal Board 

94   A regulated member who is the subject of a hearing or a review by the ASET Practice Review Board may appeal any 

decision or order of the ASET Practice Review Board to the ASET Appeal Board as if it were a decision or order of the 

ASET Discipline Committee under Part 5. 
2007 c13 s14 
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ASET Appeal Board 

94.1(1)  There is hereby established an ASET Appeal Board consisting of the regulated members appointed by ASET 

Council in accordance with ASET regulations. 

(2)  A member of the ASET Appeal Board appointed under subsection (1) continues to hold office after the expiry of the 

member’s term of office until the member is reappointed or the member’s successor is appointed. 
2007 c13 s14 

Division 5 
Discipline of Regulated Members 

ASET Discipline Committee  

94.2(1)  ASET Council shall establish a discipline committee, to be known as the ASET Discipline Committee, the 

members of which shall be appointed in accordance with ASET regulations. 

(2)  ASET Council shall make regulations governing, subject to this Part and Part 5, the operation and proceedings of the 

ASET Discipline Committee, the designation of a chair, the appointment of members, acting members and members by 

virtue of their office and the procedures for filling vacancies in the offices of the chair and the membership, and 

prescribing the powers, duties and functions of the chair and the members. 

(3)  ASET Council may make regulations respecting the hearing of a matter under Part 5 by a panel of the ASET 

Discipline Committee. 

(4)  A regulation made under subsection (2) or (3) does not come into force unless it has been approved by the Lieutenant 

Governor in Council. 
2007 c13 s14 

ASET Investigative Committee 

94.3(1)  ASET Council shall establish an investigative committee to be known as the ASET Investigative Committee, the 

members of which shall be appointed in accordance with ASET regulations. 

(2)  ASET Council shall make regulations governing, subject to this Part and Part 5, the operation and proceedings of the 

ASET Investigative Committee, the designation of a chair, the appointment of members, acting members and members by 

virtue of their office and the procedures for filling vacancies in the offices of the chair and the membership, and 

prescribing the powers, duties and functions of the chair and the members. 

(3)  A regulation made under subsection (2) does not come into force unless it has been approved by the Lieutenant 

Governor in Council. 
2007 c13 s14 

Application of Part 5 to regulated members of ASET 

94.4   Part 5, except sections 45 and 46, applies to regulated members, subject to the following changes to Part 5: 

(a) “professional member” means a regulated member; 

(b) “practice of the profession” means the practice of a regulated member; 

(c) “Registrar” means the ASET Registrar; 

(d) “the regulations” means ASET regulations; 

(e) “Investigative Committee” means the ASET Investigative Committee; 

(f) “Discipline Committee” means the ASET Discipline Committee; 

(g) “Appeal Board” means the ASET Appeal Board; 

(h) “bylaws” means ASET bylaws; 

(i) “Council” means ASET Council; 
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(j) “investigation panel” means an investigation panel established by the ASET Investigative Committee under 

section 47; 

(k) “Association” means ASET; 

(l) “Practice Review Board” means the ASET Practice Review Board; 

(m) “register” means the ASET register of regulated members. 
2007 c13 s14 

Division 6 
General 

ASET Registrar’s certificate  

94.5(1)  A certificate purporting to be signed by the ASET Registrar and stating that a named person was or was not, on a 

specified day or during a specified period, 

(a) a regulated member,  

(b) a professional technologist, 

(c) an officer of ASET or a member of ASET Council, or 

(d) a member of a joint board or committee that is established by this Act, 

shall be admitted in evidence as proof, in the absence of evidence to the contrary, of the facts stated in it without proof of 

the ASET Registrar’s appointment or signature. 

(2)  A certificate purporting to be signed by the ASET Registrar and stating that a named corporation, partnership or other 

association of persons was or was not, on a specified day or during a specified period, an ASET permit holder shall be 

admitted in evidence as proof, in the absence of evidence to the contrary, of the facts stated in it without proof of the 

ASET Registrar’s appointment or signature. 
2007 c13 s14 

Protection from liability  

95(1)  No action lies against 

(a) any person conducting a preliminary investigation, the ASET Registrar, a member of the ASET Discipline 

Committee, the ASET Practice Review Board, the ASET Investigative Committee, the ASET Appeal Board, 

ASET Council, the ASET Board of Examiners or ASET or any person acting on the instructions of any of them,  

(b) any member, officer or employee of ASET, or 

(c) any person conducting a preliminary investigation, a member of the Joint Discipline Committee, the Joint 

Practice Review Board, the Joint Investigative Committee, the Joint Appeal Board, the JPT Regulations 

Committee or the Joint Board of Examiners or any person acting on the instructions of any of them 

for anything done by that person or entity in good faith and in purporting to act under this Act, ASET regulations, ASET 

bylaws or the professional technologist regulations. 

(2)  No action for defamation may be founded on a communication that consists of or pertains to a complaint regarding the 

conduct of a regulated member or a professional technologist if the communication is published to or by  

(a) ASET, 

(b) a member of ASET Council, the ASET Discipline Committee, the ASET Practice Review Board, the ASET 

Investigative Committee, the ASET Appeal Board or the ASET Board of Examiners, 

(c) a person conducting a preliminary investigation, 

(d) an officer or employee of ASET,  
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(e) a member of the JPT Regulations Committee, the Joint Discipline Committee, the Joint Practice Review Board, 

the Joint Investigative Committee, the Joint Appeal Board or the Joint Board of Examiners, or 

(f) a person acting on the instructions of any of the persons or entities referred to in clauses (a) to (e), 

in good faith in the course of investigating the complaint or in the course of any proceedings under Part 5 relating to the 

complaint. 
2007 c13 s14 

Division 7 
Prohibitions and Penalties 

Practice prohibitions  

95.1(1)  A person whose registration as a professional technologist is cancelled or suspended under this Act shall not, 

without the consent of the Joint Board of Examiners, engage in the practice of engineering or geoscience or directly or 

indirectly associate in the practice of engineering or geoscience with any professional member, licensee, permit holder, 

certificate holder or professional technologist. 

(2)  No person, except a regulated member entitled to do so, shall 

(a) use the title “certified engineering technologist” or the abbreviation “C.E.T.” or other abbreviations of that title; 

(b) represent or hold out, expressly or by implication, that the person is entitled to use the title or abbreviation 

referred to in clause (a) as a certified engineering technologist; 

(c) use the title “registered engineering technologist” or the abbreviation “R.E.T.” or other abbreviations of that title. 

(3)  ASET may hold or continue to hold, and regulate the use of, the following trademarks: 

(a) certified engineering technologist and “C.E.T.”; 

(b) certified technician and “C. Tech”; 

(c) certified computer information technologist and “C.C.I.T.”; 

(d) applied science technologist and “A. Sc.T.”. 

(4)  ASET has no legal capacity to apply for, be granted, or to hold, a trademark for any name, title, designation, initials or 

abbreviation other than those specified in subsection (3) without the consent of the Lieutenant Governor in Council. 

(5)  No person shall use the title “registered professional technologist”, “registered professional technologist 

(engineering)”, “registered professional technologist (geological)”, “registered professional technologist (geophysical)” or 

“registered professional technologist (geoscience)” or the abbreviation “R.P.T.”, “R.P.T. (eng)”, “R.P.T. (geo)”, “R.P.T. 

(geol)” or “R.P.T. (geoph)”. 
2007 c13 s14;2011 c3 s26 

Injunction 

96   The Court, on application by ASET Council, may grant an injunction enjoining any person from 

(a) doing any act or thing that contravenes section 95.1(1), (2) or (5), or 

(b) using a title or abbreviation referred to in section 95.1(3) contrary to a use permitted by a trademark referred to in 

section 95.1(3), 

notwithstanding any penalty that may be provided by this Act or under this Act in respect of that act, thing or use. 
2007 c13 s14;2011 c14 s7 

Onus of proof 

96.1   In a prosecution under this Act, the burden of proving that a person is a professional technologist or a regulated 

member is on the accused. 
2007 c13 s14  
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Part 9 

Prohibitions and Penalties 

Practice prohibitions  

97(1)  A person whose registration as a professional engineer, professional geoscientist, licensee, permit holder or 

certificate holder is cancelled or suspended under this Act shall not, without the consent of the Council, engage in the 

practice of engineering or geoscience, as the case may be, or directly or indirectly associate the person or itself in the 

practice of engineering or geoscience with any other professional member, licensee, permit holder or certificate holder. 

(2)  No professional engineer, professional geoscientist, licensee, permit holder or certificate holder shall, except with the 

consent of the Council, associate in the practice of engineering or geoscience, as the case may be, directly or indirectly 

with or employ in connection with that practice a person whose registration has been cancelled or suspended under this 

Act. 

(3)  The Council may permit a professional member, licensee, permit holder or certificate holder to employ in connection 

with the person’s practice a person whose registration has been cancelled or suspended under this Act, but the employment 

shall be in the capacity and subject to the terms and conditions that are prescribed by the Council. 
RSA 2000 cE-11 s97;2011 c3 s27 

Use of names and abbreviations relating to geology and geophysics 

97.1(1)  No individual, corporation, partnership or other entity, except  

(a) an individual who is registered as a professional geoscientist and was registered as a professional geologist 

immediately before the coming into force of this subsection, 

(b) an individual who is registered to engage in the practice of geoscience as a licensee and was registered to engage 

in the practice of geology as a licensee immediately before the coming into force of this subsection, or 

(c) a corporation, partnership or other association of persons that is registered to engage in the practice of geoscience 

as a permit holder and was registered to engage in the practice of geology as a permit holder immediately before 

the coming into force of this subsection, 

shall  

(d) use the title “professional geologist”, the abbreviation “P. Geol.” or any other abbreviation of that title, 

(e) use the word “geologist” in combination with any other name, title, description, letter, symbol or abbreviation 

that represents expressly or by implication that the individual, corporation, partnership or other entity is a 

professional geologist, licensee or permit holder, or 

(f) represent or hold out, expressly or by implication, that the individual, corporation, partnership or other entity is a 

professional geologist. 

(2)  No individual, corporation, partnership or other entity, except  

(a) an individual who is registered as a professional geoscientist and was registered as a professional geophysicist 

immediately before the coming into force of this subsection, 

(b) an individual who is registered to engage in the practice of geoscience as a licensee and was registered to engage 

in the practice of geophysics as a licensee immediately before the coming into force of this subsection, or 

(c) a corporation, partnership or other association of persons that is registered to engage in the practice of geoscience 

as a permit holder and was registered to engage in the practice of geophysics as a permit holder immediately 

before the coming into force of this subsection, 

shall  

(d) use the title “professional geophysicist”, the abbreviation “P. Geoph.” or any other abbreviation of that title, 

(e) use the word “geophysicist” in combination with any other name, title, description, letter, symbol or abbreviation 

that represents expressly or by implication that the individual, corporation, partnership or other entity is a 

professional geophysicist, licensee or permit holder, or 

 
013547



RSA 2000 
Chapter E-11 ENGINEERING AND GEOSCIENCE PROFESSIONS ACT 2012 
 

 

 64 

(f) represent or hold out, expressly or by implication, that the individual, corporation, partnership or other entity is a 

professional geophysicist. 

(3)  No individual, corporation, partnership or other entity, except 

(a) an individual who is registered as a professional licensee (geoscience) and was registered as a professional 

licensee (geological) immediately before the coming into force of this subsection, or 

(b) a corporation, partnership or other association of persons that is registered to engage in the practice of geoscience 

as a permit holder and was registered to engage in the practice of geology as a permit holder immediately before 

the coming into force of this subsection, 

shall 

(c) use the title “professional licensee (geological)” or any abbreviation of that title, or 

(d) represent or hold out, expressly or by implication, that the individual, partnership or other entity is a professional 

licensee (geological). 

(4)  No individual, corporation, partnership or other entity, except 

(a) an individual who is registered as a professional licensee (geoscience) and was registered as a professional 

licensee (geophysical) immediately before the coming into force of this subsection, or 

(b) a corporation, partnership or other association of persons that is registered to engage in the practice of geoscience 

as a permit holder and was registered to engage in the practice of geophysics as a permit holder immediately 

before the coming into force of this section, 

shall 

(c) use the title “professional licensee (geophysical)” or any abbreviation of that title, or 

(d) represent or hold out, expressly or by implication, that the individual, partnership or other entity is a professional 

licensee (geophysical). 

(5)  No individual, corporation, partnership or other entity, except an individual who is registered as a professional 

technologist (geoscience) and was registered as a professional technologist (geological) immediately before the coming 

into force of this subsection, shall 

(a) use the title “professional technologist (geological)”, the abbreviation “P. Tech (geol)” or any other abbreviation 

of that title, or 

(b) represent or hold out, expressly or by implication, that the individual, partnership or other entity is a professional 

technologist (geological). 

(6)  No individual, corporation, partnership or other entity, except an individual who is registered as a professional 

technologist (geoscience) and was registered as a professional technologist (geophysical) immediately before the coming 

into force of this subsection, shall 

(a) use the title “professional technologist (geophysical)”, the abbreviation “P. Tech (geoph)” or any other 

abbreviation of that title, or 

(b) represent or hold out, expressly or by implication, that the individual, partnership or other entity is a professional 

technologist (geophysical). 
2011 c3 s28 

Injunction 

97.2   The Court, on application by the Council, may grant an injunction enjoining any person from doing any act or thing 

that contravenes section 97.1(1), (2), (3) or (4), notwithstanding any penalty that may be provided by this Act or the 

regulations in respect of that act or thing. 
2011 c3 s28 
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Penalties  

98(1)  Every person and every member, officer, employee or agent of a firm, partnership or other association of persons 

and of a corporation who contravenes Part 1, section 29(2)(b), section 39(4), section 83, 83.01, 83.1, 83.2, 83.3 or 86.3, 

this Part or section 89.3, 89.4, 89.5 or 95.1 is guilty of an offence and liable 

(a) for the first offence, to a fine of not more than $2000, 

(b) for the 2nd offence, to a fine of not more than $4000, and 

(c) for the 3rd and each subsequent offence, to a fine of not more than $6000 or to imprisonment for a term of not 

more than 6 months or to both a fine and imprisonment. 

(2)  Repealed 2007 c13 s15. 

(3)  A prosecution under this section may be commenced within 2 years after the commission of the alleged offence, but 

not afterwards. 
RSA 2000 cE-11 s98;2007 c13 s15;2011 c3 s29 

Onus of proof  

99   In a prosecution under this Act, the burden of proving that a person is a professional engineer, professional 

geoscientist, professional licensee (engineering), professional licensee (geoscience), registered professional technologist 

(engineering), licensee, permit holder or certificate holder, or that a person is not prohibited by section 97.1(1), (2), (3), 

(4), (5) or (6) from using a title, abbreviation or word or doing an act or thing, is on the accused. 
RSA 2000 cE-11 s99;2011 c3 s30 

Name change 

100   If the name of the Alberta Society of Engineering Technologists is changed after April 29, 1999, the reference to the 

Alberta Society of Engineering Technologists is to be construed as a reference to the Alberta Society of Engineering 

Technologists by its new name. 
1999 c8 s6 

Part 10 

Transitional Provisions 

Existing registrations 

101(1)  Where, immediately before the coming into force of this subsection, an individual is registered as a professional 

geologist or professional geophysicist, on the coming into force of this subsection 

(a) the individual is deemed to be registered as a professional geoscientist, and  

(b) the certificate of registration as a professional geologist or professional geophysicist held by the individual is 

deemed to be a certificate of registration as a professional geoscientist. 

(2)  Where, immediately before the coming into force of this subsection, an individual is registered to engage in the 

practice of geology or geophysics as a licensee, on the coming into force of this subsection 

(a) the individual is deemed to be registered to engage in the practice of geoscience as a licensee, 

(b) the licence to engage in the practice of geology or geophysics as a licensee as authorized in the licence held by 

the individual is deemed to be a licence to engage in the practice of geoscience as authorized in the licence, and 

(c) the authorization to engage in the practice of geology or geophysics contained in the licence held by the 

individual is to be construed as an authorization to engage in the practice of geoscience to an equivalent extent, 

and references in the authorization to the scope of practice of geology or geophysics are to be construed as 

references to the scope of practice of geoscience. 

(3)  Where, immediately before the coming into force of this subsection, a corporation, partnership or other association of 

persons is registered to engage in the practice of geology or geophysics as a permit holder, on the coming into force of this 

subsection 
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(a) the corporation, partnership or other association of persons is deemed to be registered to engage in the practice of 

geoscience as a permit holder, 

(b) the permit to engage in the practice of geology or geophysics as a permit holder as authorized in the permit held 

by the corporation, partnership or other association of persons is deemed to be a permit to engage in the practice 

of geoscience as authorized in the permit, and 

(c) the authorization to engage in the practice of geology or geophysics contained in the permit held by the 

corporation, partnership or other association of persons is to be construed as an authorization to engage in the 

practice of geoscience to an equivalent extent and references in the authorization to the scope of practice of 

geology or geophysics are to be construed as references to the scope of practice of geoscience. 

(4)  Where, immediately before the coming into force of this subsection, an individual is registered as a professional 

licensee to engage in the practice of geology or geophysics within the scope of practice specified in the register, on the 

coming into force of this subsection 

(a) the individual is deemed to be registered as a professional licensee to engage in the practice of geoscience within 

the scope of practice specified in the register, 

(b) the certificate of registration to engage in the practice of geology or geophysics within the scope of practice 

specified in the certificate held by the individual is deemed to be a certificate of registration to engage in the 

practice of geoscience within the scope of practice specified in the certificate, and 

(c) the scope of practice of geology or geophysics that is specified in the register and the certificate of registration as 

the scope of practice within which the individual is permitted to engage is to be construed as the scope of 

practice of geoscience within which the individual is permitted to engage. 

(5)  Where, immediately before the coming into force of this subsection, an individual is registered as a professional 

technologist to engage in the practice of geology or geophysics within the scope of practice specified by the Joint Board of 

Examiners, on the coming into force of this subsection 

(a) the individual is deemed to be registered as a professional technologist to engage in the practice of geoscience 

within the scope of practice specified by the Joint Board of Examiners, 

(b) the certificate of registration to engage in the practice of geology or geophysics within the scope of practice 

specified in the certificate held by the individual is deemed to be a certificate of registration to engage in the 

practice of geoscience within the scope of practice specified by the Joint Board of Examiners, and 

(c) the scope of practice of geology or geophysics that is specified by the Joint Board of Examiners as the scope of 

practice for the professional technologist is to be construed as the scope of practice of geoscience for the 

professional technologist. 

(6)  Where, immediately before the coming into force of this subsection, a corporation, partnership or other association of 

persons is registered as an ASET permit holder to engage in the practice of geology or geophysics as an ASET permit 

holder within the scope of practice of those professional technologists who are responsible for the practice of the ASET 

permit holder, on the coming into force of this subsection the corporation, partnership or other association of persons is 

deemed to be registered as an ASET permit holder to engage in the practice of geoscience as an ASET permit holder 

within the scope of practice of those professional technologists who are responsible for the practice of the ASET permit 

holder. 

(7)  The Registrar or the ASET Registrar, as the case may be, shall make any necessary changes and take all necessary 

action to revise or create registers and records and issue certificates, licences, permits and other documentation to 

implement subsections (1) to (6). 
2011 c3 s31 

Use of titles and stamps relating to geology and geophysics 

102(1)  Subject to the regulations, where section 97.1(1), (2), (3), (4), (5) or (6) excepts an individual, licensee or permit 

holder from a prohibition against using a title, an abbreviation or a word or doing an act or thing, the individual, licensee 

or permit holder may use the title, the abbreviation or the word and may do the act or thing. 
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(2)  Subject to the regulations and bylaws, an individual referred to in subsection (1) may use a stamp or seal bearing a 

title or abbreviation that the person is authorized by subsection (1) to use. 
2011 c3 s31 

Transitional regulations 

103(1)  The Lieutenant Governor in Council may make regulations  

(a) respecting the transition of anything under this Act, including this Act as it read immediately before the coming 

into force of this section, relating to the transition from the profession of geology or the profession of geophysics 

to the profession of geoscience, including the interpretation of any transitional provision in this Act; 

(b) to remedy any confusion, difficulty, inconsistency or impossibility resulting from the transition from the 

profession of geology or the profession of geophysics to the profession of geoscience. 

(2)  A regulation made under subsection (1) may be made retroactive to the extent set out in the regulation. 

(3)  A regulation made under subsection (1) is repealed on the earliest of  

(a) the coming into force of an amendment that adds the subject-matter of the regulation to this Act; 

(b) the coming into force of a regulation that repeals the regulation made under subsection (1); 

 (c) 3 years after the regulation comes into force. 

(4)  The repeal of a regulation under subsection (3)(b) or (c) does not affect anything done, incurred or acquired under the 

authority of the regulation before the repeal of the regulation. 
 2011 c3 s31 
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Definitions 

1   In this Regulation, 

 (a) “Act” means the Engineering and Geoscience Professions Act; 

 (b) “confirmatory examination” means an examination required by the Board of Examiners for the purpose of 
assessing an engineering or geoscience or related degree held by the applicant and not for a purpose related 
to the correction of perceived academic deficiencies; 

 (b.1)“domestic trade agreement” means a domestic trade agreement as defined in section 2 of Schedule 6 to the 
Government Organization Act; 

 (c) “licensee” includes a provisional licensee except where this Regulation specifically provides to the 
contrary. 

AR 150/99 s1;72/2007;55/2012 

Part 1 

Membership in the Association 

Division 1 
General 

Application 

2(1)  An application for registration must be submitted to the Registrar and must 

 (a) be in a form acceptable to the Board of Examiners, and 

 (b) be fully completed and accompanied by 

  (i) all required supporting documentation, and 

  (ii) any fees that are prescribed by the Council. 

(2)  The Registrar shall refer an application to the Board of Examiners if the application meets the requirements of 
subsection (1) and the Registrar is satisfied that the applicant meets the eligibility requirements for one of the 
categories of membership in the Association. 

Annual fees 

3   A person who is entered in a record or register under this Part shall pay any annual fees that are prescribed by the 
Council. 

Non-payment 

4   The Council may direct the Registrar to strike the name of a person from a record or register if the person fails to 
pay a prescribed fee. 

Registers and records 

5   The Registrar shall keep the following records and registers for the purposes of this Part: 

 (a) a record of students; 

 (b) a record of examination candidates; 

 (c) a record of members-in-training. 

 
013556



 GENERAL REGULATIONS AR 150-99 
 
 

 72 

Division 2 
Students 

Eligibility 

6   A person who meets the following requirements and applies to the Registrar for registration is entitled to be 
enrolled as a student: 

 (a) the applicant is of good character and reputation; 

 (b) the applicant 

  (i) is enrolled in a full-time program at a university in Alberta that is recognized by the Board of 
Examiners as leading to a degree in engineering or geoscience, or 

  (ii) has at least 2 years of post-secondary education acceptable to the Board of Examiners in areas that 
relate to the science or technology of engineering or geoscience, together with 

   (A) one year of experience in work of an engineering or geoscientific nature acceptable to the Board of 
Examiners where the post-secondary education consists of an engineering or geoscientific 
technology program recognized by the Board of Examiners, or 

   (B) 3 years of such work experience, where the post-secondary education consists of education other 
than such a program. 

AR 150/99 s6;55/2012 

Striking from record 

7   The Council may direct the Registrar to strike the name of a student from the record of students 

 (a) if the Council considers that the student has engaged in behaviour that constitutes unprofessional conduct, 

 (b) if the student ceases to be enrolled in a program referred to in section 6(b)(i), or 

 (c) if, in the opinion of the Board of Examiners, the student fails to make satisfactory progress toward 
registration as a professional member. 

Division 3 
Examination Candidates 

Eligibility 

8   A person who meets the following requirements and applies to the Registrar for registration is entitled to be 
admitted as an examination candidate: 

 (a) the applicant is of good character and reputation; 

 (b) the applicant is a graduate of 

  (i) a university program in engineering or geoscience, or 

  (ii) a related academic program that is acceptable to the Board of Examiners, 

but the Board of Examiners has required the applicant to complete one or more confirmatory examinations or 
examinations for the purpose of correcting a perceived academic deficiency. 

AR 150/99 s8;55/2012 

Striking from record 

9(1)  The Council may direct the Registrar to strike the name of an examination candidate from the record of 
examination candidates 

 (a) if the Council considers that the examination candidate has engaged in behaviour that constitutes 
unprofessional conduct, or 
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 (b) if, in the opinion of the Board of Examiners, the examination candidate fails to make satisfactory progress 
toward registration as a professional member. 

(2)  A person whose name is struck from the record is no longer eligible to proceed with the writing of 
examinations. 

Division 4 
Members-in-training 

Eligibility 

10(1)  A person who meets the following requirements and applies to the Registrar for registration is entitled to be 
enrolled as an engineer-in-training or geoscientist-in-training: 

 (a) the applicant is of good character and reputation; 

 (b) the applicant 

  (i) is a graduate of a university program in engineering or geoscience or a related university program that 
is acceptable to the Board of Examiners, but does not have the work experience required for 
registration as a professional member, or 

  (ii) is registered as an examination candidate under section 8(b) and has completed the examinations 
referred to in that provision, but does not have the work experience required for registration as a 
professional member. 

(2)  Notwithstanding subsection (1), an applicant is entitled to be enrolled as an engineer-in-training or 
geoscientist-in-training if 

 (a) the applicant is of good character and reputation, and 

 (b) the applicant is registered and in good standing with a professional regulatory organization under an Act of 
another province or territory of Canada to perform an occupation that, in the opinion of the Board of 
Examiners, is substantially equivalent, in terms of scope of practice and competencies, to that of a 
member-in-training. 

AR 150/99 s10;346/2009;55/2012 

Domestic trade agreements 

10.1   Where section 10(2) applies in respect of an applicant and the professional regulatory organization is in a 
province or territory that is a signatory to one or more domestic trade agreements that is in force in Alberta, the 
applicant’s application must be dealt with in a manner consistent with the applicable domestic trade agreements. 

AR 55/2012 s6 

Time limits 

11(1)  Subject to subsection (2), no person may remain in the record of members-in-training for more than 6 years. 

(2)  The Council may in particular cases extend the period referred to in subsection (1) to not more than 8 years. 

Professionally qualified persons inadmissible 

12   No person may be enrolled as an engineer-in-training or geoscientist-in-training if at the time of application the 
person is qualified to be registered as a professional member or licensee. 

AR 150/99 s12;55/2012 

Division 5 
Professional Members 

Eligibility 

13(1)  A person who meets the following requirements and applies to the Registrar for registration is entitled to be 
registered as a professional member: 
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 (a) the applicant is a Canadian citizen or is lawfully admitted to Canada for permanent residence; 

 (b) the applicant is of good character and reputation; 

 (c) the applicant has a knowledge of the Act and the regulations under the Act, and general knowledge related 
to the practice of engineering or geoscience, which has been demonstrated by passing an examination that 
is prescribed by the Board of Examiners; 

 (d) the applicant demonstrates to the Board of Examiners that the applicant has a proficiency in the English 
language that is sufficient to enable the applicant to responsibly practise the profession of engineering or 
geoscience; 

 (e) the applicant meets one of the following requirements: 

  (i) the applicant is enrolled as a member-in-training and has obtained at least 4 years of experience in 
work of an engineering or geoscientific nature that is acceptable to the Board of Examiners; 

  (ii) the applicant is enrolled as a student under section 6(b)(ii) and 

   (A) has completed all examinations prescribed by the Board of Examiners, and 

   (B) has obtained at least 8 years of experience in work of an engineering or geoscientific nature that is 
acceptable to the Board of Examiners, at least one year of which is obtained after completion of 
the examinations referred to in paragraph (A); 

  (iii) the applicant is admitted as an examination candidate and 

   (A) has completed the examinations referred to in section 8(b), and 

   (B) has obtained at least 4 years of experience in work of an engineering or geoscientific nature that is 
acceptable to the Board of Examiners; 

  (iv) the applicant is not in a register or record referred to in subclause (i), (ii) or (iii), but has the combined 
academic qualifications and experience acceptable to the Board of Examiners that would be required 
for registration as a professional member had the applicant progressed through one of those registers or 
records. 

(2)  Notwithstanding subsection (1), an applicant is entitled to be registered as a professional member if 

 (a) the applicant is of good character and reputation,  and 

 (b) the applicant is registered and in good standing with a professional regulatory organization under an Act of 
another province or territory of Canada to perform an occupation that, in the opinion of the Board of 
Examiners, is substantially equivalent, in terms of scope of practice and competencies, to that of a 
professional member. 

AR 150/99 s13;37/2003;346/2009;55/2012 

Domestic trade agreements 

13.1   Where section 13(2) applies in respect of an applicant and the professional regulatory organization is in a 
province or territory that is a signatory to one or more domestic trade agreements that is in force in Alberta, the 
applicant’s application must be dealt with in a manner consistent with the applicable domestic trade agreements. 

AR 55/2012 s9 

Division 6 
Licensees 

Registration as licensee 

14(1)  A person who meets all of the requirements of section 13 for registration as a professional member, except 
the requirement set out in section 13(1)(a), is entitled to be registered as a licensee. 

(2)  Notwithstanding subsection (1), an applicant is entitled to be registered as a licensee if 
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 (a) the applicant is of good character and reputation, and 

 (b) the applicant is registered and in good standing with a professional regulatory organization under an Act of 
another province or territory of Canada to perform an occupation that, in the opinion of the Board of 
Examiners, is substantially equivalent, in terms of scope of practice and competencies, to that of a licensee. 

AR 150/99 s14;72/2007;346/2009 

Domestic trade agreements 

14.01   Where section 14(2) applies in respect of an applicant and the professional regulatory organization is in a 
province or territory that is a signatory to one or more domestic trade agreements that is in force in Alberta, the 
applicant’s application must be dealt with in a manner consistent with the applicable domestic trade agreements. 

AR 55/2012 s10 

Registration as a provisional licensee 

14.1(1)  The Board of Examiners may approve the registration of a person as a provisional licensee if 

 (a) the person is legally entitled to work in Canada, whether or not the person meets the requirements of 
section 13(1)(a), 

 (b) the person meets all of the other requirements of section 13 for registration as a professional member, 
except the requirement set out in section 13(1)(e), 

 (c) the person has academic qualifications and experience in work of an engineering or geoscientific nature 
that is acceptable to the Board of Examiners, and 

 (d) the Board of Examiners considers that it is appropriate to register the person as a provisional licensee. 

(1.1)  Notwithstanding subsection (1), an applicant is entitled to be registered as a provisional licensee if 

 (a) the applicant is of good character and reputation, and 

 (b) the applicant is registered and in good standing with a professional regulatory organization under an Act of 
another province or territory of Canada to perform an occupation that, in the opinion of the Board of 
Examiners, is substantially equivalent, in terms of scope of practice and competencies, to that of a 
provisional licensee. 

(2)  A provisional licensee may practise engineering or geoscience only under the supervision and control of 

 (a) a professional member, 

 (b) a licensee, other than a provisional licensee, or 

 (c) a registered professional technologist 

who has appropriate training and experience in the same area of practice. 

(3)  A provisional licensee may not vote in any matter affecting the Association or hold office in the Association. 

(4)  Subjection to subsection (5), no person may remain in the register of provisional licensees for more that 2 years. 

(5)  The Council may, in a particular case, extend the time period in subsection (4) to not more than 4 years where 
the Council considers it appropriate to do so. 

AR 72/2007 s3;346/2009;55/2012 

Domestic trade agreements 

14.2   Where section 14.1(1.1) applies in respect of an applicant and the professional regulatory organization is in a 
province or territory that is a signatory to one or more domestic trade agreements that is in force in Alberta, the 
applicant’s application must be dealt with in a manner consistent with the applicable domestic trade agreements. 

AR 55/2012 s12 
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Division 7 
Board of Examiners 

Board of Examiners - constitution 

15(1)  The Board of Examiners consists of 

 (a) an executive committee constituted under subsection (5), 

 (b) other members, who must be professional members, and who are appointed by the Council, and 

 (c) any other persons appointed by the Minister under the Act. 

(2)  The Board of Examiners shall meet at least twice each year to consider matters of policy, significant changes in 
procedure, examination results and other matters referred to it by its executive committee or the Council. 

(3)  The executive committee shall meet as is necessary to rule on applications for registration. 

(4)  The Council shall designate a person as chair of the Board of Examiners and that person shall also serve as chair 
of the executive committee. 

(5)  The executive committee of the Board consists of 

 (a) the deans of engineering at universities in Alberta, or persons designated by the deans,  

 (b) a senior professor, who must be a professional engineer, from each of the major engineering disciplines at 
universities in Alberta, 

 (c) a senior professor, who must be a professional geoscientist, from each of the departments of geoscience at 
universities in Alberta, 

 (d) repealed AR 55/2012 s13, 

 (e) other professional members of the Association equal to the number of members specified in clauses (a) to 
(c), who are not directly associated with any of the universities and are representative of the disciplines of 
engineering and geoscience,  

 (f) the Registrar of the Association or the Registrar’s designate, 

 (g) one member of the public appointed by the Minister in accordance with section 30(2) of the Act, and 

 (h) 2 registered professional technologists (engineering) or engineering technologists appointed by the Minister 
under section 91 of the Act. 

(6)  Where the executive committee sits for the purposes of ruling on applications for registration, members 
appointed under subsection (5)(h) may sit only in respect of applications for registration as a registered professional 
technologist (engineering). 

(7)  The Council shall appoint the persons referred to in subsection (5)(b) to (e). 

(8)  The term of appointment for the chair and members of the Board of Examiners who are appointed by the 
Council is 3 years, and they may be reappointed. 

(9)  Where a vacancy occurs in a category of membership referred to in subsection (5)(a) to (f), the Council shall 
appoint a professional member to the position for the unexpired portion of the term. 

(10)  A quorum for a meeting of the Board of Examiners is 1/4 of the members of the Board. 

(11)  A quorum for a meeting of the executive committee of the Board of Examiners is 1/4 of the members of the 
executive committee. 

AR 150/99 s15;8/2005;55/2012 
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Part 2 

Continuing Professional Development Program 

Interpretation 

15.1   In this Part, “licensee” does not include provisional licensee. 
AR 72/2007 s4 

Education program established 

16(1)  The Council establishes the Continuing Professional Development Program of the Association as the 
compulsory continuing education program for professional members and licensees. 

(2)  The Practice Review Board shall administer the Continuing Professional Development Program. 

Mandatory compliance 

17   A professional member or licensee shall comply with the requirements of the Continuing Professional 
Development Program as it applies to that person’s practice of engineering or geoscience, as the case may be. 

AR 150/99 s17;55/2012 

Exemption 

18(1)  Notwithstanding section 17, a professional member or licensee who files with the Association a declaration in 
writing stating that that person is not actively engaged in the practice of a profession is exempt from the 
requirements of this Part. 

(2)  An exemption under this section is only effective for one year from the date the declaration is received by the 
Association but may be renewed for additional yearly periods. 

(3)  A professional member or licensee shall not engage in the practice of a profession while an exemption under 
this section is in effect. 

(4)  A professional member or licensee who has filed a declaration under subsection (1) must immediately notify the 
Association in writing if that person intends to resume the practice of the profession. 

(5)  The Practice Review Board may require a professional member or licensee who has notified the Association 
under subsection (4) to comply with any conditions that the Board may set prior to allowing that person to resume 
the practice of the profession. 

Written records 

19   A professional member or licensee must  

 (a) maintain a written record of activities undertaken in accordance with the Continuing Professional 
Development Program, and 

 (b) produce the record under clause (a) on the request of the Practice Review Board. 

Striking from register 

19.1   The Council may direct the Registrar to strike from the register of professional members or licensees the 
name of a person who fails to comply with a notice that is served on the professional member or licensee and direct 
the professional member or licensee to comply with section 19 within 30 days after the date of service of the notice. 

AR 37/2003 s3 

Proof of compliance 

20(1)  On the request of the Practice Review Board, a professional member or licensee must satisfy the Board that 
that person is complying with the requirements of the Continuing Professional Development Program. 

(2)  Where a professional member or licensee fails to satisfy the Practice Review Board under subsection (1), the 
Board may 
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 (a) conduct a review of the practice of that person in accordance with the Act and this Regulation, and 

 (b) at any time during a review recommend to the Investigative Committee that the review be conducted by the 
Investigative Committee under Part 5 of the Act as if the recommendation were a written complaint. 

Part 3 

Practice Review Board 

Interpretation 

20.1   In this Part, “licensee” does not include provisional licensee. 
AR 72/2007 s5 

Constitution 

21(1)  The Council shall appoint not fewer than 2 professional engineers and one professional geoscientist as 
members of the Practice Review Board. 

(2)  The Council shall designate one of the professional members as chair. 

(3)  The Registrar or the Registrar’s designate shall serve as Secretary to the Practice Review Board. 

(4)  The chair and professional members must be appointed for a 3-year term, and may be reappointed. 

(5)  A quorum of the Practice Review Board is 4 of its members. 

(6)  Where a vacancy occurs in the Practice Review Board, other than with respect to the member of the public 
appointed under section 15(1)(b) of the Act, the Council shall appoint a professional member to the position for the 
unexpired portion of the term. 

(7)  In appointing professional members to the Practice Review Board under this section, the Council 

 (a) shall not appoint a professional member unless the professional member has at least 10 years of experience 
in the practice of the profession, and 

 (b) shall appoint professional members so that the membership will represent a combination of academic 
qualifications and experience such that the Practice Review Board can effectively review and assess 
registration requirements and procedures and disciplinary procedures in order to ensure the continuing 
competency of members of the Association, and advise the Council on those matters. 

AR 150/99 s21;55/2012 

Items considered 

22(1)  The Practice Review Board shall meet at least twice each year, and more frequently if the chair considers it 
necessary, to consider 

 (a) items referred to the Board by the Council, the Board of Examiners or the Discipline Committee, 

 (b) reports from the Registrar submitted under subsection (2), 

 (c) items that have come to the attention of the Board from other sources and that reflect a need to review the 
procedures of the Association with respect to registration, discipline or maintenance of professional 
competency, and 

 (d) any other items that may be considered by the Board pursuant to the Act. 

(2)  The Registrar shall submit at each regular meeting of the Practice Review Board a report setting out 

 (a) the number and nature of appeals and complaints relating to rulings of the Board of Examiners, and 

 (b) the number and nature of complaints dealt with under Part 5 of the Act and the disposition of the 
complaints, with special emphasis on cases reflecting on the competency of members of the Association. 
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Investigation by Practice Review Board 

23(1)  If the Practice Review Board undertakes a review of the practice of a professional member, licensee, permit 
holder or certificate holder, it shall proceed with the review in accordance with this section. 

(2)  The Board shall appoint a person to conduct an initial review and report to the Board with respect to the 
substance of the conclusions on which the Board based its decision to commence an investigation. 

(3)  If, on receipt of the report, the Board decides that further investigation is not warranted, the Board shall 
discontinue the review and report its decision to the Council, along with any recommendations the Board considers 
appropriate. 

(4)  If, on receipt of the report, the Board decides that investigation of a specific practice is necessary, it shall 

 (a) issue notice of investigation to the professional member, licensee, permit holder or certificate holder if it is 
of the opinion that the matter to be investigated relates to matters other than to unskilled practice of the 
profession or unprofessional conduct, and proceed with its investigation in the same manner as provided for 
in a discipline investigation, or 

 (b) lodge an appropriate complaint with the Investigative Committee if it is of the opinion that further 
investigation may lead to a finding of unskilled practice of the profession or unprofessional conduct. 

Report to Council 

24   Following each meeting, the Practice Review Board shall report through its chair to the Council and may make 
any recommendations as to changes in procedures regarding registration, discipline or maintenance of competency 
that the Board considers appropriate. 

Part 4 

Council 

President and Vice-presidents - election and powers 

25(1)  The President of the Association must be elected annually by the professional members of the Association, 
and holds office until a successor is elected. 

(2)  The President shall act as the presiding officer at meetings of the Council and at meetings of the Association. 

(3)  The President may vote at meetings of the Council or the Association only in the event of a tied vote. 

(4)  The 2 Vice-presidents must be elected annually by the professional members of the Association and must be 
designated as First Vice-president and Second Vice-president on the basis of the number of votes cast for each of 
them. 

(4.1)  The First Vice-president is deemed to be the President Elect and must be the sole nominee for the office of 
President in the succeeding year. 

(5)  The First Vice-president or, failing the First Vice-president, the Second Vice-president, has all the powers of the 
President during the absence of the President for any cause. 

AR 150/99 s25;37/2003 

Election of Council 

26(1)  The professional members of the Council, other than those mentioned in section 25, must be elected annually 
by the professional members of the Association. 

(2)  The term of the members referred to in subsection (1) is 3 years and the elections must be conducted so that as 
close as possible to 1/3 of the positions come up for election each year. 

Vacancy 

27(1)  Where there is a vacancy in the Council, the remaining members of the Council shall appoint a professional 
member to fill the vacancy until the next regular election. 
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(2)  Where a vacancy is filled at a regular election, the person elected holds office for the unexpired portion of the 
term of office of the person being replaced. 

Quorum 

28   A quorum for meetings of the Council is 

 (a) at least one of the President, the 2 Vice-presidents or the immediate Past President, and 

 (b) 6 other professional members of the Council. 

Executive Committee 

29(1)  There is hereby established an Executive Committee of the Council consisting of the President, who is the 
chair, the immediate Past President, the 2 Vice-presidents and the Executive Director of the Association. 

(2)  The Executive Committee has the delegated authority and power of the Council with respect to any decisions or 
actions necessary between Council meetings. 

Other boards, committees and task forces 

30(1)  In addition to the Discipline Committee, Investigative Committee, Board of Examiners, Practice Review 
Board, Appeal Board and Executive Committee, the Council may appoint any other standing or special committees, 
task forces or boards that it considers necessary to serve the interests of the Association, and shall at the time of the 
appointment, delegate any authority it considers necessary for the committees, task forces or boards to perform their 
function. 

(2)  Except for the Discipline Committee, Investigative Committee, Board of Examiners, Practice Review Board, 
Appeal Board and Executive Committee, the Council shall determine the terms of reference for all committees, task 
forces or boards. 

Part 5 

Code of Ethics 

Application and availability 

31(1)  Professional members, licensees, permit holders, members-in-training, examination candidates and students 
shall comply with the Code of Ethics in the Schedule to this Regulation. 

(2)  The Association shall publish interpretations of the rules comprising the Code of Ethics and distribute them to 
professional members, licensees, permit holders, members-in-training, examination candidates and students. 

(3)  The Association shall make the Code of Ethics available on request to members of the public. 

Part 6 

Discipline 

Investigative Committee 

32(1)  There is hereby established an Investigative Committee consisting of professional members and registered 
professional technologists (engineering) or engineering technologists appointed by the Council and the member of 
the public appointed under section 33(1). 

(2)  The Council shall designate one professional member as the chair of the Investigative Committee. 

(3)  The chair or in the absence of the chair a majority of the members of the Investigative Committee may appoint 
an acting chair who has all the powers of the chair in the absence of the chair. 

Public member 

33(1)  The Minister shall appoint one member of the public, from a list of persons nominated by the Council, to the 
Investigative Committee. 
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(2)  The Minister may, after consultation with the Council, revoke the appointment of the member of the public. 

(3)  The powers, duties and operations of the Investigative Committee are not affected by 

 (a) the failure of the Minister to appoint a member of the public, 

 (b) the revocation of the appointment of the member of the public, 

 (c) the resignation from the Investigative Committee of the member of the public, or 

 (d) the absence of the member of the public from a meeting of the Investigative Committee. 

(4)  The Minister may pay to the member of the public appointed to the Investigative Committee travelling and 
living expenses incurred by that member for attendance at meetings of the Investigative Committee away from the 
member’s usual place of residence and fees in an amount prescribed by the Minister. 

Term of office 

34(1)  The term of office of each member of the Investigative Committee is 3 years, and members may be 
reappointed. 

(2)  Where there is a vacancy in the membership of the Investigative Committee appointed by the Council, the 
Council may appoint a person to fill the vacancy for the unexpired portion of the term. 

(3)  Where there is a vacancy in the public membership on the Investigative Committee, the Minister may appoint a 
person to fill the vacancy for the unexpired portion of the term. 

Quorum 

35   A quorum of the Investigative Committee consists of the chair or the acting chair and the number of 
professional members and registered professional technologists (engineering) or engineering technologists 
determined by the Council. 

Discipline Committee 

36(1)  There is hereby established a Discipline Committee consisting of professional members appointed by the 
Council and the member of the public appointed under section 37(1). 

(2)  The Council shall designate one professional member as the chair of the Discipline Committee. 

(3)  The chair or in the absence of the chair a majority of the members of the Discipline Committee may appoint an 
acting chair who has all the powers of the chair in the absence of the chair. 

Public member 

37(1)  The Minister shall appoint one member of the public, from a list of persons nominated by the Council, to the 
Discipline Committee. 

(2)  The Minister may, after consultation with the Council, revoke the appointment of the member of the public. 

(3)  The powers, duties and operations of the Discipline Committee are not affected by 

 (a) the failure of the Minister to appoint a member of the public, 

 (b) the revocation of the appointment of the member of the public, 

 (c) the resignation from the Discipline Committee of the member of the public, or 

 (d) the absence of the member of the public from a meeting of the Discipline Committee. 

(4)  The Minister may pay to the member of the public appointed to the Discipline Committee travelling and living 
expenses incurred by that member for attendance at meetings of the Discipline Committee away from the member’s 
usual place of residence and fees in an amount prescribed by the Minister. 
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Term of office 

38(1)  The term of office of each member of the Discipline Committee is 3 years, and members may be reappointed. 

(2)  Where there is a vacancy in the professional members on the Discipline Committee, the Council may appoint a 
person to fill the vacancy for the unexpired portion of the term. 

(3)  Where there is a vacancy in the public membership on the Discipline Committee, the Minister may appoint a 
person to fill the vacancy for the unexpired portion of the term. 

Quorum 

39   A quorum of the Discipline Committee consists of the chair or the acting chair and the number of professional 
members determined by the Council. 

Appeal Board 

40(1)  The Council shall appoint professional members, including one Past President of the Association, as 
members of the Appeal Board. 

(2)  The Council shall designate one professional member as the chair of the Appeal Board. 

(3)  The chair or in the absence of the chair a majority of the members of the Appeal Board may appoint an acting 
chair who has all the powers of the chair in the absence of the chair. 

Term of office 

41(1)  The term of office of each member of the Appeal Board appointed under section 40 is 3 years, and members 
may be reappointed. 

(2)  Where there is a vacancy in the membership of the Appeal Board appointed under section 40, the Council may 
appoint a professional member to fill the vacancy for the unexpired portion of the term. 

Quorum 

42   A quorum of the Appeal Board consists of the chair or the acting chair and the number of professional members 
determined by the Council. 

Adjournment of investigation if court proceedings commenced 

43   A preliminary investigation under Part 5 of the Act may be adjourned if the complaint that gave rise to the 
investigation is the subject of proceedings in the Provincial Court of Alberta or the Court of Queen’s Bench of 
Alberta. 

Assistance in conducting preliminary investigation 

44   An investigation panel appointed under section 47 of the Act may employ any technical consultants and legal 
counsel it considers necessary to conduct a preliminary investigation. 

AR 150/99 s44;8/2005 

Panel of the Discipline Committee 

45(1)  A panel of the Discipline Committee must consist of at least 3 members of the Discipline Committee who are 
professional members. 

(2)  A member of the Discipline Committee who has been designated to act as a case manager under section 52(2) of 
the Act in respect of a matter must not sit as part of the panel of the Discipline Committee that is hearing the matter 
under section 53 of the Act. 

(3)  A panel of the Discipline Committee has all the powers and authority of the Discipline Committee. 
AR 150/99 s45;8/2005 
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Publication 

46   The Discipline Committee or the Appeal Board may direct that reports of disciplinary investigations be 
published. 

Reinstatement of disciplined individuals 

47(1)  A professional member or licensee whose registration has been cancelled or a permit holder whose permit has 
been revoked under Part 5 of the Act as a result of the disciplinary proceedings may apply to the Council to be 
reinstated. 

(2)  An application under subsection (1) may not be made until at least one year after the date on which the 
registration was cancelled or the permit was revoked, or from the date on which the Court made its order confirming 
or varying the decision of the Council. 

(3)  The Council may establish a Committee of Inquiry to consider the application for reinstatement and make 
recommendations to the Council. 

(4)  The Council may require the former professional member, licensee or permit holder to demonstrate by means 
prescribed by the Council that that person is competent to re-engage in the practice of engineering or geoscience. 

(5)  Where an application for reinstatement is not approved by the Council, no further application may be made by 
the former professional member, licensee or permit holder until at least one year after the date the Council ruled on 
the previous application. 

AR 150/99 s47;55/2012 

Part 7 

Registration of Permit Holders 

Interpretation 

47.1   In this Part, “licensee” does not include a provisional licensee. 
AR 72/2007 s6 

Requirements for issue of permit 

48(1)  The Council may issue to a partnership, corporation or other entity a permit to practice engineering or 
geoscience in its own name if 

 (a) an application is made to the Registrar in the form and containing the information required by the Council, 

 (b) the application is accompanied with the fees prescribed by the Council, 

 (c) the Council is satisfied that the practice will be carried on under the direct personal supervision and 
responsibility of a full-time permanent employee or member of the partnership, corporation or other entity 
who is also a professional member or licensee and who is qualified by education and experience in the field 
of engineering or geoscience in which the partnership, corporation or other entity intends to engage, and 

 (d) the professional member or licensee certifies to the satisfaction of the Council that the partnership, 
corporation or other entity has in place and will follow a professional management plan that is appropriate 
to its professional practice. 

(2)  A permit expires one year after the date on which it is issued. 

(3)  When the Council issues a permit, it shall provide the permit holder with a permit number. 

(4)  No person shall use a permit number where the permit to which the number is assigned has been cancelled or 
suspended. 

AR 150/99 s48;37/2003;55/2012 
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Seminars 

48.1   A professional member or licensee who accepts responsibility under section 48(1)(c) shall every 5 years 
attend a permit to practice seminar acceptable to the Council. 

AR 37/2003 s6 

Signing and sealing of documents 

49   When the practice of engineering or geoscience is carried on by a partnership, corporation or other entity 
pursuant to a permit under section 48, all final plans, specifications, reports or documents of a professional nature 
must 

 (a) be signed by and be stamped or sealed with the stamp or seal of 

  (i) the professional member or licensee who prepared them or under whose supervision and control they 
were prepared, or 

  (ii) in the case of plans, specifications, reports or documents that were prepared by other persons, the 
professional member or licensee who thoroughly reviewed and accepted professional responsibility for 
them, 

 and 

 (b) show the permit number issued to the partnership, corporation or other entity under section 48. 
AR 150/99 s49;55/2012 

Notification to Association 

50(1)  A partnership, corporation or other entity practising pursuant to a permit under section 48 shall keep the 
Association advised of the name of the professional member or licensee referred to in that section. 

(2)  The professional member or licensee referred to in section 48 shall forthwith advise the Registrar if the 
professional member or licensee 

 (a) ceases to be the person accepting responsibility under that section, or 

 (b) is no longer able to provide the certification referred to in section 48(1)(d). 
AR 150/99 s50;37/2003 

Revocation of permit 

51   The Council may revoke a permit issued under section 50 if the permit holder contravenes the Act, this 
Regulation or a term or condition of the permit. 

AR 150/99 s51;8/2005 

Name of firm 

52   No partnership, corporation or other entity may be incorporated or registered in the Province of Alberta under a 
name including the words “Engineering”, “Geology”, “Geophysics” or “Geoscience”, or variations of those words, 
unless it holds and continues to hold a valid permit issued under section 48. 

AR 150/99 s52;55/2012 

Control and use of stamps and seals 

53   The permit number issued to a permit holder may only be used by the professional members or licensees 
referred to in section 48(1)(c). 

Waiver of compliance 

53.1   The Council may, subject to any terms and conditions it considers appropriate, waive compliance with the 
requirements of sections 48(1)(d) and 48.1. 

AR 37/2003 s8 
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Part 8 

General 

Use of stamps and seals issued to members 

54(1)  A stamp or seal issued to a professional member or licensee must at all times remain under that person’s 
direct control and must be applied by the professional member or licensee or by a person acting under the 
professional member’s or licensee’s immediate and direct control to all final plans, specifications, reports or 
documents of a professional nature 

 (a) that were prepared by the professional member or licensee or under the professional member’s or licensee’s 
supervision and control, or 

 (b) that were prepared by another person in circumstances where the professional member or licensee has 
thoroughly reviewed them and accepted professional responsibility for them. 

(2)  No person shall permit a stamp or seal to be physically located in a manner that would allow its use by a person 
other than the professional member or licensee to whom it was issued. 

(3)  When a stamp or seal is applied, the professional member or licensee to whom it was issued shall ensure that the 
stamp or seal is accompanied with that person’s signature and the date on which the stamp or seal is applied. 

(4)  A stamp or seal may be applied to the cover page or final page of reports or documents in a manner that clearly 
indicates acceptance of professional responsibility for the reports or documents, without being applied to each page. 

(5)  A professional member or licensee shall not acquire a stamp or seal from any source other than the Registrar. 

(6)  A professional member or licensee shall only use a stamp or seal while that person is registered pursuant to this 
Regulation. 

(7)  Stamps and seals are the property of the Association and a person in possession of a stamp or seal shall 
surrender it to the Association on demand. 

(8)  A professional member or licensee may, with the approval of the Registrar, apply a computer generated 
facsimile of the stamp or seal if that person otherwise meets the requirements of the Act and this Regulation. 

(9)  In this section, “licensee” does not include a provisional licensee. 
AR 150/99 s54;72/2007 

Association publications 

55   The Association shall issue on a regular basis as directed by the Council the publications known as The Annual 
Report and The PEGG for the general information of members on the affairs of the Association and the professions 
generally. 

Publications on professional services 

56   The Association may publish, on an annual basis or as directed by the Council, for the information of members 
and the public, conditions of engagement and surveys of professional fees for particular types of professional 
engineering and geoscientific services. 

AR 150/99 s56;55/2012 

Publications on professional services 

57   The Association may publish a guide to the selection of professional engineers and geoscientists for consulting 
services to assist clients in the selection of professionally and legally qualified consultants and consulting firms. 

AR 150/99 s57;55/2012 

Publications on professional services 

58   The Association may publish guides that define for clients the scope of professional services to be expected 
from a consulting engineer or geoscientist. 

AR 150/99 s58;55/2012 
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Publications on professional services 

59   The Association may issue, on an annual basis or as directed by the Council, publications for the purpose of 
promoting high standards of professional services and adequate remuneration for those services, and the 
maintenance and improvement of the competency of members. 

Membership register 

60   The Association may publish from time to time as directed by the Council, a register, in a format directed by the 
Council, of professional members, licensees, permit holders, joint firms and restricted practitioners. 

Service of notices 

61(1)  If notice is required to be given to a person under the Act, this Regulation or the bylaws, the notice is 
sufficiently given if 

 (a) it is served personally on the person, 

 (b) it is sent by prepaid mail to the person at the latest address provided to the Registrar by the person, or 

 (c) where the person has provided to the Registrar an electronic address for the purpose of receiving notices 
that meets the requirements of the Council, it is sent to the person by electronic transmission to that 
address. 

(1.1)  If a notice is served by electronic transmission in accordance with subsection (1), unless the contrary is 
proved, the service is presumed to be effected on the date on which the notice was transmitted. 

(2)  If notice is served by mail in accordance with subsection (1), unless the contrary is proved, the service is 
presumed to be effected 

 (a) 7 days from the date of mailing if the document is mailed to an address in Alberta, or 

 (b) 14 days from the date of mailing if the document is mailed to an address outside Alberta. 
AR 150/99 s61;37/2003;72/2007 

Enforcement Review Committee 

62(1)  There is hereby established an Enforcement Review Committee consisting of not fewer than 9 professional 
members appointed by the Council. 

(2)  The Council shall designate one member of the Committee as the chair. 

(3)  A member of the Committee may be appointed for a term of not more than 3 years and may be reappointed. 

(4)  A quorum of the Committee is the chair and 3 of its members. 

(5)  The chair may designate a member of the Committee as vice-chair, and the vice-chair may exercise all the 
powers of the chair in the absence of the chair. 

(6)  The Council may delegate to the Committee matters respecting the enforcement of compliance with Part 1 of the 
Act and this Regulation, subject to the directions of the Council. 

AR 150/99 s62;37/2003 

Part 9 

Registered Engineering 

Technologists 

Definition 

63   In this Part, “registered engineering technologist” means a person who was registered as a registered 
engineering technologist under this Part immediately before the coming into force of the Engineering, Geological 
and Geophysical Amendment Act, 2007. 

AR 150/99 s63;281/2009 
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Transitional 

63.1   Subject to the Act and the ASET Regulation, a person who was registered as a registered engineering 
technologist under this Part immediately before the coming into force of the Engineering, Geological and 
Geophysical Amendment Act, 2007 continues to be so registered under section 63.2. 

AR 281/2009 s3 

Register to be maintained 

63.2   For the purposes of section 92.1(2) of the Act, the ASET Registrar shall maintain a register for registered 
engineering technologists. 

AR 281/2009 s3 

 
64 to 72   Repealed AR 281/2009 s4. 

Part 10 

Professional Licensees 

73   Repealed AR 281/2009 s6. 

Application 

74(1)  An application for registration as a professional licensee must be submitted to the Registrar and must  

 (a) be in a form acceptable to the Board of Examiners, and 

 (b) be fully completed and accompanied by  

  (i) all required supporting documentation, and  

  (ii) any fees that are prescribed by the Council. 

(2)  The Registrar shall refer an application for registration as a professional licensee to the Board of Examiners if 
the application meets the requirements of subsection (1) and the Registrar is satisfied that the applicant meets the 
eligibility requirements for registration set out in section 77. 

AR 150/99 s74;37/2003;281/2009 

Annual fees 

75   A person who is entered in a register of professional licensees shall pay any annual fees that are prescribed by 
the Council. 

AR 150/99 s75;37/2003; 281/2009 

Non-payment 

76   The Council may direct the Registrar to strike the name of a person from a register of professional licensees if 
the person fails to pay a prescribed fee. 

AR 150/99 s76;37/2003;281/2009 

Eligibility 

77(1)  A person who meets the following requirements and applies to the Registrar for registration is entitled to be 
registered as a professional licensee: 

 (a) the applicant is of good character and reputation; 

 (b) the applicant has at least 2 years of post-secondary education acceptable to the Board of Examiners in areas 
that relate to the practice of engineering or geoscience; 

 (c) the applicant has a knowledge of the Act and regulations under the Act, and general knowledge related to 
the practice of engineering or geoscience, which has been demonstrated by passing an examination for 
those purposes that is prescribed by the Board of Examiners; 
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 (d) the applicant demonstrates to the Board of Examiners that the applicant has a proficiency in the English 
language that is sufficient to enable the applicant to responsibly practise the profession of engineering or 
geoscience; 

 (e) the applicant has obtained at least 6 years of experience in work of an engineering or geoscientific nature 
that is acceptable to the Board of Examiners, at least 2 of which are in the applicant’s specific area of 
professional practice and were completed under the supervision and control of a professional member. 

(2)  Notwithstanding subsection (1), an applicant is entitled to be registered as a professional licensee if 

 (a) the applicant is of good character and reputation, and 

 (b) the applicant is registered as a professional licensee or in an equivalent capacity in good standing with a 
regulated entity in another province that, in the opinion of the Board of Examiners, is equivalent to the 
Association. 

AR 150/99 s77;281/2009;55/2012 

Domestic trade agreements 

77.1   Where section 77(2) applies in respect of an applicant and the regulated entity is in a province that is a 
signatory to one or more domestic trade agreements that is in force in Alberta, the applicant’s application must be 
dealt with in a manner consistent with the applicable domestic trade agreements. 

AR 55/2012 s20 

Application of regulations 

78   Sections 16, 17, 18, 19, 20, 22, 23, 25, 26, 27, 28, 29, 30, 31, 32, 47, 48, 48.1, 49, 50, 51, 53, 54, 59, 60 and the 
Schedule apply in respect of professional licensees as if they were professional members. 

AR 150/99 s78;37/2003;72/2007;281/2009 

Part 11 

Repeal and Expiry 

Repeal 

79   The General Regulation (AR 244/81) is repealed. 

Expiry 

79.1   For the purpose of ensuring that this Regulation is reviewed for ongoing relevancy and necessity, with the 
option that it may be repassed in its present or an amended form following a review, this Regulation expires on 
September 30, 2021. 

AR 281/2009 s10;55/2012 

80   Repealed AR 37/2003 s15. 
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CODE OF ETHICS 
 

(established pursuant to section 20(1)(k)  
of the Engineering and Geoscience Professions Act) 

 
Preamble 

Professional engineers and geoscientists shall recognize that professional ethics is founded upon 
integrity, competence, dignity and devotion to service.  This concept shall guide their conduct at all 
times.  

Rules of Conduct 

1   Professional engineers and geoscientists shall, in their areas of practice, hold paramount the health, 
safety and welfare of the public and have regard for the environment. 

2   Professional engineers and geoscientists shall undertake only work that they are competent to 
perform by virtue of their training and experience. 

3   Professional engineers and geoscientists shall conduct themselves with integrity, honesty, fairness 
and objectivity in their professional activities. 

4   Professional engineers and geoscientists shall comply with applicable statutes, regulations and 
bylaws in their professional practices. 

5   Professional engineers and geoscientists shall uphold and enhance the honour, dignity and 
reputation of their professions and thus the ability of the professions to serve the public interest. 

AR 150/99 Sched.;37/2003;8/2005;55/2012 
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Part 1 

Head Office, Branches and Districts 

Location 

1(1) The Head Office of the Association shall be located in the City of Edmonton in the Province of Alberta. 

(2) Council may establish such branches and districts as it deems necessary for the benefit of members of the professions 

concentrated in specific regions of the province. Constitution, structure and operation of the branches and districts shall be 

subject to the approval of the Council. 

Part 2 
Election of Council 

Nominating Committee 

2 A nominating committee shall be appointed at the annual meeting to serve for the ensuing year. The Committee shall 

consist of a minimum of 11 professional members of the Association, 1 of who shall be the retiring president, who shall be 

the chairman. Council shall fill any vacancies which may occur in this nominating committee. 

 

Nominees 

3(1) Not less than 150 days prior to the annual meeting the nominating committee shall submit to the Chief Executive 

Officer a list of nominees for Council, which shall include the president-elect as the sole nominee for president, 3 

nominees for vice-president, and at least 3 more nominees for Councillors than there are vacancies to be filled on Council. 

(2) Nominees for president or vice-president shall have served at least 1 year on the Council. 

 

Nominees selection 

4(1) The nominating committee, in selecting nominees, shall give due consideration to the composition of the Council as 

required by the Act, regulations and by-laws and to the geographical distribution and field of practice of the nominees. 

(2) The written consent of the nominees to act if elected shall be secured and shall accompany the list of nominees 

submitted to the Chief Executive Officer. 

(3) Not less than 120 days prior to the annual meeting the Chief Executive Officer shall distribute to each professional 

member, either directly by mail or via the Association publication known as the PEG, a list of the nominations made by 

the nominating committee. 

 

Additional nominations 

5 Additional nominations for any office or any offices, except the president may be made in writing by any 10 
professional members. Such nominations shall reach the Chief Executive Officer properly endorsed not later than 90 days 

prior to the annual meeting and shall be accompanied by the written consent of the nominee or nominees to act if elected. 

 

Conduct of elections 

6(1) Elections shall be conducted by letter ballot. 

(2) The names of all persons nominated for office shall be placed on the ballot form in groups relating to each office. The 

number, professional classification and term of Councillors to be elected shall be made clear on the ballot form. Ballot 

forms shall be mailed to the professional members by the Chief Executive Officer not later than 50 days prior to the annual 

meeting. 

(3) Each professional member is entitled to one vote for one candidate for vice-president, and to vote for as many 

candidates as there are vacancies to be filled for Council, or for a lesser number. 

(4) The poll shall close at noon on the 20th day prior to the annual meeting and no ballots received after that time shall be 

considered. 

Electronic Voting 

6.1 Notwithstanding Section 6, a member may vote electronically as prescribed by such terms and conditions established 

by Council from time to time and such vote shall be received and treated by the Association as having the same force and 

effect as if sent by letter ballot pursuant to Bylaw 6. 
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Ballot counting committee 

7(1) At least 20 days before the annual meeting the president shall appoint 6 professional members including a chairman 

to act as a ballot counting committee. 

(2) This committee shall meet at a time and place designated by the president, but at least 15 days prior to the annual 

meeting, and shall receive then the package containing the ballots from the Chief Executive Officer. 

(3) The envelope containing the ballots shall be opened by a member or members of the ballot counting committee who 

shall scrutinize and count the votes cast and keep a record thereof. 

 

Counting of ballots 

8(1) Of the candidates for the offices of vice-presidents, the one receiving the highest number of votes shall be elected first 

vice-president and the one receiving the second highest number of votes shall be elected second vice-president. 

(2) The candidate elected as first vice-president shall be deemed to be the president-elect and shall be the sole nominee 

for the president in the succeeding year. 

(3) The requisite number of persons who receive the highest number of votes for the office of Councillor shall be elected 

as Councillors for a term of 3 years. If there are any vacancies in Council to be filled the person or persons receiving the 

next highest number of votes for the office of Councillor shall be elected as Councillors for the balance of the unexpired 

term or terms to be filled, and as among them, the person or persons receiving the highest number of votes shall fill any 

vacancy or vacancies which have the longer unexpired term or terms. 

(4) On completion of the counting of the ballots, the chairman of the ballot counting committee shall deliver to the 

president or the Chief Executive Officer the results of the poll, together with the ballots and tally sheets in a separate 

sealed package. 

 

Results of election 

9(1) Prior to the annual meeting, the president or the Chief Executive Officer shall inform the candidates in the election of 

the results of the balloting including the number of votes cast for each candidate. 

(2) The results of the election shall be announced at the annual meeting by the chairman of the meeting. 

(3) In case of equality of votes for any officer or Councillor, the president or, in the absence of the president, the chairman 

of the nominating committee shall cast the deciding vote. 

 

Objection and recount 

10(1) Any objection to the poll as announced will be valid only if made immediately after the announcement and a proper 

motion for a recount will then be in order. If such a motion is made and carried the chairman shall appoint a ballot 

counting committee of not less than 12 professional members who shall forthwith recount all ballots. Candidates may be 

present or represented at such recount. 

(2) On completion of the recount the results shall be communicated in writing to the chairman who shall announce it to 

the annual meeting immediately.  Such recount shall be final and binding. 

(3) Following the announcement of the poll or of the recount, as the case may be, the ballots and any tally sheets shall be 

destroyed. 

 

Failure to comply with procedures 

11 In the event of any failure to comply with procedures relating to the election of members of Council, Council shall 

have the power to take any action it deems necessary to validate the nomination, the counting of the ballots or the election. 

 

Part 3 
Meetings of the Council 

Council meetings 

12(1) Council shall meet at the call of the president or on request in writing to the Chief Executive Officer signed by not 

less than 4 Councillors. 
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(2) The time and place of Council meetings shall be fixed by the president or by the councillors, whichever called the 

meeting. 

(3) Professional members of the Association shall be informed as to the time and place of Council meetings and may 

attend meetings of the Council as observers if advance notification of their attendance is given to the Chief Executive 

Officer. 

(4) If any member of Council is unable to attend a meeting of Council he shall so inform the Chief Executive Officer or 

the executive secretary prior to the meeting. 

(5) If any member of Council absents himself from 3 consecutive meetings of Council without the approval of Council, 

Council may declare his seat to be vacant. 

 

Expenses 

13 Members of Council and, at the discretion of Council, appointed representatives of the Association, members of 

committees of the Association, members invited for special purposes and the representatives of other organizations shall 

be paid the reasonable out of-pocket expense of attending meetings of the Council or of the Association or when travelling 

on business of the Association. 

 

Honorarium President 

13.1 An honorarium shall be paid to the President, or the President’s nominee in an amount and under such conditions as 

may be determined by the Council from time to time. 

 

Part 4 
Representatives to and from other Organizations and Groups 

 

Representatives on other organizations 

14(1) Council may appoint professional members to represent the Association on the Engineering Faculty Councils and 

Science Faculty Councils of Universities in Alberta and shall appoint a director of the Canadian Council of Professional 

Engineers. 

(2) Council may appoint a professional member to represent the Association on the Council, governing body, or 

committees of any other organization or association. 

(3) Representatives appointed under the provisions of subsections (1) and (2) hereof, if not members of Council, may be 

invited by Council to attend meetings of Council and to take part in the proceedings of Council but shall not be entitled to 

vote on any question. 

 

Representatives from other organizations 

15(1) Council may invite any organization or association to appoint a member of its executive as a representative to sit 

with Council at such meetings of Council as Council may determine. 

(2) Any representative appointed pursuant to subsection (1) hereof, if not a member of Council, may be invited by 

Council to attend meetings of Council and to take part in the proceedings of Council but shall not be entitled to vote on 

any question. 

 

Part 5 
Meetings of the Association 

 

Annual meetings 
16(1) An annual meeting of the Association shall be held in every calendar year with the period between such meetings 

not to exceed 18 months. At each annual meeting the Council shall submit a recommendation as to the date and place of 

the next annual meeting. 

(2) Notice of the annual meeting shall be distributed, either directly by mail or via the Association publication known as 

the PEG, to all members at least 90 days in advance of the meeting. 

(3) At the annual meeting of the Association a quorum shall consist of 60 professional members. 
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Agenda 

17(1) The following items of business shall be dealt with at the annual meeting: 

(a) minutes of the last annual meeting and of any special meetings held since the last annual meeting; 

  (b) business arising from the minutes; 

  (c) address of the president, 

  (d) reports of representatives of the Association; 

  (e) reports of committees; 

  (f) auditor's report; 

  (g) appointment of auditor; 

  (h) new business; 

  (i) fixing of the date and place of the next annual meeting; 

 (j) announcement of the results of the annual election; 

 (k) objection, if any, to the election results as announced; 

  (1) appointment of the nominating committee. 

(2) Any resolution carried at an annual meeting shall be considered at the next regular meeting of the Council. 

 

Special meetings 

18(1) Special meetings of the Association may be held when considered necessary by the Council or upon written request 

to the Chief Executive Officer signed by not less than 30 professional members of the Association. A special meeting 

summoned pursuant to the written request of the 30 or more professional members shall be held not more than 45 days 

after the request is received by the Chief Executive Officer. 

(2) Written notice calling a special meeting of the Association shall be distributed to all members, directly either by mail 

or via the Association publication known as the PEG, at least 14 days in advance of the meeting and shall clearly state the 

object of the meeting, and no other business shall be transacted at the meeting. 

(3) At any special meetings of the Association a quorum shall consist of 60 professional members. 

(4) Any resolution carried at a special meeting shall be considered at the next regular meeting of the Council. 

 

District meetings 

19(1) District meetings of the Association may be held as approved by Council or as directed by the executive of a 

properly constituted Branch of the Association. 

(2) Notice of a district meeting shall be distributed to all members resident in the district, either directly by mail or via the 

Association publication known as the PEG, at least 14 days in advance of the meeting. 

(3) Council shall approve the holding of a district meeting of the Association on a request to the Chief Executive Officer 

signed by not less than 30 professional members of the Association. 

(4) A quorum at a district meeting shall be 10 professional members. 

(5) Any resolution carried at a district meeting shall be considered by Council at its next regular meeting. 

 

Procedures at meetings 

20(1) The proceedings at any meeting of the Association and of Council shall be governed by the rules laid down in the 

latest edition of Robert's Rules of Order, except as these by-laws may otherwise provide. 

(2) Only professional members are entitled to vote at annual, district or special meetings of the Association. 
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Part 6 
Chief Executive Officer, Deputy Registrar 

Responsibilities 

21 (1) The Chief Executive Officer shall be a professional member of the Association and shall post a security bond at the 

expense of the Association in a sum to be fixed by Council. 

(2) The Chief Executive Officer shall be in responsible charge, under Council, of all property of the Association and shall 

be responsible for the work of all employees of the Association. 

(3) The Chief Executive Officer shall be responsible for 

(a) the presentation of business and recording of proceedings at all meetings of the Association and of Council, 

 (b) conducting the correspondence of the Association and keeping full records thereof, 

(c) the books and accounts of the Association and ensuring that all monies due the Association are collected and 

deposited with the funds of the Association, 

(d) the drawing of cheques against the funds of the Association to be signed by the Chief Executive Officer and 

president or alternates approved by the Council, 

(e) providing from time to time such information and reports as may be requested by Council, or which he deems 

necessary in the interest of the Association, and 

(f) such other functions as are necessary or expedient for the proper administration of the Act, regulations and by-

laws, and the affairs of the Association generally. 

 

Deputy Registrar 

22 The Council may appoint a Deputy Registrar who has all the powers and can perform all the duties of the Registrar 

under the Act, the regulations and the by-laws when the Registrar is absent or unable to act, or when there is a vacancy in 

the office of the Registrar. 

 

Part 7 
Finances of the Association 

Auditing 

23(1) The finances of the Association shall be audited annually as of the 31st day of December. 

(2) The auditors shall be a firm of chartered accountants who shall be appointed annually at the annual meeting. 

(3) The auditors shall submit a written report for the annual meeting, a copy of which shall be sent to members prior to 

the meeting either directly by mail or via one of the Association publications. 

 

Fees 

24(1) The annual fee for a professional member shall be as specified from time to time by Council and shall be payable in 

advance, on the anniversary date of the member's initial or current registration, subject to such discount, if any, as Council 

may from time to time direct. 

(2) The registration fee shall consist of an administrative charge as established by Council from time to time plus any 

other fees payable with the application for registration. 

(3) In the case of new applicants, the annual fee for the following 12 months shall be payable at the time of registration. 

(4) The annual fee for a licensee shall be fixed by Council from time to time, and shall not be less than the annual fee for 

a professional member. 

(5)(a) The annual fee for a permit holder shall be fixed by Council from time to time and shall be not less than the annual 

fee for the professional member or licensee assuming direct personal supervision of and responsibility for the 

practice of the permit holder. 

(b) Council may, in its discretion, on application of a permit holder waive or reduce the annual fee. 
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Part 8 
Life and Honorary Members 

Life Member 

25(1) Council, may confer life membership in the Association upon any professional member who 

(a) has been a professional member for 25 or more years; or has held equivalent registration in a jurisdiction 

recognized by the Association, and professional membership totalling a minimum of 25 years, of which at least 

the last 10 years have been with the Association, and 

(b) has retired from the practice of the profession 

(2)  Notwithstanding Section 25(1), Council, in its sole discretion, may confer life membership in the Association upon 

any professional member it deems worthy. 

(3) Subject to Section 25(1), life members retain all of the obligations, duties and privileges of professional membership 

and pay annual fees as may be specified by Council. 

 

Honorary Life Member 

26(1) Council, in its discretion by unanimous vote, may confer Honorary Life Membership in the Association upon any 

professional member who has rendered significant service to the Association. 

(2) Honorary Life Members retain all of the obligations, duties and privileges of professional membership but are 

exempted from payment of annual fees. 

 

Honorary Member 

27(1) Council, in its discretion by unanimous vote, may confer honorary membership in the Association upon persons 

who have given eminent service to the profession. There shall at no time be more than 30 honorary members in the 

Association. 

(2) Honorary membership may be revoked by unanimous vote of the Council for conduct considered detrimental to the 

profession. 

(3) Honorary members do not have the right to vote on Association affairs, to call themselves professional members or 

create the impression that they are professional members, or to engage in the practice of engineering, geology or 

geophysics. 

(4) Honorary members are not required to pay any annual fees. 

 

Part 9 
Committees 

 

Procedures and appointments  

28(1) Standing Committees, Task Forces, or Boards, appointed by the Council pursuant to the Act and Regulations, shall 

proceed in accordance with terms of reference and procedures designated by the Council at the time of appointment. 

(2) The Chair and members of Standing Committees, Task Forces, and Boards shall be appointed by the Council or if the 

Council so directs, by the Chief Executive Officer. 

(3) Members of Standing Committees, Task Forces, and Boards, shall be appointed by the Council or by Chairmen in 

consultation with the Chief Executive Officer with ratification by the Council. 

 

Expenses 

29 The Chairs and members of Standing Committees, Task Forces and Boards shall receive reimbursement of expenses 

incurred in performing their designated functions. 
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Part 10 
Scholarships and Benefit Programs 

Program 

30(1) The Council in its discretion may establish such scholarship or other educational incentive programs that it 

considers will serve the interests of the professions of engineering, geology or geophysics and shall decide from time to 

time the amount of financial support to be provided for such programs. 

(2) The Council in its discretion may establish such other types of benefit programs that it considers will advance the 

welfare of the professions of engineering, geology or geophysics and shall decide from time to time the amount of 

financial support to be provided for such programs. 

 

Part 11 
Register of Members 

Content 

31(1)  The Registrar shall be responsible for maintaining an up-to-date register providing a record of 

 (a) professional members, 

 (b) licensees, 

 (c) permit holders, 

 (d) Life Members, Honorary Life Members, and Honorary Members, 

 (e) members-in-training, 

 (f) examination candidates, 

 (g) students, 

 (h) joint firms, and 

 (i) restricted practitioners, and 

 (j) provisional licensees, and 

 (k) professional licensees. 

(2) The Registrar shall be responsible for entering any memoranda in the register related to cancellations and suspensions 

and any subsequent modifications to such memoranda and shall advise the next regular meeting of the Council of any 

memoranda entered or modified. 

 

Mailing addresses 

32 Professional members, licensees, permit holders, professional licensees, provisional licensees, Life Members, 

Honorary Life Members, Honorary Members, members-in-training, examination candidates, students, joint firms and 

certificate holders shall provide the Registrar with their current mailing addresses and advise the Registrar forthwith in 

writing of any change in address. 

 

Onus to respond 

32.1 Professional members, licensees, permit holders, life members, professional licensees, provisional licensees, 

members in training, joint firms, or certificate holders, shall respond promptly and appropriately to any duly served 

communication of a regulatory nature received from the Association that contemplates a reply. 

 

Part 12 
Seals, Stamps and Certificates 

 

Seals and stamps 

33(1) Seals and stamps issued to professional members shall be in a form prescribed by the Council and shall show the 

professional category of the professional member as Professional Engineer or Professional Geoscientist. 
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(2) Seals and stamps issued to licensees shall be in a form prescribed by the Council and shall show the professional 

category of the licensee as Professional Engineer or Professional Geoscientist and in addition shall carry the word 

"licensee", 

(3) Stamps issued to permit holders shall be in a form prescribed by the Council and shall show the designation "Permit 

Holder". 

(4) Stamps issued to joint firms shall be in a form prescribed by the Council and shall show the designation "Engineers 

and Architects" or "Architects and Engineers". 

(5) Seals and stamps issued to professional licensees shall be in a form prescribed by the Council and shall show the 

designation “Professional Licensee (Engineering), or (Geoscience)” as the case may be. 

 

Certificates 

34(1) The Registrar shall issue to each professional member a certificate in a form prescribed by the Council signed by the 

president and Registrar showing the date of registration and the professional category in which the member is registered; 

and upon renewal an annual certificate. 

(2) The Registrar shall issue to each licensee a license certificate in a form prescribed by the Council signed by the 

president and Registrar showing the date of registration and the professional category of the licensee; and upon renewal of 

the license an annual certificate in the form of a license renewal card. 

(3) The Registrar shall issue to each permit holder a certificate in a form prescribed by the Council signed by the 

president and Registrar showing the permit number assigned to the permit holder and professional category in which the 

permit holder is entitled to practice; and upon renewal of the permit an annual certificate in the form of a permit renewal 

card. 

(4) The Registrar shall issue to each restricted practitioner a certificate in a form prescribed by the Council signed by the 

president and Registrar and showing the date of registration and the restricted area of practice in which the certificate 

holder may engage; and upon renewal of registration as a restricted practitioner, an annual certificate in the form of a 

restricted practice renewal card. 

(5) The Registrar shall issue to each professional licensee a certificate in a form prescribed by the Council, signed by the 

President and Registrar, and showing the date of registration and the area of practice in which the professional licensee 

may engage; and upon renewal of registration as a professional licensee an annual certificate in the form of a renewal card. 

 

Surrender of seals, stamps and certificates 

35 Professional members, licensees, permit holders, certificate holders, and professional licensees shall surrender to the 

Registrar, forthwith upon development of any of the following eventualities, any seals, stamps and certificates that have 

been issued to them: 

(a) temporary withdrawal of the professional member, licensee, permit holder, certificate holder, or professional 

licensee from practice of the profession for a period estimated to exceed 1 year; 

(b) resignation of the professional member, licensee, permit holder, certificate holder, or professional licensee from 

the Association; 

(c) the suspension or cancellation of the professional membership, license, permit or certificate. 

 

Part 13 
Assessment of Costs for Hearings and Appeals 

 

Content 

36 Where the Discipline Committee, Practice Review Board or the Appeal Board orders an investigated person to pay 

the costs of the hearing, or the costs of the appeal, or both the costs of the hearing and the costs of the appeal, those costs 

may include all or any of the following costs and expenses: 

(a) any honorarium, payment, or professional fees paid to a person retained to participate in the hearing or appeal; 

(b) costs of any transcripts of evidence taken in the proceedings; 

(c) costs of reproduction of all or any documents including drawings and plans relating to the proceedings; 

(d) witness fees; 
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(e) cost of renting rooms, renting recording equipment, or hiring a reporter to take transcript of the evidence; 

(f) fees payable to the solicitor acting on behalf of the Association in the proceedings; 

(g) any other expenses incurred that are attributable to the hearing or an appeal resulting from it. 

 

Part 14 
General 

 

Voting by mail 

37(1) The Council may direct that a mail vote be conducted on any matter related to the Association. 

(2) Announcement of a mail vote giving full details of the matter to be voted upon must be made to all professional 

members at least 21 days in advance of the vote being taken and if objections to a mail vote are received by the Registrar 

in writing at least 3 days before the announced date of the vote from at least 30 professional members of the Association 

the matter shall be held over to a meeting of the Association. 

(3) A vote by mail shall be declared valid if at least 10 percent of the professional members respond and the matter shall 

be declared carried or defeated on the basis of a simple majority of the votes returned. 

(4) The results of a mail vote shall be considered by the Council at its next regular meeting. 

 

Electronic Voting 

37.1  For purposes of Bylaw 37, a mail vote shall be deemed to include electronic communications within such terms and 

conditions as may be prescribed from time to time by the Council of the Association and such vote shall be received and 

treated by the Association as having the same force and effect as if sent by mail under Bylaw 37. 

 

Amendments to By–laws 

38(1) Proposed amendments to by-laws shall be submitted to a properly convened meeting of the Association and shall 

not be effective unless approved by a majority of the professional members present and voting at the meeting, or shall be 

submitted to the professional members for a mail vote in accordance with section 37. 

(2) If the proposed amendments are to be voted on at a meeting of the Association, full details of the proposed 

amendments shall be disclosed to all professional members at least 14 days in advance of the meeting. 

 

Validation 

39 When any act or thing under the provisions of these by-laws directed to be done within a limited time is not so done, 

or is not properly or effectually done, then anything actually done prior to such omission or improper or ineffectual act 

shall not be thereby vitiated, but shall remain in full effect and the Council, either prior or subsequent to such act not 

properly or effectually done or omitted, may extend the time for completing or perfecting such act or thing, which when 

completed or perfected, shall have the same effect as if done strictly in accordance with the provisions of these by-laws. 

 

Professional Licensees 

40 Sections 2, 5, 6, 7, 12(3), 16(3), 18, 19, 20, 37 and 38 of these Bylaws apply to professional licensees (engineering), 

and professional licensees (geoscience) as if they were professional members. 
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Definitions 

1   In this Regulation,  

 (a) “Act” means the Engineering and Geoscience Professions Act; 

 (b) “certified technician” means an individual who holds a certificate of registration as a certified technician granted 

by the ASET Board of Examiners under the Act; 

 (c) “certified technologist” means an individual who holds a certificate of registration as a certified engineering 

technologist, applied science technologist or certified computer information technologist granted by the ASET 

Board of Examiners under the Act; 

 (c.1) “domestic trade agreement” means a domestic trade agreement as defined in section 2 of Schedule 6 to the 

Government Organization Act; 

 (d) “registered engineering technologist” means an individual who holds a certificate of membership as a registered 

engineering technologist under Part 9 of the Engineering and Geoscience Professions General Regulation (AR 

150/99) immediately before the coming into force of this Regulation; 

 (e) “regulated member” means 

  (i) a certified technician, 

  (ii) a certified technologist, or  

  (iii) except in sections 13, 14 and 15(5) and (8), a registered engineering technologist. 
AR 282/2009 s1;56/2012 

Part 1 

Membership in ASET 

Division 1 
General 

Application 

2(1)  An application for registration must be submitted to the ASET Registrar and must 

 (a) be in a form acceptable to the ASET Board of Examiners, and 

 (b) be fully completed and accompanied by 

  (i) all required supporting documentation, and 

  (ii) any fees that are prescribed by ASET Council. 

(2)  The ASET Registrar shall refer an application to the ASET Board of Examiners if the application meets the 

requirements of subsection (1) and the ASET Registrar is satisfied that the applicant meets the eligibility requirements for 

one of the categories of membership in ASET. 

Annual fees 

3   A person who is entered in a record or register under this Part or Part 9 of the Engineering and Geoscience Professions 

General Regulation (AR 150/99) shall pay any annual fees that are prescribed by ASET Council pursuant to the ASET 

bylaws. 
AR 282/2009 s3;56/2012 

Non-payment 

4   ASET Council may direct the ASET Registrar to strike the name of a person from a record or register if the person fails 

to pay a prescribed fee. 

Registers and records 

5   The ASET Registrar shall keep and maintain records and registers for regulated members and other ASET members. 
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Division 2 

Students 

Eligibility 

 : 

 (a) the applicant is of good character and reputation; 

 (b) the applicant 

  (i) is enrolled as a full-time student in an applied science, information or engineering technology program that is 

recognized by the ASET Board of Examiners, or 

  (ii) is a regulated member who returns to full-time education in an applied science, information or engineering 

technology program that is recognized by the ASET Board of Examiners. 

(2)  The ASET Board of Examiners may establish what part, if any, of a program referred to in subsection (1) an applicant 

must have successfully completed in order to be enrolled as a student. 

Striking from record 

7   ASET Council may direct the ASET Registrar to strike the name of a student from the record of students 

 (a) if ASET Council considers that the student has engaged in behaviour that constitutes unprofessional conduct, 

 (b) if the student ceases to be enrolled in a program referred to in section 6(1)(b), or 

 (c) if the registration was entered in error in the register.  

Division 3 

Examination Candidates 

Eligibility 

8   A person who meets the following requirements and applies to the ASET Registrar for registration is entitled to be 

admitted as an examination candidate: 

 (a) the applicant is of good character and reputation; 

 (b) the applicant is a graduate of 

  (i) an applied science, information or engineering technology program that is recognized by the ASET Board of 

Examiners, or 

  (ii) a related academic program that is recognized by the ASET Board of Examiners, 

but the ASET Board of Examiners has required the applicant to either complete educational upgrading, examinations or 

other assessment activities for the purpose of correcting a perceived academic deficiency or acquire additional experience 

in work of an applied science, information or engineering technology nature. 

Striking from record 

9(1)  ASET Council may direct the ASET Registrar to strike the name of an examination candidate from the record 

 (a) if ASET Council considers that the examination candidate has engaged in behaviour that constitutes 

unprofessional conduct, 

 (b) if, in the opinion of the ASET Board of Examiners, the examination candidate fails to make satisfactory progress 

toward registration as a regulated member, or 

 (c) if the registration was entered in error in the register. 

(2)  Subject to subsection (3), no person may remain on the record of examination candidates for more than 5 years. 
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(3)  The ASET Registrar may extend the period referred to in subsection (2) to not more than a total of 7 years. 

(4)  A person whose name is struck from the record is no longer eligible to proceed with the educational upgrading, 

examinations or other assessment activities. 

Division 4 

Members-in-Training 

Definition 

10   In this Division, “member-in-training” means a technician-in-training or a technologist-in-training. 

Eligibility 

11(1)  A person who meets the following requirements and applies to the ASET Registrar for registration is entitled to be 

admitted as a member-in-training: 

 (a) the applicant is of good character and reputation; 

 (b) the applicant is 

  (i) a graduate of an applied science, information or engineering technology program that is recognized by the 

ASET Board of Examiners, but does not have the work experience required for registration as a regulated 

member, or 

  (ii) is a member-in-training or the equivalent of a member-in-training in good standing with a regulated entity in 

another province that is in the opinion of the ASET Board of Examiners equivalent to ASET. 

(2)  Notwithstanding subsection (1), a person may not be admitted as a member-in-training if at the time of application the 

person is qualified to be registered as a regulated member. 

Domestic trade agreements 

11.1   Where section 11(1)(b)(ii) applies in respect of an applicant and the regulated entity is in a province that is a 

signatory to one or more domestic trade agreements that is in force in Alberta, the applicant’s application must be dealt 

with in a manner consistent with the applicable domestic trade agreements. 
AR 56/2012 s4 

Striking from record 

12(1)  ASET Council may direct the ASET Registrar to strike the name of a member-in-training from the record of 

members-in-training 

 (a) if ASET Council considers that the member-in-training has engaged in behaviour that constitutes unprofessional 

conduct, 

 (b) if, in the opinion of the ASET Board of Examiners, the member-in-training fails to make satisfactory progress 

toward registration as a regulated member, or 

 (c) if the registration was entered in error in the register. 

(2)  Subject to subsection (3), no person may remain on the record of members-in-training for more than 4 years after 

graduation. 

(3)  The ASET Registrar may extend the period referred to in subsection (2). 

Division 5 

Regulated Members 

Eligibility 

13(1)  A person who meets the following requirements and applies to the ASET Registrar for registration is entitled to be 

registered as a regulated member: 
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 (a) the applicant is a Canadian citizen or is lawfully entitled to work in Canada; 

 (b) the applicant is of good character and reputation; 

 (c) the applicant has a knowledge of the Act and the regulations under the Act, and general knowledge related to the 

practice of applied science, information or engineering technology, which has been demonstrated by passing an 

examination that is prescribed by the ASET Board of Examiners; 

 (d) the applicant demonstrates to the ASET Board of Examiners that the applicant has a proficiency in the English 

language that is sufficient to enable the applicant to responsibly practise the profession of applied science, 

information or engineering technology; 

 (e) the applicant meets one of the following requirements: 

  (i) the applicant has obtained at least 2 years of experience in work of an applied science, information or 

engineering technology nature that is acceptable to the ASET Board of Examiners; 

  (ii) the applicant is admitted as an examination candidate and 

   (A) has completed the educational upgrading, examinations or other assessment activities referred to in 

section 8(b), and 

   (B) has obtained at least 2 years of experience in work of an applied science, information or engineering 

technology nature that is acceptable to the ASET Board of Examiners; 

  (iii) the applicant has, in the opinion of the ASET Board of Examiners, through a combination of academic 

qualification and experience demonstrated the competence required for registration as a regulated member. 

(2)  Notwithstanding subsection (1), an applicant is entitled to be registered as a regulated member if 

 (a) the applicant is of good character and reputation, and 

 (b) the applicant is a regulated member or the equivalent of a regulated member in good standing with a regulated 

entity in another province that is in the opinion of the ASET Board of Examiners equivalent to ASET. 

Domestic trade agreements 

13.1   Where section 13(2) applies in respect of an applicant and the regulated entity is in a province that is a signatory to 

one or more domestic trade agreements that is in force in Alberta, the applicant’s application must be dealt with in a 

manner consistent with the applicable domestic trade agreements. 
AR 56/2012 s5 

Designations 

14(1)  A person who meets the requirements for registration under section 13 and is entitled to be registered as a regulated 

member shall be granted one of the following designations as determined by the ASET Board of Examiners: 

 (a) certified technician; 

 (b) certified engineering technologist; 

 (c) applied science technologist; 

 (d) certified computer information technologist. 

(2)  Only those regulated members who are granted one of the designations as set out in subsection (1), and whose 

registration has not been cancelled or suspended, may use such designation or the following abbreviations: 

 (a) C. Tech; 

 (b) C.E.T.; 
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 (c) A.Sc.T.; 

 (d) C.C.I.T. 

Division 6 

ASET Board of Examiners 

ASET Board of Examiners constitution 

15(1)  ASET Council shall appoint no more than 20 regulated members to the ASET Board of Examiners. 

(2)  The term of appointment for members of the Board of Examiners is 3 years, and they may be reappointed. 

(3)  ASET Council shall appoint a Chair and a Vice-Chair of the Board of Examiners. 

(4)  The term of office for the Chair and Vice-Chair is 3 years and they may be reappointed. 

(5)  The ASET Board of Examiners shall meet as is necessary to rule on applications for registration as a regulated 

member in accordance with section 93.1 of the Act. 

(6)  A quorum of the ASET Board of Examiners is one quarter of its members. 

(7)  The ASET Board of Examiners may appoint individuals from academic institutions and industry to a Panel of 

Examiners to advise the Board of Examiners on the academic qualifications of applicants. 

(8)  In addition to considering applications for registration as a regulated member, the ASET Board of Examiners shall 

meet as necessary to consider matters of policy, significant changes in procedure and other matters referred to it by ASET 

Council. 

(9)  The ASET Board of Examiners and the Panel of Examiners have the power to consult with any persons or 

organizations in order to properly assess the work experience and academic qualifications of applicants. 

Part 2 

Continuing Education Program  

and Practice Reviews 

Division 1 
Continuing Professional Development  Program 

Education program established 

16(1)  ASET Council establishes the Continuing Professional Development Program of ASET as the compulsory 

continuing education program for regulated members. 

(2)  The ASET Practice Review Board shall administer the Continuing Professional Development Program. 

(3)  The Continuing Professional Development Program comprises 

 (a) self-assessment by regulated members of their individual professional development needs, 

 (b) the preparation by regulated members of a continuing professional development plan, 

 (c) self-directed professional development activities, 

 (d) the ability of the ASET Practice Review Board to require that regulated members demonstrate compliance with 

the Continuing Professional Development Program, and 

 (e) practice visits in accordance with section 21(2)(a). 

(4)  ASET Council shall make rules governing the operation of the Continuing Professional Development Program, 

including, without limitation, the following: 
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 (a) the format of the Continuing Professional Development Plan; 

 (b) the approval of programs, courses and other learning activities that may be completed as part of the self-directed 

continuing professional development; 

 (c) declarations by regulated members that they have developed a Continuing Professional Development Plan and 

declarations with respect to the professional development activities that have been undertaken in accordance with 

the plan; 

 (d) audits of regulated members to ensure that Continuing Professional Development Plans have been prepared and 

that the professional development activities are being undertaken in accordance with the Continuing Professional 

Development Plan; 

 (e) the written records that must be maintained by regulated members with respect to their Continuing Professional 

Development Plan and activities undertaken in accordance with that plan. 

(5)  ASET Council may determine when the Continuing Professional Development Program comes into effect for 

regulated members. 

Mandatory compliance 

17   A regulated member shall comply with the requirements of the Continuing Professional Development Program as it 

applies to that person’s profession of applied science, information technology or engineering technology. 

Exemption 

18(1)  Notwithstanding section 17, a regulated member who files with ASET a declaration in writing stating that the 

person is not actively engaged in the practice of the profession set out in section 17 is exempt from the requirements of 

this Part. 

(2)  An exemption under this section is effective only for one year from the date the declaration is received by ASET, but 

may be renewed for additional yearly periods. 

(3)  A regulated member shall not engage in the practice of a profession while an exemption under this section is in effect. 

(4)  A regulated member who has filed a declaration under subsection (1) shall immediately notify ASET in writing if that 

person intends to resume the practice of the profession. 

(5)  The ASET Practice Review Board may require a regulated member who has notified ASET under subsection (4) to 

comply with any conditions that the Board may set prior to allowing that person to resume the practice of the profession. 

Written records 

19(1)  In accordance with the rules established by ASET Council, regulated members shall develop and maintain written 

records of their Continuing Professional Development Plan and professional development activities. 

(2)  Regulated members shall produce the records under subsection (1) on the request of the ASET Practice Review Board. 

Striking from register 

20   ASET Council may direct the ASET Registrar to strike from the register of regulated members the name of a person 

who fails to comply with a request that is served on the regulated member under section 19(2). 

Proof of compliance 

21(1)  On the request of the ASET Practice Review Board, a regulated member shall satisfy the Board that that person is 

complying with the requirements of the Continuing Professional Development Program. 

(2)  Where a regulated member fails to satisfy the ASET Practice Review Board under subsection (1), the Board may 

 (a) conduct a review of the practice of that person in accordance with the Act and this Regulation, including practice 

visits, and 
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 (b) at any time during a review recommend to the ASET Investigative Committee that the review be conducted by 

the ASET Investigative Committee under Part 8, Division 5 of the Act as if the recommendation were a written 

complaint. 

Division 2 

ASET Practice Review Board 

ASET Practice Review Board constitution 

22(1)  ASET Council shall appoint not fewer than 4 regulated members as members of the ASET Practice Review Board. 

(2)  ASET Council shall designate one of the regulated members as chair. 

(3)  The ASET Registrar or the ASET Registrar’s designate shall serve as Secretary to the ASET Practice Review Board. 

(4)  The chair and regulated members must be appointed for a 3-year term, and may be reappointed. 

(5)  A quorum of the Practice Review Board is a majority of its members. 

(6)  Where a vacancy occurs in the ASET Practice Review Board, ASET Council shall appoint a regulated member to the 

position for the unexpired portion of the term. 

(7)  In appointing regulated members to the ASET Practice Review Board under this section, ASET Council 

 (a) shall not appoint a regulated member unless the regulated member has at least 5 years of experience in the 

practice of the professions of applied science, information technology or engineering technology, and 

 (b) shall appoint regulated members so that the membership will represent a combination of academic qualifications 

and experience such that the ASET Practice Review Board can effectively review and assess registration 

requirements and procedures and disciplinary procedures in order to ensure the continuing competency of 

members of ASET, and advise ASET Council on those matters. 

Items considered 

23(1)  The ASET Practice Review Board shall meet at least twice each year, and more frequently if the chair considers it 

necessary, to consider 

 (a) items referred to the ASET Practice Review Board by ASET Council, the ASET Board of Examiners or the 

ASET Discipline Committee, 

 (b) reports from the ASET Registrar submitted under subsection (2), 

 (c) items that have come to the attention of the ASET Practice Review Board from other sources and that reflect a 

need to review the procedures of ASET with respect to registration, discipline or maintenance of professional 

competency, and 

 (d) any other items that may be considered by the ASET Practice Review Board pursuant to the Act. 

(2)  The ASET Registrar shall submit at each regular meeting of the ASET Practice Review Board a report setting out 

 (a) the number and nature of appeals and complaints relating to rulings of the ASET Board of Examiners, and 

 (b) the number and nature of complaints dealt with under Part 8, Division 5 of the Act and the disposition of the 

complaints, with special emphasis on cases reflecting on the competency of members of ASET. 

Investigation by ASET Practice Review Board 

24(1)  If the ASET Practice Review Board undertakes a review of the practice of a regulated member or permit holder, it 

shall proceed with the review in accordance with this section. 
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(2)  The ASET Practice Review Board shall appoint a person to conduct an initial review and report to the ASET Practice 

Review Board with respect to the substance of the conclusions on which the ASET Practice Review Board based its 

decision to commence an investigation. 

(3)  If, on receipt of the report, the ASET Practice Review Board decides that further investigation is not warranted, it 

shall discontinue the review and report its decision to ASET Council, along with any recommendations the ASET Practice 

Review Board considers appropriate. 

(4)  If, on receipt of the report, the ASET Practice Review Board decides that investigation of a specific practice is 

necessary, it shall 

 (a) issue notice of investigation to the regulated member or permit holder if it is of the opinion that the matter to be 

investigated relates to matters other than to unskilled practice of the profession or unprofessional conduct, and 

proceed with its investigation in the same manner as provided for in a discipline investigation, or 

 (b) lodge an appropriate complaint with the ASET Investigative Committee if it is of the opinion that further 

investigation may lead to a finding of unskilled practice of the profession or unprofessional conduct. 

(5)  For the purposes of conducting an investigation under this section, any or all of the members of the ASET Practice 

Review Board may, in order to ensure that continuing competence requirements are met, do one or more of the following: 

 (a) subject to subsection (6), at any reasonable time and on having given notice, conduct a practice visit by entering 

and inspecting any place where the regulated member works in the profession of applied science, information 

technology or engineering technology; 

 (b) interview a regulated member about the member’s work in the profession of applied science, information 

technology or engineering technology; 

 (c) observe the regulated member working in the profession of applied science, information technology or 

engineering technology; 

 (d) interview or survey clients, co-workers, the regulated member’s employer or the regulated member about the 

regulated member’s work in the profession of applied science, information technology or engineering 

technology; 

 (e) review documents and examine substances and things that 

  (i) are owned by or under the control of the regulated member, and 

  (ii) are related to the work in the profession of applied science, information technology or engineering technology 

by the regulated member; 

 (f) assess the safety and condition of equipment and technology used by the regulated member. 

(6)  No member of the ASET Practice Review Board may enter a private dwelling place or any part of a place that is 

designed to be used and is being used as a permanent or temporary private dwelling place except with the consent of the 

occupant of the dwelling place. 

Report to ASET Council 

25   Following each meeting, the ASET Practice Review Board shall report through its chair to ASET Council and may 

make any recommendations as to changes in procedures regarding registration, discipline or maintenance of competency 

that the Board considers appropriate. 

Part 3 

ASET Council 

President and Vice-presidents — election and powers 

26(1)  The President of ASET must be elected annually by the members of ASET in accordance with the bylaws and holds 

office until a successor is elected. 

(2)  The President shall act as the presiding officer at meetings of ASET Council and at meetings of ASET. 
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(3)  The President may vote at meetings of ASET Council or ASET only in the event of a tied vote. 

(4)  The 2 Vice-presidents must be elected annually by the members of ASET in accordance with the bylaws and hold 

office until a successor is elected.  

(5)  The First Vice-president or, failing the First Vice-president, the Second Vice-president, has all the powers of the 

President during the absence of the President for any cause. 

Quorum 

27(1)  A quorum for meetings of ASET Council is a majority of its members. 

Other boards, committees and task forces 

28(1)  In addition to the ASET Discipline Committee, ASET Investigative Committee, ASET Board of Examiners, ASET 

Practice Review Board, ASET Appeal Board and Executive Committee, ASET Council may appoint any other standing or 

special committees, task forces or boards that it considers necessary to serve the interests of ASET, and shall at the time of 

the appointment, delegate any authority it considers necessary for the committees, task forces or boards to perform their 

function. 

(2)  Except for the ASET Discipline Committee, ASET Investigative Committee, ASET Board of Examiners, ASET 

Practice Review Board, ASET Appeal Board and Executive Committee, ASET Council shall determine the terms of 

reference for all committees, task forces or boards. 

Part 4 

Code of Ethics 

Application and availability 

29(1)  Regulated members shall comply with the Code of Ethics in the Schedule to this Regulation. 

(2)  ASET may publish interpretations of the rules comprising the Code of Ethics and distribute them to regulated 

members. 

(3)  ASET shall make the Code of Ethics available on request to members of the public. 

Part 5 

Discipline 

Aware of unprofessional conduct 

30   Despite not receiving a complaint under section 43 of the Act, but subject to section 43(3) of the Act, if the ASET 

Registrar has reasonable grounds to believe that the conduct of a regulated member or former member constitutes 

unprofessional conduct or unskilled practice, the ASET Registrar may treat the information as a complaint and act on it 

under section 43 of the Act. 

Division 1 

ASET Investigative Committee 

ASET Investigative Committee 

31(1)  ASET Council shall appoint at least 3 regulated members to the ASET Investigative Committee. 

(2)  ASET Council shall designate one regulated member as the chair of the ASET Investigative Committee. 

(3)  The chair or, in the absence of the chair, a majority of the members of the ASET Investigative Committee may appoint 

an acting chair who has all the powers of the chair in the absence of the chair. 

Public member 

32(1)  The Minister shall appoint one member of the public, from a list of persons nominated by the Council, to the ASET 

Investigative Committee. 
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(2)  The Minister may, after consultation with the Council, revoke the appointment of the member of the public. 

(3)  The powers, duties and operations of the ASET Investigative Committee are not affected by 

 (a) the failure of the Minister to appoint a member of the public, 

 (b) the revocation of the appointment of the member of the public, 

 (c) the resignation from the ASET Investigative Committee of the member of the public, or 

 (d) the absence of the member of the public from a meeting of the ASET Investigative Committee. 

(4)  The Minister may pay to the member of the public appointed to the ASET Investigative Committee travelling and 

living expenses incurred by that member for attendance at meetings of the ASET Investigative Committee away from the 

member’s usual place of residence and fees in an amount prescribed by the Minister. 

Term of office 

33(1)  The term of office of each member of the ASET Investigative Committee is 3 years, and members may be 

reappointed. 

(2)  Where there is a vacancy in the membership of the ASET Investigative Committee appointed by ASET Council, 

ASET Council may appoint a person to fill the vacancy for the unexpired portion of the term. 

(3)  Where there is a vacancy in the public membership on the ASET Investigative Committee, the Minister may appoint a 

person to fill the vacancy for the unexpired portion of the term. 

Quorum 

34   A quorum of the ASET Investigative Committee consists of a majority of its members. 

Adjournment of investigation if court proceedings commenced 

35   A preliminary investigation under Part 5 of the Act may be adjourned if the complaint that gave rise to the 

investigation is the subject of judicial proceedings. 

Assistance in conducting preliminary investigation 

36   An investigation panel appointed under section 47 of the Act may employ any technical consultants and legal counsel it 

considers necessary to conduct a preliminary investigation. 

Division 2 

ASET Discipline Committee 

ASET Discipline Committee 

37(1)  ASET Council shall appoint at least 3 regulated members to the ASET Discipline Committee. 

(2)  ASET Council shall designate a regulated member as the chair of the ASET Discipline Committee. 

(3)  The chair or, in the absence of the chair, a majority of the members of the ASET Discipline Committee may appoint 

an acting chair who has all the powers of the chair in the absence of the chair. 

Public member 

38(1)  The Minister shall appoint one member of the public, from a list of persons nominated by ASET Council, to the 

ASET Discipline Committee. 

(2)  The Minister may, after consultation with ASET Council, revoke the appointment of the member of the public. 

(3)  The powers, duties and operations of the ASET Discipline Committee are not affected by 

 (a) the failure of the Minister to appoint a member of the public, 
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 (b) the revocation of the appointment of the member of the public, 

 (c) the resignation from the ASET Discipline Committee of the member of the public, or 

 (d) the absence of the member of the public from a meeting of the ASET Discipline Committee. 

(4)  The Minister may pay to the member of the public appointed to the ASET Discipline Committee travelling and living 

expenses incurred by that member for attendance at meetings of the ASET Discipline Committee away from the member’s 

usual place of residence and fees in an amount prescribed by the Minister. 

Term of office 

39(1)  The term of office of each member of the ASET Discipline Committee is 3 years, and members may be 

reappointed. 

(2)  Where there is a vacancy in the regulated members on the ASET Discipline Committee, ASET Council may appoint a 

person to fill the vacancy for the unexpired portion of the term. 

(3)  Where there is a vacancy in the public membership on the ASET Discipline Committee, the Minister may appoint a 

person to fill the vacancy for the unexpired portion of the term. 

Quorum 

40   A quorum of the ASET Discipline Committee consists of a majority of its members. 

Panel of the ASET Discipline Committee 

41(1)  A panel of the ASET Discipline Committee must consist of at least 3 members of the ASET Discipline Committee. 

(2)  A member of the ASET Discipline Committee who has been designated to act as a case manager under sections 52(1) 

and 94.4 of the Act in respect of a matter must not sit as part of the panel of the ASET Discipline Committee that is 

hearing the matter under section 53 of the Act. 

(3)  A panel of the ASET Discipline Committee has all the powers and authority of the ASET Discipline Committee. 

Right to counsel 

42(1)  The ASET Discipline Committee may be advised by counsel at a hearing before the ASET Discipline Committee. 

(2)  If the ASET Discipline Committee is advised by counsel acting on behalf of the ASET Discipline Committee at a 

hearing, that counsel may not lead or present evidence or argument at the hearing on behalf of ASET nor be the counsel of 

the ASET Registrar. 

Division 3 

ASET Appeal Board 

ASET Appeal Board 

43(1)  ASET Council shall appoint at least 3 regulated members as members of the ASET Appeal Board. 

(2)  ASET Council shall designate one regulated member as the chair of the ASET Appeal Board. 

(3)  The chair or, in the absence of the chair, a majority of the members of the ASET Appeal Board may appoint an acting 

chair who has all the powers of the chair in the absence of the chair. 

Term of office 

44(1)  The term of office of each member of the ASET Appeal Board appointed is 3 years, and members may be 

reappointed. 

(2)  Where there is a vacancy in the membership of the ASET Appeal Board appointed by ASET Council, ASET Council 

may appoint a regulated member to fill the vacancy for the unexpired portion of the term. 
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Quorum 

45   A quorum of the ASET Appeal Board consists of a majority of its members. 

Right to counsel 

46(1)  The ASET Appeal Board may be advised by counsel at an appeal hearing before the ASET Appeal Board. 

(2)  If the ASET Appeal Board is advised by counsel acting on behalf of the ASET Appeal Board at an appeal hearing, that 

counsel may not lead or present evidence or argument at the appeal hearing on behalf of the Investigative Committee nor 

be the counsel of the ASET Registrar or the Investigative Committee. 

Division 4 

General Matters 

Publication 

47   The ASET Discipline Committee or the ASET Appeal Board may direct that reports or summaries of disciplinary 

decisions, including the regulated member’s personal information, be published in any manner it deems appropriate. 

Reinstatement of disciplined individuals 

48(1)  A regulated member whose registration has been cancelled or a permit holder whose permit has been revoked under 

Part 5 of the Act as a result of the disciplinary proceedings may apply to ASET Council to be reinstated. 

(2)  An application under subsection (1) may not be made until at least one year after the date on which the registration 

was cancelled or the permit was revoked, or from the date on which the Court made its order confirming or varying the 

decision of ASET Council. 

(3)  ASET Council may establish an ASET Committee of Inquiry to consider the application for reinstatement and make 

recommendations to ASET Council. 

(4)  ASET Council may require the former regulated member or permit holder to demonstrate by means prescribed by 

ASET Council that that person is competent to re-engage in the practice of applied science, information or engineering 

technology. 

(5)  Where an application for reinstatement is not approved by ASET Council, no further application may be made by the 

former regulated member or permit holder until at least one year after the date ASET Council ruled on the previous 

application. 

Part 6 

General 

Use of stamps and seals issued to members 

49(1)  A stamp or seal issued to a regulated member must at all times remain under that person’s direct control and must 

be applied by the regulated member or by a person acting under the regulated member’s immediate and direct control to all 

final plans, specifications, reports or documents of a professional nature 

 (a) that were prepared by the regulated member or under the regulated member’s supervision and control, or 

 (b) that were prepared by another person in circumstances where the regulated member has thoroughly reviewed 

them and accepted professional responsibility for them. 

(2)  No person shall permit a stamp or seal to be physically located in a manner that would allow its use by a person other 

than the regulated member to whom it was issued. 

(3)  When a stamp or seal is applied, the regulated member to whom it was issued shall ensure that the stamp or seal is 

accompanied with that person’s signature and the date on which the stamp or seal is applied. 

(4)  A stamp or seal may be applied to the cover page or final page of reports or documents in a manner that clearly 

indicates acceptance of professional responsibility for the reports or documents, without being applied to each page. 
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(5)  A regulated member shall not acquire a stamp or seal from any source other than the ASET Registrar. 

(6)  A regulated member shall only use a stamp or seal while that person is registered pursuant to this Regulation. 

(7)  Stamps and seals are the property of ASET and a person in possession of a stamp or seal shall surrender it to ASET on 

demand. 

(8)  A regulated member may, with the approval of the ASET Registrar, apply a computer-generated facsimile of the 

stamp or seal if that person otherwise meets the requirements of the Act and this Regulation. 

Publications on professional services 

50(1)  ASET may publish, on an annual basis or as directed by ASET Council, for the information of members and the 

public,  

 (a) conditions of engagement and surveys of professional fees for particular types of applied science, information or 

engineering technology services, 

 (b) a guide to the selection of applied science, information or engineering technology members for consulting 

services to assist clients in the selection of professionally and legally qualified consultants and consulting firms, 

 (c) guides that define for clients the scope of professional services to be expected from regulated members, and 

 (d) publications for the purpose of promoting high standards of professional services and adequate remuneration for 

those services, and the maintenance and improvement of the competency of members. 

Membership register 

51   ASET may publish, from time to time as directed by ASET Council, a register, in a format directed by ASET Council, 

of regulated members and permit holders. 

Service of notices 

52(1)  If notice is required to be given to a person under the Act, this Regulation or the ASET bylaws, the notice is 

sufficiently given if 

 (a) it is served personally on the person, 

 (b) it is sent by prepaid mail to the person at the latest address provided to the ASET Registrar by the person, or 

 (c) where the person has provided to the ASET Registrar an electronic address for the purpose of receiving notices 

that meets the requirements of ASET Council, it is sent to the person by electronic transmission to that address. 

(2)  If notice is served personally in accordance with subsection (1), unless the contrary is proved, the service is presumed 

to be effected 

 (a) if it is served personally on that person, or  

 (b) sent to that person by registered mail or courier at the address last shown for that person on the records of ASET. 

(3)  If personal service or service by prepaid mail under subsection (1) is not reasonably possible, the service is presumed 

to be effected by publishing the document or notice at least twice, not more than a week apart, in a local newspaper 

circulated at or near the latest address provided to the ASET Registrar by the person. 

(4)  If notice is served by mail in accordance with subsection (1), unless the contrary is proved, the service is presumed to 

be effected 

 (a) 7 days from the date of mailing if the document is mailed to an address in Alberta, or 

 (b) 14 days from the date of mailing if the document is mailed to an address outside Alberta. 

(5)  If a notice is served by electronic transmission in accordance with subsection (1), unless the contrary is proved, the 

service is presumed to be effected on the date on which the notice was transmitted. 
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Expiry 

53   For the purpose of ensuring that this Regulation is reviewed for ongoing relevancy and necessity, with the option that 

it may be repassed in its present or an amended form following a review, this Regulation expires on September 30, 2021. 
AR 282/2009 s53;56/2012 

Coming into force 

54   This Regulation comes into force on the coming into force of the Engineering, Geological and Geophysical 

Professions Amendment Act, 2007. 
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Schedule 
 

Code of Ethics 
(established pursuant to section 87.3(1)(j  

of the Engineering and Geoscienc  
Professions Act) 

1   Regulated members shall 

 (a) hold paramount the safety, health and welfare of the public, the protection of the environment and the promotion 

of health and safety within the workplace, 

 (b) undertake and accept responsibility for professional assignments only when qualified by training and experience, 

 (c) provide an opinion on a professional subject only when it is founded upon adequate knowledge and honest 

conviction, 

 (d) act with integrity towards clients or employers, maintain confidentiality and avoid a conflict of interest, but 

where such conflict arises fully disclose the circumstances without delay to the employer or client, 

 (e) uphold the principle of appropriate and adequate compensation for the performance of their work, 

 (f) keep informed to maintain proficiency and competence, to advance the body of knowledge within their discipline 

and further opportunities for the professional development of their associates, 

 (g) conduct themselves with fairness, honesty, courtesy and good faith towards clients, colleagues and others, give 

credit where it is due and accept, as well as give, honest and fair professional comment, 

 (h) present clearly to employers and clients the possible consequences if professional decisions or judgments are 

overruled or disregarded, 

 (i) report to the appropriate agencies any hazardous, illegal or unethical professional decisions or practices by other 

members or others, and 

 (j) promote public knowledge and appreciation of applied science, information and engineering technology and 

protect ASET from misrepresentation and misunderstanding. 
AR 282/2009 Sched.;56/2012 
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Definition 

1   In this Regulation, “Act” means the Engineering and Geoscience Professions Act. 

AR 283/2009 s1;57/2012 

Part 1 

Membership as a Professional Technologist 

Division 1 

General 

Application 

2(1)  An application for registration as a professional technologist must be submitted to the ASET Registrar and must 

(a) be in a form acceptable to the Joint Board of Examiners, and 

(b) be fully completed and accompanied by 

 (i) all required supporting documentation, and 

 (ii) any fees that are prescribed by ASET Council pursuant to the ASET bylaws. 

(2)  The ASET Registrar shall refer an application to the Joint Board of Examiners if the application meets the 

requirements of subsection (1) and the ASET Registrar is satisfied that the applicant meets the eligibility requirements for 

registration as a professional technologist. 

Annual fees 

3   A person who is entered in a record or register under this Part shall pay any annual fees that are prescribed by ASET 

Council pursuant to the ASET bylaws. 

Registers and records 

4   The ASET Registrar shall keep and maintain records and a   register of professional technologists, which shall be made 

available to the Registrar of the Association on request. 

Division 2 

Professional Technologists 

Eligibility 

5(1)  A person who meets the following requirements and applies to the ASET Registrar for registration is entitled to be 

registered as a professional technologist: 

 (a) the applicant is of good character and reputation; 

 (b) the applicant holds a certificate of registration as a certified engineering technologist with ASET; 

 (c) the applicant has a knowledge of the Act and the regulations under the Act, and general knowledge related to 

the proposed scope of practice of engineering or geoscience, which has been demonstrated by passing an 

examination for those purposes that is prescribed by the Joint Board of Examiners; 

 (d) the applicant demonstrates to the Joint Board of Examiners that the applicant has a proficiency in the English 

language that is sufficient to enable the applicant to responsibly practice the profession of engineering or 

geoscience within the prescribed scope of practice; 

 (e) the applicant has at least 2 years of post-secondary education acceptable to the Joint Board of Examiners in 

areas that relate to engineering or geoscience; 

 (f) the applicant has obtained at least 6 years of experience in areas that relate to engineering or geoscience that is 

acceptable to the Joint Board of Examiners, at least 2 years of which are in the applicant’s proposed area and 

scope of practice and were completed under the supervision and control of a professional member; 
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 (g) the applicant meets any other requirements established by the Joint Board of Examiners. 

(2)  Notwithstanding subsection (1), an applicant is entitled to be registered as a professional technologist if the applicant 

 (a) is of good character and reputation, and 

 (b) is a professional technologist who, in respect of another province, 

 (i) is eligible to engage in the practice of engineering or geoscience within the scope of practice specified by 

the Joint Board of Examiners, and 

 (ii) is a member in good standing with a regulated entity in that other province that, in the opinion of the Joint 

Board of Examiners, is equivalent to ASET. 
AR 283/2009 s5;57/2012 

Domestic trade agreements 

5.1(1)  In this section, “domestic trade agreement” means a domestic trade agreement as defined in section 2 of Schedule 

6 to the Government Organization Act.  

(2)  Where section 5(2) applies in respect of an applicant and the regulated entity is in a province that is a signatory to one 

or more domestic trade agreements that is in force in Alberta, the applicant’s application must be dealt with in a manner 

consistent with the applicable domestic trade agreements. 
AR 57/2012 s3 

Designations 

6(1)  A person who meets the requirements for registration in section 5 and is entitled to be registered as a professional 

technologist shall be granted one or more of the following designations as determined by the Joint Board of Examiners: 

 (a) professional technologist; 

 (b) professional technologist (engineering); 

 (c) professional technologist (geoscience). 

 (d) repealed AR 57/2012 s4. 

(2)  Only those persons who are granted one or more of the designations as set out in subsection (1), and whose 

registration has not been cancelled or suspended under Part 5 of the Act, may use such designation or the following 

abbreviations: 

 (a) P.Tech; 

 (b) P.Tech (eng.); 

 (c) P.Tech (geo). 

 (d) repealed AR 57/2012 s4. 
AR 283/2009 s6;57/2012 

Division 3 

Joint Board of Examiners 

Items considered 

7(1)  The Joint Board of Examiners shall meet as is necessary to rule on applications for registration in accordance with 

section 90.3 of the Act. 

(2)  In addition to considering applications for registration as a professional technologist, the Joint Board of Examiners 

shall meet as necessary to consider matters of policy, significant changes in procedure, examination results and any 

matters referred to it by any member of the Joint Board of Examiners or the Joint Councils Committee. 
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Joint Board of Examiners authority 

8   The Joint Board of Examiners has the power to consult with any persons or organizations in order to properly assess 

the academic qualifications of applicants. 

Part 2 

Continuing Education Program and Practice Reviews 

Division 1 

Continuing Professional Development Program 

Education program established 

9(1)  The Continuing Professional Development Program of ASET is established as a compulsory continuing education 

program for professional technologists. 

(2)  The Joint Practice Review Board shall administer the Continuing Professional Development Program. 

(3)  The Continuing Professional Development Program comprises 

(a) self-assessment by professional technologists of their individual professional development needs, 

(b) the preparation by professional technologists of a continuing professional development plan, 

(c) self-directed professional development activities, 

(d) the ability of the Joint Practice Review Board to require that professional technologists demonstrate compliance 

with the Continuing Professional Development Program, and 

(e) practice visits in accordance with section 14(2)(a). 

(4)  ASET Council shall make rules governing the operation of the Continuing Professional Development Program, 

including, without limitation, the following: 

(a) the format of the Continuing Professional Development Plan; 

(b) the approval of programs, courses and other learning activities that may be completed as part of the self-directed 

continuing professional development; 

(c) declarations by professional technologists that they have developed a Continuing Professional Development Plan 

and declarations with respect to the professional development activities that have been undertaken in accordance 

with the plan; 

(d) audits of professional technologists to ensure that Continuing Professional Development Plans have been 

prepared and that the professional development activities are being undertaken in accordance with the 

Continuing Professional Development Plan; 

(e) the written records that must be maintained by professional technologists with respect to their Continuing 

Professional Development Plan and activities undertaken in accordance with that plan.  

(5)  ASET Council may determine when the Continuing Professional Development Program comes into effect for 

professional technologists.  

Mandatory compliance 

10   A professional technologist shall comply with the requirements of the Continuing Professional Development Program 

as it applies to that person’s practice. 

Exemption 

11(1)  Notwithstanding section 10, a professional technologist who files with ASET a declaration in writing stating that 

the person is not actively engaged in the practice of the profession set out in section 10 is exempt from the requirements of 

this Part. 
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(2)  An exemption under this section is effective only for one year from the date the declaration is received by ASET, but 

may be renewed for additional yearly periods. 

(3)  A professional technologist shall not engage in the practice of a profession while an exemption under this section is in 

effect. 

(4)  A professional technologist who has filed a declaration under subsection (1) shall immediately notify ASET in writing 

if that person intends to resume the practice of the profession. 

(5)  The Joint Practice Review Board may require a professional technologist who has notified ASET under subsection (4) 

to comply with any conditions that the Board may set prior to allowing that person to resume the practice of the 

profession. 

Written records 

12(1)  In accordance with the rules established by ASET Council, professional technologists shall develop and maintain 

written records of their Continuing Professional Development Plan and professional development activities. 

(2)  Professional technologists shall produce the records under subsection (1) on the request of the Joint Practice Review 

Board. 

Striking from register 

13   ASET Council may direct the ASET Registrar to strike from the register of professional technologists the name of a 

person who fails to comply with a request that is served on the professional technologist under section 12(2). 

Proof of compliance 

14(1)  On the request of the Joint Practice Review Board, a professional technologist shall satisfy the Board that that 

person is complying with the requirements of the Continuing Professional Development Program. 

(2)  Where a professional technologist fails to satisfy the Joint Practice Review Board under subsection (1), the Board may 

(a) conduct a review of the practice of that person in accordance with the Act and this Regulation, including practice 

visits, and 

(b) at any time during a review recommend to the Joint Investigative Committee that the review be conducted by the 

Joint Investigative Committee under Part 8 Division 5 of the Act as if the recommendation were a written 

complaint. 

Division 2 

Joint Practice Review Board 

Items considered 

15(1)  The Joint Practice Review Board shall meet at least twice each year, and more frequently if the chair considers it 

necessary, to consider 

(a) items referred to the Joint Practice Review Board by the Joint Councils Committee or the Joint Discipline 

Committee, 

(b) reports from the ASET Registrar submitted under subsection (2), 

(c )items that have come to the attention of the Joint Practice Review Board from other sources relating to the 

registration, discipline or maintenance of professional competency of professional technologists, and 

(d) any other items that may be considered by the Joint Practice Review Board pursuant to the Act. 

(2)  The ASET Registrar shall submit at each regular meeting of the Joint Practice Review Board a report setting out 

(a) the number and nature of appeals and complaints relating to rulings of the Joint Board of Examiners, and 

(b) the number and nature of complaints dealt with by the Joint Discipline Committee and the disposition of the 

complaints, with special emphasis on cases reflecting on the competency of professional technologists. 

 
013612



 PROFESSIONAL TECHNOLOGISTS REGULATIONS AR 283/2009 
 
 

 124 

Investigation by Joint Practice Review Board 

16(1)  If the Joint Practice Review Board undertakes a review of the practice of a professional technologist or permit 

holder, it shall proceed with the review in accordance with this section. 

(2)  The Joint Practice Review Board shall appoint a person to conduct an initial review and report to the Joint Practice 

Review Board with respect to the substance of the conclusions on which the Joint Practice Review Board based its 

decision to commence an investigation. 

(3)  If, on receipt of the report, the Joint Practice Review Board decides that further investigation is not warranted, it shall 

discontinue the review and report its decision to the Joint Councils Committee, along with any recommendations the Joint 

Practice Review Board considers appropriate. 

(4)  If, on receipt of the report, the Joint Practice Review Board decides that investigation of a specific practice is 

necessary, it shall 

(a) issue notice of investigation to the professional technologist or permit holder if it is of the opinion that the matter 

to be investigated relates to matters other than to unskilled practice of the profession or unprofessional conduct, 

and proceed with its investigation in the same manner as provided for in a discipline investigation, or 

(b) lodge a complaint with the Joint Investigative Committee if it is of the opinion that further investigation may lead 

to a finding of unskilled practice of the profession or unprofessional conduct. 

(5)  For the purposes of conducting an investigation under this section, any or all of the members of the Joint Practice 

Review Board may, in order to ensure that continuing competence requirements are met, do one or more of the following: 

(a) subject to subsection (6), at any reasonable time and on having given notice, conduct a practice visit by entering 

and inspecting any place where the professional technologist works in the practice of engineering or geoscience; 

(b) interview a professional technologist about the member’s work in the profession of engineering or geoscience; 

(c) observe the professional technologist working in the profession of engineering or geoscience; 

(d) interview or survey clients, co-workers, the professional technologist’s employer or the professional technologist 

about the professional technologist’s work in the profession of engineering or geoscience; 

(e) review documents and examine substances and things that 

 (i) are owned by or under the control of the professional technologist, and 

 (ii) are related to the work in the profession of engineering or geoscience by the professional technologist; 

 (f) assess the safety and condition of equipment and technology used by the professional technologist. 

(6)  No member of the Joint Practice Review Board may enter a private dwelling place or any part of a place that is 

designed to be used and is being used as a permanent or temporary private dwelling place except with the consent of the 

occupant of the dwelling place. 
AR 283/2009 s16;57/2012 

Report to Joint Councils Committee  

17   Following each meeting, the Joint Practice Review Board shall report through its chair to the Joint Councils 

Committee and may make any recommendations as to changes in procedures regarding registration, discipline or 

maintenance of competency that the Board considers appropriate. 

Part 3 

Code of Ethics 

Application and availability 

18(1)  Professional technologists shall comply with the Code of Ethics in the Schedule to this Regulation.  

(2)  ASET may publish interpretations of the rules comprising the Code of Ethics and distribute them to professional 

technologists and permit holders. 
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(3)  ASET shall make the Code of Ethics available on request to members of the public. 

Part 4 

Discipline 

Aware of unprofessional conduct 

19   Despite not receiving a complaint under section 43 of the Act, but subject to section 43(3) of the Act, if the ASET 

Registrar has reasonable grounds to believe that the conduct of a professional technologist or former member constitutes 

unprofessional conduct or unskilled practice, the ASET Registrar may treat the information as a complaint and act on it 

under section 43 of the Act. 

Adjournment of investigation if court proceedings commenced 

20   A preliminary investigation under Part 5 of the Act may be adjourned if the complaint that gave rise to the 

investigation is the subject of judicial proceedings. 

Assistance in conducting preliminary investigation 

21   An investigation panel appointed under section 47 of the Act may employ any technical consultants and legal counsel 

it considers necessary to conduct a preliminary investigation. 

Non-participation of case manager in hearing 

22   A member of the Joint Discipline Committee who has been designated to act as a case manager under section 52(2) of 

the Act in respect of a matter must not participate as part of the quorum of the Joint Discipline Committee that is hearing 

the matter under section 53 of the Act. 

Right to counsel 

23(1)  The Joint Discipline Committee may be advised by counsel at a hearing before the Joint Discipline Committee. 

(2)  If the Joint Discipline Committee is advised by counsel acting on behalf of the Joint Discipline Committee at a 

hearing, that counsel may not lead or present evidence or argument at the hearing on behalf of ASET nor be the counsel of 

the ASET Registrar.  

Right to counsel 

24(1)  The Joint Appeal Board may be advised by counsel at an appeal hearing before the Joint Appeal Board. 

(2)  If the Joint Appeal Board is advised by counsel acting on behalf of the Joint Appeal Board at an appeal hearing, that 

counsel may not lead or present evidence or argument at the appeal hearing on behalf of the Joint Investigative Committee 

nor be the counsel of the Registrar, the ASET Registrar or the Joint Investigative Committee. 

Publication 

25   The Joint Discipline Committee or the Joint Appeal Board may direct that reports or summaries of disciplinary 

decisions, including the professional technologist’s personal information, be published in any manner it deems 

appropriate. 

Reinstatement of disciplined individuals 

26(1)  A professional technologist whose registration has been cancelled or a permit holder whose permit has been 

revoked under Part 5 of the Act as a result of the disciplinary proceedings may apply to the Joint Councils Committee to 

be reinstated. 

(2)  An application under subsection (1) may not be made until at least one year after the date on which the registration 

was cancelled or the permit was revoked, or from the date on which the Court made its order confirming or varying the 

decision of the Joint Councils Committee.  

(3)  The Joint Councils Committee may establish a Committee of Inquiry to consider the application for reinstatement and 

make recommendations to the Joint Councils Committee. 
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(4)  The Joint Councils Committee may require the former professional technologist or permit holder to demonstrate by 

means prescribed by the Joint Councils Committee that that person is competent to re-engage in the practice of 

engineering or geoscience. 

(5)  Where an application for reinstatement is not approved by the Joint Councils Committee, no further application may 

be made by the former professional technologist or permit holder until at least one year after the date the Joint Councils 

Committee ruled on the previous application. 
AR 283/2009 s26;57/2012 

Part 5 

Registration of Permit Holders 

Requirements for issue of permit 

27(1)  ASET Council may issue to a partnership, corporation or other entity a permit to practice engineering or geoscience 

in its own name within the scope of practice of those professional technologists who are responsible for the practice of the 

ASET permit holder if 

(a) an application is made to the ASET Registrar in the form and containing the information required by ASET 

Council, 

(b) the application is accompanied with the fees prescribed by ASET Council pursuant to the ASET bylaws, 

(c) ASET Council is satisfied that the practice will be carried on under the direct personal supervision and 

responsibility of a full-time permanent employee or member of the partnership, corporation or other entity who is 

also a professional technologist and who is qualified by education and experience in the field of engineering or 

geoscience in which the partnership, corporation or other entity intends to engage, and 

(d) the professional technologist certifies to the satisfaction of ASET Council that the partnership, corporation or 

other entity has in place and will follow a professional management plan that is appropriate to the professional 

technologist’s professional practice. 

(2)  A permit expires one year after the date on which it is issued. 

(3)  When ASET Council issues a permit, it shall provide the permit holder with a permit number. 

(4)  The permit shall include a statement that the permit holder is entitled to engage in the practice of engineering or 

geoscience within the scope of practice of those professional technologists who are responsible for the ASET permit 

holder. 

(5)  No person shall use a permit number where the permit to which the number is assigned has been cancelled or 

suspended. 

(6)  A professional technologist who accepts responsibility under subsection (1)(c) shall every five years attend a permit to 

practice seminar acceptable to ASET Council. 
AR 283/2009 s27;57/2012 

Signing and sealing of documents 

28   When the practice of engineering or geoscience is carried on by a partnership, corporation or other entity pursuant to a 

permit under section 27, all final plans, specifications, reports or documents of a professional nature must 

(a) be signed by and stamped or sealed with the stamp or seal of 

 (i) the professional technologist who prepared them or under whose supervision and control they were 

prepared, or 

 (ii) in the case of plans, specifications, reports or documents that were prepared by other persons, the 

professional technologist who thoroughly reviewed and accepted professional responsibility for them, 

 and 

 (b) show the permit number issued to the partnership, corporation or other entity under section 27. 
AR 283/2009 s28;57/2012 
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Notification to ASET 

29(1)  A partnership, corporation or other entity practising pursuant to a permit under section 27 shall keep ASET advised 

of the name of the professional technologist referred to in that section. 

(2)  The professional technologist referred to in section 27 shall forthwith advise the ASET Registrar if the professional 

technologist 

(a) ceases to be the person accepting responsibility under that section, or 

(b )is no longer able to provide the certification referred to in section 27(1)(d). 

Revocation of permit 

30   The Joint Councils Committee may revoke a permit issued under section 27 if the permit holder contravenes the Act, 

this Regulation or a term or condition of the permit. 

Name of firm 

31   No partnership, corporation or other entity may be incorporated or registered in the province of Alberta under a name 

including the words “Engineering”, “Geology”, “Geophysics” or “Geoscience”, or variations of those words, unless it 

holds and continues to hold a valid permit issued under section 27. 
AR 283/2009 s31;57/2012 

Use of permit holder 

32(1)  The permit number issued to a permit holder may only be used by the professional technologist referred to in 

section 27(1)(c). 

(2)  ASET Council may, subject to any terms and conditions it considers appropriate, waive compliance with the 

requirements of section 27(1)(d) and (5). 

Part 6 

General 

Seals and stamps 

33(1)  Seals and stamps issued to professional technologists must be in a form prescribed by ASET Council and shall 

show the professional category of the professional technologist as Engineering, Geology, Geophysics or Geoscience. 

(2)  Stamps issued to permit holders must be in a form prescribed by ASET Council and shall show the designation 

“Permit Holder”. 
AR 283/2009 s33;57/2012 

Use of stamps and seals issued to members 

34(1)  A stamp or seal issued to a professional technologist must at all times remain under that person’s direct control and 

must be applied by the professional technologist or by a person acting under the professional technologist’s immediate and 

direct control to all final plans, specifications, reports or documents of a professional nature 

(a) that were prepared by the professional technologist or under the professional technologist’s supervision and 

control, or 

(b )that were prepared by another person in circumstances where the professional technologist has thoroughly 

reviewed them and accepted professional responsibility for them. 

(2)  No person shall permit a stamp or seal to be physically located in a manner that would allow its use by a person other 

than the professional technologist to whom it was issued. 

(3)  When a stamp or seal is applied, the professional technologist to whom it was issued shall ensure that the stamp or 

seal is accompanied with that person’s signature and the date on which the stamp or seal is applied. 

(4)  A stamp or seal may be applied to the cover page or final page of reports or documents in a manner that clearly 

indicates acceptance of professional responsibility for the reports or documents, without being applied to each page. 
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(5)  A professional technologist shall not acquire a stamp or seal from any source other than the ASET Registrar. 

(6)  A professional technologist shall only use a stamp or seal while that person is registered pursuant to this Regulation. 

(7)  Stamps and seals are the property of ASET and a person in possession of a stamp or seal shall surrender it to ASET on 

demand. 

(8)  A professional technologist may, with the approval of the ASET Registrar, apply a computer-generated facsimile of 

the stamp or seal if that person otherwise meets the requirements of the Act and this Regulation. 

Service of notices 

35(1)  If notice is required to be given to a person under the Act, this Regulation or the ASET bylaws, the notice is 

sufficiently given if 

(a) it is served personally on the person, 

(b) it is sent by prepaid mail to the person at the latest address provided to the ASET Registrar by the person, or 

(c) where the person has provided to the ASET Registrar an electronic address for the purpose of receiving notices 

that meets the requirements of ASET Council, it is sent to the person by electronic transmission to that address. 

(2)  If notice is served personally in accordance with subsection (1), unless the contrary is proved, the service is presumed 

to be effected 

(a) if it is served personally on that person, or  

(b) sent to that person by registered mail or courier at the address last shown for that person on the records of ASET. 

(3)  If personal service or service by prepaid mail under subsection (1) is not reasonably possible, the service is presumed 

to be effected by publishing the document or notice at least twice, not more than a week apart, in a local newspaper 

circulated at or near the latest address provided to the ASET Registrar by the person. 

(4)  If notice is served by mail in accordance with subsection (1), unless the contrary is proved, the service is presumed to 

be effected 

(a) 7 days from the date of mailing if the document is mailed to an address in Alberta, or 

(b) 14 days from the date of mailing if the document is mailed to an address outside Alberta. 

(5)  If a notice is served by electronic transmission in accordance with subsection (1), unless the contrary is proved, the 

service is presumed to be effected on the date on which the notice was transmitted. 

Providing information 

36   Professional technologists must notify the ASET Registrar immediately if there is a change to the name of the 

professional technologist, or of a change of address or other contact information that is required to be submitted when 

applying for registration or renewal of an annual certificate. 

Expiry 

37   For the purpose of ensuring that this Regulation is reviewed for ongoing relevancy and necessity, with the option that 

it may be repassed in its present or an amended form following a review, this Regulation expires on September 30, 2021. 
AR 283/2009 s37;57/2012 

Coming into force 

38   This Regulation comes into force on the coming into force of the Engineering, Geological and Geophysical 

Professions Amendment Act, 2007. 
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Schedule 
 

Code of Ethics 
 

(established pursuant to section 88.5(1)(h)  
of the Engineering and Geoscience Professions Act) 

1   Professional technologists shall 

(a) hold paramount the safety, health and welfare of the public, the protection of the environment and the promotion 

of health and safety within the workplace, 

(b )undertake and accept responsibility for professional assignments only when qualified by training and experience, 

(c) provide an opinion on a professional subject only when it is founded upon adequate knowledge and honest 

conviction, 

(d )act with integrity towards clients or employers, maintain confidentiality and avoid a conflict of interest, but 

where such conflict arises fully disclose the circumstances without delay to the employer or client, 

(e) uphold the principle of appropriate and adequate compensation for the performance of their work, 

(f) keep informed to maintain proficiency and competence, to advance the body of knowledge within their discipline 

and further opportunities for the professional development of their associates, 

(g) conduct themselves with fairness, honesty, courtesy and good faith towards clients, colleagues and others, give 

credit where it is due and accept, as well as give, honest and fair professional comment, 

(h) present clearly to employers and clients the possible consequences if professional decisions or judgments are 

overruled or disregarded, 

(i) report to the appropriate agencies any hazardous, illegal or unethical professional decisions or practices by other 

members or others, and 

(j) promote public knowledge and appreciation of applied science, information and engineering technology and 

protect ASET from misrepresentation and misunderstanding. 
AR 283/2009 Sched.;57/2012 
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composition, terms of reference ...................................................................................................76 Gen Reg 15(1)-(11) 

establishment of ...........................................................................................................................21 Act 30(1) 

notification to applicant of decisions ...........................................................................................22 Act 32(1)-(3) 

procedures and decisions re applications for registration .............................................................22 Act 30(8),(9) 

......................................................................................................................................................22 Act 31 

......................................................................................................................................................71 Gen Reg 2 

public members, rules governing .................................................................................................21, 22 Act 30(2)-(7) 
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amendment procedure ..................................................................................................................99 Byl 38 

approval of ...................................................................................................................................18 Act 20(3) 

exemption from Regulations Act .................................................................................................18 Act 20(4) 

respecting mail votes ....................................................................................................................18 Act 20(2) 

subjects covered ...........................................................................................................................17, 18 Act 20(1) 
 

Cancellation of registration 

for disciplinary reasons 

- surrender of certificates and stamps ...........................................................................................36 Act 75(1) 

for errors in registration ................................................................................................................26 Act 39(3) 

for failure to pay fees ...................................................................................................................25, 26 Act 39(1)(2) 

for fraudulent registration.............................................................................................................36 Act 74(1) 

of joint firms ................................................................................................................................26 Act 40(1)-(4) 

of permit holders re employees ....................................................................................................26 Act 39(1)(b) 

on request 

- approval by Council required .....................................................................................................21 Act 29(1) 

- surrender of certificates and stamps ...........................................................................................21 Act 29(2) 

of restricted practitioners ..............................................................................................................26, 27 Act 41(1)-(4) 

practice prohibitions .....................................................................................................................63 Act 97(1)-(3) 

record of .......................................................................................................................................20, 21 Act 27(3),(4),(5) 

reinstatement - see reinstatement of registration 
 

Certificates 

design approved by Council .........................................................................................................98 Byl 34 

signatures on ................................................................................................................................98 Byl 34 

renewal requirements ...................................................................................................................98 Byl 34 

surrender of, conditions for ..........................................................................................................98 Byl 35 
 

Certificate holder 
definition ......................................................................................................................................6 Act l(d) 
 

Chief Executive Officer 

requirements .................................................................................................................................95 Byl 21(1) 

responsibilities .............................................................................................................................95 Byl 21(2),(3) 

 

Code of Ethics (APEGA)    ..................................................................................................... See Tab 

applicability ..................................................................................................................................80 Gen Reg 31(1) 

distribution and availability ..........................................................................................................80 Gen Reg 31(2),(3) 
 

Code of Ethics (ASET) ................................................................................................. 117 ASET Reg Schedule 

applicability ..................................................................................................................................111 ASET Reg 29(1) 
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distribution and availability ..........................................................................................................111 ASET Reg 29(2), (3) 
 

Confirmatory examination 

definition ......................................................................................................................................71 Gen Reg 1(b) 
 

Continuing Professional Development Program 
establishment of ...........................................................................................................................77 Gen Reg 16 

mandatory compliance .................................................................................................................77 Gen Reg 17 

exemption from ............................................................................................................................77 Gen Reg 18 

records ..........................................................................................................................................77 Gen Reg 19 

proof of compliance .....................................................................................................................77, 78 Gen Reg 20 

powers to create ............................................................................................................................16 Act19(1)(n) 

onus to respond ............................................................................................................................97 Byl 32.1 
 

Commissioners for oaths 
for investigations, etc ...................................................................................................................31 Act 58(2) 
 

Committees, boards or task forces 
appointment by Council ...............................................................................................................80 Gen Reg 30(1) 

terms of reference of ....................................................................................................................80 Gen Reg 30(2) 

procedures ....................................................................................................................................96 Byl 28 

expenses .......................................................................................................................................96 Byl 29 
 

Complaints - see Discipline procedures 
 

Costs 
assessment of, for hearings and appeals .......................................................................................98, 99 Byl 36 

or fines 

- suspension until paid ..................................................................................................................33 Act 64(2) 

- debt due Association ..................................................................................................................33 Act 64(3) 
 

Council (APEGA) 
composition 

- President and Vice Presidents ....................................................................................................79 Gen Reg 25 

- professional members ................................................................................................................12, 13 Act 14(1),(2) (a) 

- public members ..........................................................................................................................13 Act 14(2)(b) 

......................................................................................................................................................13 Act 14(3)-(8) 

election procedures .......................................................................................................................91, 92 Byl 2-11 

election of professional members .................................................................................................79 Gen Reg 26 

Executive Committee, composition and authority ........................................................................80 Gen Reg 29 

expenses .......................................................................................................................................93 Byl 13 

functions .......................................................................................................................................12 Act 12(1),(2) 

Honorarium President ..................................................................................................................93 Byl 13.1 

meetings 

- attendance by others ...................................................................................................................93 Byl 14,15 

- procedures ..................................................................................................................................92, 93 Byl 12 

quorum .........................................................................................................................................80 Gen Reg 28 

vacancies, filling of ......................................................................................................................80 Gen Reg 27 
 

Council (ASET) 
composition 

- President and Vice Presidents ....................................................................................................110, 111 ASET Reg 26 

- professional members ................................................................................................................42 Act 87.2(1) 

- public members ..........................................................................................................................43 Act 87.2(3)-(8) 

- functions ....................................................................................................................................42 Act 87 

-quorum ........................................................................................................................................111 ASET Reg 27 
 

Court 
definition ......................................................................................................................................6 Act l(f) 
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staying of Discipline Committee decisions ..................................................................................34 Act 66(2)-(4) 
 

Deputy Registrar ......................................................................................................................95 Byl 22 

 

Discipline 
generally .......................................................................................................................................27-36 Act Part 5 
 

Discipline, definitions 
conduct .........................................................................................................................................27 Act 42(a) 

investigated persons .....................................................................................................................27 Act 42(b) 

practice of the profession .............................................................................................................27 Act 42(c) 

unprofessional conduct ................................................................................................................28 Act 44 

......................................................................................................................................................32 Act 61(2) 

......................................................................................................................................................36 Act 76 

unskilled practice .........................................................................................................................28 Act 44 
 

Discipline Committee 
composition ..................................................................................................................................81 Gen Reg 36 

public member ..............................................................................................................................81 Gen Reg 37 

establishment of ...........................................................................................................................28 Act 45 

members as commissioners of oaths ............................................................................................31 Act 58(2) 

powers 

- costs and fines ............................................................................................................................33 Act 64 

- to make findings .........................................................................................................................32 Act 62 

-penalties (orders) .........................................................................................................................32, 33 Act 63 

- to suspend or cancel registration pending appeal .......................................................................34 Act 66(1) 
 

Discipline procedures 

complaints ....................................................................................................................................27 Act 43 

- mediation ...................................................................................................................................27 Act 43(4) 

- if registration cancelled ..............................................................................................................27 Act 43(3) 

preliminary investigation ..............................................................................................................28 Act 47 

- establishment of Investigative Committee .................................................................................28 Act 46(1) 

composition ..................................................................................................................................80, 81 Gen Reg 32-35 

- notice of .....................................................................................................................................29 Act 48 

- evidence .....................................................................................................................................29 Act 49(1) 
- other matters ..............................................................................................................................29 Act 49(2) 

- report to Investigative Committee ..............................................................................................29 Act 50 

- suspension of registration pending investigation .......................................................................30 Act 55(1) 

termination of investigation .........................................................................................................29 Act 51 

- basis for ......................................................................................................................................29 Act 51(1) 

- right of complainant to appeal ...................................................................................................29 Act 51(3) 

hearings 

- to be held forthwith ....................................................................................................................30 Act 53(1) 

- absences of parties .....................................................................................................................32 Act 61(3) 

- adjournment pending civil proceedings .....................................................................................30 Act 53(2) 

- conduct by panel ........................................................................................................................82 Gen Reg 45 

- failure to give evidence ..............................................................................................................31,32 Act 61(1) 

- investigation of other matters during hearings ...........................................................................30 Act 54 

- manner of giving evidence .........................................................................................................31 Act 58(1) 

- right to counsel and appearance .................................................................................................30 Act 56 

- suspension of registration pending Discipline Committee decision ..........................................30 Act 55(1) 

- witnesses and documents ...........................................................................................................31 Act 59 

......................................................................................................................................................31 Act 60 

- service of decision .....................................................................................................................33 Act 65(1)-(3) 

- record of proceedings available to investigated person ..............................................................33 Act 65(4) 

public hearings .............................................................................................................................30 Act 57 

stay of suspension, application for ...............................................................................................30 Act 55(2) 
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assessment of costs .......................................................................................................................98, 99 Byl 36 

publication 

- of findings ..................................................................................................................................83 Gen Reg 46 

- of name ......................................................................................................................................36 Act 77 

 

Domestic Trade Agreements 

applicable to members-in-training ................................................................................................73 Gen Reg 10.1 

applicable to professional members .............................................................................................74 Gen Reg 13.1 

applicable to licensee ...................................................................................................................75 Gen Reg 14.01 

applicable to professional licensee ...............................................................................................75 Gen Reg 14.2 

definition ......................................................................................................................................71 Gen Reg 1(b.1) 
 

Enforcement Review Committee 

Establishment of ...........................................................................................................................86 Gen Reg 62(1) 

composition ..................................................................................................................................86 Gen Reg 62(5) 

function ........................................................................................................................................86 Gen Reg 62(6) 
 

Elections, to APEGA Council 

ballot counting committee ............................................................................................................92 Byl 7 

conduct of elections .....................................................................................................................91 Byl 6 

......................................................................................................................................................92 Byl 8-11 

nominating committee ..................................................................................................................91 Byl 2 

nominees, selection ......................................................................................................................91 Byl 3-5 
 

Engineer 
exclusive use of name ..................................................................................................................10 Act 3(1) 

exclusive use of stamp or seal ......................................................................................................10 Act 3(2), (3) 
 

Engineering 
and architecture, exclusive scope of combined practice ...............................................................8 Act 2(2) 

categories of buildings exempted .................................................................................................9 Act 2(6) 

......................................................................................................................................................9 Act (7)(a)-(f) 

exclusive scope of practice ...........................................................................................................8 Act 2(1) 

persons exempt from scope of practice ........................................................................................8, 9 Act 2(4)(a)-(g) 

practice of, definition ...................................................................................................................6, 7 Act l (q) 

restricted practitioner, scope of practice .......................................................................................9 Act 2(5) 
 

Engineering technologist 
practice exemptions, conditions ...................................................................................................8 Act 2(4)(b) 

registered engineering technologists ............................................................................................86, 87 Gen Reg Part 9 
 

Examination candidate 
conformance to code of ethics ......................................................................................................80 Gen Reg 31 

definition ......................................................................................................................................72 Gen Reg 8 

fee .................................................................................................................................................71 Gen Reg 3 

record of .......................................................................................................................................72 Gen Reg 8 

striking from record ......................................................................................................................72, 73 Gen Reg 9 

time limit ......................................................................................................................................73 Gen Reg 9(1)(b) 
 

Executive Committee, of Council ...........................................................................................80 Gen Reg 29 
 

Expenses 
of Council .....................................................................................................................................93 Byl 13 

of committees and other groups ...................................................................................................96 Byl 29 
 

Fees 
annual, for professional members, licensees and permit holders .................................................95 Byl 24(1),(3)-(5) 

registration fee ..............................................................................................................................95 Byl 24(2) 

professional licensees ...................................................................................................................87 Gen Reg 75 
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Fines - see costs 
 

Fraudulent registration 
hearing by Council .......................................................................................................................36 Act 74 
 

Geoscientist 
exclusive use of name ..................................................................................................................11 Act 6(1) 

exclusive use of stamp or seal ......................................................................................................11, 12 Act 6(2), (3) 
 

Geoscience 
exclusive scope of practice ...........................................................................................................10 Act 5(1) 

practice of, definition ...................................................................................................................7 Act I(r) 

persons exempt from scope of practice ........................................................................................10, 11 Act 5(2) 
 

Geoscience technologist 
practice exemptions, conditions ...................................................................................................11 Act 5(2)(b) 
 

Honorary life membership 

criteria ..........................................................................................................................................96 Byl 26 
 

Honorary membership 

criteria ..........................................................................................................................................96 Byl 27 
 

Individual practitioners 

reviews by Practice Review Board ...............................................................................................14 Act 16(4),(5) 
 

Injunction 
for contravention of Part I scope of practice ................................................................................12 Act 9 
 

Investigated person 

definition ......................................................................................................................................27 Act 42(b) 
 

Investigative committee, - see Discipline Procedures 

establishment of ...........................................................................................................................28 Act 46(1) 

for disciplinary purposes ..............................................................................................................80 Gen Reg 32 
 

Joint Board, architects and engineers 

definition ......................................................................................................................................6 Act l (i) 

functions .......................................................................................................................................24 Act 34(1)-(3) 
 

Joint Boards and Committees, APEGA and ASET 
establishment of ...........................................................................................................................46 Act 87.5 

governance of ...............................................................................................................................47 Act 88 

Joint Appeal Board .......................................................................................................................48 Act 88.4 

-appeals to ....................................................................................................................................48 Act 88.3 

Joint board of Examiners..............................................................................................................50 Act 89 

-Authority .....................................................................................................................................122 P Tech Reg 8 

-items considered .........................................................................................................................121 P.Tech Reg 7 

Joint Discipline Committee ..........................................................................................................50 Act 89.1 

Joint Investigative Committee ......................................................................................................50 Act 89.2 

Joint Practice Review board 

-appointees ...................................................................................................................................48 Act 88.2 

-powers .........................................................................................................................................47, 48 Act 88.1 

-items considered .........................................................................................................................123 P.Tech Reg 15 

Public Appointees to Joint boards and committees ......................................................................47 Act 87.6 

JPT Regulations Committee authority ..........................................................................................48, 49 Act 88.5 

-resolving disputes .......................................................................................................................49, 50 Act 88.6 
 

 
013624



INDEX 
 

Page Reference 
 

 136 

 

Joint Firms 
certificates of authorization, procedures ......................................................................................24 Act 33(2) 

definition ......................................................................................................................................6 Act 2(j) 

duties of ........................................................................................................................................25 Act 36(2),(3) 

engineers and architects firms 

- definitions ..................................................................................................................................23 Act 33(1)(a)-(d) 

holding out, restrictions on ...........................................................................................................10 Act 4 

registration of ...............................................................................................................................24, 25 Act 35 

scope of practice ...........................................................................................................................25 Act 36(1) 
 

Liability, protection from ............................................................................................................37, 38 Act 82 
 

Licensee 
application for registration 

- registration as a licensee ............................................................................................................74, 75 Gen Reg 14 

- decision by Board of Examiners ................................................................................................74, 75 Gen Reg 14 

approval of registration as ............................................................................................................19 Act 23 

definition ......................................................................................................................................6 Act l (k) 

requirements for registration ........................................................................................................22 Act 31 

......................................................................................................................................................73, 74 Gen Reg 13 

use of stamp or seal ......................................................................................................................85 Gen Reg 54 

provisional ....................................................................................................................................75 Gen Reg 14.1 
 

Life membership 

criteria ..........................................................................................................................................96 Byl 25 
 

Mail vote 

procedures ....................................................................................................................................99 Byl 37 
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Meetings of Association 

annual meetings 

- procedures ..................................................................................................................................93 Byl 16 

- agenda ........................................................................................................................................94 Byl 17 

district meetings ...........................................................................................................................94 Byl 19 

procedures generally .....................................................................................................................94 Byl 20 

special meetings ...........................................................................................................................94 Byl 18 
 

Member, professional - see Professional member 
 

Member of public 

definition ......................................................................................................................................6 Act l(m) 

on Board of Examiners .................................................................................................................21, 22 Act 30 

on Council ....................................................................................................................................12, 13 Act 14 

on Practice Review Board ............................................................................................................13, 14 Act 15 

on Discipline Committee ..............................................................................................................81 Gen Reg 37 

on Investigative Committee ..........................................................................................................80, 81 Gen Reg 33 

on Appeal Board ..........................................................................................................................14, 15 Act 18(1)(b), (2)-(6) 
 

Member of Association 

definition ......................................................................................................................................6 Act l(l) 
 

Member-in-training 
admission .....................................................................................................................................73 Gen Reg 10 

conformance to code of ethics ......................................................................................................80 Gen Reg 31(1) 

definition ......................................................................................................................................6 Act l (n) 

fees ...............................................................................................................................................71 Gen Reg 3 

eligibility  .....................................................................................................................................73 Gen Reg 10 
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professional qualified persons inadmissible .................................................................................73 Gen Reg 12 

record of .......................................................................................................................................71 Gen Reg 5 

time limits.....................................................................................................................................73 Gen Reg 11 

subject to discipline ......................................................................................................................27 Act 42(b) 
 

Membership records 
exam candidates ...........................................................................................................................72, 73 Gen Reg 9 

mailing address, notification of ....................................................................................................97 Byl 32 

members-in-training .....................................................................................................................73 Gen Reg 11 

membership register 

- content........................................................................................................................................97 Byl 31 

- inspection ...................................................................................................................................21 Act 28 

professional categories .................................................................................................................18, 19 Act 21(1)-(3) 

striking from recrods-students ......................................................................................................72 Gen Reg 7 
 

Minister 
definition ......................................................................................................................................6 Act l(o) 

Municipal License, exemption from .............................................................................................37 Act 79 
 

Notices 
serving of ......................................................................................................................................86 Gen Reg 61 

onus to respond ............................................................................................................................97 Byl 32.1 
 

Penalties for contravening Act 
generally .......................................................................................................................................65 Act 98(1) 

time for commencing prosecution ................................................................................................65 Act 98(3) 
 

Nominating Committee - see Elections, to Council 
 

PEG 
issue of .........................................................................................................................................85 Gen Reg 55 
 
Permits, permit holders 
approval of registration ................................................................................................................19 Act 24 

associations of persons, corporations or partnerships ..................................................................19 Act 24 

definition ......................................................................................................................................6 Act 1(p) 

mandatory seminar .......................................................................................................................84 Gen Reg 48.1 

name of firm, conditions ..............................................................................................................84 Gen Reg 52 

requirements for issue ..................................................................................................................83 Gen Reg 48 

responsible members to keep APEGA advised ............................................................................84 Gen Reg 50 
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signing and sealing of documents ................................................................................................84 Gen Reg 49 

use of permit number ...................................................................................................................84 Gen Reg 53 
 

Practice Review Board 

appeals from rulings of .................................................................................................................14 Act 17 

composition ..................................................................................................................................13 Act 15(1)(a),(b) 

......................................................................................................................................................78 Gen Reg 21 

members as commissioners for oaths ...........................................................................................31 Act 58(2) 

powers of 

- on Council request or own initiative ..........................................................................................14 Act 16(1)(a) 

- general functions ........................................................................................................................78 Gen Reg 22 

- practice review with Council's approval ....................................................................................14 Act 16(1)(b) 

professional members 

- qualifications of .........................................................................................................................13 Act 15(1)(a) 

......................................................................................................................................................78 Gen Reg 21(7) 

- term of appointment ...................................................................................................................78 Gen Reg 21(4) 

public members 

- rules governing...........................................................................................................................13, 14 Act 15(2)-(6) 
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procedures for inquiry or investigation 
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- referrals to Investigative Committee ..........................................................................................14 Act 16(6),(7) 
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procedures for investigation of practice 
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applications for registration 
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definition ......................................................................................................................................7 Act 1(x.1 – x.4) 
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Professional member 
applications for registration 

- decisions by Board of Examiners ...............................................................................................73, 74 Gen Reg 13 
 

- eligibility ....................................................................................................................................73, 74 Gen Reg 13 

approval of registration mandatory for qualified persons .............................................................19 Act 22 

definition ......................................................................................................................................7 Act l (y) 

requirements for registration ........................................................................................................22 Act 31(1) 

......................................................................................................................................................73, 74 Gen Reg 13 

use of stamps or seals ...................................................................................................................85 Gen Reg 54 
 

Professional members, licensees, permit holders and certificate holders 
annual fee required .......................................................................................................................20 Act 26(1) 

burden of proof on prosecution of ................................................................................................65 Act 99 

cancellation of registration 

- on request, approval of ...............................................................................................................21 Act 29(1) 

- surrender of certificates and stamps ...........................................................................................21 Act 29(2)(b) 

cancellation or suspension 

- practice prohibitions ..................................................................................................................63 Act 97 

- record of .....................................................................................................................................20, 21 Act 27 
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evidence of entitlement to practice ...............................................................................................20 Act 25(6) 

issue of annual certificates ...........................................................................................................20 Act 26(2)-(3) 

issue of certificates, stamps or seals on registration .....................................................................19, 20 Act 25(1)-(5) 

list of, available to public .............................................................................................................21 Act 28 

use of stamps or seals ...................................................................................................................36, 37 Act 78 
 

Provisional Licensee 
eligibility for registration ..............................................................................................................75 Gen Reg 14.1(1) 

supervision and control ................................................................................................................75 Gen Reg 14.1(2) 

time limits.....................................................................................................................................75 Gen Reg 14.1(4-5) 
 

Public member - see member of public 
 

Publications, of Association 

Annual Report and PEG ...............................................................................................................85 Gen Reg 55 

professional fees ...........................................................................................................................85 Gen Reg 56 

selection of consultants ................................................................................................................85 Gen Reg 57 

scope and quality of services ........................................................................................................85, 86 Gen Reg 58,59 
 

Registered engineering technologists or R.E.T. 
definition ......................................................................................................................................86 Gen Reg 63 

records ..........................................................................................................................................87 Gen Reg 63.2 

use of title .....................................................................................................................................87 Gen Reg 63.1 
 

Registers - see membership records 
 

Registrar 
ASET Registrar ............................................................................................................................42 Act 87.1 

Deputy Registrar...........................................................................................................................95 Byl 22 
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- duties of .....................................................................................................................................18, 19 Act 21 

......................................................................................................................................................19, 20 Act 25 

......................................................................................................................................................20 Act 26(2) 
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......................................................................................................................................................21 Act 28 

......................................................................................................................................................21 Act 29 

- duties respecting cancellation of registration .............................................................................21 Act 29 
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......................................................................................................................................................26 Act 40 

......................................................................................................................................................26, 27 Act 41 

- registrar's certificate as evidence ................................................................................................37 Act 81 
 

Registration 
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fees ...............................................................................................................................................95 Byl 24(2) 
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......................................................................................................................................................19 Act 23 
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refusal of, right of appeal .............................................................................................................22 Act 32(4)-(7) 
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Approval of ..................................................................................................................................16, 17 Act 19(3-5) 

subjects covered ...........................................................................................................................15, 16 Act 19(1) 
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Relationships, professional 
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Repeal and Expiry 
Regulation ....................................................................................................................................88 Gen Reg 79, 79.1 
 

Restricted practitioner 
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Students of the Association 
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Surrender of stamps, etc. 
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Suspension of registration 
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title use prohibitions .....................................................................................................................63, 64 Act 97.1 
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orders for finding of .....................................................................................................................32, 33 Act 63 
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Executive Summary 
 
The safety of Canadians and protection of the environment is paramount for the National Energy 
Board (Board or NEB) when considering the performance of its regulated companies. The NEB 
requires regulated companies to anticipate, prevent, mitigate and manage any hazards and risks 
associated with their operations. The Board holds these companies accountable for safety and 
environmental outcomes in the public interest. 
 
The NEB uses a risk-informed approach to identifying which regulated companies, facilities and 
activities require regulatory oversight, and which compliance tool is appropriate. Management 
Systems audits are an effective tool to proactively detect and correct a company’s non-
compliances before these non-compliances have any opportunity to grow and potentially impact 
public safety or environmental protection. 
 
This report documents the Board’s focused audit of TransCanada’s Integrity Management 
Programs (IMPs) as they apply to its NEB-regulated pipeline facilities. The Board had 
previously scheduled an audit of TransCanada’s Integrity Management Programs to start in the 
second quarter of 2013.  As a result of allegations of regulatory non-compliance brought to the 
Board by a then employee of TransCanada (complainant), the Board advanced the timing of its 
audit and integrated an assessment of the allegations within the scope and technical protocols 
developed for the audit. The Integrity Management Program audit was conducted between 
November 2012 and August 2013. 
 
Over the course of this audit, the Board conducted a detailed assessment of NEB management 
system requirements as they relate to TransCanada’s integrity management programs. 
TransCanada was required to demonstrate the adequacy and effectiveness of its IMPs as well as 
its compliance with NEB requirements through interviews with company personnel, and the 
provision of adequate supporting documentation and records.   
 
The Board’s audit was conducted following its Audit Protocol, which identifies Management 
System elements. These elements are further broken down into sub-elements. Each sub-element 
reflects a number of regulatory requirements. The NEB requires companies to be fully compliant 
with one hundred percent of the regulatory requirements of a sub-element being assessed. If a 
company’s program is found to be deficient with respect to any regulatory requirement, the 
entire sub-element will be found Non-Compliant. 
 
The Board is of the view that the processes presently used by TransCanada have identified the 
majority, and most significant, of its hazards and risks. 
 
The Board finds TransCanada to be compliant in five sub-elements of the audit, those being 
Organizational Structure, Roles and Responsibilities; Training, Competence and Evaluation; 
Operational Control-Normal Operations; Corrective and Preventive Actions; and Internal Audit.  
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The Board  finds TransCanada to be non-compliant in four sub-elements of the audit, those being 
Hazard Identification, Risk Assessment and Control;  Operational Control-Upset or Abnormal 
Operating Conditions; Inspection, Measurement and Monitoring; and Management Review.  
 
With regards to concerns presented to the Board by the complainant, the audit has confirmed that 
in response to these allegations, TransCanada has developed and implemented a program of 
actions with the goal of correcting and preventing similar occurrences. The Board notes that a 
number of the allegations of regulatory non-compliance were identified and addressed by 
TransCanada only after the complainant’s allegations were made and were not proactively 
identified by the company’s management system. Details of the Board’s assessment for each 
complainant allegation are contained in Element 4.4, Internal Audit, in Appendix II of this Final 
Audit Report. 
The Board will make the Final Audit Report public and will post it to the Board’s external 
website. TransCanada will be required to submit a Corrective Action Plan (CAP) to address the 
Non-Compliant findings identified through this audit, for approval, within 30 days of the Final 
Audit Report being issued by the Board. TransCanada’s CAP will also be made public. 

The Board will continue to monitor and assess all of TransCanada’s corrective actions until they 
are fully implemented. The Board will also continue to monitor the overall implementation and 
effectiveness of TransCanada’s IMPs and management system through targeted compliance 
verification activities as a part of its on-going regulatory mandate.  

 
013633



 
 

OF-Surv-OpAud-T211-2012-2013 01  

 

Page 4 of 17 
TransCanada OPR-99 Integrity Management 
Programs Final Audit Report 
February 2014 

 

 

Table of Contents 

1.0 AUDIT TERMINOLOGY AND DEFINITIONS ................................................................................................... 5 

2.0 INTRODUCTION: NEB PURPOSE AND FRAMEWORK .................................................................................. 6 

3.0 BACKGROUND ..................................................................................................................................................... 6 

4.0 AUDIT OBJECTIVES AND SCOPE ..................................................................................................................... 8 

5.0 AUDIT PROCESS .................................................................................................................................................. 9 

6.0 AUDIT RESULTS – SUMMARY .......................................................................................................................... 9 

HAZARD IDENTIFICATION, RISK ASSESSMENT AND CONTROL ................................................................................. 10 
ORGANIZATIONAL STRUCTURE, ROLES AND RESPONSIBILITIES ............................................................................... 10 
TRAINING, COMPETENCE AND EVALUATION ............................................................................................................ 11 
OPERATIONAL CONTROL – NORMAL OPERATIONS .................................................................................................. 11 
OPERATIONAL CONTROL – UPSET OR ABNORMAL OPERATING CONDITIONS ........................................................... 12 
INSPECTION, MEASUREMENT AND MONITORING...................................................................................................... 12 
CORRECTIVE AND PREVENTIVE ACTIONS................................................................................................................. 13 
INTERNAL AUDIT ..................................................................................................................................................... 13 
MANAGEMENT REVIEW ........................................................................................................................................... 14 
ALLEGATIONS OF NON-COMPLIANCE ...................................................................................................................... 15 

7.0 CONCLUSIONS ................................................................................................................................................... 16 

  

Appendices 

Appendix I TransCanada Subsidiary Maps and System Descriptions  

Appendix II Integrity Management Program Audit Evaluation  

Appendix III TransCanada  Representatives Interviewed and Meeting Attendees 

Appendix IV Documents Reviewed 

  

  

 

 
013634



 
 

OF-Surv-OpAud-T211-2012-2013 01  

 

Page 5 of 17 
TransCanada OPR-99 Integrity Management 
Programs Final Audit Report 
February 2014 

 

 

1.0 Audit Terminology and Definitions  

Audit: A systematic, independent and documented process for obtaining evidence and 
evaluating it objectively to determine the extent to which audit criteria are fulfilled. 
 
Corrective Action Plan (CAP): Addresses the non-compliances identified in the Audit Report 
and explains the methods and actions which will be used to “correct” them. 
 
Compliant: A program element meets legal requirements. The company has demonstrated that it 
has developed and implemented programs, processes and procedures that meet legal 
requirements. 
 
Finding: The evaluation or determination of the adequacy of programs or elements in meeting 
the requirements of the NEB Act and its associated regulations. 
 
Non-Compliant: A program element does not meet legal requirements. The company has not 
demonstrated that it has developed and implemented programs, processes and procedures that 
meet the legal requirements. A corrective action must be developed and implemented. 
 
Procedure: A documented series of steps followed in a regular and defined order allowing 
individual activities to be completed in an effective and safe manner. The procedure will also 
outline roles, responsibilities and authorities required for completing each step. 
 
Process: A systematic series of actions or changes taking place in a definite order and directed 
towards a result. 
 
Program: A documented set of processes and procedures to regularly accomplish a result. The 
program outlines how plans and procedures are linked, and how each one contributes towards the 
result. 
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2.0 Introduction: NEB Purpose and Framework 

The NEB’s purpose is to promote safety and security, environmental protection, and efficient 
energy infrastructure and markets in the Canadian public interest within the mandate set by 
Parliament in the regulation of pipelines, energy development and trade.  
 
The NEB takes a proactive approach to management of hazards and risks. The NEB’s 
compliance verification activities allow it to identify potential issues with regulated companies 
and, if necessary, address them with appropriate enforcement measures. Actions include 
conducting compliance verification activities such as inspections, compliance meetings, 
emergency exercises, investigations, and audits such as this one.  
 
The NEB requires that each company be able to demonstrate the adequacy and implementation 
of the methods they have selected and employed in ordered to proactively identify and manage 
hazards and risks to achieve compliance. To evaluate compliance, the NEB undertakes audits of 
its regulated companies. Following the audits, companies are required to submit and implement a 
Corrective Action Plan (CAP) to address and mitigate non-compliances identified. The results of 
the audits are considered as a part of the NEB’s risk-informed life cycle approach to compliance 
assurance.  
A risk-informed approach enables the NEB to further assess and understand risks to public or 
worker safety and the environment as a result of pipeline operations. It also allows for public 
resources to be utilized in the most productive and responsible way possible.  

The Board’s audit was conducted following its Audit Protocol, which identifies Management 
System elements. These elements are further broken down into sub-elements. Each sub-element 
reflects a number of regulatory requirements. The NEB requires companies to be fully compliant 
with one hundred percent of the regulatory requirements of a sub-element being assessed. If a 
company’s program is found to be deficient with respect to any regulatory requirement, the 
entire sub-element will be found Non-Compliant. 
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3.0 Background 

Since November of 2012, NEB auditors and inspectors have visited field facilities and 
TransCanada’s head office auditing the adequacy and effectiveness of TransCanada`s integrity 
management programs in order to assess its compliance with the National Energy Board Act 
(NEB Act)1, other regulations and industry standards such as the Canadian Standards Association 
(CSA). The targeted audit was thorough and included all of TransCanada’s NEB-regulated 
subsidiaries. 
 
This audit constituted a focused assessment of TransCanada’s IMPs as they apply to its             
NEB-regulated pipeline facilities. The audit scope addressed the following management system 
sub-elements as they relate to TransCanada’s IMPs: 
 

 Hazard Identification, Risk Assessment and Control; 
 Organizational Structure, Roles and Responsibilities; 
 Training, Competence and Evaluation; 
 Operational Control-Normal Operations; 
 Operational Control-Upset or Abnormal Operating Conditions; 
 Inspection, Measurement and Monitoring; 
 Corrective and Preventive Actions; 
 Internal Audit; and 
 Management Review. 

 
The TransCanada subsidiaries included in the scope of this audit included specifically:  
 

 TransCanada PipeLines Limited; 
 TransCanada Keystone Pipeline GP Ltd.; 
 Trans Québec & Maritimes Pipeline Inc.; 
 Foothills Pipe Lines Ltd.; and 
 NOVA Gas Transmission Ltd. 

 
These subsidiaries hold the certificates for TransCanada’s NEB-regulated facilities, which 
include the Canadian Mainline (operating under TransCanada Pipelines Limited), Keystone 
Pipeline (operating under TransCanada Keystone Pipeline GP Ltd.), TQM Pipeline System 
(operating under Trans Québec & Maritimes Pipeline Inc.), Foothills System (operating under 
Foothills Pipe Lines Ltd.), and the Alberta (NGTL) System (operating under NOVA Gas 
Transmission Ltd). 
 
                                             
1 On 17 July 2013, the NEB issued an updated Management System and Protection Program Audit Protocol.  As this 
audit was ongoing at that time, it was continued under the former Audit Protocol, which is reproduced in Appendix 
II.   
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On 1 May 2012, the Board received a submission from a complainant outlining allegations of 
regulatory non-compliance against TransCanada. The Board initiated actions to investigate and 
confirm there were no immediate threats to public safety or the environment stemming from 
these allegations. In light of the concerns being brought forward, the Board advanced the timing 
of a TransCanada audit previously scheduled to begin in the 2nd  quarter of 2013 and integrated 
an assessment of the allegations within the scope and technical protocol developed for that audit. 
 

4.0 Audit Objectives and Scope 

The scope of the audit included an assessment of whether TransCanada was fulfilling the 
requirements set out in: 
 

 the NEB Act;  
 the OPR-992; 
 CSA Z662-11, Oil and Gas Pipeline Systems; and 
 TransCanada’s policies, practices and procedures. 

 
More specifically, the audit examined nine sub-elements of the NEB management system 
requirements as they relate to TransCanada’s integrity management programs. These sub-
elements were selected using the Board’s risk-informed approach to focus the scope of the audit 
on areas that have previously been shown to have the highest rates of non-compliance among 
NEB-regulated companies and to expedite and focus the assessment of the IMP technical 
programs in light of the allegations.  
 
In order to assess compliance with the sub-elements, TransCanada was required to demonstrate 
the adequacy and effectiveness of its IMPs as well as its compliance with the requirements listed 
above through interviews with company personnel and the provision of adequate supporting 
documentation and records.   
 
As noted, the audit protocol was modified to specifically evaluate the allegations of regulatory 
non-compliance brought to the Board by the complainant. This included, but was not limited to: 
 

 confirmation that TransCanada’s practices around welding inspections and non-destructive  
examination meet NEB requirements to be performed by a certified, third party reporting 
directly to TransCanada, independent of the contractors performing the work; 

                                             
2 On 10 April 2013, the OPR-99 was amended and renamed the National Energy Board Onshore Pipeline Regulations 
(OPR).  As this audit was ongoing at that time, it was continued under the OPR-99 and all references in this audit report 
are to the OPR-99 unless otherwise noted.  Development of IMPs is also required under the OPR and any Non-Compliant 
finding in this audit under OPR-99 would also be a Non-Compliant finding under the OPR.  TransCanada was also audited 
to the requirements of CSA Z662-11, Oil and Gas Pipeline Systems.  These requirements remained unchanged during the 
audit.    
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 examination of the revisions TransCanada has made to its internal practice of engineering 
guidance and determination as to whether or not it meets NEB requirements; 

 evaluation of the specific remediation measures that have been implemented based on the 
findings in TransCanada’s internal audit; 

 determination of whether or not TransCanada’s revised inspection processes meet the 
requirements set out in the OPR-99; 

 evaluation of the new training program for inspectors on new non-destructive examination 
procedures to determine its adequacy; and 

 review of the job description for the new Quality Assurance/Quality Control Manager and 
confirmation of his/her responsibilities.   

 

5.0 Audit Process 

On 8 November 2012, an opening meeting was conducted in Calgary, Alberta with 
representatives from TransCanada to discuss the Board’s audit objectives, scope and the process, 
and to develop a schedule for conducting the staff interviews and site verifications. The 
interviews at TransCanada’s head office and field verifications were carried out between 
November 2012 and July 2013. At the end of each day, daily summaries with action items were 
provided to TransCanada. On 27 August 2013, an Audit close-out meeting was conducted at the 
NEB office, where the results of the audit, including an outline of the draft audit non-
compliances, were reviewed with TransCanada. 
 
Since that time, the Board has been reviewing and assessing the information collected during the 
audit including written submissions, transcripts of interviews with company personnel, and the 
provision of adequate supporting documentation. 
 
For a list of TransCanada representatives interviewed and meeting attendees, refer to Appendix 
III. For a list of documents and records reviewed, refer to Appendix IV.  

6.0 Audit Results – Summary 

The following summary represents a high-level overview of the Board’s audit findings. The 
detailed findings of the NEB’s assessments for each of the nine sub-elements of TransCanada’s 
IMPs evaluated in this audit are provided in Appendix II. The Board’s assessment of the 
complainant’s allegations of regulatory non-compliance can be found in Appendix II,            
Sub-element 4.4 – Internal Audit. 
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Hazard Identification, Risk Assessment and Control 

The Management System Audit Sub-Element 2.1, Hazard Identification, Risk Assessment and 
Control, refers to the regulations that require a company to have procedures to identify all 
possible hazards, to assess the degree of risk associated with the hazards and to implement 
control measures to minimize or eliminate risk.   

TransCanada has implemented a system to identify and manage its operating and maintenance 
risk. Risks are calculated by incorporating the probability of events and the potential magnitude 
of the consequences. Records indicate that for pipelines and facilities, work is planned and risk-
assessments are conducted with consideration given to safety, health, and the environment. 
TransCanada’s process for threat identification was reviewed for all threats and was assessed to 
be compliant with the requirements. 

The audit identified only one area of non-compliance in the sub-element of hazard identification, 
risk assessment and control. TransCanada developed a new management program for high 
pressure piping in gas facilities. This new program has been assessed and is adequate in terms of 
its content, but has not yet been fully implemented throughout all of TransCanada’s facilities.  

Management System Audit Sub-Element Finding: Based on the incomplete implementation of the 
required high pressure station piping program, TransCanada is assessed to be non-compliant 
with the requirements of the OPR-99 and CSA Z662-11, and is therefore non-compliant with this 
audit sub-element. 

Organizational Structure, Roles and Responsibilities 

The Management System Audit Sub-Element 3.1, Organizational Structure, Roles and 
Responsibilities, refers to the regulations that require a company to have an organizational 
structure that allows its management and protection programs to effectively function. It also 
requires companies to have clear roles and responsibilities, which may include responsibilities 
for the implementation of these programs. 

TransCanada has approximately 310 employees performing work related to its integrity 
management programs across its Canadian pipeline system. This is complemented by 
approximately 80 field technicians who execute integrity-related activities. 

The audit determined that for gas and liquid pipeline IMPs, roles and responsibilities are well-
defined and have adequate, dedicated resources. The audit also assessed TransCanada’s revised 
plant IMP, now known as the Facility, Integrity and Reliability Management Program (FIRM), 
and found that it addresses the roles and responsibilities that were lacking in the previous 
version. 
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Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 

Training, Competence and Evaluation 

The Management System Audit Sub-Element 3.3, Training, Competence and Evaluation, refers 
to the regulations that require a company to have a documented training program for employees 
and contractors related to the company’s management and protection programs. Training 
programs are expected to include program-specific policies, emergency preparedness, 
environmental response and information on the potential consequences of not responding 
appropriately. Training must also evaluate the competency to ensure knowledge requirements 
have been met. 

Based on documents and records reviewed, the audit determined that TransCanada has 
developed effective methods to manage the training and qualification of its employees and 
contractors. 

Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 

Operational Control – Normal Operations 

The Management System Audit Sub-Element 3.6, Operational Control – Normal Operations, 
refers to the regulations that require a company to establish and maintain a process to develop, 
implement and communicate measures meant to mitigate, prevent and protect against the hazards 
identified in sub-sections 2.0 and 3.0. This includes measures to proactively reduce or eliminate 
risks and hazards at their source. 

The audit determined that TransCanada’s threat management programs provide a listing of 
appropriate integrity measures for managing identified risks and threats. Some of these threats 
include but are not limited to: pipeline corrosion; construction and manufacturing; weather and 
outside forces; and mechanical damage.  

Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 
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Operational Control – Upset or Abnormal Operating Conditions 

The Management System Audit Sub-Element 3.7, Operational Control – Upset or Abnormal 
Operating Conditions, refers to the regulations that require a company to establish and maintain 
procedures to identify potential upset or abnormal operating conditions, accidental releases, 
incidents and emergency situations.  
 
TransCanada has implemented a number of processes and procedures to identify potential upset 
or abnormal operating conditions. TransCanada’s pipeline infrastructure is monitored remotely 
24 hours a day, 365 days a year using a Supervisory Control and Data Acquisition (SCADA) 
system and is backed up by an onsite standby system. In the event that both of these systems fail 
due to a catastrophic event, a secondary control centre at a different location contains full 
duplicate primary and secondary back-up systems.  
  
This audit also determined that TransCanada’s pressure-limiting and relieving systems, leak 
detection, gas quality, alarm call-out, shutdown devices and valve operation systems were all 
adequate and compliant with the OPR-99 and CSA-Z662-11 requirements. 
 
While over-pressure protection for TransCanada’s oil pipeline systems was found to be adequate, 
the Board has determined the NOVA Gas Transmission Ltd (NGTL) system is not conducting 
sufficient inspections or audits of its customer installations to ensure that the system is operated 
in compliance with the OPR-99 and CSA-Z662-11 requirements. Based on that system’s history 
of over-pressure incidents and the fact that TransCanada has not fully implemented its plan of 
action to verify compliance with requirements, the company is not in compliance with the OPR-
99 and CSA-Z662-11 requirements and is therefore not in compliance with this audit sub-
element. 
 
Management System Audit Sub-Element Finding: Based on the documents assessed and 
interviews with personnel for programs related to over-pressure protection systems on the 
Alberta (NGTL) System, TransCanada is assessed to be non-compliant with the requirements of 
the OPR-99 and CSA Z662-11, and is therefore non-compliant with this audit sub-element. 

Inspection, Measurement and Monitoring 

The Management System Audit Sub-Element 4.1, Inspection, Measurement and Monitoring, 
refers to the regulations that require a company to develop and implement surveillance and 
monitoring programs including contract work being performed on behalf of the company. These 
programs are expected to include measures for evaluating a company’s management and 
protection programs. 

Based on documents and records reviewed, the audit determined that TransCanada has 
developed and implemented a number of effective inspection, measurement and monitoring 
programs.  
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Other sections of this sub-element were identified as non-complaint with regulatory requirements 
due to inadequate or incomplete program implementation. This included: 

 TransCanada’s position that ongoing monitoring of all shipped commodities for sour crude 
on the Keystone pipeline is not required since recent testing confirmed the current non-sour 
nature of these products; 

 TransCanada’s inability to produce sufficient evidence proving the adequacy of its ongoing 
integrity management programs for corrosion on unpiggable sections of the NGTL system; 
and 

 background descriptions for the facility pipe inspection program that were too generic and 
did not provide the level of specificity required for adequate, effective and consistent 
implementation. 

 
Management System Audit Element Finding: Based on the documents assessed and interviews 
with personnel as it relates to: monitoring of Hydrogen Sulfide (H2S) in crude oil in the Keystone 
Pipeline; monitoring of external corrosion on the Alberta (NGTL) System’s unpiggable 
pipelines; and the integrity monitoring of below-ground station piping on all of TransCanada’s 
facilities, TransCanada is assessed to be non-compliant with the requirements of the OPR-99 
and CSA Z662-11, and is therefore non-compliant with this audit sub-element. 

Corrective and Preventive Actions 

The Management System Audit Sub-Element 4.2, Corrective and Preventive Actions, refers to 
the regulations that require a company to have a process to investigate incidents or any non-
compliance that may occur, including a process to mitigate any potential or actual impacts 
arising from the non-compliances. The company is also required to develop procedures to 
analyze incident data in order to identify deficiencies and opportunities for proactive 
improvement. 
During the course of this audit, TransCanada provided evidence of its analysis of possible 
incident types. The company also demonstrated it had compiled and analyzed key performance 
indicator data in order to assess trends and establish root causes of incidents. 
 
When issues or incidents are identified, the Board noted that TransCanada’s internal non-
compliance and incident reporting processes were adequate but could be more detailed in the 
areas of preventative action and information sharing across the company. TransCanada has 
committed to improving the level of detail in these items. 
Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 
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Internal Audit 

The Management System Audit Sub-Element 4.4, Internal Audit, refers to the regulations that 
require a company to develop and implement a documented process for auditing its management 
and protection programs and procedures. The audit process is expected to include and manage 
training and competency requirements for staff carrying out the audits and be conducted on a 
regular basis. 
 
Internal audits of TransCanada’s IMPs are conducted by personnel that are independent of the 
areas to be audited or by a contracted third party. Quarterly field-based compliance audits are 
conducted at multiple locations across Canada. All audit findings are tracked and are required to 
be resolved. Findings are also categorized as either site-specific or systemic and responsibility 
for these is assigned accordingly. The progress of resolving audit findings is monitored and 
escalated where necessary.  
Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 

Management Review 

The Management System Audit Sub-Element 5.1, Management Review, refers to the regulations 
that require a company to formally review its management and protection programs for 
continuing suitability, adequacy and effectiveness. Reviews are expected to be based on 
appropriate documentation and records, be formal and documented, and occur on a regular basis. 

The audit concluded TransCanada has undertaken several initiatives aimed at reviewing its 
IMPs. These include: 

 Designating an executive to be accountable for management review; 
 Having appropriate levels of responsibility and accountability at each level of the 

organization; and 
 Participation in industry associations in order to share learnings and best practices. 

Some of the non-compliances identified during the audit, such as insufficient overpressure 
protection and management of hazards associated with external corrosion, illustrate the results of 
a management review process that was not entirely effective. This element of the audit also 
included a review of the allegations presented by the complainant along with the corroborating 
internal review by TransCanada resulting from that complaint (see section below, Allegations of 
Non-Compliance).  
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Management System Audit Element Finding: Based on the documents assessed and interviews 
with personnel as related to Management Review, TransCanada is assessed to be non-compliant 
with the requirements of the OPR-99 and CSA Z662-11, and is therefore non-compliant with this 
audit sub-element. 

Allegations of Non-Compliance 

On 1 May 2012, the Board received a submission from a complainant outlining allegations of 
regulatory non-compliance against TransCanada’s integrity management practices. These 
concerns were brought to the Board’s attention after the complainant had voiced similar concerns 
through TransCanada’s internal mechanisms.  
 
The Board had previously scheduled an audit of TransCanada’s Integrity Management Programs 
to start in the second quarter of 2013.  As a result of allegations of regulatory non-compliance 
brought to the Board by a then employee of TransCanada (complainant), the Board advanced the 
timing of its audit and integrated an assessment of the allegations within the scope and technical 
protocols developed for the audit. 
 
The Board’s IMP audit conducted a detailed assessment of TransCanada’s procedures as well as 
records of any corrective and preventative actions taken by TransCanada to address the 
allegations. Details of the Board’s verification for each complainant allegation are contained in 
the audit sub-element 4.4, Internal Audit, in Appendix II of this Audit Report. The Board’s audit 
has confirmed that the company has developed and implemented actions to correct and prevent 
similar occurrences for those issues confirmed to be valid. The Board’s audit also identified that 
some of the complainant’s allegations did not reflect issues of non-compliance with the 
regulatory requirements. 
 
The Board assessed relevant company procedures along with records of any corrective and 
preventative actions taken to address the allegations. The Board also assessed TransCanada’s 
internal investigation relating to its compliance with technical standards and procedures and 
notes that many of the allegations of regulatory non-compliance identified by the complainant 
were confirmed by TransCanada’s internal audit.  
 
The Board’s audit has confirmed that as of the close of this audit, TransCanada has developed 
and implemented actions to correct and prevent similar occurrences for confirmed non-
compliances identified by the complainant.  
 
The Board finds that TransCanada’s practices and procedures to deal with reporting of employee 
concerns at the time of the audit were not effectively implemented, supporting the Board’s Non-
Compliant finding with the audit sub-element 5.1 Management Review.  
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A detailed listing of the Board’s assessment of each allegation has been documented in Appendix 
II, 4.4 Internal Audit. 
 
Management System Audit Sub-Element Finding: See Finding for audit sub-element 4.4 – 
Internal Audit above. 

7.0 Conclusions 

NEB-regulated companies must demonstrate a proactive commitment to continual improvement 
in safety, security, and environmental protection. Pipeline companies under the Board’s 
regulation are required to incorporate integrity management programs into their day-to-day 
operations. These programs include the tools, technologies and actions needed to ensure that 
pipelines are safe and remain that way over time. Integrity management programs enable 
pipeline companies to predict and prevent failures. 
 
The Board has determined that TransCanada is compliant in five sub-elements of this audit 
including: 
   3.1 Organizational Structure, Roles and Responsibilities; 
  3.3 Training, Competence and Evaluation; 
  3.6 Operational Control-Normal Operations; 
  4.0 Corrective and Preventive Actions; and 
  4.4 Internal Audit.  
 
The Board has determined that TransCanada is non-compliant in four sub-elements of the audit 
including:  

2.1 Hazard Identification, Risk Assessment and Control;  
3.7 Operational Control-Upset or Abnormal Operating Conditions;  
4.1 Inspection, Measurement and Monitoring; and  
5.1 Management Review.  

 
The Board is of the view that the processes presently used by TransCanada have identified the 
majority, and most significant, of its hazards and risks. Notwithstanding this, the audit identified 
that the non-compliant findings are related to the following contributing factors: 
 

 recognition of all potential hazards and integrating them into the program sub-elements that 
have been found to be non-compliant, and 
 

 issues related to TransCanada’s internal management practices. Examples of these include: 
over-reliance on lagging indicators; inadequate consideration of NEB safety advisories 
notifying where hazardous conditions existed and regulatory requirements were not being 
met; and ineffective implementation of internal practices to address the complainant’s 
issues prior to Board notification. 
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With respect to the Board’s investigation of the complainant’s allegations of regulatory non-
compliance against TransCanada integrity management practices, the Board’s assessment has 
confirmed that TransCanada has now developed and implemented actions to correct and prevent 
similar occurrences for the confirmed issues. The NEB recognizes that even with a solid 
regulatory framework, it cannot be everywhere at every moment. That is why the Board 
encourages concerned individuals to voice their safety concerns with companies internally and, 
when necessary, to bring them to the attention of the Board. 
 
The Board is also investigating certain steel pipe and fittings installed on the Keystone Pipeline 
with the potential to exhibit lower than specified yield strength. This investigation remains 
ongoing. Resolution of the investigation and any required remedial actions will be determined 
outside the audit. 
 
An effective and well-implemented Integrity Management Program is only part of the overall 
requirement for NEB-regulated companies. As of the time this audit report is released, separate 
and concurrent audits of TransCanada’s Safety, Environmental Protection, Emergency 
Management, Crossings and Public Awareness programs remain ongoing. The Board will make 
this Final Audit Report public and it will be posted on the Board’s website.     
 
TransCanada will be required to submit a CAP for Board approval within 30 days of the Final 
Audit Report being issued, detailing how the company will address findings of non-compliance 
identified in this audit. The Board will conduct further compliance verification activities to 
confirm that the improvements outlined in the CAP are being proactively implemented in an 
expedient manner and on a system-wide basis.  
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APPENDIX I 
 

TRANSCANADA PIPELINES LIMITED AND NEB-REGULATED SUBSIDIARIES 
(TRANSCANADA) 

 
 MAPS AND SYSTEM DESCRIPTIONS 

 

The following maps and descriptions are of TransCanada subsidiaries that were included in the 
scope of this audit, specifically:  

• TransCanada PipeLines Limited; 
• TransCanada Keystone Pipeline GP Ltd.; 
• Trans Québec & Maritimes Pipeline Inc.; 
• Foothills Pipe Lines Ltd.; and 
• NOVA Gas Transmission Ltd. 

 
These subsidiaries hold the certificates for TransCanada’s NEB-regulated facilities, which 
include the Canadian Mainline, Keystone Pipeline, TQM Pipeline System, Foothills System, and 
the Alberta (NGTL) System. 
 
The Canadian Mainline, shown in Figure 1, is a 14,100 km natural gas pipeline that extends from 
the Alberta/Saskatchewan border east to the Quebec/Vermont border and connects with other 
natural gas pipelines in Canada and the United States. 
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Figure 1: Canadian Mainline 
The Keystone Pipeline, shown in Figure 2, is a 1,251 km pipeline that transports crude oil from 
Hardisty, Alberta to the Manitoba/North Dakota border.  The Keystone Pipeline continues into 
the United States. 

 

 
 

Figure 2: Keystone Pipeline 
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The TQM Pipeline System, shown in Figure 3, is a 573 km natural gas pipeline network in the 
Province of Quebec between Saint-Lazare, located west of Montreal, and Saint-Nicolas, located 
on the South Shore of Quebec City, and between Lachenaie, located East of Montreal, and East 
Hereford on the New Hampshire border.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: TQM Pipeline System 
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The Foothills System, shown in Figure 4, is a 1,046 km natural gas pipeline system which carries 
natural gas from central Alberta to the United States. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Foothills System 
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The Alberta (NGTL) System, shown in Figure 5, is a 24,828 km pipeline which gathers natural 
gas for use within the Province of Alberta, and which delivers natural gas to connection points 
with the Canadian Mainline, Foothills System, and the natural gas pipelines of other companies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 5: Alberta (NGTL) System 
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APPENDIX II 
 

TRANSCANADA PIPELINES LIMITED AND NEB-REGULATED SUBSIDIARIES 
(TRANSCANADA) 

 INTEGRITY MANAGEMENT PROGRAM AUDIT ASSESSMENT 
 

 
INTRODUCTION: 

TransCanada has three Integrity Management Programs (IMPs), which are: 

 Canadian Gas Pipeline Integrity Management Program (CND-GAS-IMP); 

 Canadian Liquid Integrity Management Program (CDN-LIQ-IMP); and 

 Plant Integrity Management Program (Plant IMP). 

These IMPs are referred to throughout this Audit Evaluation Table as the Gas Pipeline IMP, 
Liquid Pipeline IMP, and Plant IMP, respectively. 

The TransCanada subsidiaries included in this audit included specifically:  
 TransCanada PipeLines Limited; 
 TransCanada Keystone Pipeline GP Ltd.; 
 Trans Québec & Maritimes Pipeline Inc.; 
 Foothills Pipe Lines Ltd.; and 
 NOVA Gas Transmission Ltd. 

AUDIT OBJECTIVES AND SCOPE: 
The scope of the audit included an assessment of whether TransCanada was fulfilling the 
requirements of: 

 the NEB Act;  
 the OPR-99; 
 CSA Z662-11, Oil and Gas Pipeline Systems; and 
 TransCanada’s policies, practices and procedures. 

 
More specifically, the audit examined nine sub-elements of the NEB management system 
requirements as they relate to TransCanada’s integrity management programs. These sub-
elements were selected using the Board’s risk-informed approach to focus the scope of the audit 
on areas that have previously been shown to have the highest rates of non-compliance among 
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NEB-regulated companies and to expedite and focus the assessment of the IMP technical 
programs in light of the allegations.  
 
1.0 POLICY AND COMMITMENT 

 
1.1 Policy and Commitment Statements 
 
Expectations: The Company shall have a policy approved and endorsed by senior management 
(the Policy). It should include goals and objectives and commit to improving the performance of 
the Company.  

References: 

OPR-99 section 4 
CSA Z662-11, Clauses 3.1.2 and 3.2 
 

Audit Assessment: 

This Management System sub-element was not formally assessed during the Integrity 
Management Program audit.  

Compliance Status: Not Assessed 
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2.0 PLANNING 
 

2.1 Hazard Identification, Risk Assessment and Control1 

Expectations: The company shall be able to demonstrate a procedure to identify all possible 
hazards. The company shall assess the degree of risk associated with these hazards. The company 
should be able to support the rationale for including or excluding possible risks in regard to its 
environment, safety, integrity, crossings and awareness and emergency management and 
protection programs (management and protection programs). The company shall be able to 
implement control measures to minimize or eliminate the risk. 
 
References: 

OPR-99 sections 4 (2), 39, 40 and 41 
CSA Z662-11, Clauses 3.1.2(f), 3.2(a), 3.2(b), 10.5.1.1(d) and 16.2 
 
Audit Assessment: 

General 

During interviews and in documents submitted, TransCanada stated that it has developed 
procedures to identify threats (hazards), assess the degree of risk associated with those threats, 
and implement control measures to mitigate or eliminate the risk of the threats. TransCanada 
explained that its Engineering and Asset Reliability (E&AR) department is accountable for 
managing the operational performance, cost and risks of TransCanada’s pipeline and facility 
assets. This includes developing and implementing asset strategies and integrity management 
systems to manage operating and maintenance risk. Within the E&AR department, subject matter 
experts in the Pipe Integrity and Facilities Integrity departments are responsible for developing 
Integrity Management Programs (IMPs). Pipe Integrity is grouped into threat-specific teams, and 
Facilities Integrity is grouped into equipment-specific teams. These teams are accountable for 
assessing risks and developing annual maintenance and assessment work plans. 

 
 
 
Hazard Identification Process 
                                                            
1 Hazard: Source or situation with a potential for harm in terms of injury of ill health, damage to property, damage to 
workplace environment, or a combination of these. Risk: Combination of the likelihood and consequence(s) of a 
specified hazardous event occurring. 
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Processes for threat2 identification and risk assessment and control are documented in 
TransCanada’s three IMPs, which are: 

 Canadian Gas Pipeline Integrity Management Program (CND-GAS-IMP); 

 Canadian Liquid Integrity Management Program (CDN-LIQ-IMP); and 

 Plant Integrity Management Program (Plant IMP). 

Threat Identification Process 
TransCanada’s threat identification process is meant to verify conditions that may exist that 
would make a line segment susceptible to a threat. The determination of these conditions varies 
with each threat category. TransCanada considers threats according to the following: 

 Time Dependent 
o External corrosion 
o Internal corrosion 
o Environmental cracking (e.g. stress corrosion cracking) 

 Time Independent 
o Mechanical damage 
o Incorrect operations 
o Weather-related and outside forces 

 Static or Resident 
o Manufacturing related defects 
o Welding or fabrication related defects 
o Equipment failures 

 
TransCanada’s process for threat identification was reviewed for all threats and, except where 
noted for the threat to high pressure station piping in gas facilities, was assessed to be compliant 
with the requirements. An example of one of the threat assessments for mechanical damage 
(dents) is provided to illustrate TransCanada’s process.   
 
Individual Threat Assessments: Mechanical Damage (Dents) 

TransCanada’s dent program is managed according to TEP-ILI-DEF-CDN Analysis of 
Deformation In-Line Inspection (ILI) Data for CDN Pipelines (EDMS No. 006980190) and 
TEP-ITM-Mechanical Damage Threat Management Program (TEP-ITM-MECH, EDMS No. 
006786487). TransCanada uses data from the ILI program to characterize dents in its pipeline 
system and TransCanada continues to develop this technology with the tool vendors. The 

                                                            
2 TransCanada uses the term “threat” for “hazard” in its documents.   
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detection and characterization of geometric anomalies undergoes further processing to develop 
prioritized remediation activities in specific areas, based on previous excavation reports from 
other programs and in areas where dents have been previously mitigated. When dents are 
excavated, TransCanada applies the methodologies of CSA Z662-11, ASME B31.8 and its own 
modified B31.8 formula to determine which remediation or mitigation techniques may be 
applied. TransCanada considers the threat of mechanical damage from external sources as low, 
due to its Public Awareness Program and the Right of Way (ROW) patrols that it conducts. 
Additional measures are applied to areas determined to have a threat of mechanical damage that 
is higher than low (e.g., population density, history of damage, increased construction activity).  

Pipelines 
 
For pipelines, TransCanada has detailed nine potential threat categories that are considered 
during its threat identification process (Gas Pipeline IMP, Section 9.7, and Liquid Pipeline IMP, 
Section 3.1.2). The threat categories also include sub-threats derived from consideration of CSA 
Z662-11, Annex H, Clause H.2.6 and ASME B31.8S. 

TransCanada’s Threat Management Programs for the nine threat categories referred to above are 
as follows:  

 Mechanical Damage Threat Management Program (TEP-ITM-MECH, EDMS No. 
006786487); 

 External Corrosion Threat Management Program (CDN) (TEP-ITM-ECOR, EDMS No. 
006570955);  

 Internal Corrosion Threat Management Program (TEP-ITM-IC, EDMS No. 006786402); 
 Stress Corrosion Cracking Threat Management Program (TEP-ITM-SCC-CDN, EDMS 

No. 005767613);  
 Equipment Failure Threat Management Program (TEP-ITM-EQUIP, EDMS No. 

006786449); 
 Incorrect Operations Threat Management Program (TEP-ITM-IOPS, EDMS No. 

006810297); 
 Construction and Manufacturing Threat Management Program (TEP-ITM-MANUF, 

EDMS No. 006786458);  
 Weather and Outside Forces Threat Management Program (TEP-ITM-WOF, EDMS No. 

005767611); and 
 Facility Pipe Threat Management Program (CDN) (TEP-ITM-FPIPE-CDN, EDMS No. 

007379193). 
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Section 9 of the Gas Pipeline IMP specifies how each threat management program has a 
consistent approach whereby threat identification is one step in an overall threat management 
process. Pipe segments susceptible to a threat are identified and the rationale for including or 
excluding threats is documented within each threat management program. Risk analyses are 
completed and the results of the analyses are used to prioritize and plan activities to reduce or 
eliminate the probability of failure, the consequences of failure, or both. Selected activities for 
the upcoming budget cycle are captured annually in TransCanada’s Pipeline Maintenance Plan. 
Results obtained from the execution of the Pipeline Maintenance Plan are assessed and used as 
additional inputs into the next planning cycle.  

Facilities  

The TransCanada Facility Group is divided into several areas of expertise, which include 
Mechanical, Field SCADA, Civil Engineering, Design Engineering Support, Measurement 
Engineering, Controls, and Electrical. As per Section 2.5.5 of the Plant IMP, new construction is 
completed in compliance with the applicable codes, which address the associated hazards and 
corresponding risks. In addition, many of the potential operating hazards are identified and 
mitigated during the early design stage through Hazard Identification Studies (HAZID) and 
Hazard and Operability Studies (HAZOP) analyses. With the Project Turnover Memorandum, 
residual risks are identified and documented for the facility integrity group. To address ongoing 
reliability, applicable existing plans are used, or new integrity plans are created, to maintain the 
equipment functionality so that the identified hazards, associated designs and codes are managed 
throughout the lifecycle of the equipment.  

High Pressure Station Piping in Gas Facilities 

TransCanada developed a new management program in December 2012 for high pressure piping 
in gas facilities (e.g., meter and compressor stations, valves sites). This is documented in the 
Facility Pipe Threat Management Program (TEP-ITM-FPIPE-CDN, EDMS No. 007379193). 
Before this new program was developed, the station piping was managed under TransCanada’s 
Integrity Management Process for Pipelines - Revision 2 process. The new program includes a 
documented process for identifying the hazard and assessing the risk of high pressure station 
piping. The new program was assessed as adequate in terms of its content, but it has not yet been 
fully implemented throughout TransCanada’s facilities. TransCanada indicated in its response to 
an Audit Information Request that “the risk assessment and selection of mitigation plans is 
planned for completion in November of 2013”.  Given that the new program has not yet been 
fully implemented, TransCanada is non-compliant with the requirements of this audit sub-
element and with CSA Z662-11, Clauses 3.1.2(f) and 3.2. 
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Risk Assessment  

TransCanada has implemented its Asset Management System (AMS) to manage its operating 
and maintenance risk. The risk management element of the AMS outlines a requirement for 
Operations and Engineering to develop and maintain a risk register to capture risk events for all 
assets that TransCanada operates. The Asset Management System & Governance (AMS&G) 
team oversees the development of the register, but inputs are collected from engineering, field 
operations, commercial operations, corporate health and safety, and compliance departments. 
Risks are calculated by aligning the probability of events and the potential magnitude of 
consequences. The risk register is currently entered and maintained within a Microsoft Access 
database and is controlled by the AMS&G team during its developmental stages to maintain 
integrity of the data. An assessment of the establishment and implementation of the risk 
assessment processes follows, based on facility categorizations. 

Pipelines  

Risk Assessment and Management methodologies are documented in Section 10 of the Gas 
Pipeline IMP and Section 4 of the Liquid Pipeline IMP. As noted previously under Threat 
Identification, the processes used to assess risk are threat-specific, and process details are 
provided in the Risk Assessment and Prioritization of TransCanada’s Integrity Threat 
Management Programs.  

TransCanada’s risk assessment and risk management are achieved using either of the following 
two approaches:  

1. For pipelines where assessment or direct examination anomalies have been detected, or similar 
conditions are inferred, the specific anomalies are assessed, and control or mitigation 
activities are planned.  

2. For pipelines where assessment data has not been collected, risk assessment is performed by 
integrating information from various sources, including: subject matter expertise; applied 
learnings from other similar segments of pipe across the TransCanada system, including 
historical performance; the TransCanada risk algorithm Risk Assessment Using PRIME 
(TEP-INT-PRIME, EDMS No. 003972569), for External Corrosion and SCC threat; and, the 
tracking of leading indicators, such as an elevation in communication to stakeholders in 
response to a spike in the frequency of unauthorized encroachments on the ROW or relevant 
information from industry associations. 

Where assessment data is available, a pre-screening is performed to look for urgent repair 
conditions. This is followed by a reliability based assessment to evaluate the probability of 
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failure and account for measurement uncertainties. The technical details of the model are 
included in the document Risk Models for Corrosion Using ILI Data (TER-COR-RSK, EDMS 
No. 005767603). With the assessment data, near-term and future remediation is planned, and 
priority is assigned according to population density.   Additionally, ongoing safety is addressed 
through a temporary pressure restriction. The criteria for determining when a pressure 
restriction is required are outlined in Analysis of MFL In-Line Inspection for CDN Pipelines 
(CDN) (TEP-INT-ILI-CDN EDMS No. 006570876). The procedure for implementing the 
pressure restriction is outlined in the TOP Pipeline Restriction Procedure. Pressure control is 
addressed per the System Design & Commercial Operations Pipeline MAOP De-rate Procedure 
(EDMS No. 006837355).  

When assessment data has not been collected, a risk assessment is performed by executing the 
TransCanada risk algorithm Risk Assessment Using PRIME (TEP-INT-PRIME, EDMS No. 
003972569). Subject matter experts integrate the PRIME data results with other relevant 
information to prioritize the pipeline inspection schedules. 

An example of risk assessment and management is provided for the Weather and Outside 
Forces (WOF) threat. This threat is managed according to the Weather and Outside Forces 
Threat Management Program (TEP-ITM-WOF, EDMS No. 005767611). The approach is to 
conduct a Phase 1 geotechnical study along all of the company pipeline assets. Areas of 
elevated concern are identified and then reviewed further with Phase 2 and Phase 3 studies. The 
collected information is used to determine the actual risk to the pipeline asset, and then 
mitigation, control or monitoring programs are planned, based on the results. TransCanada’s 
risk assessment and risk management process for the threat of WOF was assessed to be 
adequate. 

Facilities  

Integrity management of facilities at TransCanada comprises four risk-assessed components:  

1. Integrity Planning, including System Assessment, Facilities Assessment, and Integrity 
Programs;  

2. Project Integrity, including Project Risk Analysis, Business Value Analysis, and Project 
Ranking;  

3. Design Integrity, including Inter Disciplinary Design Check Meetings, and Reliability 
and Maintainability; and  

4. Maintenance Integrity, including Facility Criticality.  

In managing the integrity of non-pipe facilities, TransCanada identified a number of potential 
integrity threats, including equipment failure, inability to operate as expected, obsolescence, and 
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environmental and safety concerns. Consequences of facility threats and potential failures 
include public safety impact, loss of life, customer/business impact, regulatory impact, and 
environmental impact. Risk assessments are performed on the potential threats and consequences 
to identify potential impacts as well as corrective and preventive actions. When activities are 
required to manage the risk, the details on conducting these activities are then documented in 
TransCanada’s equipment-specific integrity plans. Each equipment-specific integrity plan is 
developed with input from the regions, equipment manufacturers, Issue and Incident Tracking 
(IIT), other operators, Pipeline System Operations, and the previous year’s integrity plans. The 
equipment-specific integrity plans reference the relevant TransCanada Operating Procedures 
(TOPs) that were developed to manage threats and mitigate risks to the reliable operation of 
facility equipment. 

Specific equipment integrity plans that address the risk requirements have been written for many 
equipment types. Examples are provided in the following documents: 

 The Mainline Field SCADA Engineering Integrity Plan (EDMS No. 004782175) contains 
a section on Risk Assessment (Section 4), and identifies issues of concern, the resulting 
impact, and an action plan to address the issue. Additionally, Section 3 of the document 
contains the operating and maintenance strategy that includes planned, predictive and 
reactive maintenance.  

 The Pressure Vessels Integrity Plan (EDMS No. 003763099) contains a section on Risk 
Assessment (Section 4). Pressure vessel inspection is addressed and reference is made to 
the TOP Pressure Vessel External and Internal Inspection (EDMS No. 003694710).  

Recent Threat Identification or Risk Assessments  

Threat identification and risk assessment activities are aggregated annually as part of the 
pipeline and facilities maintenance program budget approval process. The Pipeline and 
Facilities Maintenance Programs (PMP) for 2013, which are the output of the aggregated threat 
identification risk assessment, were finalized in September 2012.  

Records indicated that for pipelines and facilities, work is planned and risk assessments are 
conducted with consideration given to the consequences of safety, health, the environment and 
individual risk. Consequences are considered during prioritization of remediation, prevention, 
control and mitigation activities, and also in repair criteria.  

For gas pipelines, mitigation and repair activities requiring excavation of pipeline assets are 
conducted under the TOP Excavation Procedure (EDMS No. 003672343). The procedure 
references consultation with a TransCanada Environmental Specialist, and requires all work to 
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be performed in compliance with the Environmental Field Procedures Guide (EDMS No. 
003671954).  

For liquid pipelines, risk assessments take into consideration the consequences of a potential 
release. For example, potential consequences that are considered are oil releases into what 
TransCanada refers to as “highly sensitive receptors”. These are defined by TransCanada as 
specific areas where a release from a pipeline could have significant consequences on public 
health, the environment or the economy.  

For the risk associated with third party damage, TransCanada has pipeline class location and 
urban development programs to evaluate the issue relating to protecting the public and the 
pipeline as population growth encroaches on pipelines (Pipeline Crossing and Encroachment 
Procedure Canada TOP, (EDMS No. 003674617), Pipeline Right-Of-Way Procedures Canada 
TOP (EDMS No. 003672613), and TEP-INT-CLA Class Analysis and Remediation (CDN) 
(EDMS No. 005766974). TransCanada stated that its Public Awareness Program (TOP Pipeline 
Public Awareness Program Plan, EDMS No. 003860909) educates and increases awareness of 
pipeline safety.  

Upon completion of a threat identification and risk assessment, the individual threat teams 
develop a threat-specific Pipeline Maintenance Plan (PMP). Asset-based program planners 
assemble the threat specific sections of the PMP into a single, asset specific, PMP. During audit 
interviews and through documents reviewed, the Board confirmed that threat identification for 
the liquid pipeline has been performed primarily by the liquid integrity team, with adequate 
support from the threat-specific subject matter experts as required.  

Risk control measures are identified through several avenues, including the following:  

 The remediation and mitigation measures required to address specific defects are 
identified in the Threat Management Programs.  

 The Corrosion Prevention team is accountable for corrosion control through inspection, 
maintenance and remediation of the cathodic protection system.  

 TransCanada Operating Procedures (TOPs) are built, where applicable, to manage a 
particular threat or risk (e.g., the TOP Keystone Pressure Control Valve Vibration 
Evaluation Procedure (EDMS No. 006811833)).  

 TOPs are also developed to ensure that routine, consistent inspection and maintenance is 
performed (e.g., the TOP Relief Valve Inspection and Overhaul Program (EDMS No. 
003694631) and the TOP Valve and Valve Operator Inspection and Servicing (EDMS 
No. 003849601)).  
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Low Strength Steel Pipe and Fittings 
 
In 2008, the NEB became aware that certain steel pipe and fittings procured and installed on the 
Keystone Pipeline had the potential to exhibit lower that specified yield strengths. The NEB 
subsequently initiated an investigation. This investigation preceded the audit and is ongoing. The 
low yield issue was confirmed during the audit, and documents were reviewed and interviews 
conducted with TransCanada personnel related to the issue. However, as the issue continues to 
be under investigation by the NEB, resolution of the investigation and any required remedial 
actions will be determined outside of the audit. 
 
Summary: Hazard Identification, Risk Assessment and Control 
 
The Management System Audit Element 2.1, Hazard Identification, Risk Assessment and 
Control, requires a company to have a procedure to identify all possible hazards, to assess the 
degree of risk associated with these hazards, and to implement control measures to minimize or 
eliminate the risk.   

 
TransCanada has implemented a system to identify and manage its operating and maintenance 
risk. Risks are calculated by incorporating the probability of events and the potential magnitude 
of the consequences. Records indicate that for pipelines and facilities, work is planned and risk-
assessments are conducted with consideration given to safety, health, and the environment. 
TransCanada’s process for threat identification was reviewed for all threats and was assessed to 
be compliant with the requirements. 

The audit identified only one area of non-compliance in the sub-element of hazard identification, 
risk assessment and gas control. TransCanada developed a new management program for high 
pressure piping in facilities. This new program has been assessed and is adequate in terms of its 
content, but has not yet been fully implemented throughout all of TransCanada’s facilities.  

Management System Audit Sub-Element Finding: Based on the incomplete implementation of the 
required high pressure station piping program for its gas facilities, TransCanada is assessed to 
be non-compliant with the requirements of the OPR-99 and CSA Z662-11, and is therefore non-
compliant with this audit sub-element. 

 

Compliance Status: Non-Compliant  
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2.2 Legal Requirements 

Expectations: The Company shall have a verifiable process for the identification and integration 
of legal requirements into its management and protection programs. The Company should have a 
documented procedure to identify and resolve non-compliances as they relate to legal 
requirements which includes updating the management and protection programs as required.  

References: 

OPR-99 sections 4, 6, 40 and 41(1)  
CSA Z662-11, Clause 3.2 
 

Audit Assessment 

This Management System sub-element was not formally assessed during the Integrity 
Management Program audit.  

Compliance Status: Not Assessed 

 
013671



 

________________________________________________________________________________________________________ 
OF-Surv-OpAud-T211- 2012-2013 01                                            Page 13 of 92 
TransCanada OPR-99 Integrity Management 
Programs Final Audit Report 
February 2014 
Appendix II   
 

2.3 Goals, Objectives and Targets 

Expectations: The Company shall have goals, objectives and quantifiable targets relevant to the 
risks and hazards associated with the Company’s facilities and activities (i.e. construction, 
operations and maintenance). The objectives and targets should be measurable and consistent 
with the Policy and legal requirements and ideally include continual improvement and 
prevention initiatives, where appropriate. 

References: 

OPR-99 section 40 
CSA Z662-11, Clauses 3.1.2 (h) (ii) and 3.2 
 

Audit Assessment 

This Management System sub-element was not formally assessed during the Integrity 
Management Program audit.  

Compliance Status: Not Assessed  
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3.0 IMPLEMENTATION 
 
3.1 Organizational Structure, Roles and Responsibilities 

Expectations: The company shall have an organizational structure that allows its management 
and protection programs to effectively function. The company shall have clear roles and 
responsibilities, which may include responsibilities for the implementation of the management 
and protection programs. 
 
References: 

OPR-99 sections 40, 47 and 48  
CSA Z662-11, Clauses 3.1.1, 3.1.2(b) and 3.2 
 
Audit Assessment 
 
General 
During interviews and in documents submitted, TransCanada stated that it has an organizational 
structure that allows it’s Integrity Management Programs (IMPs) to function effectively and 
efficiently across its gas and liquids pipelines and facilities assets. 
 
TransCanada stated that the employees (primarily engineers and technologists) managing its 
Canadian IMPs are primarily based in Calgary.  Approximately 160 staff performs work related 
to the Gas and Liquid Pipeline IMPs and approximately 150 staff performs work related to the 
Plant IMP.  In addition, approximately 80 integrity specialists are located in regional offices 
across the Canadian pipeline system. These individuals are complemented by Field Technicians 
who execute integrity related activities.  
 
The hierarchy of authority for the IMPs within TransCanada extends from an Executive Vice 
President, to Vice President, to Director, to Manager, to Program Lead/Manager levels. Under 
the Vice President of Engineering and Asset Reliability, one Director is responsible for pipe 
integrity and another Director is responsible for facilities (plant) integrity. The authorities and 
associated responsibilities are detailed in the respective IMP documents, specifically: 
 

 Gas Pipeline IMP, Section 3 and Appendix A;  
 Liquid Pipeline IMP, Section 2 and Appendix A; and  
 Plant IMP, Section 2 and Appendix C.  
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The audit determined that, for the Gas and Liquid Pipeline IMPs, roles and responsibilities are 
defined and documented for the key positions. These two IMPs also describe the accountabilities 
and responsibilities of the relevant TransCanada organizational units, arranged by Threats. The 
roles and responsibilities for each organizational unit are further detailed in the TransCanada 
Engineering Procedures (TEPs) for each Threat, as follows: 

 IMP Management Review: TEP-INT-MREV Pipe Integrity Management Review 
Process; 

 External Corrosion: TEP-ITM-ECOR-CDN External Corrosion Threat Management 
Program; 

 Internal Corrosion: TEP-ITM-IC Internal Corrosion Threat Management Program; 
 Equipment Failure: TEP-ITM-EQUIP Equipment Failure Threat Management Program;  
 Incorrect Operations: TEP-ITM-IOPS Incorrect Operations Threat Management 

Program; 
 Manufacturing: TEP-ITM-MANUF-CDN Manufacturing, Fabrication and Construction 

Threat Management Program;  
 Mechanical Damage: TEP-ITM-MECH Mechanical Damage Threat Management 

Program; 
 Stress Corrosion Cracking: TEP-ITM-SCC-CDN Stress Corrosion Cracking Threat 

Management Program; and  
 Geotechnical: TEP-ITM-WOF Weather and Outside Forces (Geotechnical) Threat 

Management Process. 

Based on documentation reviewed and interviews with personnel, TransCanada’s organizational 
structure, roles and responsibilities for the Gas and Liquid Pipeline IMPs are compliant with the 
requirements for this sub-element. The organizational structures relevant to these two IMPs are 
well defined, with adequate dedicated resources.  

The audit determined that the roles and responsibilities for the Plant IMP are not as well defined. 
In Section 2.2 of the Plant IMP (Lines of Responsibility and Development of IMP/Risk 
Mitigation Process), only high level positions (e.g., Executive Vice President, Vice President, 
Director) are identified with respect to the Plant IMP. The functional key positions for the Plant 
IMP are not specified. The organizational chart in Appendix C of the Plant IMP is considerably 
less detailed than the organizational charts provided in Appendix A of both the Gas Pipeline IMP 
and the Liquid Pipeline IMP.   

During the audit, TransCanada was in the process of revising its Plant IMP. The Facility 
Integrity and Reliability Management Program (FIRM) (EDMS No. 007803540) were approved 
by TransCanada management in July 2013. Section 2.2 (Roles and Responsibilities) of the FIRM 
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more explicitly details the functions and processes of the FIRM Program, departmental 
interactions and the organizational structure. The roles and responsibilities for pressure vessels, 
over-pressure protection, relief valves and tanks were referenced in the appropriate TEPs, 
TransCanada Engineering Specifications (TESs), TransCanada Operating Procedures (TOPs) 
and TransCanada Engineering Directives (TEDs). The FIRM references Section 6 of 
TransCanada’s Quality Assurance Manual (QMS) (EDMS No. 003722000) that identifies the 
roles and responsibilities for pressure vessels, heating boilers and ASME pressure relief vessels 
across the organization. TransCanada’s revised FIRM addresses the requirements of roles and 
responsibilities that were lacking in the Plant IMP. 

In addition to the organizational structure related to TransCanada’s IMPs, the audit assessed the 
roles and responsibilities of integrity personnel as they relate to construction projects.  This 
information was required because the IMPs are under the main organizational structure of 
Operations and Engineering (O&E), while construction activities are under the main 
organizational structure of Major Projects.  In light of this separate organizational structure, the 
audit assessed whether sharing of information on integrity related issues, incidents and learnings 
identified is occurring.  Sharing of information related to issues identified during the operational 
life of pipelines and facilities (by the IMP personnel) is important because it could require 
changes to the design and/or construction of future pipelines and facilities (by the Major Projects 
personnel). Conversely, sharing of information related to issues identified during construction is 
important because it could have an impact on the subsequent IMPs for both pipelines and 
facilities. 

During audit interviews, TransCanada explained how its Capital Projects Management System 
requires that functional engagement and support between O&E and Major Projects occur, and 
that the O&E Functional Engagement and Support document describes the engagement 
accountabilities for the Project Manager, Project Engineering Manager and the Integration 
Manager.  The documents and records examined confirmed adequate communication between 
the O&E integrity personnel and Major Projects personnel. 

Summary: Organizational Structure, Roles and Responsibilities 

The Management System Audit Element 3.1, Organizational Structure, Roles and 
Responsibilities, requires a company to have an organizational structure that allows its 
management and protection programs to effectively function. It also requires companies to have 
clear roles and responsibilities, which may include responsibilities for the implementation of 
these programs. 
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TransCanada has approximately 310 employees performing work related to its integrity 
management programs across its Canadian pipeline system. This is complemented by 
approximately 80 field technicians who execute integrity-related activities. 

The audit determined that for gas and liquid pipeline IMPs, roles and responsibilities are well-
defined and have adequate, dedicated resources. The audit also assessed TransCanada’s revised 
plant IMP, now known as the Facility, Integrity and Reliability Management Program (FIRM), 
and found that it addresses the roles and responsibilities that were lacking in the previous 
version. 

Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 

 
Compliance Status: Compliant 
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3.2 Management of Change 

Expectations: The Company shall have a management of change program. The program should 
include: 
• identification of changes that could affect the management and protection programs; 
• documentation of the changes; and 
• analysis of implications and effects of the changes, including introduction of new risks or 

hazards or legal requirements. 

References: 

OPR-99 section 6 
CSA Z662-11, Clause 3.1.2 (g) 
 

Audit Assessment 

This Management System sub-element was not formally assessed during the Integrity 
Management Program audit.  

Compliance Status: Not Assessed 
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3.3 Training, Competence and Evaluation 

Expectations: The company shall have a documented training program for employees and 
contractors related to the company’s management and protection programs. The company shall 
inform visitors to company maintenance sites of the practices and procedures to be followed. 
Training requirements should include information about program-specific policies. Training 
should include emergency preparedness and environmental response requirements as well as the 
potential consequences of not following the requirements. The company shall determine the 
required levels of competency for employees and contractors. Training shall evaluate 
competency to ensure desired knowledge requirements have been met. Training programs should 
include record management procedures. The training program should include methods to ensure 
staff remains current in their required training. The program should include requirements and 
standards for addressing any identified non-compliances to the training requirement. 
 
References: 

OPR-99 sections 4, 18, 29 and 46 
CSA Z662-11, Clauses 3.1.2(c), 3.2 and 10.2.1 

Audit Assessment: 

General 

During interviews and in documents submitted, TransCanada stated that it has a documented 
training program for employees and internal contractors related to its Integrity Management 
Programs (IMPs). TransCanada indicated that training requirements for external contractors are 
specified within its service contracts that are verified through inspections and supervision by 
TransCanada personnel. 

TransCanada uses the following methods to manage the training and qualification of employees, 
and in some instances internal contractors: 

 Learning Management System (LMS); 
 Active Management; 
 Practice of Engineering (POE); and 
 Performance Management Process. 
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Learning Management System 

The LMS is a web-based tool used to manage the training and competency evaluation for 
TransCanada employees and internal contractors. LMS is also used to document the results of 
technical tasks evaluated through three competency evaluation methods (Manager Review, 
Discuss and Describe, and Jobsite Observation), which are discussed below. Any worker who 
has not been deemed competent or qualified for a particular task is prohibited from 
independently performing that task. 

Field Role Technical Competency 

In 2011, TransCanada introduced its Field Role Task Evaluation Project to improve the quality 
of the learning, development and competency evaluation programs related to field-based work. 
The competency evaluation method and training requirements for field technical tasks utilizes a 
model developed by the Canadian Gas Association and has been adapted for TransCanada’s use. 
For field role evaluations, interviews or jobsite task observations or simulations are required to 
demonstrate competency. TransCanada uses three methods of competency evaluation: 

 Manager Review – Applies to low risk level task evaluations. Under this method of 
evaluation, the manager, in consultation with a Qualified Technician, will approve task 
competency of the employee.  

 Discuss and Describe – Applies to medium risk level task evaluations. Under this method 
of evaluation, the manager will approve task competency of an employee based on a 
successful interview evaluation conducted by a qualified evaluator. 

 Jobsite Observation – Applies to high risk level task evaluations. Under this method of 
evaluation, the manager will approve task competency of the employee based on 
successful jobsite task simulation or performance in the presence of a qualified evaluator. 

 
Active Management 

TransCanada’s leadership is responsible for ensuring that its employees and internal contractors 
are properly trained and competent to perform their assigned tasks. Managers complete this by 
actively assigning and monitoring work, providing feedback and reviewing staff competency on 
an ongoing basis. 

Practice of Engineering (POE) 

TransCanada’s POE specification, TES-ENG-POE (EDMS No. 003672108), defines the required 
professional member jurisdictional registration for engineering staff and defines scope of 
practice. APEGA (Association of Professional Engineers and Geoscientists of Alberta) 
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registration is a hiring requirement for engineering positions located in Alberta. The POE 
specifies qualifications for Engineer-in-Charge, Responsible Engineers and design discipline 
checkers. The Engineer-in-Charge is accountable for ensuring that personnel carrying out 
engineering work are qualified and competent to do so for the jurisdiction in which the 
engineering and construction are occurring. 

Performance Management Process 

During the audit interviews and document review, TransCanada stated that it monitors and 
manages employee development and training through its Performance Management Process 
(PMP), which is used to establish annual performance expectations and document the 
development and training plan of each employee. The PMP identifies employee development 
requirements, including training. Adjustments are made to an employee’s development plan to 
meet evolving job requirements, as required. Performance management, specifically related to 
pipe integrity, is documented in TEP-INT-COMP Pipe Integrity Hiring, Training and 
Competency Evaluation Procedure (EDMS No. 007379172), that outlines the methodology used 
to identify and communicate training requirements and evaluation of competency. Records of 
training and competency, which were reviewed during the audit, are provided in Element 4.1 
Inspection, Measurement and Monitoring, as they applied to TransCanada’s programs.  

Summary: Training, Competence and Evaluation 

The Management System Audit Element 3.3, Training, Competence and Evaluation, requires a 
company to have a documented training program for employees and contractors related to the 
company’s management and protection programs. Training program should include program-
specific policies, emergency preparedness, environmental response and information on the 
potential consequences of not responding appropriately. Training must also evaluate the 
competency to ensure knowledge requirements have been met. 
 
Based on documents and records reviewed, the audit determined that TransCanada has 
developed effective methods to manage the training and qualification of its employees and 
contractors as follows: 

 Learning Management System (LMS), a web-based tool to document competency 
evaluation methods and track whether employees and contractors have been deemed 
qualified for a particular task; 
 

 Active Management, a leadership tool to actively assign and monitor work, provide 
feedback, and provide ongoing review of staff competency; 
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 Practice of Engineering (POE), which defines the required professional registration for 
engineering staff, defines scope of practice and specifies qualifications for the Engineer-in-
Charge; and 
 

 Performance Management Process, used to establish annual performance expectations and 
document the development and training plan of each employee. 

 
Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 

 
Compliance Status: Compliant 
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3.4 Communication 

Expectations: The Company shall have an adequate, effective and documented communication 
process(es): 

• to inform all persons associated with the Company’s facilities and activities (interested 
persons) of its management and protection programs policies, goals, objectives and 
commitments; 

• to inform and consult with interested persons about issues associated with its operations; 
• to address communication from external stakeholders; 
• for communicating the legal and other related requirements pertaining to the management 

and protection programs to interested persons;  
• to communicate the program’s roles and responsibilities to interested persons. 
 

References: 

OPR-99 sections 4, 18, 28, 29, 40, 47 and 48 
CSA Z662-11 Clauses 3.1.2 (d) and 3.2  
 

Audit Assessment 

This Management System sub-element was not formally assessed during the Integrity 
Management Program audit.  

Compliance Status: Not Assessed 
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3.5 Documentation and Document Control 

Expectations: The Company shall have documentation to describe the elements of its 
management and protection programs- where warranted. The documentation should be reviewed 
and revised at regular and planned intervals. Documents should be revised immediately where 
changes are required as a result of legal requirements or where failure to make immediate 
changes may result in negative consequences. The Company should have procedures within its 
management and protection programs to control documentation and data as it relates to the risks 
identified in element 2.0. 

References: 

OPR-99 sections 4, 27, 47 and 48  
CSA Z662-11, Clauses 3.1.2 (e)(f), 3.2 and 10.5.1.1 (d) 
 

Audit Assessment 

This Management System sub-element was not formally assessed during the Integrity 
Management Program audit.  

Compliance Status: Not Assessed 

 
013683



 

________________________________________________________________________________________________________ 
OF-Surv-OpAud-T211- 2012-2013 01                                            Page 25 of 92 
TransCanada OPR-99 Integrity Management 
Programs Final Audit Report 
February 2014 
Appendix II   
 

3.6 Operational Control-Normal Operations 

Expectations: The company shall establish and maintain a process to develop, implement and 
communicate mitigative, preventive and protective measures to address the risks and hazards 
identified in elements 2.0 and 3.0. The process shall include measures to reduce or eliminate 
risks and hazards at their source. 

References: 

OPR-99 sections 4, 27, 36, 37, 39 and 40 
CSA Z662-11, Clause 3.1.2(f), 3.2 and 10 
 

Audit Assessment: 

General 

During interviews and in documents submitted, TransCanada stated that it establishes and 
maintains processes to develop, implement and communicate surveillance and condition 
monitoring, and preventive, protective, mitigative, and remedial measures to address identified 
risks and threats.  

Once TransCanada has completed its risk analysis and threat identification, integrity actions are 
selected to control and manage identified and potential threats. The selected actions are 
documented in TransCanada’s annual Pipe and Facility Maintenance Plans (Maintenance Plans). 
Following implementation of the Maintenance Plans, the results are analyzed as part of 
TransCanada’s improvement cycle. The audit confirmed that the processes for the development 
of the Maintenance Plans are documented in TransCanada’s Integrity Management Programs 
(IMPs). The relevant sections of the IMPs are: 

 Gas Pipeline IMP, Sections 11 and 12;  
 Liquid Pipeline IMP, Sections 6 and 9; and 
 Plant IMP, Sections 4 and 5.  

TransCanada’s Pipe Integrity Threat Management Programs (Threat Management Programs) 
provide a listing of appropriate integrity measures employed for managing specific types of 
threats. The Threat Management Programs are as follows:  

 Mechanical Damage Threat Management Program (TEP-ITM-MECH, EDMS No. 
006786487);  
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 External Corrosion Threat Management Program (CDN) (TEP-ITM-ECOR, EDMS No. 
006570955);  

 Internal Corrosion Threat Management Program (TEP-ITM-IC, EDMS No. 006786402);  
 Stress Corrosion Cracking Threat Management Program (TEP-ITM-SCC-CDN, EDMS 

No. 005767613);  
 Equipment Failure Threat Management Program (TEP-ITM-EQUIP, EDMS No. 

006786449);  
 Incorrect Operations Threat Management Program (TEP-ITM-IOPS, EDMS No. 

006810297);  
 Construction and Manufacturing Threat Management Program (TEP-ITM-MANUF, 

EDMS No. 006786458);  
 Weather and Outside Forces Management Program (TEP-ITM-WOF, EDMS No. 

005767611); and 
 Facility Pipe Threat Management Program (CDN) (TEP-ITM-FPIPE-CDN, EDMS No. 

007379193). 

The reviewed threat control and risk reduction activities employed by TransCanada can be 
divided into the following five categories (discussed in more detail below): surveillance and 
condition monitoring; proactive measures; preventive measures; mitigative measures; and 
remedial measures.  These threat control and risk reduction activities are addressed within the 
Gas Pipeline IMP, Liquid Pipeline IMP, and the Plant IMP, as well as within the individual 
Threat Management Programs.  

Surveillance and Condition Monitoring  

Surveillance and condition monitoring is used to detect the presence of threats and monitor threat 
progression. TransCanada’s activities associated with surveillance and condition monitoring 
include: 

 Pipeline patrols (TOP Pipeline Right of Way Procedures Canada (EDMS No. 
003672613), TOP Aerial Pipeline Patrol (EDMS No. 003672387) and Pipeline Ground 
Based Patrols (EDMS No. 003875137)); 

 Leak detection surveys (Natural Gas Leak Detection Procedure Canada (EDMS No. 
003676669));  

 Cathodic protection surveys (TEP-CP-PRGM Corrosion Prevention Program (EDMS No. 
006786483) and TES-CP-SS Cathodic Protection Survey Specification (EDMS No. 
003670956));  
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 Geotechnical and water crossing surveys (Phase I Geologic Hazards Assessment 
Canadian Portion of the Keystone Oil Pipeline Alberta, Saskatchewan, Manitoba, Canada 
(103-93179), TEP-ITM-WOF Weather and Outside Forces Management Program 
(EDMS No. 007773954) and TOP Pipeline Underwater Inspections (EDMS No. 
003671756)); and 

 Various types of facilities and equipment inspections, with some examples of these being 
the TransCanada Engineering Procedures (TEP) or TransCanada Operating Procedures 
(TOP) as follows: TEP-ITM-FPIPE-CDN Facilities Piping Integrity Management 
Program (EDMS No. 007379193), TEP-ITM-EQUIP Equipment Failure Threat 
Management Program (EDMS No. 006786449), TOP Critical Gas Pressure Regulator 
Inspection and Maintenance (DEMS No. 007585439), TOP Valve and Valve Operator 
Inspection and Servicing (EDMS NO. 003849601), TOP Control Valve Inspection 
Canada and Mexico (EDMS No. 003832589) and TOP Pipeline Pressure Relief Valve 
Blow Off Valve Inspection (EDMS No. 003866831).  

Preventive Measures  

Preventive measures are intended to eliminate or prevent the presence of a threat and may 
include improved manufacturing and construction practices, improved material selection, 
increased security, public awareness activities and signage. The Board reviewed several 
TransCanada Operating Procedures (TOPs) that describe and direct TransCanada’s Public 
Awareness Program (PAP). TransCanada’s PAP is intended to eliminate or reduce potential 
third-party damage through communications with the public, excavators and contractors, 
emergency officials and local public officials. The Public Awareness Program is documented in 
the TOP Pipeline Public Awareness Program Plan (EDMS No. 003860909). The TOP One Call 
and Locating and Marking Procedures Canada (EDMS No. 003671859) details the necessary 
steps to complete prior to undertaking activities such as any ground disturbance, heavy 
equipment travel, excavating, blasting, or construction within 30 meters of facilities. The TOP 
TransCanada Signage Procedure (EDMS No. 003676680) provides information on sign types, 
sizes, content and posting areas, depending on the intent of the sign. While documents were 
received with respect to TransCanada’s PAP, it was not assessed in detail in this IMP audit.  

Protective Measures  

Physical protective measures are intended to guard the pipeline and facilities equipment against 
damage and failure. Coatings are an example of protective measures, as they are intended to 
separate the pipe from sources of corrosion. The consensus in industry is that corrosion 
prevention is most effective when a high integrity coating is used in conjunction with cathodic 
protection. The Board reviewed TransCanada’s Corrosion Prevention Program (TEP-CP-PRGM, 
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EDMS No. 006786483, TES-CP-CR Cathodic Protection Criteria Specification EDMS No. 
00378793, and TES-CP-SS Cathodic Protection Survey Specification EDMS No. 003670956) 
detailing the characteristics of its program to mitigate corrosion on protected structures using 
cathodic protection and assessed it to be adequate.  

Mitigative Measures  

Mitigation methods are intended to reduce failure probability or failure consequences, and 
include methods such as pressure reduction, pipe material upgrades, slabbing over pipelines, 
increased backfill, equipment upgrades, pipeline rerouting, corrosion inhibitor injection, 
secondary containment and pig cleaning runs. The methods considered for risk reduction and 
threat control depend on the threat type. During the audit, the Board noted that TransCanada’s 
IMPs, as well as the Threat Management Programs, included adequate mitigative options to 
address potential threats and risks. For example, preventive and mitigative measures are detailed 
in Section 9 of the Liquid Pipeline IMP.   

Remedial Measures  

Remediation is completed to correct known issues, such as pipeline defects and excessive 
stresses due to geotechnical concerns (e.g. ground movement). Data inputs, such as defect 
assessments, hydrostatic testing, monitoring measurements, and indirect examination results are 
analyzed to identify areas requiring further investigation and/or repairs. During the audit, the 
Board noted that TransCanada’s Threat Management Programs and IMPs reference specific 
procedures for gathering additional data, analyzing monitoring and assessment results, and 
assessed them as being adequate.   

The audit examined examples of TransCanada’s procedures for analyzing in-line inspection 
results, where imperfections are evaluated to determine threats to the integrity of the pipeline. 
Special consideration is given to features such as dents, girth welds or seam welds that might be 
associated with other conditions. The following TransCanada procedures detail the approaches to 
analyze in-line inspection results:  

 Analysis of Deformation In-Line Inspection Data for Canadian Pipelines (TEP-ILI-DEF-
CDN, EDMS No. 006980190);  

 Analysis of EMAT Crack Detection In-Line Inspection Data for Gas Pipelines (TEP-ILI-
EMAT, EDMS No. 006980178);  

 Analysis of Hard Spots in In-Line Inspection Data (TEP-ILI-HS, EDMS No. 
006980212); and  

 Analysis of In-Line Inspection Data (TEP-INT-ILI-CDN, EDMS No. 006570876).  
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Activities such as direct evaluation and hydrostatic testing may be required to further 
characterize suspected and identified features. Methods of defect repair include recoating, pipe 
cut-outs and strain reliefs, as well as installation of sleeves, composite reinforcement wraps and 
clamps. Assessments and anticipated remedial measures are then included in TransCanada’s 
Maintenance Plans.  

Defect Assessment and Repair Procedures  

For investigation of known or suspected features, non-destructive testing methods may be used, 
and might require pipeline exposure. A temporary reduction in operating pressure or other safety 
measures may be implemented to ensure that safety is maintained. Analysis of the data gathered 
in consideration of the design, material, construction, operating and maintenance history and 
expected operating conditions of the pipeline determines appropriate remediation and repair 
methods necessary to return the pipeline to full service. During the audit, the Board reviewed 
TransCanada’s procedures that are relevant to these activities:  

 TOP Pipeline Restriction Procedure (EDMS No. 003820831);  
 TOP Pipeline Defect Assessment and Repair Procedures (EDMS No. 003674615);  
 TOP Maximum Pressure for Pipelines With Known or Suspected Integrity Concerns 

(EDMS No. 003671945); and  
 Assessment of Features in Pipelines (TEP-INT-FASS, EDMS No. 004214235).  

The Board also reviewed records of TransCanada’s voluntary pressure restrictions that were in 
place during pipe exposure, defect assessment and repair and noted that TransCanada had 
followed its required procedures. 

Hydrotest Procedures for Defect Testing 

Pressure testing is a method that produces a pass/fail result for defects contained in the pipeline 
test segment. Defects detected through pressure test failures are remediated by 
removal/replacement of the affected pipe segment. Hydrostatic Test Specification for Integrity 
Testing of Existing Pipelines (TES-HYDRO-HT4, EDMS No. 003697288) describes the 
procedure for pressure testing an existing pipeline to validate its suitability for continued 
operation at a previously qualified maximum operating pressure.  During the audit, the Board 
reviewed TransCanada’s hydrotest procedure and assessed it as being adequate. 
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Approving, Documenting and Communicating the Maintenance Plans  

Maintenance Plans for the remedial activities described previously are presented to TransCanada 
management for review and approval. For Pipe Integrity, information on the Maintenance Plan is 
communicated as per Pipe Integrity Communication Procedure (TEP-INT-COMM, EDMS No. 
006980248). The Vice President of Engineering and Asset Reliability approves the Maintenance 
Plans for Pipe Integrity and Facilities Integrity. Preventive maintenance work is communicated, 
documented and tracked in Avantis, which is a maintenance management system that is used by 
TransCanada. 

Maintenance Plan Implementation  

Maintenance Plans are implemented by integrity personnel, central planning personnel, regional 
staff, and project managers of Pipeline Maintenance Projects, as appropriate. A program 
schedule is developed based on the urgency of risk reduction, operational efficiencies, resource 
and material availability and access. Repair or mitigation of known conditions may be scheduled 
independently of other activities if an urgent action is required. If a planned activity cannot be 
completed within the established timeframe, justification for the deferral and an explanation of 
why the change will not jeopardize integrity are documented through either a variance (System 
Improvement Decision Summary Variance Approval, EDMS No. 003909431) or a management 
of change (TEP-INT-MOC Pipe Integrity Management of Change Procedure, EDMS No. 
006425143), as appropriate. A temporary reduction in operating pressure or other appropriate 
actions may be required. Section 12 of the Gas Pipeline IMP, Section 7 of the Liquid Pipeline 
IMP, and Sections 4 and 5 of the Plant IMP address implementation of the Maintenance Plans.  

Conducting Maintenance Plans  

TransCanada stated that all surveillance and condition monitoring, as well as preventive, 
protective, mitigative and remedial activities, are conducted, managed and monitored in a 
manner that is intended to minimize environmental and safety risks. The Health, Safety and 
Environment (HS&E) Management System (EDMS No. 003721961) contains more specific 
information on how these risks are managed. HS&E was not in the scope of the audit and was 
therefore not assessed during this IMP audit.  

Maintenance Plan Evaluation and Communication 

Evaluations of the effectiveness of Maintenance Plans are completed periodically by 
TransCanada’s Integrity Program Managers, Threat Program Managers, and Integrity Plan 
owners in consideration of the following:  

 past and current assessment results;  
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 data integration and risk assessments;  
 remediation results; 
 performance of new technology or applications; 
 non-conformances/non-compliances;  
 performance measures; and  
 incident investigations. 

The maintenance plan evaluation results may be used to modify the programs, if required. For 
Pipe Integrity, the evaluations are documented in threat-specific Pipeline Maintenance Annual 
Reports and in the Assessment Plan for hazardous liquids. The Pipeline Maintenance Plan 
Annual Reports are communicated to management as per the Pipe Integrity Communication 
Procedure (TEP-INT-COMM, EDMS No. 006980248). For Facilities Integrity, Maintenance 
Plan results are communicated to management through performance measure reports, activity 
reports and integrity plans.  

Summary: Operational Control-Normal Operations 

The Management System Audit Element 3.6, Operational Control – Normal Operations, requires 
a company to establish and maintain a process to develop, implement and communicate 
measures meant to mitigate, prevent and protect against the hazards identified in sub-sections 2.0 
and 3.0. This includes measures to proactively reduce or eliminate risks and hazards at their 
source. 
 
The audit determined that TransCanada’s threat management programs provide a listing of 
appropriate integrity measures for managing identified risks and threats. Some of these threats 
include but are not limited to: pipeline corrosion; construction and manufacturing; weather and 
outside forces; and mechanical damage.  

TransCanada was found to manage these risk and threats through in the following ways: 
 

 Surveillance and condition monitoring used to detect the presence of threats and monitor 
threat progression; 
 

 Preventative measures intended to eliminate or prevent the presence of threats such as 
improved material selection, public awareness activities and signage; 

 
 Physical protective measures intended to protect infrastructure from damage and failure 

such as pipeline coating to prevent corrosion; 
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 Mitigation measures to reduce the probability of failure and related consequences such as 
pipeline rerouting, pressure reductions and equipment upgrades; 

 
 Remediation to correct known issues (including maintenance plan development, 

implementation evaluation and communication); 
 

 Non-destructive testing methods to investigate known or suspected anomalies; and 
 

 Hydrotesting that produces a pass/fail result for defect identification. 
 

Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 

 
Compliance Status: Compliant 

 
013691



 

________________________________________________________________________________________________________ 
OF-Surv-OpAud-T211- 2012-2013 01                                            Page 33 of 92 
TransCanada OPR-99 Integrity Management 
Programs Final Audit Report 
February 2014 
Appendix II   
 

3.7 Operational Control-Upset or Abnormal Operating Conditions 

Expectations: The company shall establish and maintain plans and procedures to identify the 
potential for upset or abnormal operating conditions, accidental releases, incidents and 
emergency situations. The company shall also define proposed responses to these events and 
prevent and mitigate the likely consequence and/or impacts of these events. The procedures must 
be periodically tested and reviewed and revised where appropriate (for example, after emergency 
events). 
 
References: 

OPR-99 sections 4, 32, 37, 40 and 52 
CSA Z662-11, Clauses 3.1, 3.2, 4.18, 10.9.5   

Audit Assessment: 

General 

During interviews and in documents submitted, TransCanada stated that it has the operational 
controls and procedures that are to be followed to identify the potential for operational upset or 
abnormal operating conditions, and it has developed the plans and procedures to prevent and 
mitigate the impacts of these upset or abnormal operating events. TransCanada also submitted 
procedures that would be implemented in response to pipeline and facilities upset or abnormal 
operating conditions, including accidental releases, incidents or emergency situations. 
TransCanada’s emergency response plan (ERP) was not within the scope of this audit and was 
therefore not assessed during this IMP audit.  

Pipelines – SCADA  

Oil Control Operations  

The Keystone Pipeline is remotely monitored and controlled from TransCanada’s Calgary based 
Oil Control Centre (OCC). Pipeline controllers at the OCC are responsible for the overall 
operation of the pipeline 24 hours a day, 365 days a year. Pipeline controllers monitor critical 
data points along the pipeline and are able to issue supervisory commands such as pump 
start/stop and valve open/close commands using a computerized Supervisory Control and Data 
Acquisition (SCADA) system. To address service reliability, the OCC has fully redundant 
SCADA and leak detection systems. In the event of a SCADA or leak detection system failure, a 
hot standby system will immediately take over. If both the OCC primary and standby systems 
become unavailable due to a catastrophic event, a secondary Back-Up Control Centre contains 
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full duplicate primary and secondary SCADA and leak detection systems.  CSA Z662-11, Annex 
M (Informative), Guidance for System Control, Monitoring and Protection of Liquid Pipelines, 
provides non-mandatory guidance for the use of SCADA. TransCanada’s use of a SCADA 
system for the Keystone Pipeline conforms to this non-mandatory guidance. 

The Keystone Pipeline is operated in accordance with its written operating procedures for 
normal, abnormal and emergency operations. TransCanada stated that the procedures comply 
with CSA Z662-11, Clause 10.5.2, Pipeline Emergencies. OCC procedures are documented and 
available to the OCC controllers via an internal OCC website. The OCC procedures include 
normal operations, abnormal/emergency operations, leak detection operations and incident 
management. The OCC emergency procedures were outside the scope of this IMP audit and 
were not formally assessed. 
 
Examples of TransCanada's Operating Procedures (TOPs) provided to support operational 
control are: TOP Emergency Shutdown System Inspection (EDMS NO. 003830466), 
TransCanada Commissioning Procedures, Station Control System and Commissioning Check 
Sheet - Station Control System (both documents have an effective date of 2012/05/01 but have 
no document ID numbers), and SCADA Mainline Unit speed Control Commissioning Guide 
(Document ID N/A, but the internal TransCanada Website address is given as http://wscada). 
 

Gas Control Operations  

TransCanada’s gas pipeline operations are remotely monitored and controlled from the Calgary 
Gas Control (GC) Centre. Pipeline controllers are responsible for the overall operation of the 
pipeline 24 hours a day, 365 days a year. The pipeline controllers monitor critical data points 
along the pipeline and are able to issue supervisory commands such as compressor start/stop and 
valve open/close commands using a computerized SCADA system.  To address service 
reliability, the Gas Control SCADA systems are fully redundant. If the primary SCADA system 
fails, a hot standby system will immediately take over. If both the Gas Control primary and 
standby systems become unavailable due to a catastrophic event, a secondary Back-Up Control 
Centre contains a full duplicate primary and secondary Gas Control SCADA system. CSA Z662-
11, Annex M (Informative), Guidance for System Control, Monitoring and Protection of Liquid 
Pipelines, provides non-mandatory guidance for the use of SCADA for liquids pipelines only. 
TransCanada’s use of a SCADA system for its gas pipeline operations is voluntary and conforms 
to the intent this non-mandatory guidance. 

TransCanada’s gas pipeline system is operated in accordance with written operating procedures 
for normal, abnormal and emergency operations. TransCanada stated that the procedures comply 
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with CSA Z662-11, Clause 10.5.2, Pipeline Emergencies. Gas Control consists of two processes, 
the Monitor and Control Process (EDMS No. 003835728) and the Emergency Preparedness and 
Response Process (EDMS No. 003835729). The Monitor and Control Process describes the 
methodology used to ensure that the 24-hour operation of the pipeline system is carried out under 
controlled conditions. The Emergency Preparedness and Response (ERP) Process describes the 
methodology used to ensure programs, processes and plans are in place to ensure controlled 
responses to emergency situations. While TransCanada provided information on its emergency 
preparedness and response program, its ERP program was not formally assessed in this IMP 
audit. 

Facility Automation 

Oil Operations  

During the audit interviews, TransCanada stated that the Keystone Pipeline pump stations and all 
other oil pipeline facilities, including terminals and pipeline isolation valve sites, are equipped 
with fully automated control systems. These control systems monitor critical parameters, such as 
pressures and flows, 24 hours a day, 365 days a year, and will automatically regulate these 
parameters as required. If any parameter exceeds normal operating limits, the local control 
system will automatically shut down the oil facility. Key elements of the facility control systems, 
as related to abnormal or emergency operations, are: facility emergency shutdown (ESD) and 
isolation; pressure control and overpressure protection; and fire detection.  

Gas Operations  

During the audit interviews, TransCanada stated its compressor stations are equipped with fully 
automated control systems. These control systems monitor critical parameters, such as pressures 
and temperatures, 24 hours a day, 365 days a year, and will automatically regulate these 
parameters as required. If any parameter exceeds normal operating limits, the local control 
system will automatically shut down the facility. Key elements of the gas facility control 
systems, as related to abnormal or emergency operations, are: facility ESD and isolation; 
pressure control and overpressure protection; and fire and gas detection. 
 
CSA Z662-11, Clause 10.9.1.1, Compressor and Pump Units, states that “Gas compressor and 
pump units shall be started, operated, and shut down in accordance with procedures established 
by the operating company”. TransCanada’s facility automation for both its oil and gas operations 
is in compliance with the requirements of CSA Z662-11.  
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Station ESD and Isolation  

Oil Operations  

During the audit interviews, TransCanada stated that its pump stations are equipped with an ESD 
system that is designed to automatically isolate the station from the pipeline upon the occurrence 
of abnormal conditions. An ESD event will result in the immediate shutdown of all pumps, both 
the mainline pumps as well as sump re-injection pumps. Once the pumps have shut down, the 
station mainline bypass valve opens and station suction and discharge side valves close. The 
station valves are interlocked so that the station suction and discharge side valves do not close 
until the station mainline bypass valve is fully open. Once a pump station is in emergency 
shutdown, it is locked out to the OCC until the incident is investigated and cleared by a facility 
technician. An “Isolate” command is also available to the OCC and is intended for non-
emergency isolation at the pump station. This will result in the station bypass valve opening and 
the side valves closing, but will not lock out the facility to the OCC. Similar ESD systems are in 
place at oil receipt facilities.  

CSA Z662-11, Clause 4.14.3.3(a) states that “Pump stations shall have emergency shutdown 
systems that meet the following requirements: (a) Such systems shall provide a means to block 
liquids out of the station.” TransCanada is assessed to be compliant with this requirement. The 
OPR-99, section 12(a) states that “A compressor station or pump station shall be equipped with 
an alternate source of power capable of (a) operating the station’s emergency shut-down 
system”.  On 6-9 June, 2011, NEB staff conducted an inspection of Keystone’s Portage La 
Prairie, Rapid City, Moosomin and Richardson pump stations located in Manitoba and 
Saskatchewan. The inspection revealed that the pump stations on the Keystone system are not 
equipped with an alternate source of power capable of operating each station’s ESD system and 
NEB staff identified this as a non-compliance with subsection 12(a) of the OPR-99.  
 
On 17 August 2012, the Board issued Order SO-T241-002-2012 directing TransCanada to 
provide a corrective action plan to address a non-compliance to the OPR-99 sub-section 12 (a). 
TransCanada had been found non-complaint with the OPR-99 sub-section 12 (a) because it did 
not have an alternate source of power capable of operating its pump station’s ESD systems. The 
Board accepted TransCanada’s corrective action plan with Amending Order AO-001-SO-T241-
002-2012 on 15 October 2012. The corrective action plan is being implemented and all 
corrective actions are to be completed by 31 March 2014.   
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Gas Operations  

If the facility programmable logic controller (PLC) detects a fire or high gas concentration, or an 
over-pressure condition, it automatically initiates a plant ESD. The ESD will isolate the affected 
plant by closing all adjacent yard valves and opening blow-off valves to vent yard piping. A fire 
condition will also cause plant fire suppression systems to activate, where installed.  

Pressure Control and Over-Pressure Protection 

Oil Operations  

TransCanada stated that its oil pressure control and over-pressure protection systems are 
designed in accordance with CSA Z662-11, Clause 4.18.2: General Design Requirements for 
Systems for Pressure Control and Over-pressure Protection, to ensure that the failure of either 
system will not cause the other to become inoperative.  

Pump station suction and discharge pressures are controlled via a combination of pump speed 
control and pressure control valve modulation. The majority of pump stations are fitted with 
variable frequency drives to control pump speed, and all pump stations are fitted with a pressure 
control valve on the discharge side of the pump station. Upon loss of the control system, all 
pumps at that station will trip and SCADA will drive the upstream pump station to safe discharge 
pressure settings. 

Pump station suction and discharge pressures are monitored by the local facility control system 
and the SCADA system for over-pressure conditions. If suction pressures exceed safe limits, all 
pumps at all stations upstream of the station with the high suction pressure will be immediately 
shut down. If discharge pressures exceed safe limits, all pumps at that station will be 
immediately shut down. If the SCADA system detects a blocked flow path (such as a valve 
closure) anywhere on the pipeline, then all pumps at all stations upstream of the facility with the 
blocked flow will be immediately shut down.  

Gas Operations  

TransCanada’s Gas Control Over-Pressure Procedure (EDMS No. 003723302) references six 
levels of protection to prevent pipeline over-pressure. Four levels of protection take place at 
compressor station locations and protect against over-pressure conditions that are initiated by the 
compressor station only. The fifth and sixth levels of protection, which augment the compressor 
station controls, protect against other sources of pipeline over-pressure. If an over-pressure 
condition occurs, a station’s programmable logic controllers (PLCs) has the ability to slow down 
the operating parameters of the unit, shut down the unit completely, or relieve the pressure via 
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unit or station relief valves. TransCanada stated that typically, over-pressure protection is also 
provided at upstream producer facilities. Requirements for these protection systems are directed 
under the Gas Tariff.  
 
Over-Pressure Hazard 

The Board identified a non-compliance with this audit element related to the management of the 
over-pressure hazard on the NOVA Gas Transmission Ltd. (NGTL) system receipt meter 
stations.  The Board determined that NGTL is not conducting sufficient inspections or audits of 
its customer’s installations to ensure that the NGTL system is operated in compliance with CSA 
Z662-11, Clauses 4.18.1.1, 4.18.1.2 and 4.18.2, and as required by the OPR-99 sections 4 and 
53(1).3  

CSA Z662-11, Clause 4.18.1.2  states that “where failure of the pressure-control system, or other 
causes, can result in the maximum operating pressure of the piping being exceeded, 
overpressure protection shall be installed to ensure that the maximum operating pressure is not 
exceeded by more than 10% or by 35 kPa, whichever is greater.” 

The CSA Z662-11 design requirements for over-pressure protection (OPP) are specified in sub-
clause 4.18.2 as: 

“Systems for pressure control and over-pressure protection shall: 
(a) be designed such that a failure in either system cannot cause the other system to 

become inoperative; 
(b) be designed with sufficient capacity and sensitivity for the intended service; 
(c) be designed for the intended service environment; 
(d) be designed and installed so that they can be readily tested, inspected, and calibrated; 
(e) be designed and installed to prevent unauthorized operation of valves or equipment 

that would make these systems inoperative; 
(f) be designed to minimize the risk of being physically damaged; and 
(g) where practicable, be designed such that a failure will not result in an over-pressure 
condition of the piping”. 

The NEB has reviewed TransCanada’s past incident history and identified over-pressure 
incidents on the NGTL system. Through an Audit Information Request and audit interviews with 
TransCanada, TransCanada was asked to demonstrate how the NGTL approach of relying on its 
customers and NGTL’s General Terms and Agreement (GTA) meets the requirements of CSA 

                                                            
3 See the amended and re-named National Energy Board Onshore Pipeline Regulations, sections 4 and 53(1), for the 
corresponding provisions. 
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Z662-11, Clause 4.18 and the OPR-99 sections 4 and 53(1).  In addition, NGTL was asked 
whether it had implemented the preventative actions highlighted in the NEB’s Safety Advisory 
(NEB SA99-1), which referenced the requirements of CSA Z662-11, Clause 4.18.1.2, on OPP at 
Receipt Points, issued in September 1999.   

TransCanada stated that, as a result of its over-pressure incidents, it had initiated a review of how 
its customers meet the GTA.  TransCanada stated that in December 2010 it implemented a 
procedure for new meter stations that verifies that the customer’s OPP meets CSA Z662-11 
requirements.  TransCanada stated that it has reviewed its customers’ philosophies concerning 
how they meet the GTA for 30 receipt meter stations and that it is currently developing a plan to 
verify compliance to OPP requirements on approximately 1100 additional receipt meter stations.   

Further, TransCanada indicated that in February 2012, it had communicated the following OPP 
Plan of Action to its customers: 

 TransCanada will re-initiate verification of its OPP requirements with NGTL customers 
in April 2013.  

 NGTL stakeholders (including customers) will be informed at that time that in order to be 
compliant with CSA Z662-11, the OPR-99 and NEB Safety Advisories, NGTL will 
require information from all Interconnecting Operators at receipt meter stations regarding 
the status of their OPP Systems. 

 Failure to provide adequate information regarding the status of the Interconnecting 
Operator’s OPP System may ultimately result in either the shut-in of the receipt stations, 
or installation at the customer’s cost of OPP systems at the NGTL receipt stations. 

 A risk-based methodology is used to determine the meter station information required to 
allow both TransCanada and its customers to prioritize the meter stations under initial 
review in 2013. The balance of the meter station information will be required and 
reviewed by the end of 2014. 

 Currently, meter stations with one or more of the following characteristics are prioritized 
to provide OPP information: 

 The meter station has an automated block valve; 
 The meter station has had a prior over-pressure event; and 
 The meter station has one or more producer tie-ins where there are a number of 

unclear areas on how to ensure OPP. In such cases OPP information will be 
required from all of the applicable upstream operators. 

Based on the history of over-pressure incidents on the NGTL system, the fact that TransCanada 
only recently initiated a Plan of Action to verify compliance with the OPP requirements of CSA 
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Z662-11, Clause 4.18, and the fact that the Plan of Action has not been fully implemented, 
TransCanada is not in compliance with this audit sub-element. 

Pressure-Limiting and Pressure-Relieving Systems 

Oil Operations 

Relief valves on the Keystone Pipeline are tested annually, as directed under TransCanada’s 
Relief Valve Inspection and Overhaul Maintenance for Oil Pipelines Procedure (EDMS No. 
007603025), and in accordance with CSA Z662-11, Clause 10.9.5.3.  TransCanada is currently 
assembling the supporting evidentiary data as required by CSA Z662-11, Clause 10.9.5.3(b) to 
assess and justify an appropriate alternate pressure-relief system inspection and maintenance 
interval for these facilities. 

Gas Operations 

The audit identified that settings for mechanical relief valves, as well as pressure relief set-points 
coded into the control system, are managed according to TransCanada’s document Compressor 
Station Limits Canada (EDMS No. 003671820).  

During the audit, TransCanada stated that it overhauls conventional and pilot-operated pressure 
relief valves at three or five-year intervals, in accordance with CSA Z662-11, Clause 10.9.5 
Pressure-control, pressure-limiting and pressure-relieving systems and/or API 576, Inspection of 
Pressure Relieving Devices. CSA Z662-11, Clause 10.9.5.3(b) states that “pressure-relieving 
systems (or devices), except for rupture disks, shall be inspected, assessed, and tested, at least 
once per calendar year with a maximum interval of 18 months (Clause 10.9.5.3(a)) or at 
intervals appropriate to their application and operation, as determined by the operating 
company, as specified in API 576, and in accordance with supporting evidentiary data and 
documentation (Clause 10.9.5.3(b)).”     

The audit determined that TransCanada is moving to a five-year inspection and maintenance 
interval for its pressure-relief inspection and maintenance program, as it assesses the 
requirements for each site under its internal audit process according to the TOP Pressure Relief 
Valve Audit Procedure (EDMS No. 003954090). TransCanada’s Pressure Equipment Quality 
Management System (QMS) and CSA Z662-11, Clause 10.9.5.3(b) both require TransCanada to 
review the equipment to justify extension of inspection intervals. TransCanada stated that, to 
date, no incidents have listed the longer pressure-relief inspection and maintenance interval as a 
contributing factor, and no increase in relief valve incidents have occurred since the move to the 
longer interval was initiated. Based on the evidentiary data and documentation as required by 
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CSA Z662-11, Clause 10.9.5.3(b), TransCanada’s rationale for the increased inspection interval 
is in compliance with requirements for pressure-relief valve inspection and maintenance.  

Leak Detection  

Oil Operations 

The audit identified that TransCanada’s leak detection methodology on oil systems is performed 
via a computerized Leak Detection system that alerts the Oil Control Centre (OCC) controller of 
any suspected leak event, so that the controller can take appropriate action to shut down and 
isolate the pipeline system. In addition, aerial patrols are performed 26 times a year (TOP Aerial 
Pipeline Patrol, EDMS No. 003672387). If a leak is identified during an aerial patrol, the OCC is 
notified to immediately shut down and isolate the system.  CSA Z662-11, Clause 11.18, Leak 
Detection, requires that “Where appropriate, pipelines shall have leak detection systems. Leak 
detection devices and procedures, where used, shall be capable of providing early detection of 
leaks. Where appropriate, line balance methods may be used.” TransCanada’s leak detection 
system for its oil operations is in compliance with the CSA Z662-11 requirements. 

Gas Operations 

During the audit, TransCanada stated that if a leak is detected or suspected on a gas pipeline, the 
guidance provided under the Pressure Control of Leaking Pipelines (EDMS No. 003841207) is 
followed to manage the confirmed or suspected leak. Leak detection on gas pipeline systems is 
also performed via regularly scheduled aerial and ground based patrols in accordance with the 
Natural Gas Leak Detection Procedure (EDMS No. 003676669) and the Pipeline Integrity Leak 
Detection and Evaluation Procedure (TEP-INT-LEAK, EDMS No. 007379105). These 
procedures describe the requirements to perform natural gas leak detection activities. CSA Z662-
11, Clause 11.18, Leak Detection, requires that “Where appropriate, pipelines shall have leak 
detection systems. Leak detection devices and procedures, where used, shall be capable of 
providing early detection of leaks. Where appropriate, line balance methods may be used.” 
TransCanada’s leak detection system for its gas operations is in compliance with the CSA Z662-
11 requirements. 

Gas Quality  

As mentioned in the audit sub-element 4.1 Inspection, Measurement and Monitoring, 
TransCanada has identified key personnel, such as field technicians and gas controllers, who are 
trained to identify and manage gas quality off-specification Tariff conditions. The governance 
and systematic approach to managing gas quality are outlined in the Gas Quality Procedure 
(EDMS No. 003671916) and the H2S Risk Mitigation Procedure (EDMS No. 003999947). At 
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locations where sour potential or other contaminants are of concern, additional instrumentation 
and automated equipment is employed with shut-in capability. In the event that a sour gas slug is 
introduced to the pipeline system, the Alberta and Foothills System H2S Contamination 
Procedure (EDMS No. 003723279) provides procedures and guidelines for Gas Control to 
manage the H2S contamination event. Records of TransCanada’s gas quality monitoring program 
were examined in conjunction with the assessment of the Internal Corrosion Threat Management 
Program (Ref_2_2012 IC Susceptible Lines.xlsx). The programs that TransCanada has 
developed and implemented to manage gas quality are in compliance with the requirements of 
the OPR-99, section 6.5(1) (e) and (f). 

Fire and High Gas Concentration Detection  

During the audit, TransCanada stated that all stations are equipped with sensors to continuously 
monitor for both fire (gas and oil facilities) and high gas concentrations (gas facilities only), as 
per CSA Z662-11. Clause 4.14.2.7 states that “compressor buildings shall have suitable systems 
for the detection of fire and hazardous atmospheres” and Clause 4.14.3.5 states that “pump 
buildings shall have suitable systems for the detection of fire and hazardous atmosphere”. 
TransCanada stated that, as directed by its Fire Detection Equipment Inspection Procedure 
(EDMS No. 005018693), the fire and gas detection equipment are tested and calibrated on 
prescribed maintenance schedules, typically annually or bi-annually, depending on the type of 
detection equipment. Fire and gas detection equipment are on an annual inspection and 
maintenance interval. Catalytic gas detectors have a known susceptibility to gas “poisoning” 
over time, which may reduce their ability to detect gas. Although catalytic gas detectors are not 
typically exposed to gas during normal operations, bi-annual inspections are prescribed by 
TransCanada as a preventive measure.  

In terms of the applicable regulatory requirements for an inspection schedule, CSA Z662-11 
remains silent on the inspection and maintenance interval requirements as does the American 
Petroleum Institute (API) and the National Research Council Canada (National Fire Code of 
Canada, 2010). In general terms, the OPR-99 section 36(b), states that “A company shall 
periodically test instruments and equipment at the pipeline stations to verify their proper and safe 
operation.”4 TransCanada’s inspection and maintenance program frequencies for its fire and gas 
monitoring equipment are therefore assessed to be compliant with these requirements. 

 

 

                                                            
4 See the amended and re-named National Energy Board Onshore Pipeline Regulations, section 36(b), for the 
corresponding provision. 
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Alarm Call-Out System  

During the audit, TransCanada identified its gas control and oil control personnel who monitor 
the pipeline system and acknowledge all alarms that come in through the SCADA system. The 
alarms are grouped in “bundles” that allow the operator to identify from which sub-system the 
alarm originates. The operator then notifies the appropriate field personnel to respond to and 
investigate the alarm. Gas Control direction is provided under the Alarm and Event Management 
Procedure (EDMS No. 003821127). Oil Control direction is provided via various procedures 
available on the OCC web page. TransCanada’s alarm call-out system relates to its emergency 
preparedness and response program, which was not included in the scope of this audit and 
therefore not formally assessed. 

Shutdown Devices and Systems  

During the audit, TransCanada stated that each compressor and pump station contains 
instrumentation and controls which include pressure transmitters, pressure switches, mainline 
valve pressure switches, blow-off valve high-pressure switches, level switches and mainline 
pressure and temperature transmitters. To ensure the equipment is configured and functions 
correctly, guidance is provided under the Control and Monitoring Inspection Procedure (EDMS 
No. 003834760). CSA Z662-11, Clause 10.9, Operation and Maintenance of Facilities and 
Equipment, and more specifically, sub-clause 10.9.1, Compressor and Pump Stations, states that 
“gas compressor and pump units shall be started, operated, and shut down in accordance with 
procedures established by the operating company”. TransCanada’s shutdown devices and 
systems are in compliance with the requirements of CSA Z662-11. 

Valve Operation  

TransCanada stated that remotely located mainline valves on gas pipelines are equipped with 
low-pressure shut-off devices which, when a low-pressure condition is observed, will 
automatically close the valve isolating the pipeline section. Remote mainline valves on the 
Keystone Pipeline are electrically actuated and can be closed and opened, as required, via remote 
command from the OCC.  

The following procedures provide guidance to ensure that pipeline valves (oil and gas) operate as 
required during normal, abnormal and emergency conditions:  

 Control Valve Inspection (EDMS No. 003832589);  
 Gate Valve Position Inspection (EDMS No. 006493970);  
 Oil Pipeline Valve and Valve Operator Inspection (EDMS No. 005505594);  
 Control Valve Inspection Canada and Mexico (EDMS No. 0038332589); 
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 Valve and Valve Operator Leak and Cycle Test (EDMS No. 003864109); and  
 Valve and Valve Operator Inspection and Servicing (EDMS No. 003849601).  

 
CSA Z662-11, Clause 10.9, Operation and Maintenance of Facilities and Equipment, and more 
specifically, sub-clause 10.9.6.2, Valves, states that “Pipeline valves that can be necessary 
during an emergency shall be inspected and partially operated at least once per calendar year, 
with a maximum interval of 18 months between such inspections and operations.”  
TransCanada’s procedure, Valve and Valve Operator Inspection and Servicing (EDMS No. 
003849601), Section 3.0 Frequency, specifies that “inspection shall be conducted once per 
calendar year with a minimum interval between inspections of 18 months.”  TransCanada’s task 
package Control Valve Inspection Canada and Mexico (EDMS No. 0038332589), Section 3.0 
Frequency, specifies “the standard frequency for performing the inspection is M12 (12 
months).” Valve inspection records were reviewed during the audit (Control Valve Inspection 
Track WO No. 741331 and Slam Shut Inspection Track WO No. 725105) to confirm 
implementation of the inspection and maintenance procedures. TransCanada’s procedures for its 
valve maintenance and inspection are assessed to be in compliance with the requirements of CSA 
Z662-11. 

Emergency Preparedness and Response Procedure  

TransCanada’s emergency preparedness and response program (EMP) was not included in the 
scope of this IMP audit and was therefore not formally assessed.  

Summary: Operational Control-Upset or Abnormal Operating Conditions 
 
The Management System Audit Element 3.7, Operational Control – Upset or Abnormal 
Operating Conditions, requires a company to establish and maintain procedures to identify 
potential upset or abnormal operating conditions, accidental releases, incidents and emergency 
situations.  
 
TransCanada has implemented a number of processes and procedures to identify potential upset 
or abnormal operating conditions. TransCanada’s pipeline infrastructure is monitored remotely 
24 hours a day, 365 days a year using a Supervisory Control and Data Acquisition (SCADA) 
system and is backed up by an onsite standby system. In the event that both of these systems fail 
due to a catastrophic event, a secondary control centre at a different location contains full 
duplicate primary and secondary back-up systems.  
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This audit also found that TransCanada’s pressure-limiting and relieving systems, leak detection, 
gas quality, alarm call-out, shutdown devices and valve operation systems were all adequate and 
compliant with the OPR-99 and CSA Z662-11 requirements. 
 
While over-pressure protection for TransCanada’s oil pipeline systems was found to be adequate, 
the Board has determined the NOVA Gas Transmission Ltd (NGTL) system is not conducting 
sufficient inspections or audits of its customer installations to ensure that the system is operated 
in compliance with the OPR-99 and CSA-Z662-11 requirements. Based on that system’s history 
of over-pressure incidents and the fact that TransCanada has not fully implemented its plan of 
action to verify compliance with requirements, the company is not in compliance with the OPR-
99 and CSA-Z662-11 requirements and is therefore not in compliance with this audit sub-
element. 
 
Management System Audit Sub-Element Finding: Based on the documents assessed and 
interviews with personnel for programs related to over-pressure protection systems on the 
Alberta (NGTL) System, TransCanada is assessed to be non-compliant with the requirements of 
the OPR-99 and CSA Z662-11, and is therefore non-compliant with this audit sub-element. 

 
Compliance Status: Non-Compliant 
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4.0 CHECKING AND CORRECTIVE ACTION 
 
4.1 Inspection, Measurement and Monitoring  

Expectations: The company shall develop and implement surveillance and monitoring 
programs. These programs should address contract work being performed on behalf of the 
company. These programs should include qualitative and quantitative measures for evaluating 
the management and protection programs and should, at a minimum, address legal requirements 
as well as the risks identified as significant in elements 2.0 and 3.0. The company should 
integrate the surveillance and monitoring results with other data in risk assessments and 
performance measures, including proactive trend analyses. The company shall have 
documentation and records of its surveillance and monitoring programs. 
 
References: 

OPR-99 sections 4, 27, 28, 36, 37, 39, 47, 48, 53 (1) and 54 (1) 
CSA Z662-11, Clauses 3.1.2(h)(i), 3.2, 9 and 10 

Audit Assessment: 

General 

During interviews and in documents submitted, TransCanada indicated that it has developed and 
implemented surveillance and monitoring programs to address the hazards and risks to its 
pipeline systems. TransCanada’s Engineering and Asset Reliability (E&AR) department is 
accountable for identifying the relevant programs and for ensuring adherence of these programs 
to applicable regulations. Subsequent trending and evaluation of the programs provide input to 
ensure continued effectiveness of the Integrity Management Programs (IMPs).  

It was noted that TransCanada’s processes for monitoring and analyzing hazards are identified 
within the Quality Management, Quality Assurance and Management Review sections of 
TransCanada’s IMPs. 

Surveillance and Condition Monitoring Programs  

Gas Quality Monitoring  

During the audit, TransCanada identified personnel, such as field technicians and gas controllers, 
who are trained to identify and manage gas quality off-specification conditions. The governance 
and systematic approach to managing gas quality are outlined in the Gas Quality Procedure 

 
013705



 

________________________________________________________________________________________________________ 
OF-Surv-OpAud-T211- 2012-2013 01                                            Page 47 of 92 
TransCanada OPR-99 Integrity Management 
Programs Final Audit Report 
February 2014 
Appendix II   
 

(EDMS No. 003671916). At locations where sour potential is of concern, additional 
instrumentation, sour bottles and automated equipment are employed to ensure that off-
specification gas (>16 ppm H2S) does not enter the mainline or reach a sales location.  

Testing methods used to manage the gas quality can include:  

 manual water and hydrocarbon dew points;  
 gas samples (carbon dioxide, oxygen, and heating value);  
 hydrogen sulphide and total sulphur screening via gas samples and on-line 

instrumentation;  
 objectionable material detection via dew point monitoring;  
 orifice plate inspection; 
 H2S gas sniffer analysis; and   
 scrubber and meter run inspections.  

There are currently 292 receipt meter stations with H2S protection on the NOVA Gas 
Transmission Ltd. (NGTL) system. The TransCanada philosophy for sour meter station design is 
to monitor, control, contain, and reject a customer’s gas if off-specification gas is detected. In 
addition, all receipt and delivery meter stations are screened monthly via gas samples for H2S 
and total sulphur levels, and sweet stations are tested monthly through H2S gas sniffer tubes. 
Several mainline H2S analyzers are also installed throughout the NGTL system to detect 
potential H2S slugs that may have entered the system.  

The audit identified that all TransCanada meter stations and compressor stations contain gas 
scrubber equipment. Any recovered liquids are measured on a regular basis. Excessive liquid 
recovery prompts the applicable customer to rectify the problem.  

Non-sour off-specification conditions are managed directly with the customers and may include 
shutting in the customer until the off-specification condition is rectified. As outlined in the 
TransCanada Operating Procedure (TOP) Meter Station General Maintenance Gas Transmission 
(EDMS No. 003834481), the typical visitation schedule at TransCanada meter stations is 
monthly unless otherwise specified. TransCanada stated that the program is considered to be 
effective as there are no known internal corrosion defects caused by off-specification gas 
conditions. The absence of significant defects caused by internal corrosion was confirmed during 
the audit of the Internal Corrosion Threat Management Program. 

With respect to specific requirements for gas quality specifications and monitoring, CSA Z661-
11 remains silent. The requirements for gas quality fall under identification of hazards and 
subsequent development and implementation of monitoring programs for the identified hazards. 
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CSA Z662-11, Clause 3.1, Safety and Loss Management System and specifically Clause 3.1.2 
states “The safety and loss management system shall include the following elements: (f) 
operational controls, including the development of procedures for hazard identification and risk 
management, design and material selection, construction, operations and maintenance, pipeline 
system integrity management, and security management.” TransCanada was assessed to be in 
compliance with the requirements for control and monitoring of gas quality for its gas pipeline 
operations. 

Table 4.1 summarizes the gas quality indices in the general terms and conditions section of each 
tariff.  

 
Gas Quality 

Specifications 
NGTL Canadian 

Mainline 
Foothills (SK) 

Zone 9 
Foothills 

(BC) Zone 
8 

TQM 

Hydrogen 
sulphide 

23 mg/m3 23 mg/m3 23 mg/m3 23 mg/m3 23 mg/m3 

Total  
sulphur 

115 mg/m3 115 mg/m3 230 mg/m3 230 mg/m3 115 
mg/m3 

Carbon dioxide Max 2% Max 2% Max 2% Max 2% Max 2% 

Oxygen Max 0.4% Max 0.4% Max 0.4% Max 0.4% Max 0.4% 

Temperature 49ºC 50ºC 49ºC 43.3ºC 50ºC 

 
Heating value 

Min 36 
MJ/m3 

Min 36 MJ/m3, 
Max 41.34 

MJ/m3 

Min 36 MJ/m3 Min 36 
MJ/m3 

Min 36 
MJ/m3 

Water Max 65 
mg/m3 or 
min -10C 
@ >8,275 

kPa 

Max 65 mg/m3 Max 65 mg/m3 
or min -10 C 

@ >,8275 kPa 

Max 65 
mg/m3 or 
min -10 C 
@ >8,275 

kPa 

Max 65 
mg/m3 

Hydrocarbon 
Dew Point 

Min -10 C 
@ 

operating 
pressure 

Min -10 C @ 
5,500 kPa 
absolute 

Min -10 C @ 
operating 
pressure 

Min -10 C 
@ operating 

pressure 

Not 
specified 
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Sediment and Water Monitoring 

Sediment and water (S&W) is a measure of the residual unwanted impurities (water and 
particulate matter) that are contained in crude oil, which is applicable to the Keystone Pipeline. 
TransCanada stated that every oil batch is tested for compliance with an S&W maximum of 
0.5% of volume as per Article 4.2(ii) of the Keystone Petroleum Tariff agreements. In addition to 
the manual testing used for custody transfer, the Hardisty terminal is equipped with an online 
water cut analyzer to continuously measure the receipt water cut, to ensure that off-spec product 
does not enter the pipeline undetected. Beyond efforts to minimize S&W within the product 
stream, samples of crude and sediment (sludge) were collected from early cleaning runs across 
the Keystone Pipeline system in order to assess its corrosivity. TransCanada identified that the 
exposure tests using these samples validated that, in the absence of sludge, and exposed to 
pipeline crude only, the corrosion rate was negligible.  

Information reviewed identified that the Keystone Pipeline system was designed to minimize the 
potential for sediment accumulation by having a nominal flow rate that generates a turbulent 
flow regime (maintains water and sediment suspended and entrained in the crude). Typically, 
sediment deposition is unavoidable during situations such as line fill and initial start-up. 
Accordingly, cleaning tools were run the entire length of the system twice after initial start-up. 
As well, a cleaning tool is also run prior to each in-line inspection (ILI) run. By early 2013 all 
ILI metal loss runs on the Keystone Pipeline system in Canada will be completed. Re-inspection 
is currently scheduled on a five-year interval. The ILI data is specifically reviewed for indicators 
of the initiation and presence of internal corrosion. TransCanada stated that none of the ILI data 
to date has exhibited evidence of internal, under-sediment corrosion.  This was confirmed during 
the audit of the Internal Corrosion Threat Management Program. 

Another consideration in the design of the Keystone Pipeline was the minimization of dead legs, 
with normal flow through the barrels as one manifestation of this approach. Corrosion 
monitoring will be performed to confirm ongoing applicability of initial exposure tests during 
scheduled facility inspections, as per Keystone Facility Piping Non Destructive Inspection 
(EDMS No. 006790574).  

CSA Z662-11, Clause 4.14.3.8 (b) states “The designer shall avoid dead-ended piping unless 
corrosion is mitigated in such piping sections. Consideration shall be given to sizing piping to 
maintain a flow velocity sufficient to minimize the accumulation of water and sediment.” 
TransCanada’s was assessed to be in compliance with the requirements to design to control and 
to monitor sediment and water in its oil pipeline operations. 
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H2S Content in Crude Oil Monitoring 

CSA Z662-11, Clause 16.2.1 (b) defines sour service for pipeline systems not containing a gas 
phase (gas-free liquid pipeline systems), such as the Keystone Pipeline, as “service in which the 
effective hydrogen sulphide partial pressure exceeds 0.3 kPa at the bubble point absolute 
pressure”.  
 
In its February 2013 response to an Audit Information Request, TransCanada indicated that the 
crude oil it carries in the Keystone Pipeline does not constitute sour service.  During the audit, 
TransCanada could not demonstrate that the crude oil it carries in the Keystone Pipeline did not 
constitute sour service (as defined by CSA Z662-11), since it had not conducted any testing to 
verify the partial pressure of the H2S at the bubble point absolute pressure.  
 
Subsequently, in April 2013, TransCanada committed to implement a sampling program to 
verify the H2S content of all the products it carries on the Keystone Pipeline. In June 2013, 
TransCanada indicated that it had tested all of its regularly shipped commodities using the 
standard method Universal Oil Products (UOP) 163-10, which is a potentiometric titration 
method, to verify the H2S content of the crude oil. All of the commodity tests produced a 
modeled partial H2S pressure less than 0.3 kPa and therefore confirmed the non-sour nature of 
these products. TransCanada’s report stated that given the conservative nature of the test, 
additional testing of these products is not intended at this time.  
 
Based on the fact that TransCanada has not monitored the H2S content of the different batches of 
products it carries on the Keystone Pipeline, and based on the fact that TransCanada’s planned 
practice is not to monitor the H2S content of the different batches of products it carries, or will 
carry in the future, on the Keystone Pipeline, TransCanada is not in compliance with the 
requirements of this audit sub-element and CSA Z662-11, Clause 3.2. 

Monitoring of Corrosion on Un-Piggable Pipelines 

TransCanada’s documentation indicated that the risk assessment and risk management of the 
external corrosion threat are achieved using either of the following two approaches:  

1. For pipelines where an in-line inspection (ILI) has been completed, the specific 
anomalies are assessed, and control or mitigation activities are planned based on a defect 
management approach.  

2. For pipelines where ILI has not been completed, risk mitigation activities are determined 
based on TransCanada’s risk assessment results (PRIME), subject matter expertise, and 
applied learnings from other similar segments of pipe across the TransCanada system, 
including historical performance.  
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In terms of the NOVA Gas Transmission Ltd. (NGTL) system, it is mostly un-piggable 
(approximately 25% of the NGTL system has been in-line inspected). TransCanada’s 2013 
results from PRIME for the NGTL System indicated that 234 pipeline segments exceeded 
TransCanada’s stated risk tolerance. The PRIME technical documentation, Section 4, 
Consequence Models, contains TransCanada’s Societal Risk Acceptance Curve (FN). The 
Unacceptable Region of the FN curve is where the Societal Risk does not meet TransCanada’s 
Individual or Societal Risk criteria and these segments are prioritized for risk-reduction activities 
in the current year’s program.  

 For NGTL’s un-piggable segments, mitigation programs should normally be applied to reduce 
the risk to an acceptable level. Documentation submitted by TransCanada indicated that not all 
of the pipeline segments in the NGTL system exceeding TransCanada’s risk tolerance had 
mitigation plans for 2013. According to documents reviewed, 160 of the 234 pipeline segments 
of the NGTL system exceeding TransCanada’s risk tolerances and had no mitigation plans for 
2013.  

During the audit, TransCanada was asked to justify the absence of mitigation plans for these 160 
pipeline segments. In response, TransCanada provided modified risk assessment results 
indicating that these segments were now acceptable to TransCanada’s risk criteria. TransCanada 
explained that its modified risk assessment process includes information gathered after 
inspecting (ILI or direct examination) nearby pipelines in similar condition. The nearby pipeline 
conditions are now factored in the probability component of the risk assessment, with the result 
being that all but one of the 160 pipeline segments had acceptable risk results. TransCanada 
indicated that there are no further mitigation plans for any of the 160 segments, except for the 
one segment that still exceeded TransCanada’s risk tolerance with the new risk assessment 
process and for which TransCanada had added a mitigation plan for 2013.  

TransCanada did not provide evidence proving the validity of its new risk assessment 
methodology of using nearby or parallel pipeline information as an adequate way to monitor the 
integrity of its pipeline segments. The Board notes that this methodology is not an industry 
recognized method for determining the integrity of a pipeline, as opposed to recognized methods 
such as ILI, hydrotesting or the NACE External Corrosion Direct Assessment (ECDA) Process. 
Whether corrosion occurs or not, or is severe or not corrosive, is specific to the local conditions 
of the pipeline and the pipeline’s interaction with its surrounding environment. Several factors 
such as manufacturing process, construction practices, cathodic protection (CP) levels, soil type 
and composition, moisture levels, mechanical damage (1st, 2nd, 3rd parties or pipe/soil 
movements) could affect the condition of the pipe coating, all of which could affect the 
susceptibility of the segments to external corrosion. Nearby pipeline conditions can give an 
indication of the potential corrosivity of an area and conditions of a pipeline, but it is not 
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information that can be relied on to effectively demonstrate the integrity of a pipeline. As such, 
the Board is of the opinion that nearby or parallel pipeline information cannot be used directly in 
the risk assessment process.  

TransCanada’s monitoring programs for external corrosion on these un-piggable pipeline 
segments is limited to the Corrosion Control Surveys section covered later in this section. While 
these programs are common industry practices, monitoring CP systems alone is not a recognized 
practice for thoroughly assessing the effectiveness of the CP system, which is typically done 
with pipe-to-soil close interval surveys. Also, for pipelines coated with shielding coatings such 
as PE Tape, which is the coating on many of TransCanada’s un-piggable segments, CP can be 
ineffective at preventing corrosion under a disbonded coating condition. 

Relying on nearby or parallel pipeline information and CP monitoring as described in the 
Corrosion Control Surveys section below is not an adequate monitoring method of the external 
corrosion threat of the un-piggable or non-hydrotested pipelines on the NGTL system. Therefore, 
TransCanada is assessed to be in non-compliance with this audit element and CSA Z662-11, 
Clause 3.2. 

Overall, the NGTL un-piggable pipeline systems have been characterized by TransCanada as 
follows: 

 For small diameter pipelines (<20”): 
 Low societal and environmental consequence;  
 Probable failure mechanism is leak versus rupture; 
 Low probability of ignition; and  
 Approximately 56% FBE or extruded polyethylene. 

 
 For large diameter pipelines (>20”): 

 Low societal and environmental consequence; 
 Probable failure mechanism is leak versus rupture; 
 Low probability of ignition; 
 Approximately 89% FBE or extruded polyethylene; and 
 Low performance coated (Ptape) pipes have been 75%-88% hydrotested. 

 
In terms of its current activities and forward plans to address un-piggable pipelines, the Board 
notes that TransCanada has provided the following information: 

 Installation of 5 sets of launchers and receivers on the Canadian mainline in 2013; 
 Completion of CP close interval surveys on un-piggable segments in TQM in 2012 and 

subsequent ILI and investigative dig inspections in 2013; 
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 Scheduling of 2 ILI runs and 15 investigative digs on the Foothills System in 2013; 
 Scheduling 21 sets of launchers and receivers and 7 tethered ILI runs for the Alberta 

System in 2013; 
 Inclusion in the 2014 – 2017 budgets plans to install 8 to 10 sets of new launchers and 

receivers per year in its un-piggable pipeline systems; 
 Scheduling direct assessment, ILI or hydrotests within the next 7 years for 58 segments 

that have high consequence, but have high performance coatings; 
 Scheduling direct assessment, ILI or hydrotests within the next 5 years for 19 segments 

that are have consequence, but have low performance coatings; 
 Scheduling ILI by prioritization of 35 segments that have polyethylene tape (Ptape) 

coatings and pipe diameters greater than 12”; and 
 Scheduling ILI in 2013/2014 of 8 segments that have high societal risk. 

Corrosion Control Surveys  

During the audit, TransCanada’s information indicated that the TransCanada Pipe Integrity group 
is responsible for managing and administering the corrosion control programs for pipeline, pump 
station and terminal facilities. CP readings are performed by Regional field personnel either at 
site or via remote monitoring. The requirement for corrosion control monitoring, as outlined in 
CSA Z662-11, Clause 9, is detailed in TransCanada Operating Procedures (TOPs) Cathodic 
Protection Rectifier Inspection (EDMS No. 004258831), Cathodic Protection Survey Inspection 
(EDMS No. 004258833), and Cathodic Protection Rectifier and Bond Reading Inspection 
(EDMS No. 004258832).  

To ensure the proper operation of its CP system, TransCanada inspects all impressed current 
facilities twelve times in a calendar year, not to exceed an interval of 6 weeks. Annual rectifier 
inspections are conducted, which involves reading AC inputs, calculating rectifier efficiency, 
conducting visual inspections and performing maintenance cleaning.  Test lead surveys are 
performed annually to ensure all facilities are receiving adequate cathodic protection levels. In 
addition to monitoring CP facilities, CP isolation surveys are also undertaken on an annual basis 
to ensure the applicable facilities are not interfering with the normal operation of the CP system.  

When in-line inspection (ILI) data is unavailable, or to further monitor areas of potential 
concern, close interval surveys (CIS) are used to investigate performance of the cathodic 
protection system and to assess for external corrosion concerns. CIS surveys augment the annual 
test lead surveys by investigating CP protection levels between test leads. The requirement for 
these surveys is based on an engineering evaluation of the area in question. The criteria used to 
prioritize CIS requirements include previous CP history, Magnetic Flux Leakage (MFL) ILI 
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results, type of coating, stress corrosion cracking (SCC) and corrosion risk assessment results. 
TransCanada’s corrosion control survey methodology with respect to CP is assessed as 
compliant with the requirements of this audit sub-element. 

Aerial Patrols, Aerial Leak Detection and Ground Based Leak Detection  
 
Regulatory Requirements for Pipeline Patrols 

CSA Z662-11, Clause 10.6.1.1 states that “Operating companies shall periodically patrol their 
pipelines in order to observe conditions and activities on and adjacent to their rights-of-way that 
can affect the safety and operation of the pipelines. Particular attention shall be given to the 
following: 

a) construction activity; 
b) dredging operations; 
c) erosion; ice effects; 
d) scour; 
e) seismic activity; 
f) soil slides; 
g) subsidence; 
h) loss of cover; and 
i) evidence of leaks.” 

CSA Z662-11, Clause 10.6.1.2 states “The frequency of pipeline patrolling shall be determined 
by considering such factors as 

a) operating pressure activity; 
b) pipeline size; 
c) population density; 
d) service fluid; 
e) terrain; 
f) weather; and 
g) agricultural and other land use”. 

 
The OPR-99, section 39 states that “A company shall develop a surveillance and monitoring 
program for the protection of the pipeline, the public and the environment.” Section 53(1) of the 
OPR-99 states that “A company shall conduct inspections on a regular basis”.  
 
In the Unites States, the US Department of Transportation Pipeline and Hazardous Materials 
Safety Administration (PHMSA) sets out the pipeline patrol requirements in the Code of Federal 
Regulations (CFR), Part 192 – Transportation of Natural and Other Gas by Pipeline: Minimum 
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Federal Safety Standards (49 CFR 192) in section 192.705 and Part 195 – Transportation of 
Hazardous Liquids by Pipeline (49 CFR 195) in section 195.412.  The United States regulations 
are mentioned because TransCanada has developed its pipeline patrol program to meet the most 
prescriptive requirements, which in terms of ROW patrol frequencies, are those set out in the 49 
CFR 192 and 195. 

During the audit, TransCanada indicated that it implements its pipeline patrols to meet at in 
accordance with the requirements of CSA Z662-11, Clause 10.6.1.1 Pipeline Patrolling. Aerial 
patrols are completed to look for construction activity, vegetation, signage, erosion, geotechnical 
concerns, encroachments, leaks, and water crossings. Patrol frequencies are outlined in the TOPs 
Aerial Pipeline Patrol (EDMS No. 003672387) and Pipeline Ground Based Patrols (EDMS No. 
003875137). All natural gas pipelines are to be patrolled a minimum of two times per year. 
Liquid pipelines are to be patrolled 26 times per year. Additional patrols are to be completed at 
increased frequencies as warranted, based on a review of historic observations, levels of activity 
along the ROW, known integrity concerns, or as may be directed by the applicable regulator. 
Aerial patrols are to be executed with the use of helicopter or fixed wing aircraft as per the 
aircraft operating company assigned to complete the patrol. Aerial leak detection for natural gas 
pipeline systems is a component of the overall leak detection strategy, as are observations from 
landowners, contractors and employees working near the pipeline. Aerial leak detection is to be 
performed at least annually on natural gas pipeline systems, as described in Pipe Integrity Leak 
Detection and Evaluation (TEP-LEAK-INT, EDMS No. 007379105). Aerial leak detection on 
gas pipeline systems is to be performed with the use of helicopters. Supplemental ground based 
leak patrols are to be initiated as per the TOP Pipeline Ground Based Patrols (EDMS No. 
003875137) either when aerial patrol frequency does not meet the minimum regulatory 
requirements, or where anomalies identified during aerial leak detection require ground based 
confirmation.  
 
Both the TransCanada’s TOP Aerial Pipeline Patrol (EDMS No. 003672387), Section 4.2 - 
Frequency and the TOP Pipeline Ground Based Patrols (EDMS No. 003875137), Section 3.0 – 
Frequency, address the patrol frequency requirements based on, for example, class location, 
highway and railroad crossings, levels of activity, integrity concerns and pipeline commodity. 
While CSA Z662-11, Clause 10.6.1.1 uses the term “periodically” and the OPR-99, section 39 
remains silent on the patrol frequency, TransCanada’s patrol frequencies are assessed to be in 
compliance with the intent of the standard and the regulation with respect to pipeline patrol 
frequency. 
 
TransCanada’s Aerial and Ground Patrol TOPs, sections 4.4 - ROW Monitoring and 4.6 - 
Reporting in the former and section 4.1 -Pipeline Ground Based Patrols in the latter, address the 
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pipeline patrol requirements for monitoring and reporting conditions and activities as required by 
CSA Z662-11, Clauses 10.6.1.1 and 10.6.1.2. The Board examined a random aerial patrol record 
requested for an incident (OB9_Aerial Patrol Reported_DOC_IIT#233782) related to a sink hole 
at 10-27-34-5W4 (Keystone Pipeline ROW) reported 23 April 2012 and noted that the record 
met the requirements for monitoring and reporting. TransCanada’s pipeline patrol TOPs have 
been developed to address the most stringent, prescriptive pipeline patrol requirements and have 
been assessed to be in compliance with the standard and regulation.  

Facilities Integrity Inspections  

During the audit, TransCanada indicated that its Facilities Integrity Inspections procedure 
(EDMS No. 003857228) for gas transmission facilities and Keystone Facilities Integrity 
Inspections procedure (EDMS No. 006787339) for liquid facilities are designed to ensure that 
critical equipment is functioning as intended. Mechanical, electrical, civil and environmental 
components are to be inspected at intervals as described in these documents.  

At liquid facilities, the Keystone Facility Piping Non Destructive Inspection (EDMS No. 
006790574) Task Package is used. The purpose of this Non Destructive inspection package is to 
determine the condition of pressure piping and associated fittings, including the coating and 
insulation, and is designed to ensure fitness for service and proactively identify applicable 
maintenance requirements. TransCanada was assessed to be in compliance for its inspection 
program of its liquid facilities. 

As described in the following evaluation of TransCanada’s inspection program for high pressure 
station piping for its gas facilities, TransCanada’s previous facility pipe integrity program was 
managed under the Integrity Management Process for Pipelines (EDMS No. 003892900). 
Chapter 7 of this document, Facility Pipe Integrity, contained sections which described, in 
general terms, the background descriptions for; 

 corrosion control (section 7.1.1); 
 overpressure protection (section 7.1.2);  
 mechanical damage (section 7.1.3); 
 operating/maintenance procedures (section 7.1.4); 
 employee/contractor training (section 7.1.5); 
 localized attack mechanisms (section 7.2); 
 soil-to-air interface (section 7.2.1); 
 contact corrosion (section 7.2.2); 
 corrosion under insulation (section 7.2.3); and 
 erosion and corrosion/erosion (section 7.2.4). 
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The Board is of the view that these generic background descriptions do not provide the level of 
specificity required for the implementation of an adequate and effective gas facility pipe 
inspection program. Therefore, as the following evaluation has concluded, TransCanada’s gas 
facility inspection program is not in compliance with the requirements of this audit element and 
with CSA Z662-11, Clause 3.2. 
 
High Pressure Station Piping (Gas Facilities) 

The audit identified that TransCanada utilizes different methods to monitor its facility piping 
integrity. The methods include regular site visits, annual CP surveys, visual inspection, and 
preventative maintenance activities such as valve and valve operator inspections. Visual 
inspection is performed at facilities during planned facility inspections, facility pipeline projects, 
and regular site visits. Hazardous or abnormal conditions, such as leaks or frost heaved piping, 
are to be checked for during site visits. Issues identified are to be communicated through the 
company Incident and Issue Tracking (IIT) system for follow-up. In regions where atmospheric 
corrosion is more of a concern due to a more humid environment, such as the Eastern region, a 
riser assessment program was recently implemented to assess external corrosion on the risers at 
the air-to-soil interfaces and other locations where atmospheric corrosion also could be present, 
such as between supports the piping. As part of the audit verification process, NEB staff 
conducted an inspection on 6 June 2013 of the riser assessment program in Quebec that 
demonstrated the implementation of this program and no non-compliances were identified during 
the inspection. 
 
TransCanada indicated that only a limited number of excavations with the primary purpose of 
performing a direct examination of the integrity of the station piping have been done so far, but 
that some opportunistic excavations (due to maintenance or modifications for example) have 
been used to assess the condition of the buried station piping at some locations. TransCanada 
provided records of these opportunistic facility piping inspections, which included:  

 Field Lake Compressor Station (NGTL) for external corrosion, 7 May 2011; 
 Mainline Rideau Riser Assessment and Recoat Project for atmospheric corrosion, 

September 2012; 
 Mainline Quebec Riser Assessment and Recoat Project for atmospheric corrosion, 

September 2012; 
 TQM Riser Assessment and Recoat Project for atmospheric corrosion, September 2012; 
 Mainline Maple and Niagara Riser Assessment and Recoat Project, September 2012; and 
 Torrington Compressor Station / Storage Facility for external corrosion, September 2012. 
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TransCanada stated that it has assessed the risk of external corrosion as being low for its station 
piping, taking into consideration the fact that the station piping is operating at a lower stress level 
than the main line pipe, that there are no unresolved CP issues at its stations, and because it has 
never had a rupture and was not aware of any leak on the pipe body at any of its stations. 
 
As previously described, TransCanada’s station piping was managed under the Integrity 
Management Process for Pipelines - Revision 2 process. Review of Sections 7.3 and 7.4 of this 
process indicates that the integrity monitoring program was focused on the above ground piping 
and limited to CP monitoring, leak surveys and opportunistic excavations for standard 
monitoring of the below ground piping.  Review of these sections also indicated that only if 
issues with CP or external corrosion were identified would inspection techniques such as ILI, 
direct assessment or leak testing be used. Therefore, a proactive or adequate monitoring program 
was not in place for the integrity of the station piping prior to the new Facility Pipe Threat 
Management Program, which was approved by TransCanada management for use in December 
2012, has not yet been fully implemented throughout TransCanada’s gas facilities.  
 
The audit identified that, at the time of the audit activities, TransCanada has not conducted 
adequate direct assessments, hydrotests or ILI programs to assess the potential for external 
corrosion of its below-ground station piping. With the exception of the riser assessment program 
in the Eastern region, where the station risers are exposed for approximately 50 cm, there has not 
been a formal system-wide assessment for potential external corrosion of its below-ground or 
air-to-soil interface station piping.  Where there is no riser program in place, the integrity 
monitoring for the below-ground or air-to-soil interface station piping is limited to CP pipe-to-
soil potential and rectifier monitoring and a limited number of opportunistic excavations.  
 
Although TransCanada stated that, to its knowledge, it has not yet identified any external 
corrosion issues on its below-ground station piping, the methods used by TransCanada are not 
adequate to demonstrate the appropriate integrity management of the station piping and 
TransCanada is therefore determined to be non-compliant with the requirements of this audit 
element and with CSA Z662-11, Clause 3.2. 

Tank Inspections  

TransCanada operates oil storage tanks as part of its Keystone Pipeline system at Hardisty, 
Alberta. Storage tanks are to be inspected as per CSA Z662-11, Clause 10.9, Operation and 
Maintenance of Facilities and Equipment. Specifically, CSA Z662-11, Clause 10.9.2, 
Aboveground Tanks and Pressure Vessels and sub-clause 10.9.2.1 states that “the inspection, 
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repair, alteration, and reconstruction of aboveground atmospheric steel tanks shall be as 
specified in API 653”.   

API 653, Tank Inspection, Repair, Alteration and Reconstruction, Section 4 – Inspection, details 
the requirements for internal and external inspections as well as for the requirement that the 
inspections be carried out by an Authorized Inspector. Intervals are specified in Sections 4.2.2 
for external inspection and 4.4.2 for internal inspection. Section 4.4.3 provides for an alternative 
to the procedures in 4.4.2 where an owner-operator may establish the internal inspection interval 
using a risk-based inspection (RBI) procedure.  

TransCanada has developed the TOP API 653 Aboveground Storage Tank Inspections (EDMS 
No. 007167240) for inspection of its aboveground storage tanks. Section 3.0 Frequency, of this 
procedure specifies the standard inspection intervals (expressed as months, for example M12 is 
every 12 months) as follows: 

 Routine In-service Inspections: M01; 
 Internal/External Floating Roof Tanks Secondary Seal Inspection: M12;  
 External Visual Inspection: M60 (Adjust inspection interval based on the condition of the 

Tank); 
 External Ultrasonic Thickness Inspection: M60;  
 Internal/External Floating Roof Tank Primary Seal Inspection: M60; and  
 Internal Inspection M120.  

Section 4.0 Procedures, details the requirements for the following: 
 routine in-service inspections; 
 internal floating roof tanks secondary seal inspection; 
 external floating roof tanks secondary seal inspection; 
 external visual inspection; 
 external ultrasonic thickness inspection; 
 internal/external floating roof tank primary seal inspection; 
 internal inspection; 
 inspection locations; and 
 documentation / reporting requirements. 

TransCanada requires that its inspectors are certified to API 653 (i.e. Authorized Inspectors) and 
that the inspection reports are reviewed by TransCanada engineers who are competent in 
aboveground storage tank design, operation and maintenance. TransCanada provided records of 
aboveground storage tank inspections at the Hardisty terminal indicating that the frequency and 
extent of inspections met the requirements of API 653. TransCanada also provided records of its 

 
013718



 

________________________________________________________________________________________________________ 
OF-Surv-OpAud-T211- 2012-2013 01                                            Page 60 of 92 
TransCanada OPR-99 Integrity Management 
Programs Final Audit Report 
February 2014 
Appendix II   
 

aboveground storage tank inspector qualifications which included API 653 certified storage tank 
inspector. 

The Board has determined that TransCanada’s procedures for inspection of its aboveground 
storage tanks are in compliance with the requirements of CSA Z662-11 and API 653.    

TransCanada’s facilities also have underground tanks, commonly referred to as “drip tanks”. 
CSA Z662-11, Clause 10.9.3 Underground Storage and specifically Clause 10.9.3.1 states 
“underground tanks shall be inspected periodically and maintained as necessary. The inspection 
program shall include the periodic monitoring of any leak detection systems”.  

TransCanada has developed two TOPs for underground drip tank inspections: Underground Drip 
Tank Inspection (EDMS No. 003719673) and Underground Drip Tank Inspection Task Package 
(EDMS No. 003719218) to comply with CSA Z662-11, Clause 10.9.3.  The Underground Drip 
Tank Inspection procedure, Section 3.0 – Frequency, prescribes a frequency of M36 (36 month 
inspection interval) for its drip tank inspections. TransCanada provided a list of stations 
containing underground drip tanks that are to be included in its M36 inspection procedure and 
samples of records of past underground drip tank inspections.  

The Board has determined that TransCanada’s procedure for inspection of its underground drip 
tanks is in compliance with the requirements of CSA Z662-11, Clause 10.9.3.1. 

Boiler and Pressure Vessel Inspections  

During the audit, TransCanada indicated that its boiler and pressure vessel inspections are carried 
out in accordance with the Quality Assurance Manual (QAM) for the Integrity Management of 
Pressure Equipment Including Repairs and Alterations (EDMS No. 003722000). This procedure 
is based on the API 510 Pressure Vessel Inspection Code, Alberta inspection standards and 
industry practice. The inspection of pressure vessels follows the TOP Pressure Vessel External 
and Internal Inspection (EDMS No. 003694710), under the direction of TransCanada’s Chief 
Inspector for pressure equipment. Pressure vessel inspections are documented and the vessels are 
certified for continued service by the Chief Inspector. The Pressure Vessel Integrity Plan (EDMS 
No. 003763099) is reviewed periodically by Facilities Engineering to review risks and to direct 
future inspection programs. Heating boiler inspections are carried out in accordance with Part 5 
of the Canada Occupational Health and Safety Regulations by the provincial jurisdictional 
authority or by an insurance company authorized by the provincial jurisdictional authority. 
Occasionally in Alberta (only), heating boiler inspections are carried out by the Chief Inspector, 
as authorized by the provincial jurisdictional authority. 
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TransCanada provided a sample of the qualification records for its Chief Inspectors, who are 
employees of TransCanada, which included: 

 ABSA In-Service Boiler and Pressure Vessel Inspector;  
 National Board Commissioned Inspector; 
 API 510 Pressure Vessel Inspector; 
 API 570 Pressure Piping Inspector; 
 API 653 Storage Tank Inspector; 
 API 580 Risk-Based Inspection;  
 ABSA Welding Examiner;  
 CSA W47.1/CWB Welding Supervisor;   
 IIW International Welding Engineer; and 
 CSA W178.2/CWB Welding Inspector Level 3. 

 
Additionally, the Chief Inspector qualifications included membership in the following: 

 Professional Engineer of APEGA  
 Technical Committee Member of CSA B51 Boiler, Pressure Vessel and Piping Code  
 Member of Upstream Chief Inspector Association  
 Member of American Society of Non-destructive Testing  

TransCanada’s QAM applies to approximately 2500 vessels and boilers registered in the 
province of Alberta in a quality management system registered with ABSA, the Pressure 
Equipment Safety Authority in Alberta.  Section 11 of the QAM specifies the inspection 
intervals for pressure equipment, including pressure vessels, boilers, pressure relief valves based 
on the requirements of API 510 and API 572 (pressure vessels), API 570 (pressure piping), API 
574 (piping system components) and API 576 (pressure relieving devices) as well as the 
inspection requirements of the National Board Inspection Code (NB23) and ABSA’s Inspection 
and Servicing Requirements for In-Service Pressure Equipment (ABSA AB-506).  

At the Board’s request, TransCanada provided samples of inspection records for its pressure 
equipment; a 2012 internal audit of its QAM; a 2011 audit by ABSA of TransCanada’s Pressure 
Equipment Integrity Management System; a 2011 internal audit report at CrossAlta Gas Storage 
Facility for the Owner-User Pressure Equipment Integrity Management System; and a 2010 
internal audit for the QAM Owner-User Program for the Integrity Management of Pressure 
Equipment Including Repairs and Alterations. 

The Board has determined that TransCanada’s procedures for inspection of its pressure 
equipment are in compliance with the requirements of the applicable codes and standards. 
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Geotechnical Monitoring  
 
Regulatory Requirements for Geotechnical Monitoring 
CSA Z662 clause 10.6.1.1(f), (g) and (h) address the requirements for pipeline monitoring for 
geotechnical issues. This clause states that “Operating companies shall periodically patrol their 
pipelines in order to observe conditions and activities on and adjacent to their rights-of-way that 
can affect the safety and operation of the pipelines. Particular attention shall be given to the 
following: 

f) seismic activity; 
g) soil slides; and 
h) subsidence”. 

In terms of the required frequency of the pipeline monitoring activities, CSA Z662-11, Clause 
10.6.1.2 states “The frequency of pipeline patrolling shall be determined by considering such 
factors as 

a) operating pressure activity; 
b) pipeline size; 
c) population density; 
d) service fluid; 
e) terrain; 
f) weather; and 
g) agricultural and other land use”. 

 
The OPR-99, section 39 states that “A company shall develop a surveillance and monitoring 
program for the protection of the pipeline, the public and the environment.” Section 53(1) of the 
OPR-99 states that “A company shall conduct inspections on a regular basis”. 

Based on audit interviews and documents reviewed, the Board noted that geotechnical hazards, 
such as susceptible landslide locations, are identified in a Phase 1 Geo-Hazards Assessment, as 
described in the Weather and Outside Forces (WOF) Threat Management Program (TEP-ITM-
WOF, EDMS No. 005767611). As per Section 5, Roles, Responsibilities and Qualifications of 
the WOF procedure, higher risk sites are further assessed by TransCanada senior geotechnical 
engineers (E4-5 classification and evidenced by records requested during the audit and provided 
by TransCanada). Appropriate actions (e.g., regular inspection and monitoring, slope 
remediation) are taken based on the results of the assessment. Geotechnical and river crossing 
monitoring activities are supplemented by TransCanada’s Aerial Pipeline Patrol program and by 
field personnel observations. TransCanada’s IIT system is used to track issues related to 
geotechnical remediation and monitoring programs for follow-up and resolution. 
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TransCanada’s Weather and Outside Forces Threat Management Program (WOF) (TEP-ITM-
WOF, EDMS No. 005767611), contains Section 6 Background, which describes the threat types 
that are to be evaluated during the execution of the geotechnical monitoring program. These 
include: 

 6.1.1 Landslides; 
 6.1.2 Seismic events; 
 6.1.3 Fault planes; 
 6.1.4 Subsidence and heave; 
 6.1.5 Water flow; and 
 6.1.6 Meteorological events. 

 
Appendix A of TransCanada’s WOF provides a Geological Hazards Classification Summary for 
the above threats, with quantitative descriptions of the threat classifications of low, medium and 
high.  The threat classifications guide the risk assessment process and subsequent remediation, 
mitigation and monitoring programs as per the WOF Management Procedure illustrated in Figure 
7-1 of the WOF TEP and the procedural steps detailed in Section 8 of the WOF.  

During the audit interviews, TransCanada stated that it has performed a Phase 1 survey for all of 
its pipeline systems. At the Board’s request, TransCanada provided samples of the following 
documents and records of its Phase I Geo-Hazards Assessments: 

 Phase I Implementation of Rainfall Ground Movement Models (September 1999); 
 Visual Inspection of Slopes: Summary of Observations for 11 Slopes in Northern Alberta 

(11 October 2001); 
 Unnamed Creek Cranberry Lake Lateral Geotechnical Instrumentation Installation Report 

(20 January 2003); 
 Pembina River Slope Stability (20 October 2001); and 
 Keystone Canada Phase I Geohazard Assessment (2010). 

 
The Board also requested that TransCanada provide examples of its Phase II and Phase III 
surveys. TransCanada provided an example of the TQM Phase I, followed by a Phase II survey 
for TQM and well as examples of Phase III surveys with the following descriptions: 

“Cranberry Lake Lateral, Unnamed Creek SW-22-85-20-W5 site was identified in the 
1999 Phase 1 report as having a medium potential for ground movement. A subsequent 
Phase II study was completed in 2001, and findings documented in a 2001 report titled 
“Summary of Observations for 11 Slopes in Northern Alberta”. In order to mitigate the 
risk to the pipeline, a Phase III investigation, which resulted in the installation of slope 
monitoring equipment, was completed in 2003”.  
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“Edson Mainline, Pembina River SW-28-48-15-5 site was identified in the 1999 Phase I 
report as having a high potential for ground movement. A subsequent Phase II study was 
completed in May 2000 to assess the site conditions. The findings were documented in a 
technical memorandum titled “Assessment of Slope Movement Potential, Site Visit 
Report”. The Phase III assessment, which included a ground survey, was completed in 
2001”. 
  

During the audit, it was observed that TransCanada’s WOF program did identify areas of 
geological sensitivity, but this information did not appear to influence the scope and/or frequency 
of the geological hazard patrol program. TransCanada responded to this audit observation by 
stating that “TransCanada determines the scope and typical frequency of ROW patrol based on 
class locations, history of the lines, and other factors. Additional patrols are initiated in response 
to unforeseen geotechnical and meteorological events. TEP-ITM-WOF Section 8.4 Step 35 
specifies that an aerial or ground survey shall be performed when investigating significant 
meteorological events; Section 8.4 Step 27 specifies that an aerial or ground survey shall be 
performed to investigate areas where earthquake magnitudes exceed 0.2 g peak ground 
acceleration. Identifying geotechnical threats is a part of the ROW patrol, but usually not a main 
factor that dictates the frequency of the patrol, because geotechnical threats, once identified, are 
dealt with separately in its own systematic way. Once an area of geological sensitivity is 
identified and verified through ground investigation, we install monitoring equipment and 
perform regular ground inspections. There are sites of active ground movement (Simonette River 
crossing for instance) where we have inspection and monitoring up to three times a year, in 
addition to regular aerial ROW patrol. Our experience so far has demonstrated that the regular 
scheduled aerial patrols supplemented by additional ground inspections/monitoring at sensitive 
areas have been effective in identifying WOF related hazards before they become threats to the 
integrity of our pipelines.” 

The Board has determined that TransCanada’s program for geotechnical monitoring is in 
compliance with the requirements of CSA Z662 clause 10.6.1.1(f), (g) and (h), clause 10.6.1.2 
and the OPR-99 sections 39 and 53(1).   

Water Crossing Surveys  

Regulatory Requirements for Water Crossing Surveys 

CSA Z662-11, Clauses 10.6.4.1 and 10.6.4.2 detail the requirements for pipeline crossings of 
water bodies.  
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Clause 10.6.4.1: “Special consideration shall be given to the inspection and maintenance of 
pipeline crossings of (a) major utilities; (b) other pipelines; (c) railways; (d) roads; and (e) 
water”. 
 
Clause 10.6.4.2: “Underwater crossings shall be inspected periodically for adequacy of cover, 
accumulation of debris, and other conditions that can affect the safety or integrity of the 
crossing”. 

TransCanada’s pipeline systems have numerous water crossings that require inspection and 
monitoring programs. During the audit interviews, TransCanada indicated that periodic 
inspections are conducted at stream crossing locations of concern for adequacy of cover, 
accumulation of debris, and other conditions that may affect the safety or integrity of the 
crossing. Underwater depth of cover surveys are performed at selected stream crossing locations 
based on size of stream bed, visibility during aerial patrols, results of previous surveys, potential 
for mechanical damage, and severity of identified consequences. Minimum stream crossing 
cover specifications and stream crossing survey procedures are found in the TOP Pipeline 
Underwater Inspections (EDMS No. 003671756). 

During the audit interviews, the Board noted that TransCanada’s geological hazards 
classification summary refers to geotechnical threats and erosion threats, but the WOF program 
does not cover soil erosion and/or flooding threats. The Board requested that TransCanada 
address this concern. TransCanada’s response was as follows:     

“The Geological Hazards Classification Summary in the TQM Phase I Geo-hazard Assessment 
reports refers to slope stability and erosion as two main geotechnical threats that could impact 
pipelines on the TQM system. They are addressed in the TEP-ITM-WOF Weather and Outside 
Forces Management Program somewhat differently due to nature of the threats with respect to 
integrity. Slope stability impacts pipe integrity in a direct way, so actions dealing with slope 
movement are clearly defined in the TEP. Soil erosion itself is not an integrity threat, until it 
leads to pipe exposure. As such, TransCanada does not address soil erosion in the TEP-ITM-
WOF. Rather the procedures in dealing with pipe exposure are outlined and documented in Steps 
40 to 49 (page 20 to 22) of the TEP-ITM-WOF.  

The document, TEP-ITM-WOF Weather and Outside Forces Management Program contains the 
following references to flooding:  

1) The definition of a “weather and outside force integrity event”, (page 9), defines floods 
as among the events that may impact the integrity of the pipeline.  

2) Section 6.1.5 describes water flow events, including floods that could lead to pipe 
exposures and therefore increase the potential for mechanical damage.  
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3) Section 8.2, step 8 instructs the reader to identify areas of exposed pipe or having the 
potential to become exposed. Flooding is directly mentioned in that step.  

4) Section 8.4, steps 28 to 33 are applied “when investigating significant flooding.  
5) Section 8.4 Step 35 instructs the reader to perform and aerial or ground survey when 

investigating significant meteorological events.  
 
The potential threat of stream erosion, which could lead to pipe exposure, is managed through 
regular underwater survey in major stream crossings. The TEP-ITM-WOF Section 8.2, step 8 
states “Identify exposed pipe locations and areas of potential exposure from underwater surveys. 
The underwater surveys are performed as described in TOP Pipeline Underwater Inspections, 
(EDMS 003671756).  During the audit, the Board reviewed TransCanada’s water crossing 
monitoring procedures and assessed them to be in compliance with the requirements. 
 
Summary: Inspection, Measurement and Monitoring 

The Management System Audit Element 4.1, Inspection, Measurement and Monitoring, requires 
a company to develop and implement surveillance and monitoring programs including contract 
work being performed on behalf of the company. These programs are expected to include 
measures for evaluating the management and protection programs. 
 
Based on documents and records reviewed, the audit determined that TransCanada has 
developed and implemented a number of effective inspection, measurement and monitoring 
programs. This includes but is not limited to: 

 Sediment and water monitoring and mitigation programs to prevent and reduce internal 
corrosion on the Keystone pipeline system; 

 Conducting both aerial and ground-based pipeline patrols in accordance with CSA Z662-11 
requirements with additional patrols as warranted or as directed by the regulator; 

 Development of monitoring programs to evaluate specific geotechnical hazards in each 
operating region; and 

 Regular inspection and monitoring of sensitive areas including river crossings and 
susceptible landslide locations. 

 
Other sections of this sub-element were identified as non-complaint with regulatory requirements 
due to inadequate or incomplete program implementation. This included: 

 TransCanada’s position that ongoing monitoring of all shipped commodities for sour crude 
on the Keystone pipeline is not required since recent testing confirmed the current non-sour 
nature of these products; 

 
013725



 

________________________________________________________________________________________________________ 
OF-Surv-OpAud-T211- 2012-2013 01                                            Page 67 of 92 
TransCanada OPR-99 Integrity Management 
Programs Final Audit Report 
February 2014 
Appendix II   
 

 TransCanada’s inability to produce sufficient evidence proving the adequacy of its ongoing 
integrity management programs for corrosion on unpiggable sections of the NGTL system; 
and 

 background descriptions for the facility pipe inspection program that were too generic and 
did not provide the level of specificity required for adequate, effective and consistent 
implementation. 

 
Management System Audit Element Finding: Based on the documents assessed and interviews 
with personnel as it relates to: monitoring of Hydrogen Sulfide (H2S) in crude oil in the Keystone 
Pipeline; monitoring of external corrosion on the Alberta (NGTL) System’s unpiggable 
pipelines; and the integrity monitoring of below-ground station piping on all of TransCanada’s 
facilities, TransCanada is assessed to be non-compliant with the requirements of the OPR-99 
and CSA Z662-11, and is therefore non-compliant with this audit sub-element. 

 
Compliance Status: Non-Compliant 
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4.2 Corrective and Preventive Actions  

Expectations: The company shall have a process to investigate incidents or any non-compliance 
that may occur. The company shall have a process to mitigate any potential or actual issues 
arising from such incidents or non-compliances. Such mitigation may include appropriate timing 
and actions for addressing the issues that arise. The company shall demonstrate that it has 
established a documented procedure to:  
• set criteria for non-compliance; 
• identify the occurrence of any non-compliances; 
• investigate the cause(s) of any non-compliances; 
• develop corrective and/or preventative actions; and 
• effectively implement the required corrective and/or preventative actions. 

The company shall develop procedures to analyze incident data in order to identify deficiencies 
and opportunities for improvement in its management and protection programs and procedures. 

References: 

OPR-99 sections 4, 6 and 52 
CSA Z662-11, Clauses 3.1.2(g) and 3.1.2(h)(i), 3.2, 10.3.6, 10.4.4 and 10.5 

Audit Assessment: 

Incident Management System 

During interviews and in documents submitted, TransCanada indicated that it has an Incident 
Management System (InMS), which is a set of management tools and processes used to 
investigate incidents or any non-compliance. Within the InMS, TransCanada has the Incident and 
Issue Management Program (InMP), which utilizes the following tools: 

 An Incident and Issue Tracking (IIT) system, which is an electronic database tool used to 
report and track the investigation of an incident, a near-hit or an identified non-
compliance. The criteria for incidents, near-hits and non-compliances are listed on the 
company’s IIT incident summary sheet. 

 A Classification Guide, which is a document defining the incident and issue event types 
reportable in the IIT system. These are a detailed breakdown of the event types into four 
levels of severity (Minor, Serious, Major and Critical). 

 An InMP website, which is the TransCanada internal website that provides reference 
material, investigation templates, documentation, and manual forms.  
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TransCanada’s Incident Management System, with its criteria for incident classification and 
investigation were assessed to be in compliance with the requirements of CSA Z662-11, Clause 
10.3.6, Pipeline system incident investigations. 
 
Issue Management Program 

TransCanada provided information on the six main steps in its InMP, as follows: 

1. Response: All TransCanada employees and its contractors are expected to participate in 
the InMP. They are responsible for recognizing that an incident or issue has occurred and 
for alerting the appropriate personnel in the event of an incident occurrence. 

2. Notification: Once the response has taken place, an employee is to enter the incident into 
the IIT system, which is responsible for the notification of applicable personnel and 
regulatory agencies.  

3. Investigation: All incidents and issues are to be reviewed. The level of rigor of 
investigation of each incident is dependent on the severity of the incident. Once 
investigation findings have been determined, appropriate corrective and preventive 
actions are to be identified and implemented to minimize or avoid future incidents. 

4. Documentation and Implementation: Documented recommendations are updated into IIT 
and/or incorporated into TransCanada’s Integrity Management Programs (IMPs), as 
appropriate. 

5. Follow-up: Once the recommendations have been implemented, follow-up is to take 
place to ensure the recommendations were successful in addressing the incident or issue. 

6. Sharing of Learnings: The final step of the InMP is to share the learnings with 
TransCanada’s employees, contractors and external parties, with the goal of preventing a 
future undesirable consequence from occurring. 

CSA Z662-11, Clause 3.1, Safety and Loss Management System, and specifically Clause 3.1.2 
(h)(i) states “The safety and loss management system shall include the following elements: (h) a 
continual improvement process, including performance monitoring for the ongoing assessment 
of conformance with the requirements of the safety and loss management system, and the 
mechanisms for taking corrective and preventive measures in the event of nonconformance”. In 
addition, CSA Z662-11, Clause 10.3.6, Pipeline system incident investigations, states 
“Operating companies shall investigate damage incidents related to external interference and 
failure incidents to determine their causes. Measures to prevent the occurrence of incidents due 
to similar causes shall be identified and implemented”. TransCanada’s procedures for incident 
management were assessed to be in compliance with the requirements, but as discussed under the 
topic of Incident Reporting, TransCanada’s incident reports lack detail with respect to preventive 
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actions, follow-up and sharing of learnings. TransCanada has committed to working with the 
Board to improve the level of detail in its DIRs. 

Incident and Issue Tracking (IIT) 

During the course of this audit and in response to an Audit Information Request, TransCanada 
provided evidence of its analysis of six incident types: 

 overpressure of pipelines and/or facilities piping; 
 pump station leaks; 
 other station releases; 
 pipe body leaks and pipe body ruptures; and 
 uninterruptable power supply (UPS) battery incidents.  

The purpose of the interviews and document reviews relating to these incident types was to 
assess whether TransCanada had effectively implemented its IMS processes and procedures to 
identify the incident root cause(s), implement adequate and effective corrective and preventive 
action(s), and adequately and effectively followed its InMP processes and procedures for follow-
up and sharing of learnings from the incidents, particularly for incidents related to 
TransCanada’s IMPs.  As discussed under the topic of Incident Reporting, TransCanada’s 
incident reports lack detail with respect to preventive actions, follow-up and sharing of learnings. 
TransCanada has committed to working with the Board to improve the level of detail in its DIRs. 

 
Integrity Threat Management Scorecards 

TransCanada also submitted documents (Integrity Threat Management Scorecards) to 
demonstrate that it had compiled and analyzed key performance indicator (KPI) and incident 
data. The Scorecards submitted and reviewed were: 

 Internal Corrosion; 
 External Corrosion; 
 Mechanical Damage; 
 Construction Defects; 
 Weather and Outside Forces; 
 Manufacturing Defects; 
 Equipment; 
 Stress Corrosion Cracking (SCC); 
 Leaks and Ruptures; 
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 Engineering and Asset Reliability IIT; and 
 Customer Perfect Days. 

In addition, TransCanada submitted the document “Gas Release-Leak (Canada) 2007-2012 Chart 
Q4r1.xls” that compiled the gas releases reportable to the Board from 2007 to 2012.  
TransCanada presented these figures as evidence of its process to analyze and trend incidents and 
their root causes. The document submitted contained histogram representations of the trends 
and/or causal factors relating to the gas releases as follows: 

 Figure 1: Gas Leak and Release Trends; 
 Figure 2: Gas Leak Breakdown, (Causal Factors); 
 Figure 3: Electrical / Instrument / PLC Failures;  
 Figure 4: Gaskets / Packing / O-ring / Etc.; and 
 Figure 5: Piping / Tubing / Fittings. 

TransCanada’s Scorecards contained information on the individual threat management programs, 
including: goals and objectives; failure statistics (incident rates x 103 per km.yr) due to each 
threat; in-service leaks and ruptures; and histograms and pie charts of threat related data. The 
Scorecards were assessed to be in compliance with CSA Z662-11, Clause 10.3.6, Pipeline 
system incident investigations. 

Non-Compliance Process 

TransCanada stated that it has a systematic approach to addressing non-compliances. Non-
compliances at the IMP level, and non-compliances with regulations and codes, are addressed 
and tracked through its IIT system. Corrective actions, including completion dates and follow-
up, are assigned to specific individuals in the IIT system. The status of IIT incidents and issues, 
and action items, are reviewed by management monthly. In addition to day-to-day monitoring, 
non-conformances are identified through the following: audit findings (external and internal); 
process reviews, including TransCanada’s Operating Procedures (TOPs); and incident 
investigations (failures, near-hits). 

Pipelines (Oil and Gas) 

For its pipeline systems (gas and liquids), TransCanada stated that corrective and preventive 
actions identified through internal audit findings are consolidated in an action log. The audit log 
lists identified actions to address the deficiencies, responsible individuals, completion dates and 
status. The status of corrective or preventative actions is included in the CDN-LIQ-IMP Annual 
Review and Improvement Report. Process Reviews of procedures are conducted annually, as 
described in the Pipe Integrity Process Review Procedure. 
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Facilities 

For its facilities, TransCanada stated that corrective actions are also identified, investigated, 
evaluated and prioritized, based on the engineering discipline and equipment type, using other 
systems such as the TransCanada Operating Procedures (TOPs), Avantis (TransCanada’s work 
management system) and health monitoring motor trending. Other tools, such as a Decision 
Support System (DSS), health monitoring, and pressure vessel and tank investigations, are used 
to complete trending analyses to determine if further actions are required for systemic issues and 
if these actions need to be tracked in a corrective log with monthly review by all stakeholders. 
Actions are then implemented in the General Plan Maintenance Capital (GPMC) program or the 
Preventive Maintenance (PM) program, which determines whether the risk is tolerated, 
terminated or transferred. 

TransCanada stated that it ensures that corrective actions are implemented and followed up as 
part of the management review process. Management review includes monitoring the status of 
corrective and preventive actions in IIT monthly, and reviewing program performance measures 
to determine the effectiveness of the overall program. 

Assessment of TransCanada’s InMS and InMP determined that within its internal processes and 
procedures, TransCanada has demonstrated compliance with the requirements of this audit 
element for its facilities. As discussed in the following text, TransCanada’s incident reporting, in 
the form of Detailed Incident Reports (DIRs) submitted to the Board, lacks detail with respect to 
preventive actions, follow-up and sharing of learnings.  

Incident Reporting 

In a meeting held 7 March 2013 to discuss TransCanada’s DIRs, it was communicated to 
TransCanada that: the DIR corrective actions were assessed to be generally adequate; preventive 
actions tended to address local issues only; and incident follow-up and sharing of learnings were 
generally inadequate.  TransCanada stated that the timeframe of submitting its DIRs to the Board 
and its internal incident investigation processes accounted for the discrepancies in the level of 
detail. That is, its DIRs are written and submitted more immediately following an incident, 
whereas its internal incident processes are generally conducted in detail some months later. To 
address the issue, TransCanada committed to working with the Board to improve the level of 
detail in its DIRs, and both the Board and TransCanada have committed to improving their 
communications with respect to TransCanada meeting the Board’s expectations for incidents 
investigation and reporting. 
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Reporting of Non-Compliances 

TransCanada was asked to provide its policies and procedures for the internal reporting of non-
compliances. TransCanada stated that there are many available outlets for employees to bring 
concerns forward to TransCanada’s management. These included the Incident and Issue 
Tracking (IIT) system; Ethics Help line; informal and formal reports to technical managers, non-
conformance reports (NCRs); and the TransCanada Code of Business Ethics policy and 
procedures. TransCanada stated that employees are trained on these procedures during the 
onboarding process and through the annual employee Code of Business Ethics policy training 
and certification.  TransCanada’s internal Human Resources website provides employees with a 
list of the Compliance Coordinators for different areas of the company and a link to this 
document was, and continues to be, accessible to employees in the “Raise the Concern” section 
of the website. TransCanada stated that its management encourages open and honest discussion 
of all areas of concern and promotes an environment where safety is the paramount goal. 
TransCanada provided the following documentation to support its internal reporting of non-
compliances: 

 TransCanada Code of Business Ethics (TRP901-a77en); 
 Code of Business Ethics Policy (EMDS No. 003721479); 
 Ethics and Compliance (website printout); 
 Ethics and Compliance organization (website printout); 
 Ethics Help Line (website printout); 
 List of Compliance Coordinators by Department (3 page document containing 12 

coordinators for pipelines); 
 Raising a Concern (website print out); and 
 Frequently Asked Questions (website printout). 

 

Summary: Corrective and Preventive Actions 

The Management System Audit Element 4.2, Corrective and Preventive Actions, requires a 
company to have a process to investigate incidents or any non-compliance that may occur, 
including a process to mitigate any potential or actual impacts arising from the non-compliances. 
The company is also required to develop procedures to analyze incident data in order to identify 
deficiencies and opportunities for proactive improvement. 
 
During the course of this audit, TransCanada provided evidence of its analysis of possible 
incident types.  The company also demonstrated it had compiled and analyzed key performance 
indicator data in order to assess trends and establish root causes of incidents. 
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The Board noted that TransCanada’s internal non-compliance and incident reporting processes 
were adequate but could be more detailed in the areas of preventative action and information 
sharing across the company. TransCanada has committed to improving the level of detail in these 
items. 
 
Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 

 
Compliance Status: Compliant 
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4.3 Records Management 

Expectations: The Company shall establish and implement procedures to ensure that the records 
supporting the management and protection programs are retained, accessible and maintained. 
The Company shall, as a minimum, retain all records for the minimum lengths of time as 
required by the applicable legislation, regulation and standards incorporated by reference into the 
regulation. 

References: 

OPR-99 sections 4, 41 and 56 
CSA Z662-11 Clauses 3.1, 3.2, 9.11, 10.4 and 10.5 
 

Audit Assessment 

This Management System sub-element was not formally assessed during the Integrity 
Management Program audit.  

Compliance Status: Not Assessed 
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4.4 Internal Audit  

Expectations: The company shall develop and implement a documented process to undertake 
audits of its management and protection programs and procedures. The audit process should 
identify and manage the training and competency requirements for staff carrying out the audits. 
These audits shall be conducted on a regular basis. 
 
References: 

OPR-99 sections 4, 53 and 55 
CSA Z662-11, Clauses 3.1.2(c) and 3.1.2(h)(iii) 

Audit Assessment: 

General 

During interviews and in documents submitted, TransCanada stated that the mandate of 
TransCanada’s internal audit department (Internal Audit) is to act as an independent assessor, 
reporting on the company’s system of internal controls, governance and risk management 
processes. Internal Audit reports functionally to the Audit Committee of the Board of Directors 
and administratively to the Chief Compliance Officer. Internal Audit is authorized to perform 
internal audits, including those involving Integrity Management Programs (IMPs). For 
TransCanada’s IMPs, Internal Audit follows a maximum interval between audits of three years.  

The following IMP documents state the requirements of TransCanada’s internal audit program: 

 Gas Pipeline IMP, Section 4.10; 
 Liquid Pipeline IMP, Section 11.3.5; and 
 Plant IMP, Section 2.5.2. 

On a one to three-year basis, all procedural documents are reviewed for effectiveness by 
document owners and other shareholders. With respect to the IMPs, the engineering procedures 
are reviewed annually following the Pipe Integrity Process Review Procedure (TEP-INT-PR, 
EDMS No. 006522487). The effectiveness of the process and management system elements 
within each document is reviewed to identify non-compliances/non-conformances and/or areas 
requiring improvement.  

Internal audits are conducted by TransCanada personnel that are independent of the areas to be 
audited, consistent with Annex N “Guidelines for pipeline system integrity management 
programs” of CSA Z662-11, specifically Clause N.15.4(d).  In this respect, IMP audits are 
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completed by the Quality Management and Engineering Standards group or a third-party auditor. 
The Quality Manager is responsible for ensuring that employees are competent to complete 
internal office audits through documented skills, certifications, training or education. As a 
minimum, the Lead Auditor is qualified to the ISO Internal Auditor training, CSA Internal 
Auditor training or equivalent. The competency of third-party auditors is managed through the 
vendor qualification process, which includes requirements for documentation addressing the 
third-party auditor training and certification.  

On a quarterly basis, TransCanada conducts field-based Targeted Compliance Audits that are 
performed at multiple locations within the Canadian Pipeline Operations Regions.  The results 
are consolidated in a single report, which identifies systemic issues related to the topic assessed 
during the audit. Field-based audits are conducted by Canadian Pipeline Operations Compliance 
(CPO Compliance) team members comprised of a Senior Compliance Specialist and three Field 
Compliance Specialists. All team members attend internal training courses and receive 
certification from a training course conducted by an external third party. It is the responsibility of 
the CPO Compliance Manager to ensure employees are competent to complete field-based audits 
through documented skills, certifications, training or education. The process for completing 
audits is documented in TransCanada Operating Procedure (TOP) Compliance Assurance 
Program (EDMS No. 005364423) and the associated TOP Targeted Audit (EDMS No. 
006281982). 

The Quality Management and Engineering Standards internal audit processes and procedures 
requires the person accountable for the program that has been audited to resolve all findings. 
Audit findings are tracked in action logs or the Incident and Issue Tracking (IITs) database. 
Issues related to each audit are identified, and corrective and preventive actions, accountabilities, 
and timelines are recommended by the CPO Compliance audit team. Site-specific findings that 
are not considered to be systemic in nature are provided to the specific area manager to address. 
The finalized audit report is provided to the Vice President, Canadian Pipeline Operations, the 
regional leadership teams (Directors and Managers) and leaders of other departments who have 
been assigned specific actions to address identified deficiencies, and on whom the audit may 
have an impact. The Senior Compliance Specialist is responsible for monitoring the progress of 
audit resolutions and for escalating issues when deemed necessary. The status of completion of 
the actions is also tracked in the monthly CPO Compliance Scorecard, which is issued to and 
reviewed by the Vice President, Canadian Pipeline Operations, and the Directors. 
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NEB’s Investigation of TransCanada’s Response to a complainant’s Allegations 

TransCanada’s Internal Audit Department conducted an audit of a complainant’s allegations.  
The focus of the audit was as follows: 

1. Independent Third Party Non-Destructive Examination  
2. Independent Visual Surveillance of Welders 
3. Non-Destructive Examination of Pressure Vessels   
4. Qualification of Welders on the Keystone Pipeline 
5. Practice of Engineering within TransCanada 
6. Joining Pipe of Different Wall Thicknesses 
7. Use of Automatic Ultrasonic Testing 
8. Submission to the NEB of TransCanada’s Joining Program 
9. TransCanada’s Formal Audit Program 

The findings of TransCanada’s internal audit and the resulting remediation measures taken by 
TransCanada were submitted to the Board on 18 July 2012.  In addition, NEB audit interviews 
were held with TransCanada with respect to the resolution of a complainant’s allegations on 18 
March 2013. TransCanada was directed to provide additional information and supporting 
documents to substantiate the responses given during the interviews. 

Each of the issues investigated in TransCanada’s internal audit, as well as the NEB’s assessment 
of the ongoing and completed remediation measures identified by TransCanada in response to 
the audit findings, are described below. 

1. Independent Third Party Non-Destructive Examination 

TransCanada’s internal audit concluded that there had been instances where TransCanada did not 
ensure that qualified, third party non-destructive examination (NDE) vendors were hired under 
the direct supervision of TransCanada (and not by the pipeline, facility or fabrication contractor), 
resulting in a lack of independence. This was a non-compliance with the OPR-99, section 54(1), 
which states: “When a company constructs a pipeline, the company or an agent independent of 
any construction contractor retained by the company shall inspect the construction to ensure 
that it meets the requirements of these Regulations and complies with the terms and conditions of 
any certificate or order issued by the Board.” 
 
TransCanada’s internal audit noted that a process was being implemented to ensure independent 
NDE inspections. During the NEB audit interviews, TransCanada confirmed that new processes 
were in place to ensure that NDE vendors were hired by TransCanada directly. NEB auditors 
requested that TransCanada demonstrate that it had a plan in place to examine past NDE results 
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in order to validate whether these non-independent inspections would constitute a future integrity 
hazard.  TransCanada responded as follows: 
 
“For fabrication of piping assemblies between May 2004 and August 2011, TransCanada used 
fabrication shops with certified Quality Management Systems. The fabrication facilities were 
responsible for hiring qualified third party NDE contractors to complete the inspections. 
TransCanada hired a third party inspector to oversee the work produced by the fabrication shop 
and the NDE contractor. The TransCanada inspector was responsible for ensuring the 
fabrication shops met the specification and procedure requirements for materials, welding, non-
destructive examination, pressure testing and coating. The inspector was responsible for 
checking the radiographic film to ensure the level of quality was met and that all welds were 
inspected. The fabrication of piping assemblies was completed in accordance with the 
requirements of CSA Z662 and the piping assemblies were completed using TransCanada’s 
welding specification (TEP-NDT-ADT, EDMS No. 003797402), which requires 100% NDE of 
welds. The TransCanada specifications for NDE required that all radiographic film 
interpretation be completed by a Canadian Government Standards Board (CGSB) Level II 
technician. TransCanada stated that the fabricated assemblies in question were all subjected to a 
high pressure hydrostatic test before going into service and are not considered an integrity 
hazard.” 
 
TransCanada completed a review of the projects on which fabrication of piping assemblies was 
completed for the time frame of 2004 to 2011 and determined that there are approximately 50 
meter stations and 7 pipeline projects where fabricated pipeline assemblies were installed under 
NEB jurisdiction without independent third party NDE. To address the issue, TransCanada 
proposed an audit of the projects using its NDE procedure TEP-NDT-ADT, Clauses 7.2.2 to 
7.2.4 (inclusive), which specifies a 15% progressive audit of the radiographs involved. The 
Board reviewed TransCanada’s proposed audit criteria to determine whether it would provide 
adequate examination of the welds that had occurred in the past projects.   The Board determined 
that TransCanada’s proposed audit procedure (15% of the welds) did not meet the requirements 
of the OPR-99, section 17.5 TransCanada subsequently revised its audit criteria to include 100% 
of the subject welds and is therefore now in compliance with the OPR-99, section 17 
requirements. 

To ensure that TransCanada will provide qualified, third party non-destructive examination 
(NDE) contractors that are hired under the direct supervision of TransCanada, and not by the 
pipeline, facility or fabrication contractor, TransCanada stated that it has developed new Master 
                                                            
5 See the amended and re-named National Energy Board Onshore Pipeline Regulations, section 17, for the 
corresponding provision. 
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Service Agreement (MSA) contracts with its approved NDE contractors, under which 
TransCanada is solely responsible for hiring the NDE personnel. TransCanada stated that it had 
also developed revised Work Authorization contract documents for work not covered by the 
MSAs, which specifically state that the NDE contractors will be hired directly by TransCanada. 
As a result of its internal audit, TransCanada also developed a procedure (TEP-NDE-INSP-
SHOP, Fabrication Shop Non-Destructive Examination Inspection Procedure, EDMS No. 
006684544) outlining the requirements for conducting NDE in fabrication shops. This procedure 
had an effective date of October 15, 2011 and the procedure stated under Clause 1 that: 
“TransCanada will hire: (1) A Fabricator to construct assemblies; (2) An NDE contractor to 
conduct non-destructive examinations of the welds; and (3) A Fabrication Inspector to inspect 
the results prepared by the NDE contractor.” 

Summary: Independent Third Party Non-Destructive Examination 
The Board noted that had been instances where TransCanada did not ensure that qualified, third 
party non-destructive examination (NDE) vendors were hired under its direct supervision. 
Therefore, TransCanada had been non-compliant with the OPR-99, section 54(1).  However, the 
Board also concluded that the measures taken by TransCanada to ensure independent third-party 
NDE inspections, as well as TransCanada’s commitment to undertake an audit of 100% of the 
previously affected welds, adequately addresses the issue of independent third-party NDE.    

2. Independent Visual Surveillance of Welders  

TransCanada’s internal audit concluded that, in the past, TransCanada was non-compliant with 
CSA Z662-11, Clause 7.10.2 (Visual Inspection), and specifically sub-clause 7.10.2.1, which 
states that: “The completed welds on the outside surface of the piping shall be visually inspected 
for 100% of the weld length for any imperfections that are not detectable by non-destructive 
inspection, in accordance with documented procedures approved by the company. Such 
procedures shall include requirements for extent and frequency of visual inspection, personnel 
qualification and visual acuity, maximum viewing distance and angle, lighting conditions, 
evaluation tools, and reporting.”  

TransCanada’s internal audit noted that TransCanada’s management agreed to follow up on this 
issue. TransCanada’s Materials Engineering met with Construction Services management, 
welders and foremen to discuss the issue of inspection/audit procedures for maintenance welding 
to ensure compliance with the requirements of CSA Z662-11, Clause 7.10.2.1. TransCanada 
stated that its personnel completed a full review of the welding and NDE specifications and 
procedures applicable to their responsibilities. A qualified technical specialist provided welder 
training and witnessed the qualification test welds. In addition, a revised method for tracking 
welder qualifications was implemented. TransCanada’s Construction Services department 
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created and filled the position of a Construction Services Manager responsible for Equipment, 
Quality Assurance/Quality Control, Welding and Fabrication. The Materials Engineering 
Department met with the Construction Services Manager to discuss the actions that had been 
implemented up to the date of the internal audit, as well as the implementation of further 
recommendations on training and the overall inspection requirements with respect to welder 
supervision and inspection.  

As a result of the NEB audit interviews, TransCanada provided its engineering procedure, TEP-
NDT-VT Visual Examination (EDMS No. 007381161) and examples of welder inspection 
reports as supporting documentation that TransCanada meets the requirements set out in CSA 
Z662 Clause 7.10.2.1.  The TEP-NDT-VT engineering procedure is based on CSA Z662-11 Oil 
and Gas Pipeline Systems; ASME Section V, Article 9, Guidelines; and API 1104, Welding of 
Pipelines and Related Facilities. The engineering procedure applies to visual examination that is 
to be conducted to determine the condition of the part, component or surface examined including 
such conditions as weld quality, alignment of mating surfaces, crack, wear, corrosion, erosion, 
evidence of leakage, or physical damage. The records of visual weld examinations requested by 
NEB auditors for a specific project (36” Edson Extension Hydro Test Project, ED-120 to ED-
130, 2012) included a weld tally with visual inspection and weld parameter confirmation records, 
all visual inspection reports for the project, welding inspector’s daily reports for the project, and 
the Company Representative and Welder Inspector’s Check List.  

Summary: Independent Visual Surveillance of Welders 
The Board concluded that TransCanada was non-compliant with CSA Z662-11, Clause 7.10.2 
(Visual Inspection) and specifically sub-clause 7.10.2.1. The Board also concluded that 
TransCanada has the processes and procedures in place to meet the requirements of CSA Z662-
11, Clause 7.10.2.1 and that those processes and procedures adequately address the issue of 
independent visual surveillance of welders.  

3. Non-Destructive Examination of Pressure Vessels  

TransCanada’s internal audit concluded that a variance to the American Society of Mechanical 
Engineers (ASME), Section V – Non-destructive Examination had occurred in that, in one 
instance, the NDE of a pressure vessel was known to be insufficient due to the NDE inspector 
being unable to inspect the full weld beneath a plate attached to a nozzle. The NDE inspection 
report did not meet code as it incorrectly indicated full inspection had occurred. Had the NDE 
inspection report indicated that the complete weld inspection had not occurred due to restricted 
access, the report would have met the requirements of the code.    

TransCanada’s response to the internal audit finding was that the pressure vessel in question was 
for the NGTL Gold Creek Compressor Station project. This project was taken out of service by 
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TransCanada’s Engineering Department in September 2011. A complete review of the design 
drawings, fabrication welding procedures and NDE inspection procedures was completed by 
TransCanada through September, October and November 2011. An internal report was competed 
on this review and, in particular, the questions raised regarding the NDE for the nozzle weld. The 
review determined the NDE of the small diameter nozzles was completed, but the NDE 
technician referenced the incorrect procedure and did not indicate the restricted inspection area 
in the report. This was addressed with the third party NDE company and resolved.  The pressure 
vessel was released for installation in November 2011 and the pressure vessel was included in 
the field pressure testing program for the station piping at the Gold Creek Compressor Station. 
The report also recommended changes to the process for procurement and third party inspection 
of pressure vessels. TransCanada’s Materials Engineering department has revised the third party 
surveillance checklist used for pressure vessels and has worked directly with the third party 
inspection company to provide the third party inspectors with training on the specification 
requirements and expectations on reporting.  

Summary: Non-Destructive Examination of Pressure Vessels 
The Board concluded that a variance to the American Society of Mechanical Engineers (ASME), 
Section V – Non-destructive Examination had occurred in TransCanada’s NGTL Gold Creek 
Compressor Station project. The Board also concluded that TransCanada has the processes and 
procedures in place to ensure that NDE inspections of pressure vessels meet the ASME code 
requirements and that reporting of NDE results accurately reflects the NDE procedures. The 
measures taken by TransCanada adequately address the issue of NDE of pressure vessels. 

4. Qualification of Welders on the Keystone Pipeline 

TransCanada’s internal audit confirmed that a number of welds on the Keystone Pipeline did not 
comply with CSA Z662-11, Clause 7.8, Arc and Gas welding - Qualification of Welders, due to 
welding being performed by an unqualified welder.  TransCanada stated that the lack of welder 
qualification was discovered by a TransCanada inspection and documents coordinator, who 
ordered corrective action to be taken, which consisted of removal of the welds in question. 
TransCanada required that all of the welds in question be redone by a qualified welder. To 
ensure that no other pipeline welds performed on the Keystone Pipeline were out of compliance 
due to welder qualifications, a review was conducted of all of the Keystone Pipeline welder 
qualification records. TransCanada reinforced the requirement that no work should be started on 
a project without the inspector present at the contractor’s fabrication facility and completion of 
assurance of welder qualifications.  
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Summary: Qualification of Welders on the Keystone Pipeline 
The Board concluded that TransCanada’s Keystone Pipeline project contained a number of welds 
that were not in compliance with CSA Z662-11, Clause 7.8, Arc and Gas welding - Qualification 
of Welders. The Board also concluded that the measures taken by TransCanada adequately 
address the issue of qualification of welders on the Keystone Pipeline and that TransCanada has 
the processes and procedures in place to ensure appropriate welder qualifications on 
TransCanada’s future projects. 

5. Practice of Engineering within TransCanada 

TransCanada’s internal audit concluded that the final review and signing of designs completed 
by an external engineering company was done under TransCanada’s permit to practice and by 
professional engineers registered in Alberta. To ensure TransCanada engineers and technologists 
were clear in their roles and responsibilities, TransCanada management implemented a review of 
the Engineering requirements in the Practice of Engineering specification (TES-ENG-POE, 
TransCanada Practice of Engineering (POE) EMDS # 003672108, revised in Nov. 2011). The 
Practice of Engineering specification includes guidance on the requirements for both internal 
TransCanada and third party engineering (Sections 5.1 and 5.2 respectively).  
 
In 2012, TransCanada management also implemented mandatory training on TransCanada’s 
Practice of Engineering and TransCanada’s Professional Engineering Management Plan for 
engineers and technologists within the company. This training is currently being added into the 
TransCanada Learning Management System (LMS) as a requirement for Engineers to take every 
3 years. TransCanada’s Practice of Engineering outlines authentication requirements for 
engineering documents produced by or for TransCanada. TransCanada’s Professional 
Engineering Management Plan outlines principle information regarding the management of 
engineering within TransCanada. TransCanada procedures related to projects have design 
reviews by technical and engineering resources that are designed to occur at the 30%, 60% and 
90% design stages. When the work is completed by external engineering companies, the final 
designs are authenticated or signed by professional engineers based on the requirements of the 
jurisdiction in which the work and/or construction is taking place. For designs completed by 
internal TransCanada resources, the company’s permit to practice stamp is applied. 
 
Summary: Practice of Engineering within TransCanada 
The Board concluded that TransCanada is in compliance with its internal Practice of Engineering 
specification governing the practice of its professional engineers. The Board also concluded that 
the measures taken by TransCanada adequately address the issue of practice of engineering 
within TransCanada and for its external engineering contractors. 
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6. Joining Pipe of Different Wall Thicknesses  

TransCanada’s internal audit investigated an allegation that using back-beveled transition welds 
is prone to higher incidence of failure than using counter-bore and taper welds.   

The internal audit concluded that the failure incident reference was made to historical welding 
practices that were acceptable at that time. TransCanada stated that the use of taper (back 
beveling) is a common practice within the pipeline industry. Clause 7, Joining, of CSA Z662-11, 
provides guidance on the recommended designs of unequal wall thickness weld joints. Figure 
7.1, Examples of end preparations and combinations of end preparations, and specifically Figure 
7.1(a) with its guidance note states that for internal diameters unequal “where the nominal 
internal offset is 2.4 mm or less, no special treatment is necessary, provided that full penetration 
and bond is accomplished in welding.” Figures 7.1(b) through 7.1(g) and the corresponding 
guidance notes detail the requirements cases of internal offset greater than 2.4 mm, external 
diameters unequal and internal, and unequal external diameters.  

The joining requirements in CSA Z662-11 were compared to TransCanada’s specification for 
transitioning of weld joints with unequal wall thickness pipe (TEP-MECH-TRAN, Selection of 
Transition Pieces and Joining Methods, EDMS No. 000006256).  This internal specification 
provides guidance on determining when to use the back bevel design or the counter-bored and 
taper design. TransCanada currently implements this specification when the wall thickness 
difference of two adjoining pieces of pipeline is greater than 1.0 mm (TEP-MECH-TRAN, 
Figure 2(a) through Figure 2(d) of Section 4.0).  TransCanada’s joining specification meets the 
requirements of Clause 7 of CSA Z662-11. TransCanada also manages the risk of weld joint 
cracking through control of welding parameters such as preheat, welding heat input and pipe 
movement during welding and, in addition, Section 2.0.3 of the TransCanada specification states 
that “the transition weld shall not be located in the immediate region of high bending moments 
(such as may be generated by filed overbends, sidebends or sagbends). The transition weld shall 
be located at a minimum distance of 3D from the end of the bend to the transition. Unless it can 
be demonstrated that a lesser distance will not adversely affect the structural integrity of the 
pipeline.” 

Summary: Joining Pipe of Different Wall Thicknesses 
The Board concluded that TransCanada’s joining specification meets the requirements of CSA 
Z662-11, Clause 7, Joining. The Board also concluded that TransCanada has the processes and 
procedures in place to address the issue of joining pipe of different wall thicknesses that could 
affect the weld joints and the integrity of the pipeline. 
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7. Use of Automated Ultrasonic Testing 

TransCanada’s internal audit investigated an allegation that the use of Automatic Ultrasonic 
Testing (AUT) is more sensitive in picking up defects than radiographic inspection. 
TransCanada’s internal audit stated that CSA Z662-11 and the OPR-99 allow for the use of 
radiography or ultrasonic methods to examine girth welds. TransCanada uses either AUT or 
radiography (RT) for the non-destructive examination of butt welds on pipeline construction. 
Both of these non-destructive techniques have been used in pipeline construction for many years 
and the requirements for their use are included in CSA Z662-11, Clause 7.10.4 Non-destructive 
inspection. TransCanada uses radiography for butt welds on Nominal Pipe Size (NPS) 2” to NPS 
48” pipe to pipe joints or pipe to component joints. The AUT method is applied to NPS 20” to 
NPS” 48 pipe to pipe mainline and tie-in welds on pipelines projects where the wall thickness is 
6.4 mm and greater. The minimum diameter limit is applied to the projects due to the wall 
thicknesses being less than 6.4 mm and the inspection system’s physical size as it sits on the 
pipe. TransCanada’s specification used for automatic ultrasonic inspection is TES-NDT-UT1, 
Mechanized Ultrasonic Examination of Pipeline Girth Welds (EDMS No. 00367096) that 
contains within the scope of the document the wall thickness limits for UT weld inspection. 

Summary: Use of Automated Ultrasonic Testing 
The Board concluded that TransCanada is in compliance with CSA Z662-11, Clause 7.10.4 Non-
Destructive Inspection and the OPR-99 with respect to the use of radiographic and ultrasonic 
inspection methods. The Board also concluded that TransCanada has the processes and 
procedures in place to address the issue of weld inspections and that these processes and 
procedures meet the requirements of CSA Z662-11 and the OPR-99. 

8. Submission to the NEB of TransCanada’s Joining Program 

TransCanada internal audit investigated an allegation that TransCanada submitted a joining 
program for the Cutbank River Lateral Loop Project to the NEB that had not been fully 
customized and updated for the Project as required by the OPR-99, section 16, which states that 
“A company shall develop a joining program in respect of the joining of pipe and the 
components to be used in the pipeline and shall submit it to the Board when required to do so”. 
TransCanada’s internal audit confirmed that the allegation was valid. An updated version of the 
joining program was subsequently submitted to the Board.  The internal audit further noted that 
the learnings from the Cutbank River Lateral Loop Project led to a complete review of the 
standard shielded metal arc welding (SMAW) procedures to confirm that the welding datasheets 
were accurate and correct, to ensure the supporting documents referenced (Procedure 
Qualification Record (PQR) and Welding Procedure Specification (WPS)) were part of the 
submission to the NEB, and to ensure each datasheet was properly supported by PQRs. 
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TransCanada stated that, going forward, all welding procedures submitted for its projects will be 
reviewed for compliance prior to their issuance. 

Summary: Submission to the NEB of TransCanada’s Joining Program 
The Board concluded that TransCanada was not in compliance with the OPR-99, section 16 with 
respect to submitting a customized and updated joining program for the Cutbank River Lateral 
Loop Project. The Board also concluded that TransCanada has the processes and procedures in 
place to address the issue of submission of complete, accurate and updated welding procedures 
to the NEB. 

9. TransCanada’s Formal Audit Program  

TransCanada’s internal audit investigated an allegation that the audit and inspection process 
required by the OPR-99 did not exist within TransCanada.  TransCanada’s internal audit 
confirmed that there was an audit and investigation process within TransCanada, but that there 
were opportunities for continuous improvement.  As noted above in the Board’s assessment of 
this audit for sub-element 4.4 Internal Audit, TransCanada has demonstrated that it has a formal 
audit process for its Integrity Management Programs.  

Summary: TransCanada’s Formal Audit Program 
The Board concluded that TransCanada is in compliance with the requirements of the OPR-99, 
section 55(1)(b) and CSA Z662-11, Clause 3.1.2(h)(iii). The Board also concluded that 
TransCanada has the processes and procedures in place to address the requirements of a formal 
audit and inspection program.  

Summary: Internal Audit 

The Management System Audit Element 4.4, Internal Audit, requires a company to develop and 
implement a documented process for auditing its management and protection programs and 
procedures. The audit process is expected to include and manage training and competency 
requirements for staff carrying out the audits and be conducted on a regular basis. 
 
Internal audits of TransCanada’s IMPs are conducted by personnel that are independent of the 
areas to be audited or by a contracted third party. Quarterly field-based compliance audits are 
conducted at multiple locations across Canada. All audit findings are tracked and are required to 
be resolved. Findings are also categorized as either site-specific or systemic and responsibility 
for these is assigned accordingly. The progress of resolving audit findings is monitored and 
escalated where necessary.  
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With regards to the internal audit of TransCanada’s investigation stemming for concerns raised 
by a complainant, the Board finds the company’s internal audit procedures effectively identified 
and assigned resolution of any regulatory non-compliances.  
 
Management System Audit Sub-Element Finding: Based on documents reviewed and interviews 
with personnel, TransCanada was able to demonstrate that it was in compliance with the 
requirements of the OPR-99 and CSA Z662-11, and is therefore compliant with the requirements 
of this audit sub-element. 

 
Compliance Status: Compliant 
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5.0 MANAGEMENT REVIEW 
 
5.1 Management Review 

Expectations: The company shall formally review the management and protection programs for 
continuing suitability, adequacy and effectiveness. The review should be based on appropriate 
documentation and records including the results of the surveillance, monitoring and audit 
programs. This review should be formal and documented and should occur on a regular basis. 
The management review should include a review of any decisions, actions and commitments that 
relate to the improvement of the programs and the company’s overall performance. 

References: 

OPR-99 sections 4, 40 and 55 

CSA Z662-11, Clauses 3.1.2 (h)(iii) and 3.2 

Audit Assessment: 

General 

During interviews and in documents submitted, TransCanada described its management review 
processes and procedures.  

At quarterly meetings of the Board of Directors’ Health, Safety and Environment (HSE) 
Committee, TransCanada leadership present and discuss a scorecard on Operational Safety, 
which includes the Integrity Management Program (IMP) elements.  

TransCanada’s Senior Vice President of Operations and Engineering leads the Senior 
Governance Committee (SGC), which includes the Vice Presidents of Engineering and Asset 
Reliability, Canadian Pipeline Operations and Operations and Pipeline Services. The SGC 
provides the highest level of management governance, overseeing strategic aspects such as the 
policy and direction of the Asset Management System (AMS), which governs TransCanada’s 
IMPs. The following sections of the IMPs provide the processes and procedures that are 
necessary to meet the requirements of the AMS: 

 Gas Pipeline IMP, Section 8.0; 
 Liquid Pipeline IMP, Section 2.1; and 
 Plant IMP, Section 2.2. 
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TransCanada Threat Management Scorecards 

TransCanada submitted documents (Integrity Threat Management Scorecards) to demonstrate 
that it had compiled and analyzed key performance indicator (KPI) and incident data. The 
TransCanada Integrity Threat Management Scorecards submitted and reviewed were: 

 Internal Corrosion; 
 External Corrosion; 
 Mechanical Damage; 
 Construction Defects; 
 Weather and Outside Forces; 
 Manufacturing Defects; 
 Equipment; 
 Stress Corrosion Cracking; 
 Leaks and Ruptures; 
 Engineering and Asset Reliability Incident and Issue Tracking (IIT); and 
 Customer Perfect Days. 

TransCanada’s Scorecards contained information on the individual threat management programs, 
including: goals and objectives; failure statistics (incident rates x 103 per km.yr) due to each 
threat; in-service leaks and ruptures; and histograms and pie charts of threat related data. The 
Scorecards were assessed to be in compliance with CSA Z662-11, Clauses 3.1.2 (h)(iii) and 3.2 
(d). 

Key Performance Indicators 

At the beginning of each year, the SGC sets direction through goals and objectives, along with 
overall KPIs for the IMPs. These common goals and objectives cascade down through the 
organization from the SGC to the individual employee. At each successive level of the 
organization, more specific goals, objectives and KPIs are monitored and reviewed to evaluate 
TransCanada’s various programs, including the IMPs, for continued suitability, adequacy and 
effectiveness. At the SGC level, monthly management review meetings are held to discuss the 
KPI areas of asset reliability, safety, compliance, risk and cost. Regular updates through the 
chain of command are provided though weekly reporting and a monthly review of all outstanding 
incidents and issues.  
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Management Review System for the IMPs 

Responsibility for review and revision of the IMPs extends from the IMP program manager up 
through the respective leadership team to the Vice President of Engineering and Asset 
Reliability. The IMPs and supporting documentation are revised on a regular basis to capture any 
significant improvement opportunities. Modification to the IMPs and their associated supporting 
procedures and processes is typically driven by lessons learned, and include the following inputs: 

 IIT; 
 Review of goals and objectives through KPIs; 
 Audit findings and follow-up actions; 
 IMP Reviews; and 
 Industry learnings. 

 
Incident and Issue Tracking (IIT) 

IIT is the primary mechanism by which TransCanada identifies and takes actions on incidents 
and issues, including those related to the IMP. Automated notifications facilitate management 
oversight and governance. Resolution of action items is tracked within the IIT system and is to 
be reviewed monthly by the appropriate leadership within TransCanada.  

Review of Goals and Objectives through Key Performance Indicators  

To evaluate the IMPs for continued suitability, adequacy and effectiveness, common goals and 
objectives used to monitor progress cascade down through each level of the organization and are 
reflected in the specific KPIs. At the Vice President level, more detailed KPIs are part of the 
Engineering and Asset Reliability Leadership Team management review. At the Director and 
Manager level, more detailed KPIs are tracked for the IMP and associated procedures as part of 
the IMPs. During the audit, TransCanada provided documentation (TransCanada KPIs – 
Performance Measures, December 2012) on its IMP related KPIs. In general, in the 500+ KPIs 
provided, there were numerous listings of what are considered to be pipeline attributes rather 
than KPIs. For example, pipeline system length, outer diameter, wall thickness, material grade, 
design class, coating type and pipe manufacturer. These are simply fixed attributes of the 
pipeline system and provide no useful information for tracking performance.  Additionally, of 
the extensive list of KPIs provided, only a few have provided direct input into the individual 
threat management scorecards.    

Integrity Management Program Reviews 

Specific IMP review activities are conducted, including: 
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 Management Business Reviews: Semi-annually, a meeting between the Pipe Integrity 
leadership team and individual subject matter experts is held to review the status of their 
individual programs. At the end of the year, Facilities Integrity conducts a business 
review that includes a Strengths, Weakness, Opportunities and Threats (SWOT) 
Analysis, to align key strategies with the facilities’ objectives. The objectives are then 
linked to success of the integrity programs and plans being implemented in the following 
year. 

 Annual Maintenance Plan Review: Integrity threat groups develop annual maintenance 
plans, which form the work plan to be completed in the following year. On an annual 
basis, leadership up to the Senior Vice President of Engineering and Operations is 
provided an overview of the previous year’s maintenance plan and the proposed next 
year’s maintenance plan. 

 Process Reviews: The outcome of the reviews of IMP supporting documents (e.g., 
integrity plans, procedures) is reported to management. The TEP-INT-PR Pipe Integrity 
Process Review Procedure (EDMS No. 006522487) outlines Pipe Integrity’s process 
review methodology. The TEP-INT-MREV Pipe Integrity Management Review 
Procedure (EDMS No. 006980169) details the management review process of Pipe 
Integrity’s natural gas integrity management programs. During the audit, TransCanada 
provided the Integrity Management Program Review (January 26 – February 12, 2010) as 
an example of its IMP review report. Essentially, the 16 page document, of which 6 pages 
contained the actual review, was a high level process review rather than a zero-based 
compliance and effectiveness review of TransCanada’s IMPs. Within the document, 
TransCanada stated that a technical review of the data and reports generated by the 
various activities, assessments and plans was not included in the scope. Appendix 2 – 
Integrity Management Program Checklist contained 25 questions meant to cover 12 
management sections (with 4 missing sections in the numbering system).  Appendix 2 in 
the report was blank. No information was contained in the report on the answers to the 
questions or references to documentation examined.  This Integrity Management Program 
Review document was assessed to be inadequate for the purpose stated and inadequate as 
evidence of TransCanada’s management review process. 

Industry Learnings 

TransCanada stated that it also tracks its performance relative to industry by participating in 
industry associations, such as the Canadian Energy Pipeline Association (CEPA). For the past 
ten years, CEPA has tracked approximately 30 KPIs, allowing TransCanada to compare itself to 
industry using detailed measures such as failure causation, in-line inspections and site 
investigations. During the audit, TransCanada provided documentation (excerpts from the 
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Annual Performance Indicator Report 2012 (EDMS No. 008029673) to illustrate a comparison 
of its KIPs to those of other regulatory agencies and of industry associations.  

 

Summary: Management Review 

The Management System Audit Element 5.1, Management Review, requires a company to 
formally review its management and protection programs for continuing suitability, adequacy 
and effectiveness. Reviews are expected to be based on appropriate documentation and records, 
be formal and documented, and occur on a regular basis. 

The audit concluded TransCanada has undertaken several initiatives aimed at reviewing its 
IMPs. These include: 

 Designating an executive to be accountable for management review; 
 

 Having appropriate levels of responsibility and accountability at each level of the 
organization; and 
 

 Participation in industry associations in order to share learnings and best practices. 
 

Some of the non-compliances identified during the audit, such as insufficient overpressure 
protection and management of hazards associated with external corrosion, illustrate the results of 
a management review process that was not effective. This element of the audit also included a 
review of the allegations presented by the complainant along with the corroborating internal 
review by TransCanada resulting from that complaint.   

Management System Audit Element Finding: Based on the documents assessed and interviews 
with personnel as related to Management Review, TransCanada is assessed to be non-compliant 
with the requirements of the OPR-99 and CSA Z662-11, and is therefore non-compliant with this 
audit sub-element. 

 
Compliance Status: Non-Compliant 
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Appendix III 

TransCanada OPR-99 Integrity Management Program Audit 

TransCanada Representatives Interviewed and Meeting Attendees 

TransCanada Representative Interviewed Job Title 

 Program Manager, Program Planning -Pipe Integrity 
 Canadian Facility Pipe Integrity Team Lead 

 Manager, Facility Integrity and Reliability 
Management Program  

 Engineer, Program Strategy, Pipe Integrity  

 Program Manager, Pipe Integrity – Damage 
Prevention 

 Legal Counsel 
 Program Manager, Program Planning –Pipe Integrity 

 Manager, Facilities Applications, Law and Regulatory 
Affairs  

 Manager, Program Strategy, Pipe Integrity  
 Technologist, Pipeline Integrity – Damage Prevention 

 Program Strategy, Liquid Pipeline Integrity 
 Program Manager, Liquid Pipeline Integrity  
 Cathodic Protection Program Manager, Canada 

 Legal Counsel  
 Manager, Project Support – CPMS 

 Damage Prevention – Public Awareness Program 
Manager 

 Corrosion Engineer, Pipe Integrity, Integrity Services 
and Support  

 Director, Facilities Integrity 
 Vice President, Engineering and Asset Reliability 

 Director, Pipe Integrity 
  Engineer, Automation Engineering 

 Manager, Materials Engineering 

 Regulatory Compliance Specialist, PLSC Regulatory 
Compliance CDN 
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TransCanada Representative Interviewed Job Title 

  Manager, Regulatory Support Services 

 Valve specialist, Engineering & Asset Reliability – 
Pipeline Integrity Program Support 

 Engineer, Program Planning, Pipeline Integrity  
 Engineer, EAR Mechanical Engineering CAD 
 Integrity Engineer, Program Planning, Pipe Integrity 
 Manager, Pipeline Integrity – Damage Prevention 
 Integrity Management Consultant 

 Manager, Program Governance and Compliance, Pipe 
Integrity 

 Program Governance and Compliance, Pipe Integrity 
 Manager, Welding and NDT, Materials Engineering 

 Corrosion Specialist Pipe Integrity – Program Strategy 
 Program Manager, Program Planning –Pipe Integrity 

 Senior Legal Counsel, Law and Regulatory Research 

 Management Representative, Mechanical and Civil 
Engineering 

 Tank Integrity Lead, Mechanical Engineering  
 Manager, Quality Management – E&AR 

 Manager, Maintenance Program  Planning CDN 
 Integrity Engineer, Program Planning, Pipe Integrity 
 Project Manager, Regulatory Services 
 US Gas PL IMP Program Manager 

 Entity MOS & Governance, Maintenance Program 
Planning CDN 

 Manager, Program Support – Pipe Integrity 
 Director, Regulatory Services 

 Engineer, Program Planning, Pipe Integrity 
 Manager, CA & Eastern US Pipelines - Ops Planning 

 Program Manager, Pipe integrity, Engineering 

 ICAM Program Manager, Program Governance & 
Compliance, Pipe Integrity  

 Integrity Engineer, Program Support, Pipe Integrity 

 Integration Manager, Business Development and 
Project Support  
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TransCanada Representative Interviewed Job Title 

 Manager, PLSC Regulatory Compliance CDN 
 Principal Engineer, Pipe Integrity  

 Legal Counsel, Operations and Engineering Law 
 Associate, Regulatory Support Services   

 Senior Legal Counsel, USPL Legal Operations 

 Internal Corrosion Specialist, Program Planning – Pipe 
Integrity 

 Manager, Program Planning – Pipe Integrity  
 Engineering Intern – Pipe Integrity 

 Valve & Operations Specialist, Pipe Integrity 
 Program Planning – Pipe Integrity 

 Canadian Gas PL IMP Program Manager, Program 
Governance and Compliance, Pipe Integrity  
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Appendix IV 
TransCanada OPR-99 Integrity Management Program Audit 

Documents Reviewed 
 
2012-11-15 Letter IMPs and Commitment Statement  
 

• 01 CDN-LIQ-IMP Liquids IMP Rev 02 DRAFT 5742060.pdf 
• 02 CDN-GAS-IMP Canadian Gas Pipeline IMP 3892900.PDF 
• 03 Plant IMP 3899337.pdf 
• 04 Pipe Integrity Commitment Statement 7058269.pdf 
• 05 TEP-INT-DOC Pipe Integrity Doc Control 6765885.pdf 
• 06 Letter to NEB IMPs 15Nov12.pdf 

 
2012-11-27 - Additional TransCanada Materials  
 

• TransCanada Aerial Pipeline Patrol TOP Nov. 27.pdf 
• TransCanada Incident and Issue Mgmt Program.pdf 
• TransCanada Incident Mgmt Classification Guide 3976290.pdf 
• TransCanada Issues Mgmt Classification Guide 3976292.pdf 
• TransCanada Pipeline Public Awareness Program - TOP Nov. 27.pdf 
• TransCanada PL Crossing and Encroachment Proc. Canada - TOP Nov. 27.pdf 
• TransCanada PL Ground Based Patrols TOP Nov. 27.pdf 

 
2012-11-29 Elements 3.1 and 4.2 - Nov 29 12  
 

• Element 3.1 Org Structure Roles and Responsibilities Re-draft Nov 29 12.pdf 
• Element 4.2 Corrective and Preventive Actions Draft Nov 22 2012.pdf 
• Letter to NEB Audit General Confidentiality 22Nov12 (2).pdf 

 
2012-12-06 Elements 2.1 and 4.4 - Dec 6 12  
 

• 01 Element 2.1 Hazard ID, Risk Assess, Control Dec 6 12.pdf 
• 02 Integrity Management System.pdf 
• 03 Asset Management System Framework.pdf 
• 04 Element 4.4 Internal Audit Dec 6 12.pdf 

 
2012-12-06 Elements 3.3 and 5.1 - Dec 6 12  
 

• Element 3.3 Training Competence and Evaluation - Re-Draft Dec 6.pdf 
• Element 3.3 Training Competence and Evaluation First Draft Nov 29 12.pdf 
• Element 5.1 Management Review Draft Nov. 29 12.pdf 
• TEP-INT-MREV Pipe Integrity Mgmt Review Proc.pdf 

 
 
 

 
013755



 
 
OF-Surv-OpAud-T211- 2012-2013 01                      Page 2 of 26 
TransCanada OPR-99 Integrity Management Programs  
Final Audit Report 
February 2014 
Appendix IV   
 
 

2012-12-12 TransCanada Materials Provided to NEB  
 

• TEP-ITM-ECOR-CDN External Corrosion Threat Management Program (CDN) 6570955.pdf 
• TEP-ITM-EQUIP Equipment Failure Threat Management Program 6786449.pdf 
• TEP-ITM-IC Internal Corrosion Threat Management Program (Cdn-US) 6786402.pdf 
• TEP-ITM-IOPS Incorrect Operations Threat Management Program 6810297.pdf 
• TEP-ITM-MANUF-CDN Manufacturing, Fabrication and Construction Threat Management Program (Cdn) 

6786458.pdf 
• TEP-ITM-MECH Mechanical Damage Threat Management Program (CDN-US-MEX) 6786487.pdf 
• TEP-ITM-SCC-CDN Stress Corrosion Cracking Threat Management Program 6786458.pdf 
• TEP-ITM-WOF Weather and Outside Forces (Geotechnical and Meteorological) Threat Management 

Process (Cdn-US-Mex) 5767611.pdf 
 
2012-12-14 Elements 3.6, 3.7 and 4.1 - Dec 14  
 

• 3.6 NEB Audit Evaluation - Operational Control - Normal Operations Dec 14 12.pdf 
• 3.7 NEB Audit Evaluation - Ops Control - Upset or Abnormal Ops Dec 14 12.pdf 
• 4.1 NEB Audit Evaluation - Inspection Measurement and Monitoring Dec 14 12.pdf 

 
2012-12-14 TransCanada Materials Provided to NEB  
 

• TransCanada Corrective and Preventive Actions DRAFT 3 Dec 14.pdf 
• Presentation - NEB Audit 2.1 - Hazards Ident.pdf 
• Presentation - NEB Audit 4.4 - Internal Audits.pdf 
• TransCanada - Scope of PIMP and FIMS.pdf 

 
2012-12-18 TransCanada Materials Provided to NEB  
 

• Presentation  KPIs and Corrective and Preventive Measures Dec 6.pdf 
• Presentation 3.6 Introduction and Normal Operations Dec 14.pdf 
• Presentation 3.7 Upset or Abnormal Operating Conditions Dec 14.pdf 
• Presentation 4.1 Inspection Measurement and Monitoring Dec 14.pdf 
• TransCanada - ECOR (CDN) Scorecard.pdf 
• TransCanada - Leaks and Ruptures Scorecard.pdf 
• TransCanada - SCC Scorecard.pdf 

 
2012-12-19 TransCanada Materials Provided to NEB  
 

• TransCanada - Facilities Control Integ Plan Internal Audit Report 2011.pdf 
• TransCanada - Pipeline Integrity Mgmt  Program Review 2010.pdf 
• TransCanada KPIs - Performance Measures.pdf 

 
2012-12-21 Elements Re-draft 2.1, 3.6, 3.7, 4.1 and related docs Dec 21  
 

• 2.1 NEB Audit Evaluation - Hazard ID, Risk Assess, Control Redraft Dec 21 2012.pdf 
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• 3.6 NEB Audit Evaluation - Operational Control - Normal Operations Redraft Dec 21 2012.pdf 
• 3.7 NEB Audit Evaluation - Ops Control Upset or Abnormal Ops Redraft Dec 21 2012.pdf 
• 4.1 NEB Audit Evaluation - Inspect Measure and Monitor Redraft Dec 21 2012.pdf 
• TQM Threat Identification and Risk Assess Dec 21 2012.pdf 
• TransCanada Presentation - Update to NEB 22-06-2012_Dec 21 2012.pdf 

 
2013-01-31 TransCanada Materials Provided to NEB  
 

• Table 3 3-1.doc 
 
2013-02-08 - ITM Performance Measures - Scorecards  
 

• Construction - Integrity Threat Management Scorecard.pdf 
• Equipment - Integrity Threat Management Scorecard.pdf 
• Incorrect Operations - Integrity Threat Management Scorecard.pdf 
• Internal Corrosion - Integrity Threat Management Scorecard.pdf 
• Manufacturing - Integrity Threat Management Scorecard.pdf 
• Mechanical Damage - Integrity Threat Management Scorecard.pdf 
• Weather Outside Forces - Integrity Threat Management Scorecard.pdf 

 
2013-02-14 NEB Audit Information Request Responses Round 2  
 
NEB AIR 2-1.1 to 2-1.4  
 

• NEB AIR 2-1.1 - Final Response 15Feb13.pdf 
• NEB AIR 2-1.2 - Final Response 15Feb13.pdf 
• NEB AIR 2-1.3 - Final Response 15Feb13.pdf 
• NEB AIR 2-1.4 - Final Response 15Feb13.pdf 
• NEB AIR 2-2.1 - Final Response 15Feb13.pdf 
• NEB AIR 2-2.2 - Final Response 15Feb13.pdf 
• NEB AIR 2-2.3 - Final Response 15Feb13.pdf 
• NEB AIR 2-2.4 - Final Response 15Feb13.pdf 

 
Records Supporting NEB AIR 2-1  
 

• Corrective and Preventive Action Procedure 006262052.pdf 
• CPMS Control of Records 006416311.pdf 
• CPMS Internal Audit Procedure 006271464.pdf 
• CPMS Manage Continual Improvement 006556411.pdf 
• CPMS Manage Project Design (006740639).pdf 
• CPMS Manage Project Turnover 007044410.pdf 
• CPMS NEB Summary.pdf 
• CPMS One Page.pdf 
• CPMS Overview_08Feb13.pdf 
• CPMS Scope Diagram.pdf 
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• Lessons Learned Procedure 003788443.pdf 
• Major Project O&E Functional Engineering and Support 007218421.pdf 
• NEB AIR 1.4 Example - Project Turnover to Operations Deliverables List                                                      

(Parkway Loop Project).pdf 
• TEP-QUAL-ESM-DOC Document Control Procedure (Cdn-US-Mex) 003764703.pdf 
• TransCanada Nonconformance Procedure (006556411).pdf 

 
Records Supporting NEB AIR 2-2  
 

• 2011 Annual Geotechnical Threat Management PMP Activities Report - WOF 007765534.pdf 
• 2012 Oct - Pipe Integrity Business Review Meeting Presentation (redacted).pdf 
• 2012 Process Review Weather and Outside Forces TEP-ITM-WOF - Meeting Minutes 007773954.pdf 
• 2012-02-11  IIT Action Report - PGC.pdf 
• 2013 Canadian Corrosion Program.pdf 
• 2013 PI Keystone Maintenance Plan.pdf 
• Canadian Liquid Integrity Management Program CDN-LIQ-IMP Dec 2012.pdf 
• CPO Capital Project Performance Report - Dec 2012 7822977.pdf 
• ICAM Scorecard Program Planning Example.pdf 
• IIT Overview TEP-INT-COMM.pdf 
• IIT Report - Feb. 1, 2013.pdf 
• Integrity Plan Revision, Review and Approval Process 4497609.pdf 
• Integrity Plans 101 4786600.pdf 
• Liquid Pipeline Systems Assessment Plan TER-AP-LIQ-CDN 005933450.pdf 
• NEB AIR 2.2.4 OE  December 2012 data block.pdf 
• NEB AIR 2.2.4 Reference Summary of O_E Scorecard.pdf 
• Pipe Integrity Business Review Meeting Q3 2012 Keystone.pdf 
• Quality Team Meeting 7 Agenda Nov  28 2012 (2).pdf 
• RB211 2012 Integrity Plan 6995890.pdf 
• TOPs Report.pdf 

 
2013-03-12 NEB Audit Meeting Documents Provided  
 

• TEP-ILI-DEF-CDN Analysis of Deformation ILI Data for CDN Pipelines 6980190.pdf 
• TEP-INT-CLA Class Analysis and Remediation (CDN) 5766974.pdf 
• TEP-INT-ILI-CDN Analysis of MFL In Line Inspection (ILI) Data for CDN Pipelines 6570876.pdf 
• TEP-INT-PR Pipe Integrity Management - Process Review Procedure 6522487.pdf 
• TEP-ITM-FPIPE-CDN Facilities Piping Integrity Management Program (CDN) 7379193.pdf 

 
2013-03-14 NEB Audit Meeting Documents Provided  
 

• TEP-CP-PRGM Corrosion Prevention Program (Cdn-US-Mex) 6786483.pdf 
 
 
2013-03-18 Pressure Vessel Integrity Material  
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• 0.1 QMS Pressure Vessels 2011.pdf 
• 0.2 PRESSURE VESSEL INTEGRITY PLAN.pdf 
• 0.3 PRV INTEGRITY PLAN.pdf 
• 06.1  training list.pdf 
• 06.2 John ISPVC certificate.pdf 
• 06.3 Bill Yang's Qualification Summary.pdf 
• 06.4  training schock.pdf 
• 06.5 owners inspector training list.pdf 
• 08.1 Approved Manufacturers List REDACTED.pdf 
• 08.2 SMS Service Listing- Testing.pdf 
• 09 sample calibration cert.pdf 
• 10.1 screenshot Avantis Hierarchy.pdf 
• 10.3 TOP Pressure vessel Integrity External Inspection.pdf 
• 10.4 TOP scrubber vessel inspection.pdf 
• 10.5 TOP strainer vessel inspection.pdf 
• 10.6 TOP Pressure Relief Valve Inspection.pdf 
• 10.7 TOP Feedback.pdf 
• 11.1 API 510_e9.pdf 
• 11.1A API 576_e3.pdf 
• 11.2 AB-506 ABSA standard.pdf 
• 11.3 CDN Gas Leaks Only Q4-2012.pdf 
• 11.3a PSV failure trending.pdf 
• 11.3b Gas Leak Analysis feedback.pdf 
• 11.4 vessel inspection documents.pdf 
• 11.5 vessel and piping UT data.pdf 
• 12 Repair of heating Boiler.pdf 
• 13.1 TES-MATL-PV1.pdf 
• 13.2 design data.pdf 
• 13.4 3PI manufacturing inspection.pdf 
• 13.6 Completion of Construction.pdf 
• 13.7 commissioning docs 1.pdf 
• 13.8 commissioning docs 2.pdf 
• 13.9 AB-10 change of status.pdf 
• 16.01 Internal Audit procedure for QMS.pdf 
• 16.02 Internal Audit QMS 2012.pdf 
• 16.03 ABSA External Audit QMS-8119 2011.pdf 
• 16.03a ABSA External Audit Completion 2011.pdf 
• 16.04 QMS 2011 Internal Audit Report.pdf 
• 16.05 QMS 2010 Internal Audit Report.pdf 
• 16.06 Pressure Relief Valve Audit Procedure R2.pdf 
• 16.07 Tunis Station 102 Relief valve Audit pictures.pdf 
• 16.08 Tunis Station 102 Relief Valve Audit.pdf 
• 16.11 QMS Internal Audit checklist 2012.pdf 
• 18.2 IIT 194030 Provincial Inspection Findings.pdf 
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• 19.02 IIT180040 Stn45 FG heater.pdf 
• 19.03 IIT180040 Investigation Stn45 FG heater.pdf 
• 19.04 Metallurgical Report IIT180040.pdf 
• 19.05 MOC Stn45 FG heater.pdf 
• 19.06 TOP HVAC.pdf 
• 19.07 IIT1161890 Norwalk FG filter.pdf 
• 19.08 IIT 161890 Investigation FG filter.pdf 
• 19.09 Norwalk inspection.pdf 
• 19.10 Compressed Air Systems Integrity Plan.pdf 
• 19.99 CDN Gas Leaks Only Q4-2012.pdf 
• 19.99 Gas Leaks and Releases Q4-2012.pdf 
• 19.99a PSV failure trending.pdf 
• 19.99b Gas Leak Analysis feedback.pdf 
• 20.1 LMS owners inspector.pdf 
• 20.2 owners inspector training.pdf 
• 21.1  MOC.pdf 
• 22.1 Station 45 heater failure DIR.pdf 

 
2013-03-19 Facilities - Controls - Automation Engineering Material  
 

• A - Compressor Station Pressure Limits and Settings Canada.pdf 
• B - Control and Monitoring Inspection.pdf 
• C - Emergency Shutdown System Inspection.pdf 
• D - Emergency Shutdown System M12 Inspection Station 116C 2011 M12 ESD                                                

Checklist WO 682966-1.pdf 
• E - Station 1211 Work Orders.pdf 
• F - Station Control System Procedure.pdf 
• G - Station Control System Commissioning Checksheet.pdf 
• H - SCADA Commissioning Guide Rev 0.pdf 
• I - Station 1211 Station Control System Upgrade.pdf 
• J - IIT 246462 Station 1211 Control System Design Change.pdf 

 
2013-03-19 Facilities - Mechanical - Compressor Stations Material  
 

• COM 1  Approved Manufacturers List.pdf 
• COM 3 PSSR.pdf 
• DES 1 Excerpt HPG Guiding principal.pdf 
• DES 2 HL Station Relief Valve Re-IFP.pdf 
• INT  IIT 1 CDN Gas Leaks Only Q4-2012.pdf 
• INT  IIT 2 PSV failure trending.pdf 
• INT  IIT 3 Gas Leak Analysis feedback.pdf 
• INT 1  PRV INTEGRITY PLAN.pdf 
• INT 2 QMS Pressure Equip 2011.pdf 
• INT 3 Tunis Station 102 Relief Valve Audit.pdf 
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• INT 4  PRV Audit Procedure R2.pdf 
• INT 5 Tunis Station 102 PRV Audit pictures.pdf 
• INT T1 John ISPVC certificate.pdf 
• INT T2 Bill Yang's Qualification Summary (3).pdf 
• INT T3 owners inspection training list.pdf 
• MTC 1 TOP Pressure Relief Valve Inspection.pdf 
• MTC 10 API 576_e3.pdf 
• MTC 11 AB-506.pdf 
• MTC 2 TOP Inspection and Cycle test for Emergency valves.pdf 
• MTC 3 TOP Surge Valve Set-point Verification.pdf 
• MTC 4 Vendor service reports.pdf 
• MTC 5 Avantis data.pdf 
• MTC 5a Avantis screenshot.pdf 
• MTC 5b Avantis screenshot.pdf 
• MTC 6  NCR List vessels.pdf 
• MTC 7 194030 Provincial inspection findings.pdf 
• MTC 9 TOP Feedback.pdf 
• OPS 1 TOP Facilities Integrity Inspections.pdf 
• QMS Pressure Equipment 2011.pdf 

 
2013-03-19 Facilities - Mechanical - Pipe, Valve Integrity Material  
 

• 01 Valve Integrity Mail box snapshot.pdf 
• 02 TEP_ITM_IOPS Incorrect Operations Threat Management Program.pdf 
• 03 TEP-ITM-EQUIP Equipment Failure Threat Management Program.pdf 
• 04 2013 PMP approval document example.pdf 
• 05 Pipeline Pressure Relief Valve Blow off Valve Inspection.pdf 
• 06 Valve and Valve Operator Inspection and Servicing.pdf 
• 07 Valve and Valve Operator Leak Inspection and Cycle Test (Canada).pdf 
• 08 Control Valve Inspection Canada and Mexico.pdf 
• 09 Alberta System (Down Stream of Delivery Stations) Over Pressure Protection Devices.pdf 
• 10 Mainline Over Pressure Protection Devices (Canada).pdf 
• 11 Critical Gas Pressure Regulator Inspection and Maintenance.pdf 
• 12 Non Critical Gas Pressure Regulator Inspection and Maintenance.pdf 
• 13. Valve and Valve Operator Leak Inspection and Cycle Test for Emergency valves.pdf 
• Example. auto blowoff inspection track.wo 726096.pdf 
• Example. Control Valve inspection track.wo741331.pdf 
• Example. Slam shut inspection track.wo725105.pdf 

 
 
 
 
2013-03-19 Facilities - Mechanical - Tanks Material  
 
Hardisty Tank Inspection and TOP Feedback Process  
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• 2007 Pass Creek West Underground Drip tank M36 Inspection.pdf 
• 2007 Underground Drip Tank Inspection M36 Inspection.pdf 
• Aboveground Tank Containment Area Inspection 2009 Shelbyville 005787568.pdf 
• CS - Central - Cavendish - 2010 Test report.pdf 
• CS - WR - Beaver Creek - 2002 Test Inspection 005370386.pdf 
• CS-WR-Buffalo Creek - 2001 Test Report 005370396.pdf 
• IIT 144757 French Man River sample.pdf 
• MS - WR - High River East - 2011 006495829.pdf 
• Revision 3 Frenchmar River Underground Tank Leak Report and Findings 003823430.pdf 
• Tanks Inspections test reports wildrose.pdf 
• TransCanada reports and Invoices Leak technologies 2012 (2).pdf 
• TransCanada reports and Invoices Leak technologies 2012.pdf 
• Underground Drip tank Inspection Athabasca.pdf 
• Underground Drip Tank Inspection Prosperity.pdf 
• Underground Drip tank Inspection Record Kaybob 2013   006232688.pdf 
• Underground drip tank inspection screen shot EDMS search 1.pdf 
• Underground drip tank inspection screen shot  EDMS  search 2.pdf 
• Underground drip tank inspection screen shot  EDMS  search 3.pdf 
• Underground drip tank inspection screen shot  EDMS  search.pdf 
• Underground Drip Tank M36 Inspection00.pdf 
• Underground Drip Tank M36 Inspection01.pdf 
• Underground Drip Tank Test Alta Beaver Creek.pdf 
• Underground Drip Tank Test Berland River.pdf 
• Underground TOP version history.pdf 

 
Tank Integrity Program TOP History  
 

• 1.1 Presentation screen shots.pdf 
• 1.1.2 API 653 TOPs screen shot.pdf 
• 1.2 Canada Tanks Bar graph.pdf 
• 1.2.1 Screen Shot Existing TOPs.pdf 
• 1.2.2 Screen Shot TOP feedback completed.pdf 
• 1.2.3 Screen shot feedback answer.pdf 
• 1.3 - API 653 Aboveground Storage Tank Inspection.pdf 
• 1.3.1- API 653 Aboveground Storage Tank Monthly or Weekly Inspection Form.pdf 
• 1.3.2 - API 653 Aboveground Storage Tank Out of Service Inspection Form.pdf 
• 1.4 - Storage Tank Inspection and Testing Excludes API 650 or API 12C.pdf 
• 1.5 - Underground Drip Tank Inspection.pdf 
• 1.5.1 Underground Drip Tank Inspection Record.pdf 
• 1.5.2 Underground Drip Tank Testing Summary.pdf 
• 1.6 Aboveground Storage Tank Cleaning Form.pdf 
• 1.7 Aboveground Storage Tank Repairs Form.pdf 
• 3  Screen Shot Avantis Data.pdf 
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• 3.1 Screen Shot PM Plan Tk 01.pdf 
• 3.2 Screen Shot Activity History Tank 01.pdf 
• 3.3 Screen Shot PM Task info.pdf 
• Aboveground Hardisty tank PM Plan screen shot Work History.pdf 
• Aboveground Hardisty tank PM Plan screen shot.pdf 
• Aboveground Hardisty tank screen shot Work Task.pdf 
• Aboveground Tank Inspection Hardisty Tank 1.pdf 

 
2013-04-19 - Data Room Requests ECOR SWRA (PRIME)  
 

• 2013 Budget CND ECOR Redacted.pdf 
• AB 2013 PRIME Risk Assessment - Final Results.pdf 
• Finalized SWRA Data.pdf 

 
2013-05-01 PRIME 2013 Results  
 

• 2013 PRIME Foothills Final Results.pdf 
• 2013 PRIME Mainline Final Results.pdf 
• 2013 PRIME Mainline Final Results.xls 
• 2013 PRIME TQM Final Results.pdf 

 
2013-05-06 2013 SWRA Data  
 

• 2013 SWRA Foothills Data.pdf 
• 2013 SWRA Mainline Data.pdf 
• 2013 SWRA TQM Data.pdf 

 
2013-05-08 IC Follow Up Response  
 

• 2012 IC Susceptible Lines with GQ Issues Review.xls 
• AITF Sludge Corrosion Testing and Chemical Analysis v6.pdf 
• Craigend East - 10 years Gas Quality Data.pdf 
• Craigend East - Non-Compliance Water Content Letter.pdf 
• NEB - Internal Corrosion response - final.pdf 

 
 
2013-06-10 Canadian External Corrosion  
 

• NEB Interview Action Item AIR No3 Observation 1.1 and 1.2 June 2013.pdf 
• NEB Interview Action Item AIR No3  Observation 1.3 June 2013.pdf 
• NEB Interview Action Item AIR No3  Observation  1.4 June 2013.pdf 
• NEB Interview Action Item AIR No3  Observation  1.5 June 2013.pdf 
• NEB Interview Action Item AIR No3  Observation  1.6 June 2013.pdf 
• NEB Interview Action Item AIR No3 Table 1a and Table 2a.pdf 
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2013-06-14 Facility Piping AIR  
 

• NEB AIR Non Sour Service - Follow Up.pdf 
 
2013-07-09 FIRM Document  
 

• Facility Integrity and Reliability Management Program (CDN-US-MEX) 7803540.pdf 
 
Day 1 - 4 Risk Items - Consolidated Response 
 

• Appendix C - Tech Memo EMAT Analysis rev1.pdf 
• Appendix E 2010 Golders field assessment draft.pdf 
• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
• Prime Technical Documentation APPENDIX A 8041010.pdf 
• Prime Technical Documentation APPENDIX B 8041012.pdf 
• Prime Technical Documentation APPENDIX C 8041014.pdf 
• Prime Technical Documentation APPENDIX D 8041034.pdf 
• Prime Technical Documentation APPENDIX E 8041038.pdf 
• Prime Technical Documentation APPENDIX F 8041040.pdf 
• Prime Technical Documentation APPENDIX G 8041042.pdf 
• Prime Technical Documentation APPENDIX H 8041044.pdf 
• PRIME Technical Documentation July 2006 8041008.pdf 
• TEP-INT-PRIME Risk Assessment Using PRIME 003972569.pdf 
• TER-COR-RSK Risk Models for Corrosion using ILI Data 5767603.pdf 
• TER-RISK-CON - 2009 Consequence Models within PRIME (highlighted) 5767605.pdf 
• TER-RISK-CON Consequence Models Within System Wide Risk Assessment and Integrity Management 

7326298.pdf 
• TER-RISK-SWR- 2009 System Wide Risk Assessment (highlighted) 5767607.pdf 
• TOP Pipeline Inspection Report 3841211.doc 
• TOP Pipeline Right Of Way Procedures Canada 3672613.pdf 
• TransCanada Aerial Pipeline Patrol TOP Nov. 27.pdf 
• TransCanada Pipeline Public Awareness Program - TOP Nov. 27.pdf 
• TransCanada PL Crossing and Encroachment Proc. Canada - TOP Nov. 27.pdf 
• 2013 Mar 12 - Performance Indicators Report for 2012 - Pipe Integrity - Risk 8029673                                   

 
Day 1 March 12 - (EC) External Corrosion and Dent Program 
 
10 Action - PRIME risk assessment 
 

• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
 

 
11 Action - Facilities Piping TEP  
 

• TEP-ITM-FPIPE-CDN Facilities Piping Integrity Management Program (CDN) 7379193.pdf 
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2 Obs - Communication of EC Program 
 

• 2 Observation ECOR - NEB Response - TEP-INT-ILI-CDN.pdf 
• 2 Observation ECOR - NEB Response - TEP-ITM-ECOR-CDN.pdf 
• CDN-GAS-IMP Canadian Gas Pipeline Integrity Management Program 003892900.pdf 
• MOC 12-065 Revision of TEP-INT-ILI-CDN 007722164.pdf 
• MOC 12-066 Revision of TEP-ITM-ECOR (Cdn) 007722167.pdf 
• TEP-INT-ILI-CDN Analysis of MFL ILI Data 006570876.pdf 
• TEP-INT-MOC Pipe Integrity - Management of Change Procedure 006425143.pdf 
• TEP-ITM-ECOR-CDN External Corrosion Threat Management Program 006570955.pdf 
• TES-CORR-PMP Corrosion Pipeline Maintenance Plan Development 005767609.pdf 

 
4 Action -  EC Process Review and Annual EC Reports 
 

• Pipe Integrity Process Review – External Corrosion (ECOR) Canada (EDMS 007728805)                               
(in data room) 

• Canadian External Corrosion Pipeline Maintenance Plan (PMP) Annual Report for 2012                                   
(EDMS 008055282) (in data room) 

• Canadian External Corrosion Pipeline Maintenance Plan (PMP) Annual Report for 2011                                                   
(EDMS 008038129) (in data room)  

 
6(a) Action - RA Consequence Inputs and Outputs 
 

• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
 
6(b) Action - Societal Risks and Individual Risks 
 

• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
 
6(d) Action - Unpiggable segment seriatim 
 

• 2013 Budget Presentation - CDN ECOR 008037970.pdf 
• 6d Action ECOR - NEB Response - Unpiggable segment.pdf 
• TEP-INT-PRIME Risk Assessment Using PRIME 003972569.pdf 
• TEP-ITM-ECOR-CDN External Corrosion Threat Management 006570955.pdf 
• 2011 Pipeline Maintenance Plan (PMP) Annual Report (EDMS No. 008038129) (Data room) 
• 2012 Pipeline Maintenance Plan (PMP) Annual Report (Data room) 

 
6(e) Action - Top 10 Unpiggable 
 

• 6e Action ECOR - NEB Response - Top 10 Unpiggable.pdf 
• PRIME Technical Documentation 008041008.pdf 
• Prime Technical Documentation APPENDIX A 8041010.pdf 
• Prime Technical Documentation APPENDIX B 8041012.pdf 

 
013765



 
 
OF-Surv-OpAud-T211- 2012-2013 01                      Page 12 of 26 
TransCanada OPR-99 Integrity Management Programs  
Final Audit Report 
February 2014 
Appendix IV   
 
 

• Prime Technical Documentation APPENDIX C 8041014.pdf 
• Prime Technical Documentation APPENDIX D 8041034.pdf 
• Prime Technical Documentation APPENDIX E 8041038.pdf 
• Prime Technical Documentation APPENDIX F 8041040.pdf 
• Prime Technical Documentation APPENDIX G 8041042.pdf 
• Prime Technical Documentation APPENDIX H 8041044.pdf 
• PRIME Technical Documentation July 2006 8041008.pdf 
• TEP-INT-PRIME Risk Assessment Using PRIME 003972569.pdf 
• TEP-ITM-ECOR-CDN External Corrosion Threat Management Program 006570955.pdf 
• 2013 SWRA Alberta Final Results.xls (Data Room) 
• Finalized SWRA Data.xlsx (Data Room) 

 
6(f) Action - Number of Unpiggable 
 

• 2013 Budget Presentation - CDN ECOR 008037970.pdf 
• 6f Action ECOR - NEB Response - Number of Unpiggable.pdf 
• NC Technical Memo TM 1347 Relative Failure Frequency of Large Diameter vs Small Diameter.pdf 
• Nova Chemicals TR 2283 Relative Failure Frequency on Small versus Large Diameter Pipe.pdf  
• 2011 Pipeline Maintenance Plan (PMP) Annual Report (EDMS No. 008038129) (Data Room) 
• 2012 Pipeline Maintenance Plan (PMP) Annual Report (Data Room) 

 
6(g) Action - Incorporation of CP Data 
 

• NEB Response - See folder 'Day 1 - 4 Risk Items - Consolidated Response' 
 

 
6(h) Action - CP Data in EC RA 
 

• 6h Action - NEB Response - CP Data in EC RA.pdf 
• TEP-ITM-ECOR-CDN External Corrosion Threat Management 006570955.pdf 
• AB CP.xls (Data Room) 
• 2013 AB Summary.xlsx (Data Room) 

 
6(i) Action - Interaction of Threats 
 

• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
 
7 Action - EC Performance Measures 
 

• 7 Action ECOR - NEB Response - Performance Measures.pdf 
• TEP-ITM-ECOR-CDN External Corrosion Threat Management 006570955.pdf 
• Canadian External Corrosion Pipeline Maintenance Plan Annual Report for 2012 

 
9(c) Action - Dent Eng Assessments 
 

• 9c Action ECOR - NEB Response - Dent Eng Assessments.pdf 
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• ANG Kootenay - Kingsgate DENT Strain Analysis Report.pdf 
• MLV45-52-1 dent strain report - Caliper.pdf 
• PR-218-063511Development of a Model for Predicting the Severity of Pipeline Damage Identified                   

by In-Line Inspection.pdf 
• Technical Memo - MLV46-52-1 DNT Assessment.pdf 
• Technical Memorandum - ANG Kootenay-Kingsgate Dent Assessmen.pdf 
• TEP-ILI-DEF-CDN Analysis of Deformation In-Line Inspection Data 006980190.pdf 

 
9(d) Action - Dent TEP and CP TEP 
 

• TEP-CP-PRGM Corrosion Prevention Program (Cdn-US-Mex) 6786483.pdf 
• TEP-ILI-DEF-CDN Analysis of Deformation ILI Data for CDN Pipelines 6980190.pdf 

 
9(e) Action - Dent program consequences 
 

• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
 
9(f) Action - Dent with no high res tool 
 

• 9f Action ECOR - NEB Response - Dents with no high resolution tool.pdf 
 
Day 2 March 13 - (CP) Cathodic Protection  
 
1 Action - CP over potentials 
 

• 1 Action CP - NEB Response - CP Overprotection.pdf 
• IPC2002 27267 Permeable Coatings and CP Compatibility.pdf 
• IPC2004 000570 Long Term FBE Performance.pdf 
• TES-PIPE-EW Specification for Electric Welded Pipe (CDN) 3670788.pdf 
• TES-PIPE-SAW Specification for Double Submerged Arc Welded Pipe 3776714.pdf 
• WIC Example 7932-313_FINAL.PDF 

 
2 Action - CP on potential surveys only 
 

• 2 Action CP - NEB Response - ON Potential Criteria.pdf 
• 900mV ON Memo 2003.pdf 
• Nova Criteria Study.pdf 
• Prairie ON Criteria Study.pdf 
• TES-CP-CR Cathodic Protection Criteria Specification 003678793.pdf 

 
 
3 Action - CP Annual Report 
 

• Corrosion Prevention Pipeline Maintenance Plan Annual Report for 2012 Alberta and BC                              
(in data room) 
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• Corrosion Prevention Pipeline Maintenance Plan Annual Report for 2012 – MLV 2-16                                   
(in data room) 

• Corrosion Prevention Pipeline Maintenance Plan Annual Report for 2012 – MLV 16-58                                
(in data room) 

• Corrosion Prevention Pipeline Maintenance Plan Annual Report for 2013 in NONT and EONT                                 
(in data room) 

• Corrosion Prevention Pipeline Maintenance Plan Annual Report for 2012 (Overall Canada                             
Summary, with KPI’s) (in data room) 

 
5 Obs - CP low potential survey prioritization 
 

• 5 Observation CP - NEB Response - CP Prioritization.pdf 
 
Day 2 March 13 - (SCC) Stress Corrosion Cracking 
 
1 Action - SCC Annual Report 
 

• 1 Action SCC - NEB Response - SCC Annual Report.pdf 
• SCC Pipeline Maintenance Plan Annual Report for 2012.(in data room) 

 
2 Action - Monthly Threat Interaction Meetings 
 

• 2 Action SCC - NEB Response - Monthly Threat Interaction Meetings.pdf 
• Shared Group Activities Meeting December 2010.pdf 
• Shared Group Activities Meeting Minutes_May_2012.pdf 
• Shared Group Activities Meeting Minutes_November_2011.pdf 
• Shared Group Activities Meeting Minutes_October_2012.pdf 

 
3 Action - SCC Program deliverables 
 

• 3 Action SCC - NEB Response - SCC Program Deliverables.pdf 
• Evidence 002 - SCC Cost Reasoning Spreadsheet.pdf 
• Evidence 003 - 2161505_PI2011 Mainline EMAT Inspection MLV 130 - 139 Line 1.pdf 
• Evidence 004 - 2168666_PI2011 Post-ILI SCC Excavations from EMAT run between                                                

MLV 130-139 Line 1.pdf 
• Evidence 005 - 2171464_PI2011 SCC Extra EMAT Data Analysis between MLV 130-139                                           

Line 1.pdf 
• Evidence 001: 2012 Process Review SCC TEP-ITM-SCC-CDN Meeting Notes (in data room) 

 
 
 
4 Action - SCC risk assessment consequences 
 

• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
 
5 Action - SCC high pH 
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• 5 Action SCC - NEB Response - High pH SCC Management.pdf 
• GE EMAT Specfication.pdf 
• Rosen EMAT Specification.pdf 
• TES-ILI-EMAT Specification for EMAT In-Line Inspection Technologies (CDN).pdf 

 
6 Action - SCC fatigue growth 
 

• 2012-01-12 - 2012 Eastern Mainline Expansion s58 Application Responses to NEB Information                                     
Requests NEB 1-7 Part A.pdf 

• 6 Action SCC - NEB Response - Fatigue Crack Growth.pdf 
• CEPA study on Characterization of Pipeline Pressure Fluctuations in Terms Relevant to Stress                                    

Corrosion Cracking.pdf 
• MLV 107-2 Engineering Assessment of Line 2 Report.pdf 
• MLV 76-2 Acuren Investigation.pdf 

 
Day 2 March 13 - (WOF) Weather and Outside Forces 
 
1 Action - WOF TEP revisions 
 

• 1 Action WOF - NEB Response - WOF TEP Revisions.pdf 
 
12 Obs - WOF risk assessment consequences 
 

• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
 
13 Obs - WOF influence on ROW patrol program 
 

• 13 Obs WOF - NEB Response - WOF Influence on ROW patrol program.pdf 
• TOP Aerial Pipeline Patrol 3672387.pdf 

 
2 Action - WOF process review  
 

• (Data Room) 2012 Process Review TEP-ITM-WOF Weather and Outside Forces Management                                        
Program  Meeting Minutes 7773954.pdf 

 
2 Obs - Reference to CSA Z662-07 
 

• 2 Observation WOF - NEB Response - Reference to CSA Z662-07.pdf 
• (Data Room) 2012 Process Review TEP-ITM-WOF Weather and Outside Forces                                              

Management Program  Meeting Minutes 7773954.pdf 
 
4 Action - Phase 1 surveys 
 

• 1999 - AB - Phase I Implementation of Rainfall Ground Mvt Models Action Item 4.pdf 
• 2001 - AB - Visual Inspection of 11 slopes - Evidence 3.pdf 
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• 2003 SI Installations Cranberry Creek Lateral - Evidence 4.pdf 
• 4 Action WOF - NEB Response - Phased Surveys.pdf 
• CND Keystone Phase I Geohazard Analysis 2010_Action Item 4.pdf 
• Pembina River Slope Monitoring _Edson Mainline Evidence 6.doc 
• Evidence 005 2000 Assessment of Slope Movement Potential, Site Visit Report (in data room) 

 
7 Action - Soil erosion - flooding threat 
 

• 7 Action WOF - NEB Response - Soil erosion flooding threat.pdf 
• TOP Pipeline Underwater Inspections 003671756.pdf 

 
99 Action - TOPs and WOF annual report PR process review 
 

• 99 Action WOF - NEB Response - Requested Documents.pdf 
• TOP Aerial Pipeline Patrol 3672387.pdf 
• TOP Pipeline Underwater Inspections 3671756.pdf 
• 2012 Process Review Management Systems TEP-INT-PR – Meeting Minutes 7898342                                                      

(in data room) 
• Weather and Outside Forces Pipeline Maintenance Plan Annual Report for 2012 8029726                                               

(in data room) 
 
Day 3 March 14 - (IC) Internal Corrosion 
 
6(f) Action - Coincident dig sites 
 

• 6f Action IC - NEB Response - Coincident Dig Sites.pdf 
 
6(h) Action - IC annual report 
 
6h Action IC - NEB Response - IC Annual Report .pdf 
1. 2012 PMP Annual Report IC Canada EDMS No. 008029989 (in data room) 
 
6(j) Obs - RA and Prioritizations  
 

• 6j Observation IC - NEB Response - Completion of IC Program.pdf 
• Ref 2_2012 IC Susceptible Lines.xlsx 
• Ref 3_2013 Approved PMP Budget ICOR Redacted.pdf 
• Ref 4_Dec Sum for 2013 IC Corrosion Coupons and Solids-Liquids Sampling -                                                          

Financials Redacted.pdf 
 
6(k) Action - IC process review 
 

• 6k Action IC - NEB Response - IC Process Review .pdf 
 
Day 3 March 14 - (MFC) Manufacturing Fabrication and Construction 
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1 Action - PHMSA Advisory on Pipe  
 

• 1 Action MFC - NEB Response - PHMSA Advisory on Pipe.pdf 
• Response to NEB Audit in Regards to Pipe Manufacturing Threats for New Pipe Manufacturing                                                

13 03 17.pdf 
 
2 Action - R ratios 
 

• 2 Action MFC - NEB Response - R Ratios - Supplemental.pdf 
• 2 Action MFC - NEB Response - R Ratios.pdf 
• Reference 1 Pressure Data for Western Mainline (Cabri CS).pdf 
• Reference 2 Pressure Data for Line 2 in Northern Ontario (Dryden CS).pdf 
• Reference 3 Pressure Data for Canadian Mainline Toronto - Montreal, Youngstown Pipe Line                                       

(Cobourg CS).pdf 
 
2 Obs - MFC consequence 
 

• NEB Action Items - Consolidated Risk Response Mar 28.pdf 
 
6 Obs - TC audit plan 
 

• 6 Action MFC - NEB Response - TC Audit Plan.pdf 
• TEP-NDT-ADT Procedure for Non-Destructive Examination (NDE) Audits 3797402.pdf 

 
7 Obs - Low Strength fittings 

 
• 7 Observation MFC - NEB Response - Validation of Existing Fittings.pdf 

 
Day 3 March 14 - Liquid IMP - Keystone 
 
1 Action - Purchasing substandard materials 
 

• 1 and 2 Action Liquid IMP - NEB Response - Validation of Pipe and Fittings.pdf 
• Various documents in data room 

 
 
2 Action - Low Strength Fittings 
 

• 1 and 2 Action Liquid IMP - NEB Response - Validation of Pipe and Fittings.pdf 
• 2 Action Liquid IMP - NEB Response - Below Spec Fittings.pdf 
• Liquid Pipeline Systems Assessment Plan TER-AP-LIQ-CDN 005933450.pdf 

 
3 and 4 Actions - Non Sour Keystone Service 
 

• Non Sour Keystone Service Liquid IMP - Action Items 3 and 4.pdf 
• Non Sour Service of Keystone - Addendum - 2013-03-20.pdf 
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• TransCanada Hydrocarbon Exposure Control Procedures TOP EDMS 005528684.pdf 
• TransCanada Hydrogen Sulphide Exposure Control TOP EDMS 003671879.pdf 
• TransCanada Portable Gas Detection of the Atmosphere TOP EDMS 003835957.pdf 

 
Day 4 March 15 - (Equip IOPs) Equipment and Incorrect Operations 
 
1 Action - Cdn Gas Leaks 
 

• 1 Action - Equip IOPs NEB Response - Canadian Gas Leaks.pdf 
• Gas Release-Leak (Canada) 2007-2012Chart Q4 r1.xls 

 
10 Obs - TEP Additions 
 

• 10 Observation Equip IOPs - NEB Response - Threat References.pdf 
 
11 Obs - Program specific risk assessment 
 

• 11 Observation Equip IOPs - NEB Response - Risk Assessment.pdf 
 
2 Action - Annual report 
 

• 2 Action Equip IOPs - NEB Response - Annual Summary.pdf 
• 2013 Valve WIG KPIs.pdf 
• Valve Issues and Actions Summary2012.pdf 

 
3 Action - Monthly management review 
 

• 3 Action Equip IOPs - NEB Response - Monthly Management Review.pdf 
• Engineering and Asset Reliability October 2012 Business Review filed (in data room) 

 
Day 4 March 15 - (FPIPE) Facility Piping 
 
1 Action - Annual report 
 

• 2012 PMP Annual Report FPIPE (CDN) Final (in data room) 
2 Action - 9 Obs - Past station piping program 
 

• 2 Action FPIPE - NEB Response - Previous Process.pdf 
• 2003.04.TEP-CP-DT Cathodic Protection Diagn.PDF 
• 2004.03.25 TES-CP-CR.pdf 
• 2005.07.07 TES-CP-SS Cathodic Protection Survey Spec.pdf 
• 2008.12.21 Fugitive Emissions Inspection.doc 
• 2009.01.07 Relief Valve Inspection and Overhaul Program.doc 
• 2009.06.25 Excavation Procedure (Canada and Mexico).doc 
• 2009.06.29 Facilities Integrity Inspections.doc 
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• 2009.07.24 Meter Station General Maintenance Gas Transmission.doc 
• 2009.07.29 Valve and Valve Operator Inspection and Servicing.doc 
• 2009.07.30 Valve and Valve Operator Leak Inspection and Cycle Test (Canada).DOC 
• 2161986_PI2011 Edson Meter Station Sour Bottle Integrity Assessment and Permanent Drain       

Scoping.pdf 
• A1-1206ST-80-L1-FG56_14.tif 
• A1-1206ST-80-L1-FG78_12.tif 
• AB Field Lake CS - 2011 Facility Pipe Assessment Report.pdf 
• Action 2 FPIPE - NEB Response - Previous Process.pdf 
• CP Annual Station Exception Report - Rideau Area.pdf 
• CP Annual Station Exception Report - STN 1206 Deux Rivieres CS.pdf 
• CP Annual Station Report - STN 1401 Iroquois CS.pdf 
• CP Remedial Station 1206_IFC_Set.pdf 
• Dec Sum AB Field Lake Compressor Station Piping Recoat 2011_March14.doc 
• Facilities Integrity Work Orders Canada 2010.xls 
• IIT Issue 172642.pdf 
• IIT Issue 209400.pdf 
• IIT Issue 228504.pdf 
• IIT Issue 228656.pdf 
• IIT Issue 228827.pdf 
• IIT Issue 229998.pdf 
• Measurement Routine M1-M12 2010 Canada.xls 
• ML Maple Niagara Riser Program - 2012 Facility Pipe Assessment Report.pdf 
• ML Quebec Riser Program - 2012 Facility Pipe Assessment Report.pdf 
• ML Rideau Riser Program - 2012 Facility Pipe Assessment Report.pdf 
• Motor Vehicle Operation Program.pdf 
• Pipeline Inspection Report - Torrington CS - Sep 11 2012.doc 
• Snow Removal Procedures.doc 
• TES-COAT-EPU External Multi-Component Liquid Coating Systems for Below Ground Facilities                            

(Cdn-US-Mex).pdf 
• TES-COAT-P1 Paint Systems for Above Ground Facilities (Non-Coastal) (Cdn-US-Mex).pdf 
• TQM Riser Program - 2012 Facility Pipe Assessment Report.pdf 

 
 
2 Obs - New Program Implementation  
 

• 2 Observation FPIPE - NEB Response - New TEP.pdf 
• Integrity Management Process for Pipelines Rev 2.0 3892900.pdf 

 
3 Obs - Station piping body leaks 
 

• 3 Observation FPIPE - NEB Response - Pipe Body Leaks.pdf 
 
6 Obs - Class locations and consequences 
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• 6 Observation FPIPE - NEB Response - Class Locations and Consequences.pdf 
• TEP-INT-PR Pipe Integrity Process Review Procedure 006522487.pdf 
• TEP-INT-PRIME Risk Assessment Using PRIME 003972569.pdf 
• TEP-ITM-FPIPE-CDN Facility Pipe Integrity Management Program 007379193.pdf 

 
Day 5 March 19 - (MECH) Mechanical Damage and Public Awareness 
 
1 Action - Excavation Checklist 
 

• 1 Action MECH - NEB Response - Excavation Checklist.pdf 
• Action1_Completed Excavation Checklist.pdf 

 
2 Action - Excavation to threat managers 
 

• 2 Action MECH - NEB Response - Interaction of Threats for Planned Excavations.pdf 
• Calnash Trucking Crossing email.pdf 
• PI 2009 SI Project Dec Summary- AB-Simonette River Crossing-Monitoring Equipment Installation                                 

and Corrosion 3776714.pdf 
• RE D-8994-1, Calnash Trucking - Corrosion response.pdf 
• RE D-8994-1, Calnash Trucking - Geotech response.pdf 
• RE D-8994-1, Calnash Trucking - SCC Response.pdf 
• TEP-ITM-ECOR-CDN External Corrosion Threat Management Program.pdf 

 
3 Action - Excavation life cycles 
 

• 3 Action MECH - NEB Response - Excavation Lifecycle Examples.pdf 
• EX1_Email_Correspondence_MLV 19-20-3 Safe Dig Pressures.htm 
• EX1_Engineering_Evaluation_Safe Dig Pressure MLV 19-20-3.pdf 
• EX1_Excavation Procedure Checklist.pdf 
• EX1_Field Integrity Report.pdf 
• EX1_PulDown_ Compressor Elog Entry (19-20-3)-2.pdf 
• EX1_PullDown_Compressor Elog Entry2 (19-20-3).pdf 
• EX1_Stake Out Report.pdf 
• EX2_Excavation Check List - SMS Line.pdf 
• EX2_FW Longlac Lateral Safe Dig Pressure.htm 
• EX2_Integrity Field Report.pdf 
• EX2_Locate Request.docx 
• EX2_Longlac email Ops to Field and Gas Control.pdf 
• EX2_Longlac excavation Gas Control Logs.pdf 
• EX2_One Call Ticket.pdf 
• EX2_Safe Excavation Pressure Engineering Evaluation.pdf 
• EX2_Stake Out Report.pdf 
• EX3_3RD_ Party_PipeLine_Inspection_Report.pdf 
• EX3_3RD_Party_Crossing_Agreement.pdf 
• EX3_3RD_Party_Crossing_AsBuilt.pdf 
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• EX3_3RD_Party_OneCall.pdf 
• EX3_3RD_Party_StakeOut_Report.pdf 
• FW SCADANET DATA TRENDING DATABASE.msg 
• MLV 19-20 Line 100-3 Isolation Procedure.pdf 

 
4 Action - Mechanical Damage Committee 2011 Annual Review 
 

• 4 Action Mechanical Damage - NEB Response - Excavation Steering Committee.pdf 
• Excavation Report - March 2013.pdf 
• Excavation Steering Committee Meeting Minutes.pdf 
• Excavation with Spoon Attachment - April 2008 4846083.pdf 
• Ground Disturbance Excavation Requirements - January 2008 4784248.pdf 
• TES-PROJ-OHP Powerline Specification_IFR.pdf 
• TOP Excavation Procedure 3672343.pdf 
• TOP Overhead Powerline Procedure IFR.pdf 

 
5 Action - Pressure Reduction Request 
 

• 5 Action MECH - NEB Response - Safe Dig Pressure.pdf 
• Document 1_Derate Calculation Request_Email.pdf 
• Document 2_Engineering_Evaluation_Safe Dig Pressure .pdf 
• Document 3_Isolation Procedure.pdf 
• Document 4_ Compressor Elog Entry (19-20-3)-2.pdf 
• Document 5_Compressor_Elog Entry2 (19-20-3).pdf 

 
6 Action - Regional Public Awareness Programs 
 

• 2012 Eastern Region Approved IPA Regional Overview Plan.pdf 
• 2012 RMR IPA Regional Plan FINAL.PDF 
• 6 Action MECH - NEB Response - Regional Public Awareness Programs.pdf 
• IPA Regional Plan Overview NOR_MAR2_2012_FINAL.PDF 
• IPA Regional Plan Overview Wildrose.pdf 
• PA Regional Plan Overview (Central Region)2012 Final.pdf 

9 Obs - Depth of Cover Surveys 
 

• 2012 12 03 NEB Agricultural Crossing Consultation.pdf 
• 9 Observation MECH - NEB Response - Depth of Cover Surveys.pdf 
• NEB_Exemption_Order_MO-21-2010.pdf 
• OB9_Aerial Patrol Reported_DOC_IIT233782.pdf 
• OB9_Integrity Field Report.pdf 
• OB9_Landowner Reported_DOC_IIT230784.pdf 
• OB9_Pipeline Inspection Report.pdf 

 
10 Obs - Safe Operating Pressure  
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• 10 Observation MECH - NEB Response - Safe Operating Pressure.pdf 
• TOP Maximum Pressure Pipelines with Known or Suspected Integrity Concerns Canada                                         

3671945.pdf 
• TOP Pipeline Defect Assessment and Repair Procedures Canada 3674615.pdf 

 
Day 5 March 19 – Complainant Allegations 
 
1 Add Issue - Fittings Components Procurement Specifications 
 

• 1 Add Issue - NEB Response - Fittings Components procurement Specs.pdf 
 
1a Issue - Non-Independent Inspections 
 

• 1a Issue - NEB Response -Non-Independent Inspections.pdf 
• TEP-NDT-ADT Procedure for Non-Destructive Examination (NDE) Audits 3797402.pdf 

 
1b Issue - Welding Inspections 
 

• 1b Issue  - NEB Response - Welding Inspections.pdf 
• Edson Extension Hydro Test-Visual and Weld Parameter Record Overview.pdf 
• Edson Ext-Weld Parameter Records.pdf 
• Edson VT Reports.pdf 
• Edson-Daily Inspection Reports.pdf 

 
2 Add Issue - Reporting of Non-Compliances 
 

• 2 Add Action  - NEB Response - Reporting of Nonconformances.pdf 
• Code of Business Ethics Policy.pdf 
• Ethics and Compliance Organization.pdf 
• Ethics and Compliance.pdf 
• Ethics Help Line.pdf 
• FAQ.pdf 
• List of compliance coordinators by department.pdf 
• Raising A Concern.pdf 
• TransCanada Code of Business Ethics.pdf 

 
3 Add Issue - NonCompliance Reporting 
 

• 3 Add Issue - NEB Response – Non-Compliance Procedure Reporting.pdf 
• TEP-NDT-VT Visual Examination 7381161.pdf 

 
4 Issue - Non POE sign off follow up 
 

• 5 Action  - NEB Response - Non POE Sign off.pdf 
• TES-ENG-POE Practice of Engineering 3672108.pdf 
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5 Issue - Transitions and Joining 
 

• 6 Issue  - NEB Response - Transitions and Joining.pdf 
• TEP-MECH-TRAN Selection of Transition Pieces and Joining Methods 6256.pdf 

 
6 Issue - AUT Criteria 
 

• 7 Issue  - NEB Response - AUT Criteria.pdf 
• TES-NDT-UT1 Mechanized Ultrasonic Examination of Pipeline Girth Welds 3670963.pdf 

 
7 Issue - NDE Audit Procedure 
 

• 9 Issue  - NEB Response - NDE Audit Procedure.pdf 
• TEP-NDT-ADT Procedure for Non-Destructive Examination (NDE) Audits 3797402.pdf 

 
Day 6 March 20 - OPP 
 
01 Action - Pressure Control and OPP Procedure 
 

• 1 Action OPP - NEB Response - Over Pressure Protection.pdf 
• Evidence 1_IIT 240971 Information.pdf 
• Evidence 10 IIT 241921 Technical Memo Lifting derate.pdf 
• Evidence 11 IIT 241924 - SCADA Pressure Data.xls 
• Evidence 12 IIT 241924 Elog Entries.doc 
• Evidence 13 IIT 241924 Facility Notepad.pdf 
• Evidence 2_IIT 240971 Technical memo_Derate.pdf 
• Evidence 3_IIT 240971 Technical memo Lifting derate.pdf 
• Evidence 4 IIT 240971 - SCADA Pressure Data.xls 
• Evidence 5 IIT 240971 Elog Entries.doc 
• Evidence 6 IIT 240971 Facility Notepad.pdf 
• Evidence 7 IIT 240971 Isolation Procedure.pdf 
• Evidence 8 IIT 241924 Information.pdf 
• Evidence 9 IIT 241924 Technical Memo Derate.pdf 

 
02 Action - Meter Station OPP Plan 
 

• 2 Action 8 Observations OPP - NEB Response - Meter Station Over Pressure Protection.pdf 
• TEF-OPP-VER-S-OFF-CDN Customer OPP Systems for New Meter Stations – TransCanada                            

Sign-Off Form 7772654.pdf 
• TEF-VER-OPP-RFI-CDN Customer OPP Systems for New Receipt Meter Stations -                                                  

Request for Information Form 6587713.pdf 
 
Day 6 March 20 - Pressure Vessels 
 

 
013777



 
 
OF-Surv-OpAud-T211- 2012-2013 01                      Page 24 of 26 
TransCanada OPR-99 Integrity Management Programs  
Final Audit Report 
February 2014 
Appendix IV   
 
 

01 Action - Qualification req for Examiner 
 

• 1 Action Pressure Vessel - NEB Response - Examiner Qualifications.pdf 
• Pressure Vessel Attachment 1: Vendor Qualification.pdf 
• Pressure Vessel Attachment 2: Internal training.pdf 

 
02 Action - -29C pressure vessel Comm 
 

• Action 2 Pressure Vessel - NEB Response - -29C Pressure Vessel.pdf 
 
Day 6 March 20 - Tanks 
 
01 Action - low pressure piping integrity program 
 

• 1 Action Tanks - NEB Response - Low Pressure Piping rev 01.pdf 
 
04 Obs - Inventory 
 

• 4 Observation Tanks - NEB Response - Underground tank inventory.pdf 
 
07 Obs - Ground Tank Inspection 

• 7 Observation Tanks - NEB Response - Tank Inspection Audit.pdf 
 
Day 6 March 20 - Valves for OPP and Pressure Control 
 
01 Action - Leaking Valve Process and List 
 

• 1 Action Valves for OPP - NEB Response - Leaking Valve Process and List.pdf 
• TOP Gate Valve Position Inspection 6493970.pdf 
• TOP Gate Valve Position Inspection Form 6598306.pdf 
• TOP Pipeline Operations Gas Handling 3672508.pdf 

 
 
01 Add Action - Sour Service Response 
 

• 1 Add Action Valves for OPP - NEB Response - Sour Service Response.pdf 
 

Day 7 April 2 - (CA-PA) Corrective and Preventive Actions  
 

• 2 Action Day 8 CA-PA - TransCanada Corrective and Preventive Actions DRAFT April 5 2013.pdf 
• TEP-ILI-DEF-CDN Analysis of Deformation In-Line Inspection Data 006980190.pdf 
• TOP Aerial Pipeline Patrol 3672387.pdf 
• TOP Pressure Control of Leaking Pipelines 3841207.pdf 
• TransCanada Oil Pipelines Unit Start-Stop Procedure 6813148.pdf 

 
Day 7 April 2 - WOF Water Crossings  
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• 1-4 Action Day 7 WOF - NEB Response - Water Crossings.pdf 
• B-18b_-_Keystone_Responses_to_NEB_IR_3_(A0Y4Q8)_.pdf 
• Consolidated Valve and Geotech Water Crossing Listing.xls 

 
Day 8 April 3 - Corrective and Preventive Actions  
 

• 5 Action -Day 8 CA-PA - NEB Response - Significant SCC.pdf 
• NEB Notification Significant SCC NPS30 MLV 115-116 and NPS20 MLV 130-139 Line 100-1             

March 22 2012.pdf 
 
Day 8 April 3 - Leaking Dents  

• 1 Action Day 8 - NEB Response - Leaking Dent.pdf 
 
Day 8 April 3 - Liquid Sour Service and H2S Tests  
 

• 2 and 3 Actions Day 8 - NEB Response - Liquid Sour Service and H2S Tests.pdf 
• Gibson MSDS Petroleum Crude Oil 2008 12 31.pdf 
• TOP API 653 Aboveground Storage Tank Inspection 7167240.pdf 
• TOP Portable Gas Detection of the Atmosphere 3835957.pdf 
• 2008 Assay report for Surmont Heavy Blend (SHB).xls (in data room) 
• Commodity Approval Form for their Access Western Blend (AWB).pdf (in data room) 
• Commodity Approval Form for their Peace Heavy (PH assay).pdf (in data room) 

 
Day 8 April 3 - List of Upcoming Excavations 
 

• 2013 ML TQM Risers Program - Site List NEB Visit.xls 
• 4 Action Day 8 Excavation-Inspection Schedule April May 2013.pdf 

 
 
 
Day 8 Post Meeting - Potential for SCC 
 

• Post Meeting Day 8 - NEB Response - Potential for SCC.pdf 
 
Additional Documents Requested 
 

• Natural Gas Leak Detection Procedure Canada, EDMS No. 003676669 
• TEP-INT-LEAK Pipe Integrity Leak Detection and Evaluation, EDMS No. 007379105 
• Pressure Control of Leaking Pipelines, EDMS No. 003841207 
• 2013-07-25 Response to NEB Audit Questions June 14 2013.pdf 

 
2013-09-08 Response to NEB Audit Questions 
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• 2013-08-15 Below Specification Facility Fittings Response.pdf 
• CB2013-208-0075781_01-01R0 HTR-18597 Lakesend Pump Station.pdf 
• CB2013-208-0075781_01-01R0 HTR-26056-01 Monitor Pump Station.pdf 
• CB2013-208-0075781_01-01R0 U13508VOR Lakesend Elbows.pdf 
• CB2013-208-0075781_01-01R0 U13509VOR Lakesend Tees.pdf 
• CB2013-208-0075781_01-01R0 U-20130727-01HS.PDF 
• Emc2 Keystone Fitting Report-for Canada.pdf 
• Piping Stress Analysis Report – Cdn Pump Stn Fittings Analysis 8288118.pdf 
• 9-8-2013_Response to NEB regarding Keystone Expanded Pipe.pdf 
• Blade Energy Report_Keystone Coupon Mech and Metallurgical Testing.pdf 
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Analysis of Frequency, Magnitude and Consequence of Worst-Case Spills 
From the Proposed Keystone XL Pipeline

John Stansbury, Ph.D., P.E.

Executive Summary

TransCanada is seeking U.S. regulatory approval to build the Keystone XL pipeline from Alber-
ta, Canada to Texas.  The pipeline will transport diluted bitumen (DilBit), a viscous, corrosive form of 
crude oil across Montana, South Dakota, Nebraska, Kansas, Oklahoma and Texas.  As part of the regula-
tory process, TransCanada is required by the National Environmental Policy Act (NEPA) to evaluate the 
potential environmental impacts of a pipeline spill.  The Clean Water Act (CWA) also requires Trans-
Canada to estimate the potential worst-case discharge from a rupture of the pipeline and to pre-place ad-
equate emergency equipment and personnel to respond to a worst-case discharge and any smaller spills.  
The Keystone XL environmental assessment documents (e.g., Draft Environmental Impact Assessment) 
as well as the environmental impacts documents for the previously built Keystone pipeline, can be found 
on the US State Department web site.  It is widely recognized that the environmental assessment docu-
ments for the Keystone XL pipeline are inadequate, and that they do not properly evaluate the potential 
environmental impacts that may be caused by leaks from the pipeline (e.g., USEPA 2011a).  The purpose 
of this paper is to present an independent assessment of the potential for leaks from the pipeline and the 
potential for environmental damage from those leaks.

The expected frequency of spills from the Keystone XL pipeline reported by TransCanada (DNV, 
2006) was evaluated.  According to TransCanada, significant spills (i.e., greater than 50 barrels (Bbls)) 
are expected to be very rare (0.00013 spills per year per mile, which would equate to 11 significant 
spills for the pipeline over a 50 year design life).  However, TransCanada made several assumptions that 
are highly questionable in the calculation of these frequencies.  The primary questionable assumptions 
are:  (1) TransCanada ignored historical data that represents 23 percent of historical pipeline spills, and 
(2) TransCanada assumed that its pipeline would be constructed so well that it would have only half as 
many spills as the other pipelines in service (on top of the 23 percent missing data), even though they 
will operate the pipeline at higher temperatures and pressures and the crude oil that will be transported 
through the Keystone XL pipeline will be more corrosive than the conventional crude oil transported in 
existing pipelines.  All of these factors tend to increase spill frequency; therefore, a more realistic assess-
ment of expected frequency of significant spills is 0.00109 spills per year per mile (from the historical 
data (PHMSA, 2009)) resulting in 91 major spills over a 50 year design life of the pipeline.

The CWA requires that TransCanada estimate the “worst-case spill” from the proposed pipeline 
(ERP, 2009).  TransCanada’s calculation of the worst-case spill from the proposed Keystone XL pipeline 
was not available at the time of this assessment, so an assessment of the methods used by TransCanada 
for the existing Keystone pipeline and a comparison of the results of those methods with the methods 
recommended in this analysis were made.   The worst-case spill volume at the Hardisty Pumping Sta-
tion on the Keystone (the original pipeline will be referred to as simply the Keystone pipeline while the 
proposed pipeline is the Keystone Xl pipeline) pipeline predicted using methods recommended in this 
analysis was 87,964 barrels (Bbl), while the worst-case spill predicted using TransCanada’s methods 
was 41,504 Bbl (ERP, 2009).  The difference is a factor of more than 2 times.  The primary difference 
between the two methods was the expected time to shut down the pumps and valves on the pipeline.  
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TransCanada used 19 minutes (TransCanada states that it expects the time to be 11.5 minutes for the 
Keystone XL pipeline).  Since a very similar pipeline recently experienced a spill (the Enbridge spill), 
and the time to finally shutdown the pipeline was approximately 12 hours, and during those 12 hours 
the pipeline pumps were operated for at least 2 hours, it is clear that the assumption of 19 minutes or 
11.5 minutes is not appropriate for the shut-down time for the worst-case spill analysis.  Therefore, 
worst-case spill volumes are likely to be significantly larger than those estimated by TransCanada.  The 
worst-case spill volumes from the Keystone XL pipeline for the Missouri, Yellowstone, and Platte River 
crossings were estimated by this analysis to be 122,867 Bbl, 165,416 Bbl, and 140,950 Bbl, respectively.  
In addition, this analysis estimated the worst-case spill for a subsurface release to groundwater in the 
Sandhills region of Nebraska to be 189,000 Bbl (7.9 million gallons).

Among numerous toxic chemicals that would be released in a spill, the benzene (a human car-
cinogen) released from the worst-case spill into a major river (e.g., Missouri River) could contaminate 
enough water to form a plume that could extend more than 450 miles at concentrations exceeding the 
Safe Drinking Water Act Maximum Contaminant Level (MCL) (i.e., safe concentration for drinking 
water).  Therefore, serious impacts to drinking water intakes along the river would occur.  Contaminants 
from a release at the Missouri or Yellowstone River crossings would enter Lake Sakakawea in North 
Dakota where they would adversely affect drinking water intakes, aquatic wildlife, and recreation.  Con-
taminants from a spill at the Platte River crossing would travel downstream unabated into the Missouri 
River for several hundred miles and affect drinking water intakes for hundreds of thousands of people in 
cities like  Lincoln, NE; Omaha, NE; Nebraska City, NE; St. Joseph, MO; and Kansas City, MO, as well 
as aquatic habitats and recreational activities.   In addition, other constituents from the spill would pose 
serious risks to aquatic species in the river.  The Missouri, Yellowstone, and Platte Rivers all provide 
habitat for threatened and endangered species including the pallid sturgeon, the interior least tern, and 
the piping plover.  A major spill in one of these rivers could pose a significant threat to these species.

The benzene released by the worst-case spill to groundwater in the Sandhills region of Nebraska 
would be sufficient to contaminate 4.9 billion gallons of water at concentrations exceeding the safe 
drinking water levels.  This water could form a plume 40 ft thick by 500 ft wide by 15 miles long.  This 
plume, and other contaminant plumes from the spill, would pose serious health risks to people using that 
groundwater for drinking water and irrigation. 

Introduction

TransCanada is seeking U.S. regulatory approval to build the Keystone XL pipeline from Alber-
ta, Canada to Texas.  The pipeline will transport diluted bitumen (DilBit), a viscous, corrosive form of 
crude oil across Montana, South Dakota, Nebraska, Kansas, Oklahoma, and Texas.  As part of the regu-
latory process, TransCanada is required by the National Environmental Policy Act (NEPA) to evaluate 
the potential environmental impacts of a pipeline spill.  The Clean Water Act (CWA) also requires Trans-
Canada to estimate the potential worst-case discharge from a rupture of the pipeline and to pre-place ad-
equate emergency equipment and personnel to respond to a worst-case discharge and any smaller spills.  
The Keystone XL environmental assessment documents (e.g., Draft Environmental Impact Assessment) 
as well as the environmental impacts documents for the previously built Keystone pipeline, can be found 
on the US State Department web site.  It is widely recognized that the environmental assessment docu-
ments for the Keystone XL pipeline are inadequate, and that they do not properly evaluate the potential 
environmental impacts that may be caused by leaks from the pipeline (e.g., USEPA, 2011a).  The pur-
pose of this paper is to present an independent assessment of the potential for leaks from the pipeline 
and the potential for environmental damage from those leaks.
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In addition to evaluating potential environmental damage from pipeline leaks, TransCanada is 
required by law to pre-position emergency equipment and personnel to respond to any potential spill.  
This paper does not address these requirements.  However, an independent assessment of TransCanada’s 
emergency response plans for the previously built Keystone pipeline was done by Plains Justice (Black-
burn, 2010).  This document clearly shows that the emergency response plan for the Keystone pipeline is 
woefully inadequate.  Considering that the proposed Keystone XL pipeline will cross much more remote 
areas (e.g., central Montana, Sandhills region of Nebraska) than was crossed by the Keystone pipeline, 
there is little reason to believe that the emergency response plan for Keystone XL will be adequate.  

Since spills from these pipelines will occur, and since they will be extremely difficult and ex-
pensive to clean up (likely tens to hundreds of millions of dollars), it is imperative that TransCanada be 
required to be bonded for these clean-up costs before any permits are granted.  This proposed require-
ment is supported by the recent Enbridge spill, where a smaller crude-oil pipeline leak released crude 
oil into a tributary of the Kalamazoo River, and early clean-up costs, as reported by the U.S. EPA, have 
exceeded $25 million.

Worst-Case Spill

One of the requirements of the CWA is to calculate the worst-case potential spill from the pipe-
line.  An assessment of the potential worst-case spill from the Keystone pipeline was conducted by 
TransCanada; however, some of the methods and assumptions in that assessment are in question.  The 
primary focus of this paper is to provide an independent assessment of the worst-case spill from the 
Keystone XL pipeline and to compare that to the assessment done by TransCanada.

Spill frequency
To support understanding of the potential impacts due to releases from the pipeline, an assess-

ment of the likely frequency of spills from the pipeline is made.   TransCanada calculated the likely 
frequency of a pipeline spill for the Keystone XL pipeline in the Draft Environmental Impact State-
ment (ENTRIX, 2010) using statistics from the Pipeline and Hazardous Materials Safety Administration 
(PHMSA).  Nation-wide statistics from PHMSA for spills from crude oil pipelines show 0.00109 signifi-
cant (i.e., greater than 50 Bbl) spills per mile of crude oil pipelines per year.  When this rate is applied to 
the Keystone XL pipeline with a length of 1,673 miles, the expected frequency of spills is 1.82 spills per 
year (0.00109 spills/mi * 1,673 mi).  Adjusting the nation-wide PHMSA data to only include data from 
the states through which the Keystone XL pipeline will pass results in a frequency of 3.86 spills per year 
for the pipeline length (ENTRIX, 2010).  The state-specific data are more applicable to the Keystone lo-
cation; however, the smaller state-specific data base might over-estimate spill frequency.  Therefore, the 
frequency of 1.82 per year is adopted as the best available value for this assessment.  Assuming a design 
life of 50 years for the pipeline, 1.82 spills per year results in 91 expected significant spills (i.e., greater 
than 50 barrels) for the Keystone Pipeline project.  According to the TransCanada Frequency-Volume 
Study of the Keystone Pipeline (DNV, 2006), 14 percent of the spills would likely result from a large 
hole (i.e., greater than 10 inches in diameter).  Using the 14 percent value, the 91 expected spills during 
a 50-year lifetime for the pipeline would result in 13 major spills (i.e., from holes larger than 10 inches 
in the pipeline).

However, TransCanada diverged from historical data and modified the estimate of the expected 
frequency of spills from the pipeline (DNV, 2006).  The company’s primary rationale for reducing the 
frequency of spills from the pipeline was that modern pipelines are constructed with improved materi-
als and methods.  Therefore, TransCanada assumed that pipelines constructed with these new improved 
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materials and methods are likely to experience fewer leaks.  The revised expected frequency for spills 
was reported in the Frequency-Volume Study (DNV, 2006) to be 0.14 spills/year over the 1,070 miles 
from the Canadian border to Cushing, OK.  This value was adjusted to 0.22 spills per year for the total 
1,673 miles of pipeline, including the Gulf Coast Segment (ENTRIX, 2010).  Using the 0.22 spills/year, 
TransCanada predicted 11 spills greater than 50 barrels would be expected over a 50-year project life.  

This reduced frequency estimated by TransCanada is probably not appropriate for a couple of 
reasons. First, the study of the revised frequency ignored some of the historical spill data; i.e., the spill 
cause category of “other causes” in the historical spill data set (DNV, 2006). The “other causes” category 
was assigned for spills with no identified causes.  Since this category represents 23 percent of the total 
spills, this is a significant and inappropriate reduction from the spill frequency data.  In addition, the 
assumed reduction in spill frequency resulting from modern pipeline materials and methods is probably 
overstated for this pipeline.  TransCanada used a reduction factor of 0.5 in comparison to historical data 
for this issue.  That is, according to TransCanada, modern pipeline construction materials and methods 
would result in half as many spills as the historical data indicate.  However, the PHSMA data used in the 
TransCanada report were from the most recent 10 years.  Therefore, at least some of the pipelines in the 
analysis were modern pipelines.  That is, the initial frequency estimate was calculated in part with data 
from modern pipelines; therefore, a 50 percent reduction of the frequency estimates is highly question-
able based on the data set used.  More importantly, DilBit, the type of crude oil to be transported through 
the Keystone XL pipeline will be significantly more corrosive and abrasive than the conventional crude 
oil transported in most of the pipelines used in the historical data set.  The increased corrosion and 
abrasion are due to 15 – 20 times the acidity (Crandall, 2002), 5 – 10 times the sulfur content (Crandall, 
2002), and much higher levels of abrasive sediments (NPRA, 2008) compared to conventional crude oil.  
In addition, the high viscosity of DilBit requires that the pipeline be operated at elevated temperatures 
(up to 158oF for DilBit and ambient temperature for conventional oil) and pressures (up to 1440 psi for 
DilBit and 600 psi for conventional oil) compared to conventional crude oil pipelines (ENTRIX, 2010).  
Since corrosion and pressure are the two most common failure mechanisms resulting in crude oil re-
leases from pipelines (DNV, 2006), increased corrosion and pressure will likely negate any reduced spill 
frequency due to improvement in materials and methods.  Although pipeline technology has improved, 
new pipelines are subject to proportionally higher stress as companies use this improved technology to 
maximize pumping rates through increases in operational pressures and temperatures, rather than to use 
this improved technology to enhance safety margins.  

Also, TransCanada relies heavily on “soft” technological improvements, such as computer con-
trol and monitoring technology, rather than only on “hard” improvements, such as improved pipe fabri-
cation technology.  Whereas “hard” technological improvements are built into pipelines, “soft” improve-
ments require an ongoing commitment of monitoring and maintenance resources, which should not be 
assumed to be constant over the projected service life of the pipeline, and are also subject to an ongoing 
risk of error in judgment during operations.  As demonstrated by the spill from Enbridge’s pipeline into 
the Kalamazoo River, as pipelines age maintenance costs increase, but pipeline company maintenance 
efforts may be insufficient to prevent major spills, especially if operators take increased risks to maintain 
return on investment.  Moreover, TransCanada assumes that future economic conditions will allow it to 
commit the same level of maintenance resources from its first year to its last year of operation.  Given 
future economic uncertainty, this is not a reasonable assumption.  It is reasonable to assume that decades 
from now TransCanada or a future owner will likely fail to commit adequate maintenance resources, fail 
to comply with safety regulations, or take increased operational risks during periods of lower income.  
Overtime, PHMSA should assume that the risk of spill from the Keystone XL Pipeline will increase due 
to weakening of “soft” technological enhancements.  Over the service life of the pipeline it is not reason-
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able to rely on TransCanada’s “soft” technological improvements to the same extent as built-in “hard” 
improvements.  

The TransCanada spill frequency estimation consistently stated the frequency of spills in terms of 
spills per year per mile.  This is a misleading way to state the risk or frequency of pipeline spills.  Spill 
frequency estimates averaged per mile can be useful; e.g., for extrapolating frequency data across vary-
ing pipeline lengths.  However, stating the spill frequency averaged per mile obfuscates the proper value 
to consider; i.e., the frequency of a spill somewhere along the length of the pipeline.  Stating the spill 
frequency in terms of spills per mile is comparable to acknowledging that although some 33,000 deaths 
from automobile accidents occur annually in the U.S., the average annual fatality rate across 350 million 
people is only 0.000094; therefore, fatalities from automobile accidents are so rare as to be unimportant.  
In other words, it is of little importance to know the risk (frequency) of a release in any particular mile 
segment (frequency per mile); rather it is important to know the risk of a release from the pipeline.  As 
shown above, the expected number of spills for the pipeline over the pipeline lifetime ranges between 11 
and 91 spills, depending on the data and assumptions used.

In summary, there is no compelling evidence to reduce the frequency of spills because of mod-
ern materials and methods.  The increased corrosiveness and erosiveness of the product being trans-
ported will likely cancel any gains due to materials and methods improvements and soft technological 
safeguards will likely become less effective over time.  Moreover, the modified frequency stated by 
TransCanada should not have been reduced by omitting an important failure category.  The frequency of 
spills should have been stated as frequency of spills across the pipeline length per year and per pipeline 
lifetime.  Therefore, the best estimate for spill frequency is the value from the PHSMA historical data set 
resulting in 1.82 spills/yr or 91 significant spills over the pipeline lifetime.  Table 1 compares the pre-
dicted number of spills over the lifetime of the pipeline computed from TransCanada’s assumptions and 
from historical data.

Table 1:  Predicted Number of Spills from Keystone XL Pipeline Over a 50-Year Lifetime.
TransCanada Estimate Estimates Using Historical 

Data
Spills per year per mile 0.00013(a) 0.00109(a)

Pipeline spills per year 0.22(b) 1.82(b)

Pipeline spills per 50-year lifetime 11(c) 91(c)

Pipeline spills from > 10 inch hole 1.54(d) 12.74(d)

(a)  ENTRIX, 2010

(b)  spills/year-mile *1673 miles

(c)  spills/year* 50 years of pipeline lifetime

(d)  spills/lifetime * 14 percent spills from > 10 inch hole

Most Likely Spill Locations
Crude oil could be spilled from any part of the pipeline system that develops a weakness and 

fails.  Likely failure points include welds, valve connections, and pumping stations.  A vulnerable loca-
tion of special interest along the pipeline system is near the side of a major stream where the pipeline is 
underground but at a relatively shallow depth.  At these locations, the pipeline is susceptible to high rates 
of corrosion because it is below ground (DNV, 2006).  Since the pipeline is below ground, small initial 
leaks due to corrosion-weakened pipe would potentially go undetected for extended periods of time 
(e.g., up to 90 days) (DNV, 2006) providing conditions for a catastrophic failure during a pressure spike. 
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In these locations, pressures would be relatively high due to the low elevation near the river crossing.  
In addition, major leaks at these locations are likely to result in large volumes of crude oil reaching the 
river.

In addition to river crossings, areas with shallow groundwater overlain by pervious soils (such as 
the Sandhills region in Nebraska) where slow leaks could go undetected for long periods of time (e.g., 
up to 90 days) (DNV, 2006), pose risks of special concern.

Worst Case Spill Volume
The volume of a spill is calculated in two parts:  the pumping rate volume and the drain-down 

volume.  The pumping rate volume is the volume of crude oil that is pumped from the leaking pipe 
during the time between the pipe failure and stoppage of the pumps.  The time to shut down the pumps 
after a leak can be divided into two phases:  the time to detect the leak, and the time to complete the 
shut-down process.  The pumping rate volume also depends on the size of the hole in the pipe and the 
pressure in the pipe.  The drain-down volume is the volume of crude oil that is released after the pumps 
are stopped, as the crude oil in the pipe at elevations above the leak drains out.  The following sections 
explain how the pumping rate volume, the drain-down volume, and the total spill volume is calculated.

Pumping Rate Volume
The pumping rate volume is calculated as:
 PRV = PR * (DT + SDT)
Where:
PRV = pumping rate volume (Bbl)
PR = pumping rate (Bbl/min)
DT = detection time (time required to detect and confirm a leak and order pipeline shut-down 
(min))
SDT = shut-down time (time required to shut down pumps and to close valves (min))

TransCanada’s Frequency-Volume Study (DNV, 2006) states that detection of a leak in an un-
derground pipeline section can range from 90 days for a leak less than 1.5 percent of the pipeline flow 
rate to 9 minutes for a leak of 50 percent of the pipeline flow rate.  The 90-day time to detection is for 
a very slow leak that would not be detected by the automatic leak detection system.  The 9 minute time 
to detection is for a leak that is large enough to be readily detected by the leak detection system.  How-
ever, this time estimate is questionable because, as has been shown by experience, it is difficult for the 
leak detection system to distinguish between leaks and other transient pressure fluctuations in a pipeline 
transporting high viscosity materials such as DilBit.  For example, in the Enbridge pipeline spill, signals 
from the leak detection system were misinterpreted, and up to 12 hours elapsed between the time of 
the leak and final pipeline shut-down (Hersman, 2010).  During the 12-hour period between the initial 
alarm and the final shut-down, the pipeline pumps were operated intermittently for at least two hours.  It 
should be noted that the location of the Enbridge spill was a populated area where field verification of 
the leak should have been quick and easy.  Indeed, local residents called 911 complaining about petro-
leum odors (likely from the leak) 10 hours before the pipeline was shut down.  In the case of the Key-
stone XL pipeline, leaks could occur in remote areas (e.g., central Montana, or the Sandhills region of 
Nebraska) where direct observation would only occur by sending an observer to the suspected site; this 
could take many hours.
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TransCanada states that the time to complete the pipeline shut-down sequence is 2.5 minutes 
(ERP, 2009).  Therefore, using TransCanada’s time estimates, for a 1.5 percent leak, the total time be-
tween leak initiation and shut-down could be up to 90 days, and for a large (>50 percent) leak, the total 
time between leak initiation and shut-down would be 11.5 minutes (ERP, 2009).  

However, given the difficulty for operators to distinguish between an actual leak and other pres-
sure fluctuations, the shut-down time for the worst case volume calculation should not be considered to 
be less than 30 minutes for a leak greater than 50 percent of the pumping rate.  This would allow for 4 
alarms (5 minutes apart) to be evaluated by operators and a 5th alarm to cause the decision to shut down.  
In addition, the time to shut down the systems (pumps and valves) would require another 5 minutes.  
The assumption that the decision to shut the pipeline down can be made after a single alarm, as is sug-
gested by TransCanada (ERP, 2009) is unreasonable considering the difficulty in distinguishing between 
a leak and a pressure anomaly.  The ability to make the decision to shut down the pipeline after 5 alarms 
is likely a reasonable “best-case” assumption.  However, this “best-case” does not describe the “worst 
case” conditions that are being assessed here.  Rather, the worst case should consider confusing and 
confounding circumstances where a shut-down decision is not clear and where the leak site is remote 
and not verifiable in a short time period.  The total time is then considered to be between 30 minutes (a 
best-case scenario) and 12 hours (the time for the Enbridge final shut-down) from leak initiation to shut-
down.  Considering that the Keystone XL pipeline will cross extremely remote areas and that verifica-
tion of a leak could take many hours, a shut-down time of 2 hours (i.e., the time the pumps were oper-
ated during the Enbridge shutdown process) is a reasonable time for the worst-case analysis.

Therefore, for the worst-case spill for a large leak, a shut-down time of 2 hours is assumed.  With 
a maximum pumping rate of 900,000 Bbl/d, and a shut-down time of 2 hours, the pumping rate volume 
is 75,000 Bbl (900,000 Bbl/d * 1 d/24 hr * 2 hr).  This pumping rate volume (75,000 Bbl) is used in the 
calculation of the total worst-case spill volume for all high-rate leaks (i.e., greater than 50 percent flow-
rate).

The worst-case spill for a small leak could occur where the pipeline is buried and in a remote 
location (such as central Montana or the Sandhills region of Nebraska), and where direct observation 
would be infrequent.  According to TransCanada documents (DNV, 2006), a slow leak of less than 1.5 
percent of the pumping rate could go undetected for up to 90 days. However, since pipeline inspections 
are scheduled every few weeks, it is likely that the oil would reach the surface and be detected before 
the entire 90 days elapsed.  Assuming that the pipeline is buried at a depth of 10 feet and that the 1.5 
percent leak (75,802 ft3/d) is on the bottom of the pipe, oil would fill the pore spaces in the soil mostly 
in a downward direction, but it would also be forced upward toward the surface.  Assuming that the oil 
initially fills a somewhat conical volume that extends twice as far below the pipeline as above it, the oil 
would emerge at the surface within about one day (volume of a cone 30 feet deep with a base diameter 
of 30 feet is 7,068 ft3).  Therefore, the leak would likely be detected in 14 days during the next inspec-
tion (assuming bi-weekly inspections).  A 1.5 percent spill at a pumping rate of 900,000 Bbl/d over 14 
days would result in a release of 189,000 Bbl (7.9 million gallons).
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Table 2:  Pumping Rate Volume for Various Sized Leaks
Leak as percent of Pumping 
Rate(a)

Detection and Shut-Down 
Time

Pumping Rate Volume(d)

<1.5 percent 14 days(b) 189,000 Bbl
100 percent 2 hours 75,000 Bbl
100 percent 11.5 minutes(c) 7,188 Bbl

(a)  Design pumping rate for Keystone XL = 900,000 Bbl/d.  Calculation of worst-case spill requires 100 percent of pumping rate.

(b)  Time between pipeline inspections.(DNV, 2006)

(c)  TransCanada’s assumed shut-down time (ERP, 2009)

Drain-Down Volume
The drain-down volume is the volume in the pipe between the leak and the nearest valve or the 

nearest high point.  Some oil in locally isolated low spots will tend to remain in the pipe.  TransCanada 
arbitrarily assigned a drain-down factor of 0.6 for the Keystone XL pipeline, meaning that 40 percent 
of the oil in the draining pipeline at elevations above the leak will be captured in low spots.  However, 
since siphon effects will tend to move much of the oil even in local low spots, the 40 percent retention 
factor is likely too high for a worst-case analysis.  PHMSA regulations require valves to be placed on 
either side of a major water crossing.  If these valves are working, they should limit the amount of crude 
oil that drains from the pipeline to the amount that is between the valves.  However, to calculate a worst 
case spill, the volume should be calculated assuming that at least some of the valves fail (recall the fail-
ures of the safety devices in the recent Gulf oil spill).  If the valves fail, the drain-down volume would 
be limited by the major high elevation points on either side of the leak, with a reasonable adjustment for 
residual crude oil remaining in the pipeline.  For this worst-case analysis, a reasonable estimate for re-
sidual crude oil remaining in the pipeline is assumed at 20 percent of the total volume of oil at elevations 
above the leak.  All of these parameters are site-specific; therefore, for this assessment, the worst case 
drain-down volumes will be calculated for several of the river crossings of the Keystone XL pipeline, 
including the Missouri, Yellowstone, and Platte Rivers.

The drain-down volume is calculated using:
	  DDV = PLDV * DF

Where:
DDV = Drain Down volume (Bbl)
PLDV = Pipeline Drain Volume (Bbl) (volume of pipeline either side of the leak to next valve or   
  high elevation point)
DF = Drainage Factor (80 percent)

Worst-Case Release Calculation for the Missouri River Crossing
The Missouri River crossing is located at mile post (MP) 89 along the Keystone XL pipeline.  

The upstream valve is located at MP84, and the downstream valve is located at MP 91.  The river is at an 
elevation of 2,035 feet.  Figure 1 shows the elevation profile of the crossing at the Missouri River.  Since 
there are no major high elevations between the river and the valve at MP 84, it is likely that nearly all of 
the oil in the pipeline between the valve and a hypothetical leak at the river will be siphoned or drained 
via gravity.  If the valve at MP 84 fails, all of the oil in the pipeline between that point and the next valve 
(MP 81.5) could drain since the pipeline rises gradually in elevation between MP 84 and MP 81 (eleva-
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tion of 2,225 feet).  If the valve on the downstream side of the crossing (MP 91) fails, oil in the pipeline 
up to the major high point at MP 93 could drain to the hypothetical leak at the river crossing.

There are several scenarios that could affect the drain-down volume.  In the worst-case scenario 
both valves could fail, and the drain-down volume would then be the cross-sectional area of the pipe, 
times the length of pipeline draining times 80 percent.  For this scenario, the length of pipe is 11.5 miles 
(MP 81.5 to MP 93).  The cross-sectional area of the 36 inch pipe is 7.07 ft2.  Thus the drain-down vol-
ume is 3.43x105 ft3 (61,164 Bbls, 2.57 million gallons).  However it is highly unlikely that both valves 
will fail at the same time.

A second scenario would occur if both valves operated correctly but the siphon effect removed 
the oil from the high point downstream of the valve at MP 84.  Under this scenario, the length of drained 
pipe is 7 miles, and the resulting drain-down volume is 2.09x105 ft3 (37,230 Bbls, 1.56 million gallons).

A third scenario would occur if both valves operated correctly,and the siphon effect did not 
remove the oil between the high point at MP 86.5 and the valve at MP 84.  In this scenario, the length of 
drained pipe is 4.5 miles (valve at MP 91 to the high point at MP 86.5), and the drain-down volume is 
1.34x105 ft3 (23,934Bbls, 1.01 million gallons).

A fourth scenario would occur if one of the valves fails.  To be conservative, the valve closest to 
the river will be the assumed failed valve.  In this scenario, the drain-down distance would be 9 miles 
(between the valve at MP 84 and the high point at MP 93).  The resulting drain-down volume would be 
2.69 x 105 ft3 (9 mi * 5,280 ft/mi * 7.07 ft2 * 0.8) (47,867 Bbl, 2.01 million gallons).

While the first scenario is very unlikely, valve failure is a reasonable consideration in the worst-
case spill analysis.  So for the purposes of this analysis the fourth scenario, where one of the valves fails, 
is used to calculate the worst-case spill drain-down volume for the Missouri River crossing site.  There-
fore, using the fourth drain-down scenario, the drain-down volume is 47,867Bbls.  Adding the pumping 
rate volume of 75,000 Bbl, the worst-case release volume for the Missouri River crossing is 122,867 Bbl 
(5.16 million gallons).

Figure 1:  Horizontal profile of surface elevations at the Missouri River crossing.  Note that the vertical axis is exaggerated compared to the horizontal 
axis.  Solid circles show locations of pipeline valves.  The solid triangle shows the location of the river crossing.

Worst Case Release Volume Calculation for the Yellowstone River
The crossing on the Yellowstone River is at MP 196.5 which is at an elevation of 2,125 feet.  The 

closest upstream valve is at MP 194.5 at an elevation of 2,230 feet.  The nearest major high point on the 
upstream side is at MP 183 at an elevation of 2,910 feet.  The closest valve on the downstream side is 
at MP 200 at an elevation of 2,506 which is also the high point on the downstream side of the crossing.  
Figure 2 shows the elevation profile for the crossing at the Yellowstone River.
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The first scenario for drain-down volume is if all valves work properly.  The drain-down volume 
is 80 percent of the volume between the valves (the cross-sectional area of the pipe (7.07 ft2) times the 
pipe length between the valves (5.5. miles)) which equals 1.64x105 ft3 (29,252 Bbl, 1.23 million gal-
lons).

Another scenario considers the volume if the valve at MP 194.5 does not work.  In this case, the 
drain-down volume is the volume of the pipe between the two high elevations which are at MP 183 and 
MP 200 (17 miles).  In this scenario the drain-down volume is 5.07x105 ft3 (90,416 Bbl, 3.80 million gal-
lons).  Assuming failure of the valve at mile-post 194.5 is a reasonable assumption for conditions of the 
worst-case spill volume.  The total worst-case volume is then the drain-down volume of 90,416 Bbl plus 
the pumping rate volume of 75,000 Bbl totaling 165,416 Bbl (6.95 million gallons).

Figure 2:  Horizontal profile of surface elevations at the Yellowstone River crossing.  Note that the vertical axis is exaggerated compared to the hori-
zontal axis.  Solid circles show locations of pipeline valves.  The solid triangle shows the location of the river crossing.

Worst-Case Release Volume Calculation for the Platte River, NE
The Keystone XL Pipeline is proposed to cross the Platte River in Nebraska at MP 756.5.  There 

is an upstream valve at MP 747.6 and a downstream valve at MP 765.  Figure 3 shows the elevation 
profile for the crossing at the Platte River.  A reasonable worst-case spill scenario is to consider the valve 
at MP 765 (i.e., closest to the river) to fail.  The drain-down volume would then be the pipeline volume 
between the high point at MP 760 and the valve at MP 747.6.  The resulting drain-down volume would 
be 3.70x105 ft3 (65,950 Bbl, 2.77 million gallons).  Adding the pumping rate volume, the worst-case spill 
at the Platte River crossing would be 140,950 Bbl (5.92 million gallons).

Figure 3:  Horizontal profile of surface elevations at the Platte River crossing.  Note that the vertical axis is exaggerated compared to the horizontal 
axis.  Solid circles show locations of pipeline valves.  The solid triangle shows the location of the river crossing.
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Table 3:  Worst-Case Spill Volume Estimates.
Location Estimate from this analysis

Pumping Rate Vol-
ume (Bbl)

Drain Down Volume 
(Bbl)

Total Release 
(Bbl)

Groundwater 189,000(a) NA 189,000
Missouri River 75,000(b) 47,867(c) 122,867
Yellowstone River 75,000(b) 90,416(c) 165,416
Platte River 75,000(b) 65,950(c) 140,950

(a)  900,000 Bbl/d  (Keystone XL design pumping rate)* 1.5percent leak * shut-down time of 14 days

(b)  900,000 Bbl/d (Keystone XL design pumping rate)  *  shut-down time of 2 hours

(c)  Expected volume to drain from ruptured pipeline after pumps and valves closed

Comparison to TransCanada methods
TransCanada calculated the total Worst-Case Release Volume in a way that appears to be flawed.  

The worst-case volume was calculated from (ERP, 2009):

   WCV = ALV + PRV
Where:
WCV = worst-case volume (Bbl)
ALV = adjusted line volume (Bbl)
PRV = pumping rate volume (Bbl) i.e., pumping rate (Bbl/min) * time to shut-down (min)

The adjusted line volume was calculated from:
   ALV = (ILFV – PRV) * 0.60
Where:
ILFV = initial line fill volume (Bbl) i.e., the volume of the pipe between the leak and the nearest 
valve on both sides of the leak.
0.60 = drain-down factor where 60 percent of the oil in the pipe will drain after shut-down.

For the Hardisty Pump Station/Regina Pump Station (Keystone pipeline) calculation, the ILFV 
was stated as 63,346 Bbl. The pumping rate was 662,400 Bbl/day, and the time to shut down was 19 
minutes (10 minutes of evaluation of whether a leak had occurred and 9 minutes to shut down the sys-
tem).  This resulted in a PRV of 8,740 Bbl, and an ALV of 32,763 Bbl.  The ALV plus the PRV resulted 
in a total release of 41,503 Bbl.

TransCanada does not explain how the initial line fill volume is calculated.  They simply pro-
vide a value (ERP, 2009).  For the Hardisty Pump Station/Regina Pump Station calculation, they state 
the value to be 63,346 Bbl.  There is no way to verify this value.  Whatever method was used, the value 
should be the pipeline volume between the leak and the high points of elevation on both sides of the 
leak.  TransCanada then, in what appears to be a flawed process, subtracts the pumping rate volume 
from the initial line fill volume.  It is not clear why this subtraction was done.  Apparently, TransCanada 
considered that since the PRV would be pumped out of the pipeline during the leak discovery and shut-
down time, that volume of oil would not be still in the pipeline during draining.  However, even though 
the PRV would be removed from the pipeline during shutdown time, an equal amount would be pumped 
into the draining section.  Therefore, the DDV should be calculated as simply the volume of the drain-
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ing pipeline modified by the fraction of oil trapped in local low points.  That is, the PRV should not have 
been subtracted from the ILFV.  The result of subtracting the PRV from the ILFV was then multiplied 
by 0.60 to account for 40 percent of the oil in the pipe being caught in locally low spots in the pipeline 
and failing to drain out.  Certainly some of the oil in the pipe will fail to drain, especially in locally 
low spots; however, considering siphon effects, it is very likely that nearly all of the oil will drain even 
through the locally low spots.  Therefore, the 60 percent drain factor is likely to be a significant under-
estimate of the fraction of oil that will drain.  For this worst case spill analysis, a drainage factor of 80 
percent is a more reasonable assumption.

Table 4 shows the PRV, DDV, and total worst-case release estimates for the Hardisty Pumping 
Station on the original Keystone pipeline using methods recommended in this analysis and methods used 
by TransCanada (ERP, 2009).  Note that the PRV values using the method of this paper are much larger 
than those using TransCanada’s method because the assumed shut-down time is much shorter in Trans-
Canada’s method (19 minutes compared to 2 hours).  The drain-down volumes used for both methods 
are the reported drain-down volumes from TransCanada’s method because sufficient detail was not 
available in the TransCanada report (ERP, 2009) to allow a comparison of methods.

Table 4:  Worst-Case spill volume estimate using the method recommended in this analysis and the 
method used by TransCanada for the Keystone Pipeline.

Estimate from this Paper TransCanada Estimate(a)

PRV 
(Bbl)

DDV 
(Bbl)

Total Re-
lease (Bbl)

PRV (Bbl) DDV 
(Bbl)

Total Re-
lease (Bbl)

Hardisty Pumping 
Station

55,200(b) 32,764(c) 87,964 8,740(d) 32,764(c) 41,504

(a)  ERP, 2009

(b)  Pumping rate volume = 662,400 Bbl/d (Hardisty) * shut-down time of 2 hours

(c)  Drain-down volume reported by TransCanada (ERP, 2009)

(d)  Pumping rate = 662,400 Bbl/d * shut-down time of 19 min

Impacts from Worst-Case Spill

Impacts to the Air
The primary impacts to the air will be from benzene, hydrogen sulfide, and light molecular 

weight constituents of the DilBit.  The DilBit will be pumped at high temperatures (up to 158oF) and 
pressures (up to 1440 psi) causing these compounds to volatilize into the air at the site of the spill.  The 
Occupational Health and Safety Agency (OSHA) acceptable concentration of benzene in the air for a 
workplace is 3.25 mg/m3 (NIOSH, 1990) for short-term (8-hour) exposures.  Since benzene is denser 
than air, it could accumulate in low-lying areas that are protected from the wind.   Under these condi-
tions, the benzene concentration could be above acceptable levels for inhalation.  The basements of 
buildings located above groundwater plumes could also trap benzene gases that exceed safe levels.  This 
could have serious consequences for the occupants of such a building, who may not be aware that a 
plume of benzene lies beneath the building.

Hydrogen sulfide is another toxic gas that could cause dangerous conditions at the site.  The 
OSHA acceptable concentration for a workplace is 14 mg/m3 for an 8-hour exposure and 21 mg/m3 
for even a momentary exposure (NIOSH, 1990).  The concentrations of hydrogen sulfide in the air are 
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expected to be above acceptable levels in areas near a spill site (Enbridge, 2010) and will likely be a 
serious health threat to emergency workers, remediation workers, and possibly to local residents.

In addition to toxicity effects, benzene, hydrogen sulfide, and the light molecular weight fractions 
of the oil could create explosive conditions as they volatilize from the spilled oil.  Again, this risk will 
be greatest in areas that are protected from the wind and where concentrations could reach the explosive 
limits.

Impacts to Terrestrial Resources
The proposed pipeline will cross numerous types of terrestrial habitats (e.g., upland prairies, 

lowland prairies, woodlands, northern high plains, etc.) as it passes from Canada to Texas.  Each of these 
habitats is unique in terms of its physical conditions (e.g., soils, climates), biological communities, and 
human communities.  Because the physical, biological, and human conditions are so varied in these 
habitats, the potential impacts from a spill will be different for each type of habitat and location.  There-
fore, it is not possible to thoroughly assess the potential impacts to terrestrial habitats in this paper.

In general, a primary negative impact caused by a crude oil spill on land will be burial and 
smothering of plants and ground-dwelling animals.  The spilled DilBit will form a very dense and thick 
layer over the ground that will kill essentially any organisms that are contacted.  This effect will be 
localized to the immediate area of the spill, and most animals will be able to avoid contact with the oil.  
However, some animals may inadvertently contact the oil (e.g., birds landing in the oil) and be harmed 
or killed.  In addition, the spill will release toxic constituents such as benzene, hydrogen sulfide, light 
molecular weight oil fractions, and polycyclic aromatic hydrocarbons (PAHs), all of which will have 
toxic effects on local wildlife.  A significant concern arises when the pipeline crosses habitats of the nu-
merous threatened or endangered species that are found along the pipeline route.  Finally, the spill could 
affect human communities via exposures to the toxic constituents. 

Impacts to Surface Water Resources
 The primary constituents of concern in surface water are:  benzene, PAHs, hydrogen sul-

fide, and bulk crude oil.  The amounts of these constituents in the surface water are affected by several 
factors including:  the concentration of the constituent in the crude oil, the solubility of the constituent, 
and the turbulence and velocity of the water.  Constituents of special concern are benzene and certain 
PAHs because they are carcinogenic.

Benzene makes up 0.1 to 1.0 percent of DilBit crude oil (Shell Canada, 2008), and it is relatively 
soluble in water.  The amount of benzene that will be dissolved in the water can be estimated from the 
octanol-water partition coefficient (a measure of how much of a contaminant will dissolve into the wa-
ter) which is 131.8 for benzene (LaGrega et al., 2001).  Using the octanol-water relationship, and assum-
ing that the benzene concentration in the DilBit is 1 per cent (~1x104 mg/L), results in a  benzene water 
concentration immediately at the oil/water interface of 75 mg/L (1x104 mg/L ÷ 131.8). This benzene 
concentration is 15,000 times the MCL for benzene of 0.005 mg/L.  Since the temperature of the DilBit 
will be up to 158oF, the actual water concentration at the spill will likely be somewhat higher than this 
calculation, which is based on an octanol-water partition coefficient for ambient temperatures.  The ben-
zene concentration will decrease with distance from the oil/water interface. TransCanada’s Risk Assess-
ment calculated that the average (mixed) benzene concentration in surface water for a 10,000 Bbl spill 
in a 10,000 ft3/sec stream would be 2.2 mg/L (ENTRIX, 2010); however, this calculated concentration 
assumes that all of the benzene would be released into the water within one hour (likely over-estimates 
resulting concentrations) and that the benzene is immediately mixed across the entire stream (under-

 
013793



14

estimates resulting concentrations).  Note that 2.2 mg/L is 440 times the MCL for benzene.  In most 
cases, the benzene will form a plume that travels downstream from the spill site.  The concentration in 
the plume will gradually decrease as it moves farther from the spill site.  

Besides human health risks from contaminated drinking water supplies, benzene also poses risks 
to aquatic species.  The EPA Region III screening water concentration for benzene designed to be protec-
tive of aquatic biota is 0.370 mg/L (EPA, 2011b).  The predicted benzene concentration at the oil/water 
interface is 75 mg/L which is 200 times higher than the screening concentration.  Therefore, negative 
ecological impacts due to toxicity are expected, at least in localized areas where benzene is actively dis-
solving from the oil.

If a spill of 150,000 Bbl (i.e., in the range of predicted worst-case spill volumes) were to occur 
in a stream with a flow of 10,000 ft3/sec and a velocity of 3 ft/sec (e.g., the Missouri River below Fort 
Peck dam has a flow of 9,225 cfs, and the Yellowstone River at Miles City, MT has a flow of 11,180 cfs 
(USGS, 2009)), the mass and resulting plume of the benzene in the water could be characterized as fol-
lows.  Assuming that benzene makes up 1.0 percent of the DilBit, 150,000 Bbl of DilBit would contain 
approximately 2.3x105 Kg of benzene (150,000 Bbl * 42 gal/Bbl * 3.788 L/gal * 1 Kg/L * 0.01).  If 80 
percent of the benzene is lost via volatilization and product removal during and immediately after the 
spill, 4.77x104 Kg of benzene would remain in the stream.  This benzene would dissolve through time 
into the water from the DilBit mixture.  To be released into the water, the benzene in the mass of crude 
would have to diffuse to the oil/water interface.  Since the composition of DilBit is variable and since 
the thickness of the crude mass is case-specific (i.e., depends on turbulence, temperature, etc.), it is not 
possible to predict precisely the rate at which the benzene will diffuse to the oil/water interface; how-
ever, a reasonable assumption would be that 5 percent of the benzene would reach the oil/water interface 
per day.  If this assumption is too high, these calculations will over estimate the water concentrations 
but underestimate the duration of the negative impacts, and if it is too small, the opposite will be true.  
Assuming 5 percent of the benzene is released into the water per day, over 2.3 million grams of benzene 
will be released to the water per day.  This will result in a water concentration of 0.09 mg/L (2.3x106 g/d 
* sec/10,000 ft3 * 1d/86,400 sec * 1,000 mg/g * 35.3 ft3/m3 * 0.001 m3/L) once the contaminant plume 
completely mixes across the entire width of the stream (several miles downstream of the spill).  This 
concentration exceeds the MCL of 0.005 mg/L by 18.8 times.  As the benzene plume migrates down-
stream, the concentration will decrease because of processes such as degradation and volatilization.  
Reported half-lifes of benzene in surface water range from 1 to 6 days (USEPA, 1986).  Assuming a 
half-life of 3 days, a stream velocity of 3 ft/sec, and a tributary contribution of 20 cfs/mi (the measured 
value for the Missouri River downstream of the proposed crossing (USGS, 2009)), the plume would 
reach over 450 miles before its concentration would drop to the MCL and be safe for public water in-
takes.  The plume length was modeled using a series of 10-mile long river reaches with first-order decay 
(k=-0.231d-1) and increased flow of 200 cfs/10 mi reach.

Contaminants from a release at the Missouri or Yellowstone River crossing would enter Lake 
Sakakawea in North Dakota where they would adversely affect drinking water intakes, aquatic wildlife, 
and recreation.  Contaminants from a spill at the Platte River crossing would travel downstream un-
abated into the Missouri River for several hundred miles affecting drinking water intakes for hundreds of 
thousands of people (e.g., Lincoln, NE; Omaha, NE; Nebraska City, NE; St. Joseph, MO; Kansas City, 
MO) as well as aquatic habitats and recreational activities.   In addition, other constituents from the spill 
would pose serious risks to humans and to aquatic species in the river.
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Of course other assumptions (e.g., shorter half-life) would give somewhat different results.  For 
example, assuming that benzene makes up only 0.3 percent of DilBit and that 10 percent of the benzene 
is released per day, the calculated plume length would be reduced to around 200 miles.  However, since 
the case-specific details are not known at this point, the precise impacts cannot be calculated; however, it 
has been clearly shown that if a worst-case spill occurs in a major stream, the impacts would be serious, 
far-reaching, and long-lasting, and claims to the contrary should be challenged.

The concentrations of PAHs (e.g., benz(a)pyrene) are not specified in the Material Safety Data 
Sheet (MSDS) for DilBit (Shell Canada, 2008).  Also, the risk assessment done for the pipeline (ENSR, 
2006) discusses the presence of PAHs, but doesn’t detail specific concentrations.  Therefore, this analy-
sis will assume that PAHs make up 2 percent of DilBit, and that benz(a)pyrene (BaP) makes up one-
tenth of the PAHs or 0.2 percent of the DilBit.  This is likely an underestimate.  PAHs are not as soluble 
or as mobile in surface water as is benzene.  Much of the released PAH mass will sorb to sediments and 
remain closer to the location of the spill.  However, they will be transported downstream with suspended 
solids and sediments, and the PAH fraction that does dissolve will form a plume and also be transported 
downstream.  Since they are less soluble and mobile than benzene, PAHs pose less of a threat to munici-
pal water intakes.  Using the octanol-water coefficient for benz(a)pyrene (BaP) of 1.1 x 106 (LaGrega 
et al., 2001), the BaP concentration at the oil/water interface would be 0.0018 mg/L (1.8 μg/L).  This 
concentration exceeds the MCL for BaP of 0.0002 mg/L by a factor of about ten; however, this concen-
tration would be quickly reduced as the plume mixes in the stream.  Therefore, based on the assumption 
that PAHs make up 2 percent of the DilBit, drinking water is probably not significantly threatened from 
release of PAHs.

However, PAHs are toxic to aquatic organisms.  The EPA Region III water quality criteria for 
benz(a)pyrene to protect aquatic species is 0.015 μg/L (EPA, 2011b).  In addition, there are several 
other PAHs with water quality values to protect aquatic species (e.g., benzo(a)anthracene (0.018 μg/L), 
fluoranthene (0.04 μg/L), and naphthalene (1.1 μg/L)) that are likely to have concentrations that exceed 
water quality criteria in a major spill.  Therefore, the estimated concentration of PAHs is approximately 
100 times the allowable level for protection of aquatic life.

Hydrogen sulfide is very volatile, and much of it will likely volatilize to the air during a major 
spill.  However, some of the hydrogen sulfide will dissolve into the surface water and cause toxic effects 
to the aquatic biota.  The EPA Region III screening water concentration protective of aquatic species is 
2.0 μg/L.  Since the hydrogen sulfide will quickly volatilize, it is expected that these toxic effects will 
be limited to areas near the spill.  

Bitumen, which makes up most of the DilBit, is more dense than water, so it will sink to the bot-
tom and smother any aquatic plants or sediment-dwelling organisms.  These effects will be limited to the 
immediate area of the spill and are expected to pose a significant risk primarily if the stream is the habi-
tat to threatened or endangered species.  Since the Missouri, Yellowstone, and Platte Rivers all provide 
habitat to threatened and endangered species, including the pallid sturgeon, interior least tern, and piping 
plover, these impacts should be considered potentially significant.

Table 5:  Benzene Plume Development for Spill of 150,000 Bbl into a 10,000 cfs Stream.
Estimate From This Analysis

Spill Volume 150,000 Bbl
Stream Discharge 10,000 cfs
Fully Mixed Concentration(a) 0.09 mg/L 
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Ratio of Concentration to MCL (b) 18.8
Length of Plume > MCL (c) 450 miles
Duration of Release to Water (d) 20 days

(a)  mg/sec benzene release to stream ÷ L/sec of flow (10,000 cfs = 283,286 L/sec)

(b)  fully mixed concentration ÷ 0.005 mg/L

(c)  assumes half-life of 3 d; velocity of 3 ft/sec; 

(d)  assumes 5 percent of benzene is released from DilBit mass per day

Impacts to Groundwater Resources
The primary constituent of concern for a spill into groundwater is benzene.  Since DilBit is 

very viscous, the bulk crude oil will not likely migrate through the soil to groundwater in large quanti-
ties.  However, if a small, underground leak remains undetected for an extended period of time, a large 
amount of benzene will be released with the DilBit.  The released benzene could then be transported to 
groundwater via infiltrating rainwater.  According to a TransCanada publication “Frequency-Volume 
Study of Keystone Pipeline” (DNV, 2006), a leak of 1.5 percent of total flow could remain undetected 
for 90 days.  For this analysis, the discovery and shut-down time is assumed to be 14 days which corre-
sponds to the time between pipeline inspections.  At the design flow rate of 900,000 Bbl/d, a 1.5 percent 
leak would release 189,000 Bbl (7.9 million gallons) of DilBit in 14 days.  Since DilBit is 0.1 to 1.0 
percent benzene, this would result in a release of up to 79,380 gallons of benzene.

A spill of the magnitude of 189,000 Bbl of DilBit would occupy approximately 2.65x106 cubic 
feet of subsurface sands with a porosity of 0.4 (189,000 Bbl * 5.61 ft3/Bbl ÷ 0.4).  Assuming that the 
DilBit mass occupies a somewhat cylindrical volume and that the aquifer is 20 feet below the pipeline, 
the DilBit would spread to an area approximately 335 feet in diameter (335 feet diameter X 30 feet 
high).  A reasonable worst-case 100-year, 24-hour storm would deposit 6 inches of rain water on the site.  
In the Sandhills of Nebraska, nearly all of this water would infiltrate.  Six inches of water infiltrating 
onto a contaminated area of 8.8x104 ft2 (335 feet diameter) results in 4.4x104 cubic feet of water (8.8x104 
ft2 * 0.5 ft infiltrating water) contacting the DilBit.  Using the octanol-water partition coefficient of 131.8 
(LaGrega et al., 2001), the benzene concentration in the infiltrating water would be approximately 75 
mg/L.  The 4.4x104 cubic feet of water at a concentration of 75 mg/L equates to 9.35x107 milligrams of 
benzene.  Thus, this storm would transport 9.35x107milligrams of benzene to the groundwater.  Once in 
the groundwater, the benzene plume would migrate down-gradient, potentially to down-gradient water 
supplies or basements where it could pose a cancer risk to residents.  The 9.35x107milligrams of ben-
zene in the groundwater, if evenly distributed (not likely) could pollute 1.9x1010 L (4.9x109 gallons) of 
groundwater at the MCL, enough water to form a plume 40 feet thick by 500 feet wide by more than 15 
miles long (assuming porosity of 0.4) at the MCL.  These plume dimensions are given for illustrative 
purposes only.  The actual dimensions of a groundwater plume cannot be determined with the available 
information.  Of course, the benzene would not be evenly distributed; however, the plume would still 
be many miles long.  In addition, future storms would transport additional benzene to the groundwater 
increasing the size of the plume.

The worst-case site for such a spill is in the Sandhills region of Nebraska.  The Sandhills are an-
cient sand dunes that have been stabilized by grasses.  Because of their very permeable geology, nearly 
100 percent of the annual rainfall infiltrates to a very shallow aquifer, often less than 20 feet below the 
surface.  This aquifer is the well-known Ogallala Aquifer that is one of the most productive and impor-
tant aquifers in the world.
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Table 6:  Benzene Plume from a189,000 Bbl Spill to Groundwater.

Volume of released DilBit (Bbl) 189,000
Volume of benzene in spill (gal) 79,380
Mass of benzene dissolved in groundwater (mg) 9.35x107

Volume of contaminated water > MCL (gal) 4.9x109

Equivalent plume dimensions 40 feet X 500 feet X 15 miles
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Text Box
The attached report, “Analysis of Frequency, Magnitude and Consequence of Worst-Case Spills from the Proposed Keystone XL Pipeline”, was written solely by Dr. John Stansbury who is solely responsible for its contents.  Dr. Stansbury is employed by the University of Nebraska, but the report does not represent the opinion or views of the University or the UNL Water Center.  The purpose of the report is to provide decision-makers (e.g., State Legislators, Congressmen, State Department representatives) an independent and unbiased assessment, based on available data, of the magnitude and impacts of potential worst-case spills from the Keystone XL pipeline.  The intended use of this report is neither to lobby for or against the proposed pipeline.  Rather it is intended to provide unbiased information to decision-makers to assist them in making informed decisions regarding the pipeline.Any questions or comments regarding this report should be directed to Dr. Stansbury (jstansbury2@unl.edu).
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Disclaimer 

This final report summarizes the results of work performed by Exponent representing the 
“Environmental Review” of the Keystone XL Project Risk Assessment (Appendix P of FEIS) 
and related sections in the Final Environmental Impact Statement (FEIS).  This work represents a 
limited and directed scope of review focused specifically on the Risk Assessment (Appendix P 
of FEIS) and on specific questions addressed to Exponent as detailed in Section 1 of our report.  
The findings presented herein are made to a reasonable degree of scientific certainty based on 
information and data provided by the U.S. Government (i.e., DOS/PHMSA/EPA), through the 
U.S. Department of State (DOS) and by TransCanada Keystone Pipeline, LP (Keystone).  
Limited data gathering was involved.  Exponent reserves the right to supplement this report and 
to expand or modify findings and opinions based on our review of additional material as it 
becomes available through ongoing correspondence with DOS/PHMSA/EPA and Keystone 
and/or through any additional work or review of additional work performed by Battelle and 
others. Also, due to the limited and directed scope of this review, this report shall not be 
considered to have identified or analyzed all scenarios and all sensitive resources that could 
potentially be impacted by the Keystone XL Project.  In our review we point out the limitations 
of work conducted previously by others. To the extent that we have conducted analyses to 
address the questions posed to us, these analyses represent very limited and time-constrained 
analyses, and therefore cannot and should not be construed as filling gaps or inadequacies.  In 
particular we recognize that Keystone will undertake a more detailed analysis to address 
questions related to the final design of the Keystone XL Project and the potential for 
environmental impacts.  Determining the adequacy of the Biological Assessment performed as 
part of the FEIS in regard to threatened and endangered species and other special status species 
is outside Exponent’s scope of work as determined by DOS.  Rather Exponent used the 
information in the FEIS on special status species in support of our review.  The report addresses 
comments on Exponent’s draft report. Exponent’s review was based on the initial route for the 
pipeline; the modifications of that route have not been specifically evaluated.  However, the 
general recommendations made in this report are broadly applicable. 
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Executive Summary 

This report provides Exponent’s third-party independent environmental review of a specific set 
of issues identified by the U.S. Department of State (DOS) in consultation with the U.S. 
Department of Transportation, Pipeline and Hazardous Materials Safety Administration 
(PHMSA) and the U.S. Environmental Protection Agency (the agencies) that relate to the 
Keystone XL Project (Project) preliminary risk assessment (Risk Assessment) prepared by 
AECOM and Dynamic Risk Assessment Systems, Inc., on behalf of TransCanada Keystone 
Pipeline, LP (Keystone). These issues are described in Section 1 of our environmental review. 
The Risk Assessment document is presented in Appendix P–Pipeline Risk Assessment and 
Environmental Consequence Analysis dated July 2009 contained within the Final Environmental 
Impact Statement (FEIS) prepared for DOS by Cardno ENTRIX, contractor for DOS.  The 
agencies thought it advisable to have an additional environmental review of the Risk 
Assessment because of the highly technical nature of the issues involved, and the desire to 
ensure that the Project-specific Special Conditions are properly implemented in the event that a 
Presidential Permit is issued.  To address the issues identified by the agencies, we relied on 
information in the Risk Assessment and FEIS as well as information we obtained that related to 
the issues identified by the agencies.  The report addresses comments on Exponent’s draft 
report. Exponent’s review was based on the initial route for the pipeline; the modifications of 
that route have not been specifically evaluated.  However, the general recommendations made in 
this report are broadly applicable. 

The agencies determined that Keystone should commission an engineering analysis that would, 
at a minimum, assess the advisability of additional valves and/or the deployment of external 
leak detection systems in areas of particularly sensitive environmental resources.  Battelle was 
chosen by the agencies to provide that engineering review. Exponent was tasked by the 
agencies to provide the environmental review, part of which was to consider the presence of 
other sensitive environmental resources along the Project that may warrant additional 
environmental protection.  These potentially sensitive environmental resources were in addition 
to those that had been the focus of the Risk Assessment.  Based on the Scope of Work described 
in Section 1 of this environmental review, Exponent performed the following tasks:  

1.	 Provided an overview of the overall Keystone Risk Assessment methodology 

2.	 Examined the characteristics of the crude oil being transported 

3.	 Evaluated transport and fate characteristics of spilled crude oil 

4.	 Addressed sensitive issue Area 1:  Shallow groundwater 

5.	 Addressed sensitive issue Area 2: Small stream crossings less than 100 ft in 
width and associated ecological concerns. 
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This executive summary provides a brief overview of each of these tasks, along with our key 
findings and recommendations.  Exponent’s findings will be used, in part, by Battelle to make 
recommendations related to engineering considerations that could be used to address 
environmental safety issues related to the Project.   

Review of Crude Oil Composition 

Exponent reviewed Keystone’s consideration of the chemical and physical characteristics of the 
oil blends to be transported in the pipeline, and compiled crude oil compositional data required 
in the subsequent sections of our report. Exponent compared the characteristics of diluted 
bitumen (dilbit) and synthetic crude oil (SCO) to typical crude oil using data from a number of 
publically available sources.   

Key Findings/Conclusions 

	 The physical and chemical characteristics of dilbit are consistent with a heavy 
crude oil 

	 The physical and chemical characteristic of SCO are consistent with a 
medium gravity crude oil 

	 The benzene concentrations of both oils are within the range of typical crude 
oils 

	 The chemical compositions of the oils are within the range of typical crude 
oils, although there are some significant gaps in our knowledge about all the 
constituents 

	 For the factors considered by Keystone in the Risk Assessment, we agree 
with their conclusion that dilbit and SCO are sufficiently similar to crude oil 
and that they should not result in an excess risk in case of a release.   

Recommendations 

	 While not required at this stage in the process, Keystone should consider 
obtaining additional information on the chemistry of the oils as this 
information will be needed for developing clean-up and remediation plans 

	 Knowledge on the chemistry of dilbit continues to increase, and that new 
information should be incorporated into planning and operations as 
appropriate (e.g., to improve spill response planning). 

Transport and Fate of Spilled Oil 

To address questions about potential environmental consequences of oil spills raised by the 
agencies, Exponent conducted additional transport and fate analyses to better describe the 
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behavior of potential spills. Our review relied on information provided in the Risk Assessment 
and FEIS as well as on information and data in the scientific literature such as the viscosity of 
the oil and distance that oil spills have been known to travel in surface water.  We conducted 
screening-level calculations to quantitatively check statements made in the Risk Assessment 
about the behavior of oil spills, and to support other aspects of our evaluation.  

Our evaluation of possible risks to sensitive areas of groundwater and surface waters depends in 
part on how the spilled oil will behave when released from a buried pipeline.  Therefore, we 
evaluated how quickly large and small spills might reach aquifers and the behavior of dissolved 
constituents in these aquifers. Our screening calculations are not an exhaustive transport and 
fate analysis. The detailed analyses that are required by Special Condition 14 and PHMSA 
regulations, as part of the Integrity Management Program, will be conducted after the final route 
is selected as part of the final design of the project.  The rate of migration of an oil spill to and in 
groundwater is an important consideration in the development of the Environmental Response 
Plan (ERP). It bears directly on response time and the ability to contain and clean up spills that 
might occur.  Similarly, the distance that oil spilled into surface waters of small streams could 
travel is important for identifying ecologically sensitive areas or other high consequence areas 
(HCAs) that might be impacted. 

Quantitative screening-level estimates of the potential transport of oil to groundwater are 
provided for two scenarios:  a large volume spill or rupture, and a small leak.  We also provide a 
discussion on the potential transport of oil overland.  Exponent’s analyses are based on the 
general range of conservative conditions and are intended to provide a sense of scale of potential 
oil impact.  Thus, findings are expected to be a conservative characterization of what could 
happen along the pipeline. Based on these analyses, Exponent considered the ramifications of 
the findings in light of the implications they would have on the final Project design and ERP.  
The following are Exponent’s key findings/ conclusions, followed by our recommendations.   

Key Findings/Conclusions 

	 The flow of oil overland is affected by many variables including spill rate, 
topography, soil type, and vegetation. To provide a sense of scale, a highly 
simplified case of a sudden spill of 25,000 bbl to a flat surface is presented.  
If the spill flows in a radial pattern, is 1 ft deep, and there is no spill response, 
it would spread with a radius of about 200 ft.  A pool with a depth of 0.1 ft 
would spread to a radius of about 700 ft.  If a surface spill was influenced by 
topography and flowed in a channelized manner, the distance traveled could 
be on the order of thousands of feet, depending on the steepness of the 
terrain, presence of vegetation, etc. Keystone conservatively assumed in the 
Risk Assessment that a large spill would be capable of moving overland up to 
1 mile.  Therefore, considering our analyses, the 1 mile distance criterion 
used in the Risk Assessment is considered adequate.  Where HCAs are 
located within 1 mile of the pipeline, Keystone is required to perform a site-
specific evaluation of overland flow (spreading analysis). 
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	 Exponent applied a numerical screening model, the hydrocarbon spill 
screening model or HSSM, to estimate the behavior of a large spill of dilbit 
from the pipeline in an area with a high permeability shallow aquifer.  The 
HSSM modeling simulation showed that groundwater impacts from a large 
spill would likely occur first from infiltration from the trench near the rupture 
and not from oil spread across the ground surface.  Oil in the potentially filled 
trench near the rupture could begin forming a non-aqueous phase liquid lens 
at the water table in less than 1 day if the water table is 1 ft below the trench 
(8 ft below ground surface), in 7 days if the water table is 3 ft below the 
trench (10 ft below ground surface), and in 50 days if the water table is 10 ft 
below the trench (17 ft below ground surface).  In contrast, oil infiltrating 
from the ground surface would reach a water table 8 ft below ground surface 
after approximately 240 days. 

	 Results from HSSM simulations of a large spill (25,000 bbl) illustrate that 
plume lengths for dissolved hydrocarbons (i.e., benzene at or above the under 
typical groundwater gradients could be between 100 and 900 ft in length.  
This range is consistent with those reported in the literature; most reported 
plumes are less than 200−300 ft and a very small number of plumes exceed 
1,000 ft. HSSM simulations were also performed to explore an elevated 
groundwater gradient, representing the potential influence of groundwater 
extraction (irrigation wells) near the pipeline.  When coupled with a 
simulated low degradation rate (representing an upper bound condition), the 
higher groundwater gradient could extend the plume length to as much as 
2,600 ft. 

	 Modeling results agree with the conclusions in the Risk Assessment that a 
small leak going undetected indefinitely is unlikely.  More likely, oil from a 
small “pin hole” leak (28 bbl/day) would reach the ground surface on a time 
scale of a few months.  Based on the screening-level modeling, a benzene 
plume that may form because of a small leak was estimated to travel 
downgradient by as much as 600 ft.   

	 Many private wells located near the pipeline do not meet the criteria to be 
classified as HCAs in the Risk Assessment.  Exponent considered potential 
factors that could be used to identify non-HCA groundwater areas for shallow 
groundwater (< 50 ft) where more extensive spill prevention measures and 
monitoring may be warranted.  Based on our analysis of possible plume 
dimensions, we selected a downgradient distance of 1,000 ft from the 
proposed centerline of the pipeline as a reasonable boundary of a plume for 
identifying shallow groundwater and associated wells that could be within the 
influence of an oil spill.  This distance recognizes that large spills would be 
readily detected and remediated and that small leaks that could take longer to 
be detected would have smaller plumes.  Based on an independent review of 
the NEDNR well database in Nebraska, Exponent identified approximately 
260 wells (not screened by depth) within 1,000 ft of the proposed centerline 
of the pipeline. Most of these wells are used for irrigation purposes but 
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domestic wells are also present, several of which draw from shallow 
groundwater. This list will need to be revised once the final pipeline is 
determined. 

	 The relative vulnerability/sensitivity of groundwater resources to a dissolved 
hydrocarbon plume from an oil spill can be assessed by considering 
combinations of several factors:  1) proximity to the pipeline (<1,000 ft); 
2) depth from point of the oil release to the water table (e.g., release of oil at 
or below the water table will affect groundwater quality more quickly than 
releases many feet above the water table); 3) depths of receptor wells (wells 
that are tens of feet deep are more vulnerable than wells that are hundreds of 
feet deep); and 4) the pumping of receptor wells (wells with higher pumping 
rates are more likely to draw plumes further downgradient than wells with 
lower pumping rates).  This combination of factors could be used to identify 
groundwater resources that do not meet the listing criteria for HCAs but may 
be more vulnerable to a dissolved benzene plume emanating from an oil spill.  
An example of this would be a cluster of irrigation wells and domestic wells 
located within 1,000 ft of a pipeline segment where a release of oil occurred 
in or within a few feet of the water table.  

	 The assessment in the FEIS conservatively assumes that in the event of a 
worst-case spill in which all of the benzene partitions from the oil into water 
in streams with a range of flow rates.  The assessment is useful for 
comparison of worst-case benzene concentrations to human health and 
ecological concentration benchmarks and is discussed further in Section 5 of 
our review. However, the FEIS does not provide an evaluation of possible 
transport distances of oil via surface water.  This appears to be a gap that 
needs to be addressed. 

	 The primarily qualitative assessment of the transport and fate of oil in the 
event of a spill presented in the Risk Assessment is consistent with our 
analysis and review of the literature.  Ultimately, quantitative analysis of 
transport and fate in surface waters is required by Special Condition 14 and 
PHMSA regulations as part of the Integrity Management Program during the 
final design of the project after the final route is selected.  These evaluations 
should take into account the lessons learned from the pipeline rupture in 
Enbridge, Michigan, in 2010. 

Recommendations 

	 Keystone, as part of the final Project design, should perform further 
evaluation of overland flow (spreading analysis) of spilled oil, and further 
evaluation of the transport of spilled oil in small streams (e.g., the 
downstream distance crude oil could travel from the proposed centerline of 
the pipeline) for purposes of ERP. These analyses should take into account 
potential density and viscosity increases associated with the loss of volatiles 
from heavy crudes and diluted bitumen. 
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	 Keystone should use the screening criteria (e.g., well depth, depth of release 
compared to water table, lithology between pipeline and aquifer) suggested in 
our report for identifying vulnerable/sensitive groundwater resources adjacent 
to the pipeline that do not classify as HCAs but that may be more vulnerable 
to exposure to a benzene plume in the event of a an oil spill.  For example, 
these could be defined as clusters of both domestic and irrigation wells within 
1,000 ft of a pipeline segment where an oil spill could occur in or within a 
few feet of the water table.  Exponent recommends that additional modeling 
be performed as part of the final design of the Project to further refine the 
appropriate downgradient distance criteria to be used for identifying sensitive 
clusters of wells. Exponent recommends that these non-HCA groundwater 
resources be afforded a degree of protection from the occurrence of an oil 
spill and from the consequences of a spill similar to what is currently 
afforded to groundwater resources that are defined HCAs. 

	 Considering the above-mentioned screening analysis, Exponent recommends 
that Keystone consider how to improve upon external leak detection through 
more frequent inspections and education of property owners for wells within 
these areas of sensitive groundwater resources.   

Analysis of Risks Related to Small Stream Crossings 

Exponent was asked to evaluate whether there are sensitive environments associated with 
stream crossings that are less than 100 ft wide that may warrant additional analyses and perhaps 
mitigation or control measures.  Exponent used a set of ecologically-relevant criteria to identify 
such areas. This part of the environmental review also included an examination of information 
in the FEIS related to special status species, in particular, the presence of these species and their 
habitats relative to small stream crossings.  

As part of our small stream crossing evaluation Exponent performed the following tasks: 

	 Reviewed the adequacy of the risk characterization of PHMSA-defined 
HCAs in the Risk Assessment with a specific focus on ecologically sensitive 
areas (ESAs) 

	 Evaluated whether there were other sensitive environmental resources 
downstream of small stream crossings not already identified by the PHMSA-
defined ESAs 

	 Evaluated the adequacy of relying on benzene as a surrogate chemical to 
address the magnitude of aquatic toxicity of crude oil spilled into small 
streams 

	 Evaluated whether the Risk Assessment process adequately considered the 
presence of special status species (e.g., threatened and endangered species) 
when defining sensitive ecological resources. 
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Exponent considered the implications of our findings with respect to the final Project design and 
ERP. The following are Exponent’s key findings/conclusions, followed by our 
recommendations.   

Key Findings/Conclusions 

	 The Risk Assessment appropriately followed standard PHMSA guidelines for 
identifying contributory pipeline segments (CPSs) associated with small 
stream crossings and the HCAs potentially affected. 

	 Based on our assessment of transport and fate of oil into surface waters, we 
used a downstream distance of 10 miles as a basis for identifying locations of 
sensitive areas around small stream crossings.  Using a set of ecologically-
relevant criteria, Exponent identified at least ten small stream crossings areas 
that should be considered for additional protection.  An additional four small 
stream crossings were identified as having special water bodies within 
10 miles downstream of the proposed centerline of the pipeline that likely 
have high wildlife habitat value which should also be given further 
consideration. 

	 Exponent agrees with the assessment of the potential magnitude of risk of an 
oil spill on aquatic life in the water column associated with the toxicity of 
dissolved oil as represented by benzene.  While the toxicity assessment based 
on benzene is not rigorous, it appears to be sufficiently conservative for 
assessing short-term effects to aquatic biota residing in the water column.  
However, depending upon the characteristics of the water body into which a 
spill occurs, some portion of the spilled oil could come into contact with 
sediments along shorelines or the bottom of the water body. The oil and 
associated chemicals that may be present within sediments could exert 
longer-term chronic effects on aquatic biota that are not captured by 
considering benzene alone. 

	 Exponent determined that the list of special status species identified in the 
FEIS is comprehensive and complete. Exponent also found that the 
preliminary findings of which species are likely to be adversely affected (one 
species, the American burying beetle) were arrived at through a sufficiently 
rigorous review of the distribution, abundance, and biological use of the 
Project area by special status species. 

	 Exponent believes that there could be habitat utilized now or in the future by 
special status species that is not specifically identified as PHMSA-designated 
ESAs. 

	 Exponent believes ongoing natural shifts in resources underpinning the 
distribution and abundance of special status species and the species they rely 
upon will likely result in a shifting of locations where special status species 
occur during the lifetime of the Project.  These changes will necessitate that 
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the environmental protection of the areas which these species use as habitat 
along the pipeline corridor be updated over time. 

Recommendations 

	 A distance of at least 10 miles downstream from the proposed centerline of 
the pipeline should be used for the identification of sensitive areas and for 
identifying CPSs during the final design phase of the Project. 

	 Based on location-specific analyses of fate and effects of spills that Keystone 
will undertake prior to construction, Keystone should consider the use of 
additional valves and/or noninvasive boring technologies at the small stream 
crossings that Exponent identified as associated with additional potentially 
sensitive ecological areas, and where Keystone’s release analysis shows the 
potential exists for medium to very large spills. 

	 Keystone should rely upon stream-specific scour analyses for small stream 
crossings to identify where the pipeline should be buried deeper than 5 ft or 
where horizontal directional drilling may be warranted.  The particular small 
stream crossings identified by Exponent should be given attention in this 
regard. 

	 Exponent recommends that the ERP consider the possibility that spilled oil 
may be entrained into sediments and that these types of conditions be 
anticipated as part of spill response and clean-up. 

	 Exponent recommends that the ERP also take into account the additional 
ecologically sensitive resources identified in our review.  For example, 
wildlife habitat for special status species, within close proximity of the 
pipeline could be designated as “special and/or unique areas” for purposes of 
the ERP. 

	 Exponent recommends that Keystone develop explicit plans for updating the 
status and presence of special status species and their habitat every 2 years, 
and that identified changes be incorporated into the ERP. 
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Introduction 

This report provides Exponent’s third-party independent environmental review1

1	 Because many assessment terms are used throughout this document, we refer to the Exponent work as an 
environmental review to distinguish our work from the Risk Assessment and from the FEIS. 

 of a specific set 
of issues identified by the U.S. Department of State (DOS) in consultation with the U.S. 
Department of Transportation, Pipeline and Hazardous Materials Safety Administration 
(PHMSA) and the U.S. Environmental Protection Agency (EPA) (the agencies) that relate to the 
Keystone XL Project (Project) preliminary risk assessment (Risk Assessment) prepared by 
AECOM and Dynamic Risk Assessment Systems, Inc., on behalf of TransCanada Keystone 
Pipeline, LP (Keystone). This Risk Assessment document is presented in Appendix P–Pipeline 
Risk Assessment and Environmental Consequence Analysis dated July 2009 contained within the 
Final Environmental Impact Statement (FEIS) prepared for DOS by Cardno ENTRIX, 
contractor for DOS.  The agencies thought it advisable to have an additional environmental 
review of the Risk Assessment because of the highly technical nature of the issues involved, and 
the desire to ensure that the Project-specific Special Conditions are properly implemented in the 
event that a Presidential Permit is issued.  To address the issues identified by the agencies, we 
relied on information in the Risk Assessment and FEIS as well as information we obtained that 
related to the issues identified by the agencies. The report addresses comments on Exponent’s 
draft report. Exponent’s review was based on the initial route for the pipeline; the modifications 
of that route have not been specifically evaluated.  However, the general recommendations 
made in this report are broadly applicable. 

The agencies determined that Keystone should commission an engineering analysis that would, 
at a minimum, assess the advisability of additional valves and/or the deployment of external 
leak detection systems in areas of particularly sensitive environmental resources.  Battelle was 
chosen by the agencies to provide that engineering review. Exponent was tasked by the 
agencies to provide the environmental review, part of which was to consider the presence of 
other sensitive environmental resources along the Project that may warrant additional 
environmental protection via mitigation methods such as the use of valves to control spills.  
These potentially sensitive environmental resources were in addition to those that had been the 
focus of the Risk Assessment. The Scope of Work provided to Exponent2

2	 Keystone Project (US) Supply Agreement – Consulting Services Agreement No. 9646 for Keystone –Phase 
3&4 Environmental Review dated September 6, 2001 between TransCanada Keystone Pipeline, LP by its agent 
TC Oil Pipeline Operations Inc., and Exponent, Inc. Schedule A Scope of Work. 

 described our tasks as 
follows:  

Potentially Sensitive Environmental Resources 

With respect to the identification of particularly sensitive environmental 
resources, the risk assessment (Note: we refer to our work as an environmental 
review) should draw from the information included in the final Environmental 
Impact Statement regarding the potentially affected environment. 
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The risk assessment (i.e., environmental review) should take into consideration 
the fact that the focus of 49 CFR 195.6(2) and (3) is to protect particularly 
sensitive drinking water resources; especially sensitive drinking water resources 
that have no adequate alternative water supply and whose intakes lie within highly 
vulnerable aquifers. The identification of sensitive environmental resources, 
however, should not be limited by those existing code requirements. Rather it 
should also be informed by the information, analysis, and federal, state, and 
public input developed through the EIS process.  

In light of the information, analysis, and public input received, the examination of 
sensitive environmental resources should focus on areas of shallow groundwater 
(defined as a depth to water of less than 50 feet below ground surface), and river 
crossings less than 100 feet with the presence of sensitive resources. These areas 
can be identified based on information in the final EIS. 

The analysis of potentially sensitive environmental resources should also take 
account of the particular characteristics of the crude oil likely to be released into 
the environment in the event of a spill, particularly into an aquatic environment. 
This should include any specific characteristics that may affect the fate and 
transport of potential contaminants in the aquatic environment and/or affecting the 
difficulty of emergency response operations, containment, oil recovery, and 
remediation efforts. This information would be used to enhance and inform 
decisions on the DOT response plan(s) for the pipeline if a Presidential Permit 
were granted. 

Exponent’s scope does not involve an environmental review of the overall National 
Environmental Policy Act (NEPA) process as it was carried out for the Project, nor does it 
provide an independent review of the selected route for the pipeline.  The main aspect 
considered in our environmental review was the potential for the pipeline to impact sensitive 
environmental resources that border the Project route described in the FEIS and in the Risk 
Assessment.  To carry out our assessment we undertook several tasks, which are described 
below along with the rationale for undertaking them to meet the objectives of our scope.  

1.	 Provide Overview of the Overall Keystone Risk Assessment 
Methodology.  This task was carried out so Exponent would have the 
necessary understanding of how risks were evaluated and to provide the 
foundation for identifying other environments that may be sensitive, in 
addition to those that were explicitly considered in the Risk Assessment and 
FEIS, as performed by others.  The Risk Assessment method used for the 
Project has been utilized in other pipeline risk assessments and has evolved 
over the last decade.  However, there is no “standard” risk assessment 
method prescribed by PHMSA.  Therefore, in line with Exponent’s specific 
scope of work, our environmental review specifically evaluates the 
thoroughness of the methodology used in the Risk Assessment to identify 
potentially sensitive environmental resources (e.g., drinking water aquifer, 
sensitive ecological resources such as special status species [federal or state-
listed as threatened, endangered, proposed or  candidate species, BLM 
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sensitive species, or species of conservation concern]) that have been 
designated to be considered for additional protection in the event of a spill.   

2.	 Examine the Characteristics of the Crude Oil Being Transported.  An 
understanding of the characteristics of the crude oil is essential for evaluating 
the transport, fate, and effects of this crude in the event of a spill.  Therefore, 
Exponent reviewed these characteristics, as utilized in the Risk Assessment 
and FEIS and supplemented those evaluations with information from our 
independent evaluation of the literature.  This information was used to 
support other tasks. 

3.	 Evaluate Transport and Fate Characteristics.  We examined transport and 
fate characteristics of spilled crude to evaluate how these spills might affect 
sensitive environmental resources (e.g., drinking water aquifers and ecological 
sensitive resources). We focused on larger spills as well as smaller spills that 
may be below the capability of the Project system for leak detection3 

3 Larger spills were considered as 25,000 bbl spills, which is the maximum estimated spill volume according to 
the Updated Analysis of Incident Frequencies and Spill Volumes for Environmental Consequence Estimation 
for the Keystone XL Project, October 2011; p. A-12, Figure A-2.  Smaller spills were estimated based on 
simulations of infiltration of diluted bitumen in permeable sand, which provided estimates for detection times 
and potential spill volumes (see Section 4). 

. We 
relied upon information provided in the Risk Assessment as well as empirical 
data reported in the literature.  To check certain presumptions about transport, 
screening-level modeling was carried out to assess the behavior of the spilled 
oil with respect to transport to and within groundwater, expression at the 
ground surface, spreading upon the ground surface, and transport in surface 
water. 

4.	 Address Sensitive Issue Area 1:  Shallow Groundwater.  This task 
involved an environmental review of the methodology used in the Risk 
Assessment to evaluate risk to shallow groundwater resources.  The agencies 
raised questions concerning whether there are non-HCA areas that could be 
particularly sensitive to groundwater contamination and that might warrant 
additional protection beyond that being planned.  

This task included an evaluation of the spill and transport and fate 
components of the Risk Assessment with respect to consequences of spills 
along the pipeline overlying the aquifers.  We understand that the context for 
this particular task is that the Risk Assessment focused mainly on defined 
HCAs. However, the agencies also expressed a concern about:  a) water 
withdrawal locations that are not defined HCAs (e.g., water withdrawals for 
agricultural purposes from areas that are not HCAs); b) the possibility that a 
spill at distance from an HCA or other sensitive area could spread quickly 
through the aquifer and contaminate the identified HCA or other sensitive 
area; and c) the issue of future groundwater resources.   
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5.	 Address Sensitive Issue Area 2:  Stream Crossings Less Than 100 Ft in 
Width and Associated Ecological Concerns. While there are regulatory 
requirements and specified mitigation and control measures specified in the 
FEIS for river crossings in excess of 100 ft, we were asked to examine the 
environmental risk and need for any additional mitigation measures for small 
stream crossings that are less than 100 ft.  For these smaller stream crossings, 
the pipe will be buried to at least 5 ft, but would not necessarily include 
valves for limiting spillage into the stream.  We evaluated the available 
information to assess whether there were sensitive environments associated 
with small stream crossings that are less than 100 ft wide that may warrant 
additional protection. Related to this issues, we also reviewed information on 
the aquatic toxicity of constituents in the crude as a check on the assessment 
made in the Risk Assessment of the potential effects of an oil spill to a 
surface water body. This part of the environmental review also included an 
examination of information in the FEIS related to special status species, in 
particular, the presence of these species and their habitats relative to small 
stream crossings. 

We also commented on how special status species and their habitats might 
change over the operational history of the pipeline, and how those changes 
might alter their risk of exposure to potential spills.  We provided suggestions 
for how these changes could be addressed during the lifetime of the pipeline. 

To carry out these five tasks, Exponent scientists were organized into teams that addressed each 
specific topic. The teams shared their evaluation results throughout the process.  Our scientists 
relied mainly on information provided in the Risk Assessment, the FEIS, and on supplemental 
information provided directly by Keystone.  However, we also searched for and accessed 
relevant publically available information and utilized that information in our evaluation.  
Numerous questions arose during the course of our evaluation and we relied upon daily calls 
with Keystone, the agencies, and Battelle to identify additional information and provide the 
information necessary to help answer these questions.  We also held a series of calls with 
Battelle to coordinate our effort with theirs and to obtain and share information from our 
respective assessments.  

The Exponent environmental review team is described below.  

1.1 	 Exponent Environmental Review Team Roles and 
Members 

The Exponent environmental review team is presented below by role.  Brief resumes for the 
environmental review team members can be found in Appendix A.  Specific technical 
environmental review teams were formed to review the following in more detail:  
1) characteristics of crude oil including physical, chemical, and toxicology properties; 
2) transport and fate of crude oil as it relates to impacts to groundwater and surface water; 
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3) small stream crossings in regard to the presence of ecologically sensitive areas (ESAs) 
associated with them, and 4) special status species considerations related to the Project. 

Overall Management 
Charles Menzie, Ph.D. (Project Manager) 
Michael Kierski, Ph.D. 

Technical Review of Document and 
Quality Control 
Paul Boehm, Ph.D. 
Walter Shields, Ph.D. 

Risk Assessment Methodology 
Randall Wentsel, Ph.D. (Team Leader) 

Charles Menzie, Ph.D. 

Anne Fairbrother, D.V.M., Ph.D. 


Crude Oil Characterization Team 
Kirk O’Reilly, Ph.D. (Team Leader) 

Sungwoo Ahn, Ph.D. 

Anne Fairbrother, DVM, Ph.D. 

Sheryl Law, M.S. 


Transport and Fate Team 
Gary Bigham. (Team Leader) 
Ronald Breitmeyer, Ph.D. 
Farrukh Mohsen, Ph.D., P.E. 
Scott Shock, P.E. 

Small Stream Crossing Evaluation Team 
Anne Fairbrother, DVM, Ph.D. (Team Leader) 

Ashley Kaiser, M.S. 

Michael Kierski, Ph.D. 

Sheryl Law, M.S. 

Jane Ma, Ph.D. 


Special Status Species Evaluations Team 
Richard Podolsky, Ph.D. (Team Leader) 

Jane Ma, Ph.D. 

Ashley Kaiser, M.S. 
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2 Risk Assessment Methodology Description 

This section presents a description, not a critique, of the Risk Assessment methodology and 
provides a road map for what portions of the Risk Assessment Exponent and Battelle are 
reviewing in detail.  Areas where Exponent is performing additional evaluations in support of 
our environmental review are discussed briefly in this section.  The detailed evaluations used to 
support our environmental review are provided in subsequent sections of this report.   

In general, the risk assessment approach used by others (AECOM and Dynamic Risk 2009) 
combines information on the potential for oil spills of particular sizes with information on the 
proximity of that spill to sensitive areas.  From a spill mitigation standpoint those sensitive areas 
include HCAs.  HCAs are collectively identified by PHMSA and include input from multiple 
federal and state agencies, environmental groups, and the public; they are listed in a national 
database maintained by PHMSA and are updated periodically.  For the pipeline route presented 
in the FEIS, the locations of HCAs were obtained from PHMSA by Keystone and were mapped 
in relation to the pipeline.4

4	 The locations of certain types of HCAs, including ecological and drinking water HCAs, are confidential due to 
Homeland Security issues. 

  The definition of PHMSA-defined HCAs is discussed later in this 
report. The distances in miles from the proposed centerline of the pipeline to the HCAs were 
then calculated and compared to specific distance criteria provided in Table B-1 in Appendix B 
of the Risk Assessment to assess whether the HCAs could potentially be affected in the event an 
oil spill were to occur.   

For each segment of the pipeline a combination of factors, including potential spill volumes, 
proximity to HCAs, and numbers of potential HCAs that may be impacted, were used as criteria 
for ranking the risks of a spill at each pipe segment.  As part of the Risk Assessment and FEIS 
process, Keystone sought input from state agencies and natural resource trustees concerning 
locations referred to as operator-defined HCAs, which include other sensitive areas such as 
groundwater protection areas and USFWS-defined critical habitat for threatened and endangered 
(T&E) species. While no operator-defined HCAs were identified, Keystone conservatively 
classified all groundwater source water protection areas (SWPA) and wellhead protection areas 
(WHPAs) as HCAs for the Risk Assessment, regardless of whether they met regulatory criteria 
as PHMSA-defined HCAs. In Section 5of this report, we describe the methods we used as part 
of our own evaluation of whether there may be other particularly sensitive resources along the 
proposed route that are not specifically defined as HCAs, but where additional protection may 
be warranted. 

The Risk Assessment states that a more detailed analysis of the risk to HCAs will be conducted 
by Keystone prior to commencing Project operations to support the development of an 
Emergency Response Plan (ERP) in compliance with the U.S. Department of Transportation’s 
(USDOT) Integrity Management Rule (49 CFR Part 195).  The final detailed analysis will 
reflect the final pipeline route selected after completion of the route alternative evaluations in 
the FEIS. Exponent was informed that the detailed analysis will evaluate worst case discharge 
volumes released at any location along the pipe, identifying potential spill flow paths, potential 
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for downstream transport under maximum stream flow velocities (over 20 miles), transport and 
fate of the released oil, and intersection with HCAs.  We would suggest that a final detailed 
analysis incorporate lessons learned from the Enbridge spill in Marshall, Michigan, concerning 
fate, toxicity, and response actions.  Keystone should also recognize that additional studies on 
the characterization of dilbit may be necessary.  Keystone provided the preliminary HCA 
evaluation (Appendix B5

5	 Appendices A and B of the Risk Assessment are confidential due to site-specific information related to HCAs.  
These appendices were available to reviewing agencies, but not to the general public. 

 of the Risk Assessment) to assist DOS in its preparation of the FEIS. 

The following five sections summarize the Structure of the Risk Assessment (Section 2.1), 
Purpose of the Risk Assessment (Section 2.2), an overview of the Risk Assessment Process 
(Section 2.3), the approach for Assessing Risks to Human Populations and HCAs (Section 2.4), 
and the Delineation of Pipeline Segments Potentially Affecting HCAs and the Risk Ranking 
Process (Section 2.5). This section provides the reader with a summary of the methods used for 
the Risk Assessment.  In addition, a brief description of the additional evaluations performed by 
Exponent and Battelle are provided to put the evaluations provided in Sections 3 through 6 of 
this report into context. 

2.1 Structure 

The Risk Assessment includes a brief Project overview and introduction, a section on incident 
frequency and spill volumes, a discussion on the consequences of a spill, a section on the 
pipeline safety program, conclusions, and two confidential appendices (Appendices A and B) 
addressing incident frequencies and spill volumes for environmental consequence estimation 
and risk ranking. 

The sections on the pipeline safety program and mitigations measures in Appendix A of the 
Risk Assessment (Appendix P of the FEIS) discuss leak detection measures, quality control, a 
pipeline maintenance program, third-party issues, and threat mitigation measures (e.g., corrosion 
prevention and emergency response). 

2.2 Purpose 

The purpose of the Risk Assessment is to provide decision makers with sufficient information to 
understand the potential hazards associated with the transportation of crude oil through the 
Keystone XL Pipeline. Specifically, the Risk Assessment identified the predicted spill 
frequency, relative magnitude of potential risk along the pipeline (i.e., the pipe) using a relative 
risk modeling approach, pipeline segments most susceptible to spills, and environmental 
consequences of a spill from the pipe.  Because the preliminary Risk Assessment was developed 
early in the design and NEPA permitting process, the Risk Assessment was not intended as a 
predictive modeling effort that evaluated site-specific risk associated with an oil spill from the 
pipeline nor was the Risk Assessment intended to be an exhaustive transport and fate analysis 
conducted for operational and emergency response purposes.  Those detailed analyses are 
required by Special Condition 14 and PHMSA regulations (as part of the Integrity Management 
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Program) and will be conducted after the final route is selected as part of the final design of the 
Project. As stated in the Risk Assessment, its purpose is threefold: 

1.	 To provide a conservative range of anticipated effects from the operation 

2.	 To provide a preliminary evaluation of potential risk during the pipeline’s design 
phase 

3.	 To provide Keystone with an initial basis for the development of emergency 
response planning and Keystone’s Integrity Management Program.  

2.3 Risk Assessment Process 

2.3.1 Exposure Pathways Identified 

Keystone conducted a threat assessment, which identified five primary threats that could result 
in a release: 

	 Corrosion (external, internal, and stress corrosion cracking) 

	 Materials and construction (e.g., pipe steel flaws, defective welds) 

	 Accidental damage from third-party excavation 

	 Incorrect pipeline operations 

	 Facility damage from natural hazards (e.g., landslides, floods). 

The Battelle report, that is a companion to our environmental review, evaluates pipe design 
characteristics and the potential for leaks. 

2.3.2 Estimated Frequency of Spills 

The Risk Assessment utilized the PHMSA incident database (2008) and stated that the spill 
frequency analysis produced a conservative incident frequency of 0.000135 incidents per mile 
per year, equivalent to no more than 2.2 spills in 10 years for the 1,672 miles of the Project, 
including the Keystone Cushing Extension.  An initial spill frequency of 1.38 spills per year was 
calculated and Keystone incorporated several factors such as technological advances, strength of 
material, increased regulatory control, and depth of cover to reduce the spill estimate about six 
fold to 0.22 spills per year.  The number of 2.2 spills in 10 years was used throughout the report 
to calculate risks and impacts. 

These estimates are reviewed and discussed in Battelle’s companion report and an evaluation of 
the adequacy is not discussed further in Exponent’s report. 
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2.3.3 Spill Volume Estimates 

PHMSA’s incident database (2008) was the source of the spill volume data used for comparison 
to the spill volumes estimated in the Risk Assessment.  The Risk Assessment reported that the 
PHMSA data set (2002 to present) indicated that the majority of actual pipeline spills are 
relatively small; with 50 percent of the spills consisting of 3.0 barrels or less.  In 85 percent of 
the cases, the spill volume was 100 barrels or less.  In over 95 percent of the incidents, spill 
volumes were less than 1,000 barrels.  Oil spills of 10,000 barrels or larger occurred in only 
0.5 percent of cases. In Table 3-2 of the Risk Assessment, the frequencies of oil spills of 
different volumes that are predicted to occur over a 10-year interval were presented.  Maximum 
spill volumes were discussed in the Executive Summary of the Risk Assessment.   

These estimates are reviewed and discussed in Battelle’s companion report and an evaluation of 
the adequacy is not discussed further in Exponent’s report. 

2.3.4 Transport and Fate of Spilled Oil 

Section 4.2.2 of the Risk Assessment discusses transport and fate issues and contains a generic 
description of physical, chemical, and biological parameters, and the processes of oil 
degradation in soil and aquatic systems.  Much of the discussion concerned crude oil in general 
and was not developed for the specific crude oil blends planned to be utilized in the pipeline:  
diluted bitumen and synthetic crude oil.  Additional studies on the specific crude oil blends are 
needed. 

Exponent has carried out an independent assessment of transport, fate, and the aquatic toxicity 
of the transported crude. This assessment is provided later in this report.  

2.3.5 Effects/Consequences 

Consequences of oil spills were evaluated in the Risk Assessment and FEIS using information 
on estimated spill probabilities and spill volumes together with proximity to sensitive areas.  
Impacts of spills were evaluated with respect to soils, vegetation and soil ecosystems, wildlife, 
water resources (groundwater and surface water), aquatic organisms, and wetlands/reservoirs/ 
lakes. For soils, plants and soil ecosystems, and wildlife, a general description of impacts was 
presented. The chemical benzene, one of the more toxic yet volatile and hence ephemeral 
constituents in crude, was used to judge the implications of exposure, risks, and the required 
clean-up in the event of a spill. When a more detailed analysis is conducted, a comparative 
study between the aquatic toxicity observed in the Enbridge spill in Marshall, Michigan, and 
benzene would be beneficial. 

Consequences of a spill to groundwater were considered with respect to the following location 
characteristics where migration to groundwater would be more probable: 

	 Relatively shallow water table is present (as opposed to locations where a 
deeper, confined aquifer system is present) 
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 Soils with high permeability are present throughout the unsaturated zone 

 Proximity to specific groundwater resources designated as HCAs. 

The Risk Assessment relied on transport, fate, and potential risks associated with benzene to 
judge relative risks to groundwater resources. Exponent evaluates the methodology and 
considers vulnerable groundwater areas later in this report.  

The Risk Assessment evaluated impacts to downstream surface water sources by comparing 
projected surface water benzene concentrations with the national maximum contaminant level 
(MCL) for benzene (5 parts per billion [ppb]) to evaluate drinking water safety and with aquatic 
toxicity thresholds to evaluate environmental safety.  Because the pipeline will cross hundreds 
of perennial, intermittent, and ephemeral streams, the Risk Assessment evaluated categories of 
streams, based on the magnitude of stream flow and stream width.  For surface waters, the 
assessment utilized the following three conservative assumptions to estimate potential spill 
effects for planning purposes: 

 The entire volume of a spill was released directly into a waterbody 

 Complete, instantaneous mixing occurred 

 The entire benzene content was solubilized into the water column. 

Exponent performed an independent evaluation of the effects and consequences analysis in the 
Risk Assessment, and performed additional independent evaluations to put the results in the 
Risk Assessment into perspective. 

2.3.6 Wetlands, Reservoirs, and Lakes 

The Risk Assessment included a discussion of potential impacts to wetlands, reservoirs, and 
lakes, and stated that the predicted effects of a spill reaching standing water (e.g., reservoirs, 
lakes) would depend largely upon the volume of crude oil entering the waterbody and the 
volume of water within the waterbody.  Estimates were made of the amount of water necessary 
to dilute spill volumes below aquatic toxicity and drinking water thresholds.  The Risk 
Assessment acknowledged that while this approach does not account for transport and fate 
mechanisms, mixing zones, environmental factors, and emergency response capabilities, it 
provides an initial screening benchmark for identifying areas of potential concern. 

Exponent performed an independent evaluation using the information in the FEIS on these types 
of sensitive ecological habitats (wetland, reservoirs, and lakes) to determine if they were located 
along the pipeline in close proximity (i.e., 10 miles) of small stream crossings. 
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2.4 Risk to Human Populations and HCAs 

Pipeline safety regulations use the concept of HCAs to identify specific locales and areas where 
a release could have the most significant adverse consequences. HCAs are defined within the 
Integrity Management Rule (49 CFR Section 195.450) and include: 

	 Populated areas (e.g., city, town, village, or other designated residential 
areas) 

	 Commercially navigable waterways 

	 Designated zones around public drinking water intakes using PHMSA-
defined drinking water unusually sensitive areas (USAs) 

	 Unusually sensitive ecological resource areas that could be damaged by a 
hazardous liquid pipeline release, including: 

	 An area containing critically imperiled species or ecological 
community 

	 Multi-species assemblage areas 

	 A migratory waterbird concentration area 

	 Areas containing imperiled special status species or imperiled 
ecological communities where the species is aquatic, aquatic 
dependent, or terrestrial with a limited range 

	 An area containing special status species where the species or 
community occurrence is one of the most viable, highest quality, or 
best condition, as identified by an element occurrence ranking 
(EORANK) of A or B. 

The Risk Assessment identified a total of 141.2 miles of pipeline associated with HCAs, with 
84.3 miles associated with drinking water source HCAs, 63.9 miles associated with ecologically 
sensitive area HCAs, and 17.2 miles associated with populated area HCAs.  Keystone consulted 
with USFWS on special status species and identified appropriate conservation measures as 
necessary.6

6	 Exponent was informed that DOS prepared a biological assessment that evaluated the impacts of construction 
and operation impacts on T&E and candidate species for the entire pipeline. USFWS issued the biological 
opinion on September 23, 2011, that concurred with the biological assessment findings. 

  The probability of a spill occurring in a pipeline segment associated with a 
particular type of HCA was predicted based on the number of miles of pipeline associated with 
each type of HCA and the base number of average spills predicted to occur (e.g., 1 spill in 
53 years for all HCAs crossed by the pipeline). 

The Risk Assessment states that the portions of the pipeline that could potentially affect HCAs 
will be subject to higher levels of inspection and repair criteria (per 49 CFR Part 195), and 
identifies additional valve locations beyond the original design and regulatory requirements, as a 
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measure to reduce potential risk to HCAs.  As a result of the preliminary HCA evaluation, some 
proposed valve locations were moved and additional valves were added to protect HCAs.  In 
addition, a yearly survey of HCA locations is planned to update the Integrity Management 
Program.  

Exponent used information on the locations of HCAs provided by Keystone to assess the number 
of HCAs within 10 miles of the proposed center line of the pipeline along specific segments of 
the pipeline. 

2.5 	 Pipeline Segments Potentially Affecting HCAs and the 
Risk Ranking Process 

The Risk Assessment discussed specific portions of the Project referred to as contributory 
pipeline segments (CPSs) where, if a spill were to occur, crude oil has the potential to reach 
HCAs (i.e., “could affect” segments).  The authors then developed a process to rank, in risk 
levels from 1 to 4, the degree of the potential risk for specific pipeline segments by assessing the 
spill volume and physical transport pathway factors.  

The Integrity Management Rule requires that the pipeline be evaluated to identify pipeline 
segments in which the released crude oil from a failure occurring anywhere between the two 
endpoints of the value segments could migrate to and affect a HCA.  To identify the segments of 
the pipeline that could potentially affect HCAs, a three-step process was used: 

	 In the first step, HCAs were screened to determine which areas were within a 
reasonable proximity to the Project’s proposed centerline of the pipeline and 
also had a viable physical pathway to transport a spill to the HCA. 

	 The second step of the process was to review those specific segments of the 
pipeline where, if a spill were to occur, crude oil could potentially reach areas 
of a HCA or HCA buffer area that contribute to the purpose of the HCA.  
CPSs were eliminated if the intersection of HCA buffer with the pipeline did 
not interfere with the purpose of the HCA (e.g., the drinking water HCA 
buffer area intersects with pipeline below the drinking water intake).  

	 The third step ranked the relative risk of each pipeline segment capable of 
affecting a HCA. 

Most of the pipeline was removed from consideration in Step 1 and Step 2 of the process.  The 
risk ranking step utilized five factors to categorize the identified CPSs into one of four levels, 
with level 1 being of the highest concern and level 4 being of lower concern for potential 
impacts to impact HCAs.  The proximity and number of HCAs and maximum spill volume 
within the CPS were key factors in the ranking of a CPS.  The evaluation conservatively 
assumed 900,000 bpd throughput to calculate maximum spill volume. 
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The ranking process identified 196.5 miles of the pipeline where the CPSs were ranked from 
1 to 4. For risk category 1 (the highest concern), 63.7 miles of the pipeline consisting of nine 
CPSs, were identified. The higher risk ranking was associated with major river crossings. 

The CPS locations are a particular focus for Exponent’s review because they are identified in 
relation to HCAs and because Exponent was tasked with identifying environmental 
characteristics that may indicate where other sensitive areas are located along the proposed 
route that are not specifically defines as HCAs. To the extent that such areas are identified in 
our review, the pipeline segments near these locations may be considered CPSs for the purpose 
of considering the advisability of additional oil spill controls (e.g., valves) or countermeasure 
plans. 
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3 Review of Crude Oil Composition 

3.1 Introduction 

The purpose of this section is to assess Keystone’s characterization of the chemical and physical 
properties of the oil blends to be transported in the pipeline, and to compile crude oil 
compositional data used in the subsequent sections of this report.  Exponent compared the 
characteristics of diluted bitumen (dilbit) and synthetic crude oil (SCO) to typical crude oil 
using data from a number of sources.  The following are Exponent’s key findings/conclusions, 
followed by our recommendations. The remainder of this section provides the documentation to 
support these findings/conclusions and recommendations. 

3.1.1 Key Findings/Conclusions 

	 The physical and chemical characteristics of dilbit are consistent with a heavy 
crude oil 

	 The physical and chemical characteristic of SCO are consistent with a 

medium gravity crude oil 


	 The benzene concentrations of both oils are within the range of typical crude 
oils 

	 The concentrations of PAHs are within the range of typical crude oils. 

	 While the total acid number of dilbit is within the range of acidic crude oils, 
the fraction of the acids consisting of naphthenic acids is unknown 

	 For the factors considered by Keystone in the Risk Assessment, we agree 
with their conclusion that dilbit and SCO are sufficiently similar to crude oil 
so that they should not result in an excess risk in case of a release.   

3.1.2 Recommendations 

	 Although PAH concentrations in petroleum are low compared to some 
environmental sources, this class of compounds can be a long-term driver for 
remediation and risk management following an oil spill.  While not required 
at this stage in the process, Keystone should consider obtaining addition 
information on the PAH chemistry of the oils to be transported.  

	 Given the perceived link between tar sands processing and aquatic toxicity 
due to naphthenic acids, Keystone should consider obtaining addition 
information on the naphthenic acid content of the oils to be transported. 

 1106601.000 0201 0413 RP26 14 
 

013829



 

 

 

 

April 26, 2013 

	 Knowledge on the chemistry of dilbit continues to increase.  This new 

information should be incorporated into planning and operations as 

appropriate (e.g., to improve the spill response planning). 


3.2 Chemical Characteristics and Physical Properties 

The FEIS and Risk Assessment focused on the two oils, dilbit and SCO, that will be primarily 
shipped from Alberta. As noted in the FEIS, the precise composition of these will vary by 
production location and as the result of upgrading processes.  Data on the nature and chemical 
composition of these oils are available from the online database crudemonitor.ca.  This database 
contains the results of regularly conducted analyses of western Canadian crudes including six 
heavy sour Canadian crude oils, eight types of dilbit, and seven SCOs.  Using this information, 
Keystone concluded that the oil to be shipped by the pipeline is consistent with crude oils 
commonly shipped by pipeline and processed in the United States. 

To evaluate this conclusion, we compiled data on Alberta dilbit and SCO from a number of 
published sources and compared their chemistry to that of typical crude oils.  As summarized in 
Table 1 and on Figure 1, diluted heavy bitumen (dilbit) is generally similar in its physical 
characteristics to the heavy sour crudes.  Distillation curves reveal the mass of the oil present in 
specific boiling ranges and indicate the relative distribution of lighter and heavier compounds.  
Lighter crudes are typically more mobile under environmental conditions, but are also more 
susceptible to weathering (e.g., evaporation) and biodegradation.  Crudes with more heavy ends 
are less mobile, and while also subject to various weathering processes, can be more persistent 
in the environment.  Because of the processing used to generate SCO, its characteristics are 
generally similar to a light crude.  For these bulk characteristics, our findings are consistent with 
Keystone’s conclusions. 

In the National Transportation Safety Board’s Pipeline Accident Report (NTSB 2012) on the 
Enbridge release in Marshall, Michigan, material similar to what will be transported in the XL 
pipeline was described as: 

Cold Lake Blend and Western Canadian Select crude oil condensate mixtures 
are regulated by the U.S. Department of Transportation (DOT) as class 3 
flammable hazardous materials. Heavy crude typically is a mixture of crude oil 
(from 50 to 70 percent) and hydrocarbon diluent (from 30 to 50 percent). The 
material contains 20 to 30 percent volatiles by volume. The mixture is used as 
raw material in the production of fuels and lubricants. It is a brown or black 
liquid with a hydrocarbon odor; it is lighter than water with a specific gravity of 
0.65 to 0.75. It exhibits a flashpoint of -31° F. The vapor is heavier than air, 
with a lower explosive limit of 0.8 percent and an upper explosive limit of 8 
percent vapor concentration in air. 

While slightly more detailed, this is consistent with the description used in TransCanada’s risk 
assessment.  If more chemical or oil characteristic data become available from the Enbridge 
incident, it should be incorporated as appropriate in spill response planning documents. 
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Table 1. Summary of crude characteristics data from crudemonitor.ca. 

Density 
(kg/m3) 

Gravity 
(deg. API) 

Sulphur 
(wt%) 

TAN 
(mgKOH/g) 

Salt 
(ptb) 

Nickel 
(mg/L) 

Vanadium 
(mg/L) 

Benzene 
(vol%) 

Toluene 
(vol%) 

Ethyl 
Benzene 
(vol%) 

Xylenes 
(vol%) 

Heavy Sour Conventional Blend 

Average 929.40 20.61 3.05 0.67 59.05 44.44 93.11 0.09 0.15 0.06 0.24 

SD 4.64 0.76 0.12 0.12 38.62 5.05 10.78 0.03 0.05 0.01 0.05 

Max 937.50 21.80 3.39 1.10 136.50 64.20 127.30 0.15 0.32 0.11 0.52 

Heavy Sour Dilbit Blend 

Average 922.30 21.80 3.94 1.70 6.81 72.02 193.52 0.29 0.50 0.06 0.39 

SD 5.66 0.94 0.10 0.12 1.38 5.01 12.27 0.03 0.07 0.01 0.08 

Max 932.60 23.50 4.15 1.94 10.00 83.00 227.00 0.37 0.74 0.11 0.57 

Sweet Syncrude Blend 

Average 862.08 32.49 0.10 -- -- 0.44 0.93 0.04 0.14 0.10 0.32 

SD 3.65 0.69 0.02 -- -- 0.27 0.46 0.02 0.04 0.02 0.05 

Max 870.10 35.50 0.19 -- -- 0.88 1.50 0.11 0.26 0.19 0.49 
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Figure 1.	 Simulated distillation curves based on 5-year 
average data from crudemonitor.ca. 

Certain physical characteristics are important factors in predicting the transport and fate of 
petroleum in the environment.  These are density, viscosity, and surface tension.  Density 
information is available in the crudemonitor.ca database.  Both the dilbit and SCO have 
densities below one, with the dilbit (929 kg/m3) being heavier than the SCOs (857 kg/m3). This 
means these oils are less dense than water when shipped, but the density can increase following 
a release due to the loss of the lighter hydrocarbon fractions. As with the transport of other 
heavy crudes, response plans should consider both floating and sinking oil.  The viscosity of 
both dilbit and SCO can be changed by varying the relative mixture of heavier and lighter cuts.  
Keystone requires that material shipped in the Keystone XL Pipeline have a viscosity of 350 
cST (Kothari 2010). The range of surface tension of crude oils is typically around 30 dynes/cm, 
and the interfacial oil/water tension varies with API gravity and is near 20 dynes/cm for heavy 
crudes (Lyons 1996). 

Additional information on the chemical characteristics of dilbit may be available from entities 
involved in the response to the July 2010 Enbridge oil spill in Marshall, Michigan.  Chemical 
fingerprinting of the source oil was conducted by the U.S. Coast Guard’s (USCG) Marine 
Safety Laboratory. While one page summaries are available through the EPA Region 5 website, 
details were not provided. The full data reports including chromatograms can be requested from 
the USCG laboratory. 

3.3 Potential Risk Drivers 

To evaluate potential impacts of a release, it is important to have information on the 
concentrations of compounds that can drive risk to human health or ecological receptors.  
Benzene is a typical petroleum compound of concern and a focus of much of the evaluation of 
potential impacts to surface water and groundwater.  The concentration of benzene in some 
dilbit is twice as high as the mean but well below the maximum benzene concentration of 
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69 crude oils (Rixey 2001; Table 2). The benzene concentration of SCO is less than the mean 
concentration for crude oil. These findings suggest that the risk due to benzene for either dilbit 
or SCO should not be greater than that due to a typical crude. 

Table 2. 	 Mean, standard deviation, and maximum benzene 
concentrations (mg/kg crude) from crudemonitor.ca 
compared to a screen of 69 crude oils (Rixey 2001) 

Mean 
Standard 
Deviation Maximum 

Benzene (mg/kg) 

Sixty-nine crudes 1,340 - 5,900 

Heavy sour conventional blend 857 280 1,501 

Heavy sour dilbit blend 2,773 299 3,515 

Sweet syncrude blend 374 163 1,122 

Although PAH concentrations in petroleum are low compared to some environmental sources, 
this class of compounds can be a long-term driver for remediation and risk management 
following an oil spill. While not required at this stage in the process, Keystone should consider 
obtaining addition information on the PAH chemistry of the oils to be transported. The FEIS 
contains little discussion about the concentrations or potential environmental impacts of PAHs.  
While PAHs are considered to be among the most toxic of the nonvolatile compounds in 
petroleum, their concentrations are typically low (less than 1 percent to about 3 percent by 
weight) compared to their concentrations in materials such as coal tars.  Oil contains both the 
unalkylated PAHs that are typically measured as part of environmental assessments and a 
number of alkyl-substituted forms.  Recently published data on the PAH chemistry of dilbit and 
SCO (Yang et al. 2011) indicate the total concentration is in the low range (<0.5 percent) of 
crude oils. Table 3 compares the concentration of individual PAHs for a typical crude oil 
(Boehm 2006), dilbit, and SCO.  The lower total PAH concentration is due primarily to 
depletion of the two- and three-ringed compounds such as the naphthalenes and fluorenes.  
Because of the ubiquitous nature of these compounds and the multiple sources other than oil, 
they are often present in sediments, unrelated to crude oil or petroleum.  An understanding of 
the PAH profiles of pipeline oils would allow for differentiation between baseline and spill 
impacts.   
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Table 3. 	 PAH concentrations (µg/kg) in a typical crude oil (Boehm 
2006), dilbit, and SCO (Yang et al. 2011) 

PAH 	  Crude Oil Dilbit SCO

Naphthalene 1,268 25 31

C1-Naphthalenes 3,886 112 155

C2-Naphthalenes 4,511 376 333

C3-Naphthalenes 2,988 682 406

C4-Naphthalenes 1,000 741 354

Biphenyl 233 ND 9

  Acenaphthylene -- 3 2

Acenaphthene 47 7 5

Fluorene 267 20 14

C1-Fluorenes 521 70 54

C2-Fluorenes 682 171 124

C3-Fluorenes 420 251 188

Anthracene ND 10 6

Phenanthrene 370 31 55

C1-Phenanthrenes/Anthracenes 718  101 195

C2-Phenanthrenes/Anthracenes 716  166 321

C3-Phenanthrenes/Anthracenes 460  200 374

C4-Phenanthrenes/Anthracenes 154  146 357

Fluoranthene 14 6 19

Pyrene 18 18 206

Benz[a]anthracene 2 4 38

Chrysene 32 8 53

C1-Chrysenes 51 48 359

C2-Chrysenes 67 89 502

C3-Chrysenes 38 83 379

Benzo[b]fluoranthene 9 5 25

  Benzo[k]fluoranthene -- 1 6

Benzo[e]pyrene 12 7 75

  Benzo[a]pyrene -- 4 50

  Perylene -- 9 28

  Indeno[1,2,3-cd]pyrene -- 2 21

  Dibenz[a,h]anthracene -- 2 22

Benzo[ghi]perylene 4 5 109
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Given the perceived link between tar sands processing and aquatic toxicity due to naphthenic 
acids, Keystone should consider obtaining additional information on the potential range of 
naphthenic acid content of the oils to be transported in the future.  Naphthenic acids are a class 
of compounds found in Canadian oil sands that can potentially result in aquatic toxicity if 
released into the environment and have been the subject of significant research (Clemente and 
Fedorak 2005). While questions about the link between these compounds and corrosion are 
discussed in the Section 3-13 of the FEIS, the FEIS does not discuss the potential environmental 
implications of this class of compounds.  Exponent was informed that the majority of 
naphthenic acids are removed from Alberta crude upon extraction but that data are lacking on 
concentrations. The total acid number (TAN) is used as a surrogate.  Although the toxicity 
associated with raw tar sand and tar sand process waters has been well studied, less is known 
about the acids found in dilbit. Because of the caustic soda washing process used to separate 
bitumen from oil sands, the acids remaining in dilbit should be depleted more than in water 
soluble compounds. TAN is an indicator, but not a direct measurement of, naphthenic acids 
found in crude. TAN values for heavy WCSB and dilbit are consistent with data from 
18 international crudes (Aske et al. 2001; Table 4).  With a TAN of > 1.0, dilbit would be 
considered to be an acidic crude, while the heavy WCSB crude is moderately acidic (APEC 
2005). Naphthenic acids are not present in SCO. 

Table 4. 	 Total acid number (mg KOH/g) compared to a screen of 18 crude oils 
(Aske et al. 2001) 

Mean of 18 Median of 18 Heavy Sour– Heavy Sour– Sweet 
Crudes Crudes Conventional Dilbit Synthetic 

1.20 0.60 0.64 1.46 0.00 
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4 Transport and Fate of Spilled Oil 

4.1 Introduction 

This section presents Exponent’s independent assessment of the potential transport and fate of 
oil in the event of a spill from the Keystone XL pipeline as discussed in the Risk Assessment 
(Appendix P of the FEIS). Exponent conducted additional transport and fate analyses and a 
review of the empirical literature related to crude oil spills to provide additional detail on the 
behavior of potential spills beyond that provided in the Risk Assessment.  This information was 
needed to address questions that DOS and other agencies have posed to Exponent concerning 
identification of sensitive environmental resources and potential impacts not addressed in the 
Risk Assessment.   

The FEIS provides extensive discussion of groundwater and surface water resources along the 
path of the pipeline.  An evaluation of the potential magnitude of spills and the consequences of 
a spill to these resources is presented in the Risk Assessment.  The PHMSA spill information 
and the methods used by Keystone to predict the magnitude of potential crude oil spills from the 
Keystone XL Project presented in the Risk Assessment are reviewed in detail as part of 
Battelle’s third-party review, and are not discussed in Exponent’s evaluation.   

The Keystone transport and fate evaluation in the Risk Assessment related to spilled oil is 
primarily a qualitative description of the physical and chemical processes that act upon oil in the 
environment and influence the distance that the oil may travel.  The extent of transport of a 
particular spill depends on the leak rate and duration, properties of the oil released (presented in 
Section 3), as well as specific site conditions.  The Risk Assessment provides limited 
quantitative evaluation to estimate the potential extent of a spill.  Our review of transport and 
fate takes into account the characteristics of the oil as described in Section 3 of the Risk 
Assessment.  Our assessment relies on information provided in the Risk Assessment and FEIS, 
on empirical and literature data (e.g., viscosity of the oil and distance that oil spills have been 
known to travel in surface water), and on screening calculations made to quantitatively check 
statements in the Risk Assessment and to help support other aspects of our evaluation.  

Our evaluation of sensitive groundwater and surface waters depends in part on how the spilled 
oil will behave in these environments.  Therefore, we were interested in considering how 
quickly large and small spills might reach aquifers and the behavior of dissolved constituents in 
these aquifers.  Our screening calculations are not an exhaustive transport and fate analysis.  The 
detailed analyses that are required by Special Condition 14 and PHMSA regulations, as part of 
the Integrity Management Program, will be conducted after the final route is selected as part of 
the final design of the project. As noted, our evaluation in this regard is essentially a check on 
the work that has been conducted for the Risk Assessment, but also supports our examination of 
locations of shallow groundwater receptors that may be impacted by a spill.  The rate of 
migration of an oil spill to and in groundwater is an important consideration because the relative 
speed of these processes is an important consideration for ERP development and bears directly 
on response time planning and the ability to contain and clean up spills that might occur.  
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Similarly, the distance that a spill to surface waters could travel is important for identification of 
HCAs and for spill response planning. 

The following sections provide quantitative estimates of the potential transport of oil to 
groundwater for two scenarios:  a large volume spill or rupture, and a small leak.  A discussion 
of the potential transport of oil overland is also provided.  The analyses are based on a general 
range of conservative conditions and are intended to provide a sense of scale of potential oil 
impact.  Thus, findings are expected to be a conservative characterization of what could happen 
along the pipeline.  For each of the quantitative evaluations described above, we considered the 
ramifications of the findings of our evaluation in light of the effects they would have on the final 
Project design and ERP. The following are Exponent’s key findings/conclusions, followed by 
our recommendations. The remainder of this section provides the documentation to support 
these findings/conclusions and recommendations. 

4.1.1 Key Findings/Conclusions 

	 The flow of oil overland is affected by many variables including spill rate, 
topography, soil type, and vegetation. To provide a sense of scale, a highly 
simplified case of a sudden spill of 25,000 bbl to a flat surface is presented.  
If the spill flows in a radial pattern, is 1 ft deep, and there is no spill response, 
it would spread with a radius of about 200 ft.  A pool with a depth of 0.1 ft 
would spread to a radius of about 700 ft.  If a surface spill was influenced by 
topography and flowed in a channelized manner, the distance traveled could 
be on the order of thousands of feet, depending on the steepness of the 
terrain, presence of vegetation, etc. Keystone conservatively assumed in the 
Risk Assessment that a large spill would be capable of moving overland up to 
1 mile.  Therefore, considering our analyses, the 1 mile distance criterion 
used in the Risk Assessment is considered adequate.  Where HCAs are 
located within 1 mile of the pipeline, Keystone is required to perform a site-
specific evaluation of overland flow (spreading analysis). 

	 Exponent applied a numerical screening model, the hydrocarbon spill 
screening model or HSSM, to estimate the behavior of a large spill of dilbit 
from the pipeline in an area with a high permeability shallow aquifer. The 
HSSM modeling simulation showed that groundwater impacts from a large 
spill would likely occur first from infiltration from the trench near the rupture 
and not from oil spread across the ground surface.  Oil in the potentially filled 
trench near the rupture could begin forming a non-aqueous phase liquid 
(NAPL) lens at the water table in less than 1 day if the water table is 1 ft 
below the trench (8 ft below ground surface), in 7 days if the water table is 3 
ft below the trench (10 ft below ground surface), and in 50 days if the water 
table is 10 ft below the trench (17 ft below ground surface).  In contrast, oil 
infiltrating from the ground surface would reach a water table 8 ft below 
ground surface after approximately 240 days. 

	 Results from HSSM simulations of a large spill (25,000 bbl) illustrate that 
plume lengths for dissolved hydrocarbons (i.e., benzene at or above the 
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MCL) under typical groundwater gradients could be between 100 and 900 ft 
in length. This range is consistent with those reported in the literature; most 
reported plumes are less than 200-300 ft and a very small number of plumes 
exceed 1,000 ft. HSSM simulations were also performed to explore an 
elevated groundwater gradient, representing the potential influence of 
groundwater extraction (irrigation wells) near the pipeline. When coupled 
with a simulated low degradation rate (representing an upper bound 
condition), the higher groundwater gradient could extend the plume length to 
as much as 2,600 ft. 

	 Modeling results agree with the conclusions in the Risk Assessment that a 
small leak going undetected indefinitely is unlikely.  More likely, oil from a 
small “pin hole” leak (28 bbl/day) would reach the ground surface on a time 
scale of a few months.  Based on the screening level modeling, a benzene 
plume that may form because of a small leak was estimated to travel 
downgradient by as much as 600 ft.   

	 Many private wells located near the pipeline do not meet the criteria to be 
classified as HCAs in the Risk Assessment.  Exponent considered potential 
factors that could be used to identify non-HCA groundwater areas for shallow 
groundwater (< 50 ft) where more extensive spill prevention measures and 
monitoring may be warranted.  Based on our analysis of possible plume 
dimensions, we selected a downgradient distance of 1,000 ft from the 
proposed centerline of the pipeline as a reasonable boundary of a plume for 
identifying shallow groundwater and associated wells that could be within the 
influence of an oil spill. This distance recognizes that large spills would be 
readily detected and remediated and that small leaks that could take longer to 
be detected would have smaller plumes.  Based on an independent review of 
the NEDNR well database in Nebraska, Exponent identified approximately 
260 wells (not screened by depth) within 1,000 ft of the proposed centerline 
of the pipeline. Most of these wells are used for irrigation purposes but 
domestic wells are also present, several of which draw from shallow 
groundwater. This list will need to be revised once the final pipeline is 
determined. 

	 The relative vulnerability/sensitivity of groundwater resources to a dissolved 
hydrocarbon plume from an oil spill can be assessed by considering 
combinations of several factors: 1) proximity to the pipeline (<1,000 ft); 2) 
depth from point of the oil release to the water table (e.g., release of oil at or 
below the water table will affect groundwater quality more quickly than 
releases many feet above the water table); 3) depths of receptor wells (wells 
that are 10s of feet deep are more vulnerable than wells that are 100s of feet 
deep); and 4) the pumping of receptor wells (wells with higher pumping rates 
are more likely to draw plumes further downgradient than wells with lower 
pumping rates).  The following combination of factors could be used to 
identify groundwater resources that do not meet the listing criteria for HCAs 
but may be more vulnerable to a dissolved benzene plume emanating from an 
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oil spill. An example of this would be a cluster of irrigation wells and 
domestic wells located within 1,000 ft of a pipeline segment where a release 
of oil occurred in or within a few feet of the water table.  

	 The assessment in the FEIS conservatively assumes that in the event of a 
worst-case spill in which all of the benzene partitions from the oil into water 
in streams with a range of flow rates.  The assessment is useful for 
comparison of worst-case benzene concentrations to human health and 
ecological concentration benchmarks and is discussed further in Section 5 of 
our review. However, the FEIS does not provide an evaluation of possible 
transport distances of oil via surface water.  This appears to be a gap that 
needs to be addressed. 

	 The primarily qualitative assessment of the transport and fate of oil in the 
event of a spill presented in the Risk Assessment is consistent with our 
analysis and review of the literature.  Ultimately, quantitative analysis of 
transport and fate in surface waters is required by Special Condition 14 and 
PHMSA regulations as part of the Integrity Management Program during the 
final design of the project after the final route is selected.  These evaluations 
should take into account the lessons learned from the pipeline rupture in 
Enbridge, Michigan in 2010. 

4.1.2 Recommendations 

	 Keystone, as part of the final Project design, should perform further 
evaluation of overland flow (spreading analysis) of spilled oil, and further 
evaluation of the transport of spilled oil in small streams (e.g., the 
downstream distance crude oil could travel from the proposed centerline of 
the pipeline) for purposes of ERP. These analyses should take into account 
potential density and viscosity increases associated with the loss of volatiles 
from heavy crudes and diluted bitumen. 

	 Keystone should use the screening criteria (e.g., well depth, depth of release 
compared to water table, lithology between pipeline and aquifer) suggested in 
our report for identifying vulnerable/sensitive groundwater resources adjacent 
to the pipeline that do not classify as HCAs but that may be more vulnerable 
to exposure to a benzene plume in the event of a an oil spill. For example, 
these could be defined as clusters of both domestic and irrigation wells within 
1,000 ft of a pipeline segment where an oil spill could occur in or within a 
few feet of the water table. Exponent recommends that additional modeling 
be performed as part of the final design of the Project to further refine the 
appropriate downgradient distance criteria to be used for identifying sensitive 
clusters of wells. Exponent recommends that these non-HCA groundwater 
resources should be afforded a degree of protection from the occurrence of an 
oil spill and from the consequences of a spill similar to what is currently 
afforded to groundwater resources that are defined HCAs. 
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	 Considering the above-mentioned screening analysis, Exponent recommends 
that Keystone consider how to improve upon external leak detection through 
more frequent inspections and education of property owners for wells within 
these areas of sensitive groundwater resources.   

4.2 Transport and Fate on Land (Overland Flow) 

An assessment of overland flow provides insight into the vulnerability of sensitive areas with 
respect to distance from the pipeline. Overland flow of a large spill will depend on many 
factors, including topography, ground cover, soil type, product characteristics (e.g., dilbit versus 
more traditional crudes), meteorological conditions, and other factors that affect infiltration, 
evaporation, and flow of spilled product, as discussed in FEIS Section 3.13.5.1.  However, the 
FEIS does not appear to include a quantitative evaluation of how far spilled oil might move over 
land. 

Keystone updated the analysis of spill frequencies and volumes (TransCanada 2011) that had 
been presented in the Risk Assessment.  The updated analysis evaluates the worst-case volume 
of a spill at specific points along the pipeline based on topography, valve location, and other 
factors. This analysis reflects a major pipe leak or rupture, which results in complete draining 
of oil from a section of the pipeline.  The calculation was performed at varying intervals based 
on where the most accurate elevation data were available.  Fifty percent of all spills modeled by 
Keystone were less than 6,375 bbl and the maximum was approximately 25,000 bbl 
(TransCanada 2011, p. A-12, Figure A-2). 

For the purposes of conducting a simple screening calculation to evaluate how far oil might 
travel, upper bound values (i.e., maximum values for travel distance) can be calculated using 
simplifying assumptions.  For example, using a spill size of 25,000 bbl, if uniform radial flow 
from a spill source is assumed on a flat landscape, the product could spread hundreds of feet, 
depending on the pool depth assumption.  Only accounting for the geometry of the pool, a 
25,000 bbl pool of 1 ft depth would spread with a radius of about 200 ft; a pool with a depth of 
0.1 ft would spread to a radius of about 700 ft. 

If a surface spill occurs in a situation where topography causes the product to flow in a 
channelized manner, the distance traveled could be on the order of thousands of feet, depending 
on the steepness of the terrain, presence of vegetation, etc.  This projected distance is less than 
that used for the Risk Assessment, which conservatively assumed a large spill would be capable 
of moving overland for 1 mile.  Using this distance, Keystone evaluated whether a spill that 
travels 1 mile would intersect with the buffer zone surrounding HCAs.  HCAs included sensitive 
drinking water resources that were identified during the EIS process.  Any pipeline segment that 
could contact an HCA buffer was considered a “could affect” segment.  Future detailed analysis 
of overland flow that accounts for such factors as topography, transport channels, and the 
presence of water is required by Special Condition 14 and PHMSA regulations as part of the 
Integrity Management Program during the final design of the Project.  So, the initial 1-mile 
criteria will be expanded as appropriate during the final design phase of the Project. 
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4.3 Transport and Fate in Groundwater 

In support of Exponent’s review of the Risk Assessment, and to address specific issues from 
DOS, the following sections discuss transport and fate processes in groundwater; evaluate large 
spill and small spill scenarios and their potential impacts on groundwater; and provide an 
evaluation of sensitive groundwater areas near the pipeline.  

4.3.1 Transport and Fate Processes in Groundwater 

The FEIS (Section 3.13) points to the Bemidji, Minnesota, crude oil spill site as a basis for 
predicting the potential impacts to groundwater of an oil release.  Exponent agrees with this 
approach because of the consistency in dissolved hydrocarbon behavior at Bemidji and other 
petroleum impacted sites (Newell and Conner 1998; U.S. EPA 2002; Essaid et al. 2011).  These 
studies indicate microorganisms that can consume hydrocarbons are ubiquitous in shallow 
groundwater. Biodegradation of dissolved petroleum constituents result in a reduction of mass 
and limits plume lengths.  This process, called natural attenuation, is recognized as a valid 
remedial technology by EPA and other regulatory agencies (ITRC 1998; U.S. EPA 2002, 2004). 

Exponent agrees with the FEIS finding that even if oil reaches groundwater, dissolved 
hydrocarbon plume lengths are unlikely to be more than a few hundred feet. The FEIS cites an 
American Petroleum Institute report (Newell and Conner 1998) that presented the results of four 
studies (a total of 600 plumes evaluated) that found the median dissolved hydrocarbon plume 
length ranged from about 100 to 200 ft.  Seventy percent of the 600 plumes considered in the 
studies were less than 200 ft and 90 percent were less than 320 ft.  Our review of more recent 
studies (Ruiz-Aguilar et al 2003; Shih et al. 2004; Kamath et al., 2012) confirms the finding that 
most benzene plumes are less than 200 ft and very few plumes exceed 1,000 ft.  Dissolved 
BTEX plumes were observed at the Bemidji site approximately 20 years after the spill and 
extended from 300 ft to 600 ft downgradient (in the direction of groundwater flow) (Essaid et al. 
2011), which further supports the length scales for potential dissolved groundwater plumes 
discussed in the FEIS. 

Most of the hydrocarbon plumes studied were in shallow groundwater and at sites not under the 
influence of large volume groundwater extraction (irrigation) systems.  Large volume 
groundwater production wells have the potential to locally increase hydraulic gradients resulting 
in more rapid transport of groundwater contaminants.  Site-specific modeling is required to 
determine whether such systems may influence local plume lengths. 

In the following sections, we apply screening models to evaluate the potential range of 
downgradient migration distances for dissolved hydrocarbons.  These analyses are intended as a 
crosscheck against the empirical data found in the literature, based on potential spill and 
migration scenarios in the pipeline context. 

4.3.2 Large Spill 

We used a screening model to examine the behavior of a large spill from the pipeline.  The 
purpose of the analysis was to gain insight into the rate of transport and spreading and the 
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distances and areas that may be impacted.  This information is used elsewhere in this report to 
assist in evaluating the vulnerability of potentially sensitive groundwater areas.  A key 
consideration in this regard is the ability to respond to and control a spill before it spreads to 
sensitive areas or before it results in a dissolved hydrocarbon plume that may affect such areas.  
Our assessment has been incorporated into recommendations concerning mitigation that are 
provided in the Fate and Transport from an Engineering Perspective section of the Battelle 
report. 

4.3.2.1 Infiltration and Potential Groundwater Contamination 

The potential scale of infiltration of oil and dissolved constituents and subsequent contamination 
of groundwater from a large, rapid release, such as the pipeline spill in Bemidji, Minnesota, in 
1979 was evaluated using the Hydrocarbon Spill Screening Model (HSSM) developed for EPA 
(Weaver et al. 1994).  HSSM is a screening model that includes a variety of chemical and 
hydrologic processes and is based on a simple conceptualization of a LNAPL release.  The 
model simulates vertical LNAPL flow and transport from the ground surface to the water table 
due to gravity and capillary forces. The LNAPL is then simulated to float and spread radially in 
the capillary fringe forming a LNAPL lens.  Additionally, HSSM simulates dissolution of 
chemical constituents of the LNAPL into the aquifer and migration in the direction of 
groundwater flow creating contaminant plumes.  Simulations with HSSM are an illustrative and 
simplified screening-level calculation and should not be relied upon for final risk 
determinations, emergency, and/or environmental planning/response actions.   

HSSM was used to estimate the potential for groundwater contamination from oil spilled on 
highly permeable soil (i.e., sand) and the downgradient groundwater transport of dissolved 
contaminants (i.e., benzene) from the spill in an area with a highly permeable, shallow aquifer.  
These conditions represent a potential worst-case scenario that may occur along the pipeline.  
The objective for these simulations is to evaluate if the Risk Assessment made realistic 
statements about the potential impacts of a large spill to shallow groundwater.   

A simple conceptual model of a large spill is used for HSSM simulations.  A large release is 
defined as 25,000 bbl (1,050,000 gallons) which is consistent with the large spill volume 
considered for the over-land flow calculations (see Section 4.2).  The spilled oil is assumed to 
be released rapidly and quickly move from the pipe up to the ground surface and spread over an 
area of 4.5 acres7

7	 4.5 acres was the approximate aerial extent of the Bemidji, MN spill and was assumed as the surface area for 
large spill modeling.  This assumption is conservative in that the  modeled large release is more than double the 
volume of the Bemidji, MN spill (25,000 bbl versus 10,700 bbl) (Essaid et al. (2011)) but is being applied over 
the same area. 

 (in circular area with a radius of 250 ft)8 

8	 This was an assumed area for calculations using HSSM.  The spill footprint would likely vary depending on 
local topographic conditions.  Smaller footprints would tend to lead to higher infiltration as oil would pond 
deeper and have more head to induce flow. Larger areas would have an opposite effect. 

. Surface spreading of the oil reduces 
the rate of oil infiltration as the thickness of the oil on the surface (and therefore the pressure 
driving flow) decreases.  High-pressure oil is assumed to move to the ground surface because of 
the low vertical pressure applied by the overlying trench backfill relative to the anticipated 
pipeline operating pressure (the FEIS specified the maximum pipeline operating pressure to be 
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1,600 psig). Oil released at high pressure is anticipated to move in the direction of the lowest 
principle stress (i.e., upward) and away from lateral and underlying soil confinement.  Based on 
an assumed area of 4.5 acres, and a volume of 25,000 bbl, oil is simulated to initially pond at a 
depth of 0.75 ft (i.e., all oil is assumed to move to the ground surface).  The spill is assumed to 
occur instantaneously over the 4.5-acre area, and exist at a constant depth of 0.75 ft for one 
hour9

9	 One-hour release duration was used to be consistent with Section 4.2.3.4 of the RA. 

 followed by a gradual decrease to zero surface depth as the ponded oil infiltrates.  This 
model simulates the vertical infiltration of oil spread on a uniform ground surface. 

In addition to oil infiltrating from the ground surface, if a large rapid release occurred from the 
buried pipeline, localized filling of the trench with oil might result.  This zone of filled trench 
will have a greater depth of oil to drive infiltration than oil spread on the ground surface, and 
will originate from an elevation closer to the water table than the ground surface.  Based on this 
conceptual model of infiltration from a large spill, a second scenario was developed for HSSM 
simulations in which oil was simulated to infiltrate from the bottom of the filled trench.  The 
trench was assumed to be 7-ft deep10

10	 PHMSA Special Condition 19 requires the pipeline soil cover be at minimum forty-eight inches plus the thirty-
six inch pipeline diameter. 

, and was modeled to be filled with 7 ft of oil11

11	 The soil in the trench immediately adjacent to the rupture was neglected due to the unknown effects of a large 
and rapid release on the porosity of this soil. 

 atop the 
trench bottom for one hour (during the release) followed by a gradual decrease to zero ponded 
depth as the oil infiltrated.  Although the maximum operating pressure in the pipeline is 
specified in the FEIS to be 1,600 psig, oil released at high pressure is assumed to rapidly lose 
pressure as oil spreads outward into the trench backfill and to the ground surface.  Thus, our 
trench simulation assumes that only gravity and capillary forces drove flow.   

For both scenarios, i.e., infiltration from ground surface over a large area and infiltration from 
the filled trench, the water table was assumed to be at least 0.3 ft below the base of the trench12 

12	 Since HSSM cannot simulate a spill below the water table, the spill is assumed at least 0.3 ft below the trench; 
0.3 ft is the minimum soil thickness that can be accurately simulated by HSSM. 

to evaluate behavior where groundwater is shallow but spills do not occur directly in 
groundwater. 

Hydrologic parameters were defined for permeable sand, a worst case soil condition in terms of 
maximized transport, based on data in U.S. EPA (1985a,b), and Carsel and Parrish (1988).  Soil 
porosity and vertical hydraulic conductivity (to water)13

13	 Hydraulic conductivity is a fluid specific parameter.  HSSM corrects the water hydraulic conductivity for oil 
hydraulic conductivity.  

 were assumed to be 0.35 and 23ft/day, 
respectively. Horizontal hydraulic conductivity was assumed to be 10 times the vertical 
hydraulic conductivity or 230 ft/day. Of note, less permeable soil conditions, i.e., less 
conservative soil conditions, are present for the majority of the proposed pipeline route (FEIS, 
Section 3.2). These materials are likely to be orders-of-magnitude less permeable and would 
likely result in longer times for infiltrating oil to reach groundwater and shorter plume lengths 
than those described in our simplified and conservative simulations. 
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The viscosity of the oil was assumed to be 350 cSt (325 cP at a specific gravity of 0.93) 
consistent with viscosity reported for diluted bitumen (Kothari 2010).  The viscosity assumed 
for diluted bitumen is considered to be a conservative assumption, once volatile components of 
the oil evaporate, because viscosity has been shown to rapidly increase, which will slow 
transport (Belore 2010).  Increases in the viscosity of diluted bitumen after release from the 
pipeline will be greater than for synthetic crude (Kothari 2010), but to be conservative, this is 
not taken into account in this analysis14 . 

14 Note that the pipeline may carry synthetic crude, which would have a lower viscosity.  The significance of this 
is discussed further below. 

Modeling attenuation requires inclusion of a first order decay rate (λ). Based on a review of 
published results, EPA suggests a rate λ between 0.001 and 0.01 per day (U.S. EPA 2002) for 
benzene and other petroleum hydrocarbons.  All other model parameters were within typical 
value ranges proposed by Weaver et al. (1994) for use in HSSM. 

Figure 2 shows the time for LNAPL to reach the water table and begin forming a groundwater 
plume as a function of the depth from the ground surface to the water table.  Figure 2 does not 
show depths to water table less than seven feet, i.e. the pipeline at or below the water table, 
because groundwater plume formation would be immediate.  LNAPL simulated to infiltrate 
from the bottom of the initially filled trench reaches groundwater and begins forming a plume 
far before LNAPL infiltrating from the surface due to both the reduced depth to the water table 
and the greater pressure of the deeper ponded oil filling the trench (initially 7 ft versus 0.75 ft). 
For the assumed conditions, these results illustrate that oil from the filled trench could reach a 
water table 1 ft below the trench (8 ft below ground surface) within 1 day of release, or a water 
table 3 ft below the trench (10 ft below ground surface) within 7 days of release.  However, a 
water table 10 ft below the trench (17 ft below ground surface) would take approximately 50 
days. In contrast, oil infiltrating from the ground surface would reach a water table 8 ft below 
ground surface only after approximately 240 days.  Because a large spill would likely be 
detected and appropriate responses taken, infiltration from the simulated trench is likely to 
govern potential plume generation. 

The period between the spill event and the development of a groundwater plume is an important 
consideration for judging the efficacy of spill control.  For the situation described here for 
infiltration from the filled trench, rapid clean-up would be required to minimize groundwater 
impacts.   
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Figure 2.	 Time for spilled oil to reach the water table and initiate formation of a 
groundwater plume versus the depth from the ground surface to the water table. 

HSSM was used to simulate dissolved benzene transport from the NAPL plume15

15	 Partitioning and transport parameters for benzene were determined from Weaver et al. (1994) and McMillen et 
al. (2001).  Partitioning coefficients for benzene for crude oil were assumed. 

 associated 
with infiltration from the filled trench simulation described previously.  Plume simulations were 
conducted for water table depths of 0.3, 1, and 10 ft below the trench bottom (i.e., 7.3, 8, and 17 
ft below the ground surface). These depths were chosen to provide a sense of scale associated 
with different potential water table depths.  For these simulations, the groundwater hydraulic 
gradient was assumed to range from 0.001 to 0.01.  This range represents a reasonably low 
natural gradient (0.001)16

16	 Based on the FEIS (Section 3.3; p. 3.3-9); a groundwater velocity of 1 ft/day is reported with a hydraulic 
  

    
conductivity of 60 ft/day for the High Plains Aquifer.  Considering that natural porosities generally range 
between 0.3 and 0.4, the corresponding groundwater gradient is between 0.005 and 0.007, which is within the 
range simulated. 	 Gradients are probably locally variable, thus assumed values provide a reasonable range for 
evaluation. 

 to an increased gradient (0.01).  Gradients occurring due to 
groundwater extraction depend on the local aquifer characteristics, the distance from the 
extraction well, and pumping rates.  Since HSSM does not directly simulate pumping wells, a 
gradient of 0.01 was used to approximate an elevated gradient possibly associated with 
groundwater extraction. However, hydraulic gradients induced by pumping wells could be 
higher under certain local conditions.  A range of half-lives (t1/2) from 639 to 63.9 days17

17	 Half-lives for benzene were calculated based on first order decay rates of  = 0.001/day to  = 0.01/day using 
the equation t1/2 = Ln(2)/. 

 was 
used to account for the degradation of benzene.  The hydraulic gradient and benzene 
concentrations were varied due to the high variability associated with these parameters. 
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The HSSM simulation conservatively assumes that no action is taken to remove the oil from the 
trench after the spill, although such actions are anticipated in the FEIS (Section 4).  Oil recovery 
would reduce the impacts of infiltrating oil.  A large, rapid spill would likely be more of a 
concern to surface water and sensitive areas, which could be impacted more quickly by overland 
flow or direct release to a water body and this is discussed subsequently.  The HSSM 
simulations indicate that dissolved plumes (defined as groundwater benzene concentrations 
exceeding the MCL of 5 ppb) may develop from a large spill.  LNAPL was assumed to 
vertically infiltrate over a 6-ft diameter circle, equal to half the average width of typical trench 
described in Section 2.3.2.3 of the FEIS. Table 5 summarizes the simulated plume lengths 
resulting from each water table depth, hydraulic gradient, and benzene half-life considered.  

Table 5. 	 Benzene plume lengths estimated by HSSM for a large (25,000 bbl) rapid 
release of diluted bitumen for different depths from trench bottom to water 
table, hydraulic gradients, and half-lives (t1/2). 

Plume Length 
Depth from Trench 

to Water Table 
Hydraulic 
Gradient t1/2 = 69.3 days t1/2 = 693 days 

0.3 fta 0.001 100 ft 200 ft 

0.3 fta 0.01 300 ft 500 ft 

1.0 ft 0.001 200 ft 400 ft 

1.0 ft 0.01 700 ft 2,300 ft 

10 ft 0.001 300 ft 900 ft 

10 ft 0.01 700 ft 2,600 ft 

a Minimum depth that can be modeled accurately with HSSM. 

The HSSM simulation results indicate that plume lengths resulting from a large release may be 
between 100 and 2,600 ft in length. For the more conservative longer half-life simulations, 
plume lengths were increasingly sensitive to the applied hydraulic gradient. 

For the large-spill scenarios considered, the plume lengths estimated using HSSM are generally 
consistent with the literature compilations of field studies described previously in this section 
and in the FEIS18 

18 Assumes no action is taken for 1−2 years which allows NAPL to reach water table and for a plume to develop. 

. Our review of literature on observed dissolved plumes related to 
hydrocarbon releases (see Section 4.3.1) indicates that a very small number of plumes exceed 
1,000 ft with most plumes less than 200−300 ft. Thus, the plume lengths associated with 
groundwater gradients typical of the natural conditions (e.g., 0.001) reported in Table 5 are 
consistent with what has been observed in the field.  Plume lengths of up to 2,600 ft in Table 5 
are associated with the higher groundwater gradient of 0.01 which is intended to represent the 
potential influence of groundwater extraction near the pipeline (conditions not necessarily 
accounted for in the case studies discussed in Section 4.3.1).  Although pumping wells increase 
hydraulic gradients, this increase is typically limited to a finite zone surrounding the well, the 
extent of which is dependent on pumping rate and aquifer characteristics.  Analyses that include 
these site-specific conditions are required by Special Condition 14 and PHMSA regulations as 
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part of the Integrity Management Program during the final design of the project. These analyses 
should include the potential for longer plume lengths, i.e., > 1,000 ft, in fractured or karst 
terrains discussed in Section 3.1 (Geology) of the FEIS. 

The HSSM simulations do not account for a release below the water table.  This type of release 
could occur in locations where the pipe may be seasonally or permanently submerged below the 
water table. In the event of a leak below the water table, because of buoyancy the oil would 
tend to float to the water table surface and form a NAPL lens.  This type of release would also 
result in immediate contact between the NAPL and groundwater resulting in immediate 
development of a dissolved NAPL plume.  Because other factors controlling the size of the 
plume (e.g., degradation and groundwater gradient) would be similar, plume sizes would be 
expected to be similar.   

4.3.3 Small Leak 

Large leaks, as evaluated above, are easier to detect because they will likely trigger alarms from 
components of the leak detection system described in the Risk Assessment.  However, very 
small leaks could potentially go undetected for longer periods of time.  The Risk Assessment 
provides a description of four pipeline leak detection methods that are based on measured flow 
rates, pressures, and other measured and calculated values.  Each of the four methods has 
different minimum leak sizes (flows) that can be detected, down to 1.5−2.0 percent of the 
pipeline flow rate19 

19 1.5−2% of daily flow rate = 13,500−18,000 bbl (assuming a pipeline flow of  900,000 bbl/day). 

. One method is capable of identifying low rate releases below the 
1.5−2.0 percent; however, how much below 1.5–2 percent is not stated in the Risk Assessment.   

Because small leaks may go undetected for longer periods of time, there is a potential for 
transport of oil spilled from the pipeline (i.e., diluted bitumen or synthetic crude oil) and the 
development of a dissolved constituent (i.e., benzene) plume that could ultimately result in 
impacts to groundwater resources downgradient from the pipeline.  The potential extent of 
downgradient impacts in not quantitatively evaluated in the FEIS and discussed here. 

Under shallow groundwater conditions, leaking oil will infiltrate downward through the vadose 
zone (soil not saturated with water between the ground surface and the water table) until the 
water table is intersected.  Once the oil reaches the water table, vertical migration of the oil 
slows and oil begins to accumulate in the vadose zone above the water table.  For a buried pipe 
in relatively flat terrain, this could result in filling of the pipe trench and ultimately surface 
expression of the oil. Lateral (sideways) migration of the oil along the length of the pipeline 
could occur within the trench, which could extend the time until surface expression of the 
leaking oil occurs. For buried pipe in sloping terrain, lateral migration of oil could be greater, 
but also may result in surface expression sooner, when a barrier to oil flow (e.g., trench blocker) 
is encountered. 
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As part of the screening analysis, HSSM was used to estimate the following: 

	 Rates of slow oil leaks that may go undetected below the surface for extended 
periods of time for a flat terrain condition (assuming detection is only 
possible through direct inspection or survey of the pipeline because the leak 
rate is below the limit of other leak detection methods) 

	 Possible volume of a crude oil spill resulting from a slow and undetected leak 

	 Possible downgradient extent of dissolved contaminant plume in groundwater 
(defined as groundwater benzene concentrations exceeding the MCL of 
5 ppb). 

As in the case of the large spill simulations discussed previously, the small leak calculations are 
intended to provide insights into the potential transport and fate of oil spilled from the pipeline.  
This information is used to provide insights into which sensitive groundwater resources may be 
vulnerable if a spill of oil would occur, which in turn will help provide a check of the distances 
used in the Risk Assessment to evaluate whether a groundwater resource should be considered 
vulnerable during preliminary project design.  For the slow-leak HSSM simulations, the leak 
rate is assumed to be below the detection limits for any of the pipeline remote leak detection 
systems.  Thus, leak detection is assumed to be limited to visual or aerial inspection which 
would be conducted at least every 3 weeks (FEIS; Appendix U)20 . 

20 This is the statutory requirement for inspection intervals per the FEIS Appendix U.  However, if the leak is 
located near residents or stakeholders who have been educated on identifying leakage signs, a more rapid 
identification of a leak is possible than considered for this analysis.  This analysis assumes no such alternative 
detection. 

Estimation of Undetected Rate of Leakage.  HSSM was used to estimate the maximum 
steady-state leak rate (i.e., where infiltration is equal to leak rate out of the pipeline) per area of 
trench floor. A constant head of 7 ft was assumed based on the distance between the bottom of 
the trench and ground surface as discussed in Section 2.3.2.3 of the FEIS, see conceptual model 
shown in Figure 3). A head of 7 ft is a conservative assumption in that this head would only be 
attained as the oil reached ground surface. Leak rates higher than the maximum steady-state 
infiltration rate would eventually fill the pore-space in the trench backfill at a rate equal to the 
difference between the infiltration rate and the leak rate.  This method results in an estimate of 
the approximate time for the surfacing of leaking oil for an assumed area of trench floor.  
Lateral spreading is not included in this simplified evaluation. 

The results from HSSM simulations show that the maximum leakage rate of diluted bitumen 
that can be vertically infiltrated through permeable sand is approximately 0.005 bbl/d/ft2 

(0.2 gallons/day/ft2) meaning that for every 1 ft2 of trench floor, 0.005 bbl/day may infiltrate 
through that single square foot in 1 day. The area of the spill footprint on the bottom of the 
trench (i.e., infiltration site) affects the total rate of infiltration.  For instance, a circular footprint 
of trench floor with a diameter of 3 ft (shown in the conceptual model shown in Figure 3) has an 
area of 7 ft2, which would correspond to a total infiltration rate of 0.035 bbl/day (0.035bbl/day = 
0.005 bbl/d/ft2  7 ft2). Thus, a leakage rate over the 3-ft diameter circle of 0.035 bbl/day could 
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theoretically infiltrate indefinitely without surfacing because the infiltration rate is equal to the 
leak rate. 

Figure 3. Conceptual model of slow leak.  HSSM simulates 
LNAPL infiltration from trench bottom to water table 
and subsiquent formation of the NAPL lens. 

To provide a sense of scale for a small leak that could go undetected, further analyses were 
conducted assuming infiltration occurs over a 3-ft diameter circle of trench floor; 3 ft was 
selected to coincide with the diameter of the pipe.  However, the geometry and area of the spill 
footprint could be highly variable.  If lateral movement of the oil through the trench backfill 
occurred, the area of the infiltration zone would increase, which would increase the volume of 
oil that could be infiltrated. These factors could result in higher leak volumes that may not 
express at the surface and therefore not be detected by inspection.  Conversely, the vertical case 
considered for this analysis, rather than the lateral flow scenario, is also conservative in that the 
infiltration rate would be greater for a given area due to the larger head, which shortens the time 
to contamination of groundwater.   

Figure 4 shows potential leak rates and the associated estimated time to detection.  The time to 
detection was calculated by determining the flow exceeding the 0.035 bbl/day that can be 
infiltrated through the 3-ft diameter circular area shown in Figure 3. Flow in excess of this rate 
was assumed to fill pore spaces within a cylindrical volume of the backfill trench directly above 
the infiltration zone (shown in Figure 3). The total volume spilled was calculated as the product 
of the leak rate and the time to detection and is shown in Figure 4 as a function of time to 
detection. 
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Figure 4.	 Time to slow leak detection as a function of leak rate for various slow 
leak rates based on a 3-ft diameter circular infiltration footprint and 
previously stated assumptions. 

As an example, Figure 4 indicates that a leak rate of 0.05 bbl/day of diluted bitumen could be 
detected (by surfacing oil) within approximately 32 days (providing the underlying assumptions 
discussed above are met).  This corresponds to a release of 1.6 bbl (67 gallons) of oil. 

According to the report prepared by Battelle (2011), a leak rate of 28 bbl/day is expected from a 
“pin-hole” leak defined as a leak through a 1/32-in. diameter hole.  The duration or time to 
surfacing would be dependent on the area over which oil infiltration occurs.  If the oil spreads to 
a larger footprint, surfacing and potential detection will take longer than if the oil spreads to a 
smaller footprint.  The size of the spill footprint will depend on several site-specific factors 
including but not limited to the permeability of trench backfill, and the permeability of soil 
surrounding the pipe trench. However, it is likely that a spill of 28 bbl/day would result in oil 
surfacing and being detected on the time scale of a few months.  The “pin-hole” leak rate, 28 
bbl/day, is almost three orders-of-magnitude greater than the maximum infiltration rate into 
permeable sand over the assumed area described previously under the small leak scenario.  
Therefore, a small leak that goes undetected indefinitely along the pipeline is unlikely. 

Evaluation of Dissolved Plume Migration. The potential for development of a dissolved 
benzene plume was also considered for the constant 7-ft head condition used to estimate the 
steady-state infiltration rate under the small leak scenario.  This results in a constant leak rate of 
0.035 bbl/day over a 3-ft diameter circular infiltration area.  This represents a hypothetical 
condition where the oil is near the ground surface but is not detected at the surface for a long 
period of time.  The same transport and degradation conditions were used for these simulations 
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as used in the large-spill evaluation above.  A plume was assumed to reach a downgradient 
location when simulated benzene concentrations reached 5 ppb.  A leak duration of 2,000 days 
(5.5 years) was assumed, although this duration is likely longer than would be expected prior to 
detection21 

21	 Based on information provided in Battelle’s report, the actual duration is more likely to be on the scale of 
months rather than years. 

. The objective was to determine whether natural attenuation (i.e., degradation) 
mechanisms would limit plume size in the event of a release occurring over an extended time 
period. 

Table 6 summarizes the simulated plume extent for dissolved benzene22 

22	 Plume extent was determined by determining the maximum distance to which benzene exceeded 5 ppb in 
HSSM during the simulation. 

. The plume sizes range 
from between 200 ft and 600 ft depending on transport and degradation conditions.  These 
plume lengths are consistent with those in the literature discussed previously in this section and 
in the FEIS. Our assessment of consequence presumes that a small leak occurs at a location that 
is upgradient of an extraction well; such that is could be affect by the spill. However, if a small 
leak does occur, the likelihood that the leak would occur upgradient of a well or group of wells 
is low. 

Table 6. 	 Length of plume developing downgradient from pipeline and 
the time for this plume length to develop. Downgradient plume 
extent, time required to reach plume extent 

t1/2 = 693 days t1/2 = 69.3 days 

Gradient 0.001 0.01 0.001 0.01 

Plume length (ft) 200 600  100 200 

Time to plume length (days) 411 324 218 100 

In areas where groundwater is deeper, there is less likelihood of oil accumulating above the 
water table and therefore a small oil leak (less than the infiltration rate of the soil) may never 
appear at the surface unless the infiltration rate of the soil is exceeded by the leak rate.  
Although the oil may never surface, when groundwater is deeper, the oil may also not reach the 
aquifer for extended periods of time, or, more likely, much of it would be degraded before it 
reaches the aquifer. Leaks of this nature were not simulated directly, but would be assumed to 
be slow enough as to not exceed the maximum infiltration rate of the soil and therefore would 
likely only result in large release volumes if not detected for very long time periods (on the 
order of years). However, based on the small leak rates stated by Battelle (2011), 28 bbl/day, 
relative to the calculated maximum infiltration rates, 0.005 bbl/d/ft2, an indefinitely undetected 
leak, while theoretically possible, is not likely to occur. 

Along some stretches of the pipeline, the water table will be at or above the pipeline.  In these 
instances, because the leaking oil would tend to float on the water table, a leak would likely be 
detected sooner than in the scenario described above because the thickness of the soil layer, and 
thus the volume available for oil to fill before surfacing, would be smaller.  A leak below 
groundwater would result in earlier development of a dissolved plume and arrival of the plume 
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at downgradient locations sooner after the leak occurs.  The change in time for transport to 
receptor wells would be dependent on the area over which a leak occurs.   

4.3.4 Evaluation of Sensitive Groundwater Areas 

There are many wells that are near the pipeline corridor but are not within a defined HCA.  For 
example, the FEIS in Section 3.3.1.1 identifies 29 private wells within approximately 100 ft of 
the proposed centerline of the pipeline23 

23	 Exponent’s analysis of the NEDNR website indicates that 17 wells are less than or equal to 100 ft.  Considering 
wells up to 160 ft from the pipeline results in 29 wells. 

. In addition, Appendix X of the FEIS enumerates all 
wells, HCA and non-HCA, in Montana, South Dakota, and Nebraska that are within 1 mile of 
the pipeline. The FEIS also identifies a number of groundwater protection related HCAs in the 
Appendix P HCA and CPS maps.   

Exponent was tasked to consider whether there may be sensitive groundwater resources that do 
not classify as HCAs but that might warrant additional protection beyond that being planned. 
Our approach to considering this involved identifying a distance within which wells might be at 
risk in the event of a spill, by considering characteristics of wells that would make them more or 
less vulnerable, and by reviewing aspects of planned spill prevention, control, and 
countermeasures.  Based on our screening model analysis and a review of the literature, 
presented in Section 4.3.2.1, a distance of 1,000 ft is reasonable for identifying wells that might 
be within the influence of a plume of dissolved hydrocarbons such as benzene.  The wells within 
1,000 ft of the pipeline are those that, based on our preliminary analysis of dissolved plume 
migration, could potentially be affected in the event of a release from the pipeline24

24	 1,000 ft was selected based on the review of literature presented in Section 4.3.1 and our analysis results in 
Sections 4.3.2 and 4.4.3.  This is meant to be a conservative distance (further than expected plume travel). 

. To provide 
an example of how this distance criterion could be applied for wells not included within defined 
HCAs, Exponent conducted an independent review of the NEDNR well database in Nebraska.  
According to our screening of the database, approximately 260 wells occur within 1,000 ft of 
the proposed centerline of the pipeline25 

25	 Note that wells may only be located, at best, within ¼-¼ section areas. 

. For the most part, these wells would not be captured 
by the HCA analysis performed as part of the Risk Assessment.  A table enumerating these 
wells and select data from the NEDNR database is shown as Appendix C.  This table provides 
characteristics that are useful for considering the vulnerability of a well in the event of an oil 
spill and the potential human health or environmental implications of a plume reaching a well.  
This screening methodology may be applied to alternative routes as they are developed during 
the final design of the pipeline. 

In earlier sections, we described how an oil spill would behave. Our analysis of the behavior of 
the oil itself indicated that the oil would remain in the soil or would reside near the surface of 
the water table and therefore would be unlikely to be entrained into a well. The spill components 
that could reach a well are those associated with hydrocarbons that dissolve into the 
groundwater. Our analysis showed that depth to groundwater is an important factor for plume 
development. Plumes are more likely to develop when the spilled oil is in close proximity or 
within the groundwater. For these reasons, wells adjacent to locations where the pipeline is 
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within a few feet of the groundwater or within the groundwater would be more vulnerable than 
wells located elsewhere along the pipeline. 

Well depth and pumping rate are other factors that can influence vulnerability to impacts from a 
dissolved hydrocarbon plume. Generally, shallower wells will be more vulnerable than deeper 
wells because of their proximity to the dissolved plume.  Wells with higher pumping rates will 
also tend to be more vulnerable than wells with lower pumping rates, because they will have a 
larger impact on groundwater flow and thus a higher potential of drawing the dissolved plume 
towards them. 

Based on the above, the following factors can be used to classify groundwater and associated 
wells with respect to vulnerability to a spill and to identify areas where additional protective 
measures may be warranted for sensitive groundwater resources (i.e., shallow aquifers and the 
wells constructed within these aquifers) that do not meet the listing criteria for HCAs: 

	 Proximity to the pipeline (<1,000 ft) 

	 Depth to groundwater (groundwater resources adjacent to pipeline segments 
that are within a few feet of groundwater or within groundwater are more 
vulnerable than groundwater resources that are located deeper) 

	 Depth of well (wells that are 10s of feet deep are more vulnerable than wells 
that are 100s of feet deep) 

	 Pumping of wells (wells with higher pumping rates are more likely to draw 
plumes than wells with lower pumping rates) 

	 Clusters of wells (clusters of wells would more likely draw plumes than 
individual wells). 

The characteristics of wells in Appendix C provide some insight into the relative vulnerability to 
a dissolved hydrocarbon plume.  Approximately 260 wells are identified. Appendix C does not 
include the depth to the upper water table and this information could be used to further 
differentiate groundwater with respect to vulnerability to the formation of a dissolve 
hydrocarbon plume resulting from an oil spill. The risk factors we have identified can be used to 
classify areas as being more or less vulnerable to a dissolved hydrocarbon plume in the event of 
an oil spill. In our view, the most vulnerable areas are locations with the following combinations 
of factors: areas that have a cluster of wells within 1,000 ft of a segment of pipeline that is in or 
within few feet of water table. 

4.4 Transport and Fate in Surface Waters 

Impacts to flowing surface waters are addressed in the FEIS by estimating the impact of 
benzene from a dilbit spill and a synthetic crude oil (SCO) spill.  The assessment in the FEIS 
conservatively assumes that in a worst-case spill with a duration of 1 hour all of the benzene 
partitions from the oil into the water in streams with a range of flow rates.  The assessment is 
useful for comparison of worst-case benzene concentrations to human health and ecological 
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concentration benchmarks and is discussed further in Section 3 of our review.  The FEIS does 
not provide an evaluation of possible transport distances of oil via surface water.  This appears 
to be a gap that needs to be addressed, considering that the Enbridge spill to the Kalamazoo 
River involved surface water transport of oil to distances greater than 10 miles from the spill 
location (U.S. EPA 2010).  Surface water transport and fate analyses should take into account 
potential density increases associated with the loss of volatiles from heavy crudes and diluted 
bitumen, the effects of which were illustrated at Enbridge (NTSBA 2012).  Ultimately, an 
analysis of transport and fate in surface waters is required by Special Condition 14 and PHMSA 
regulations as part of the Integrity Management Program as part of the final design of the 
project after the final route is selected.  These evaluations should take into account the lessons 
learned from the pipeline rupture in Enbridge, Michigan in 2010. 
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5 	 Analysis of Risks Related to Small Stream 
Crossings 

5.1 	Introduction 

While there are PHMSA-related regulatory requirements and mitigation and control measures 
specified in the Risk Assessment and FEIS for river crossings greater than 100 ft in width, 
Exponent was asked to evaluate whether there were sensitive environments associated with 
stream crossings that are less than 100 ft wide that may warrant additional analyses and perhaps 
mitigation measures.  As described in this section, Exponent used a set of ecologically-relevant 
criteria to identify such areas.  This part of the environmental review also included an 
examination of information in the FEIS related to special status species, in particular, the 
presence of these species and their habitats relative to small stream crossings.  

As part of our small stream crossing evaluation Exponent performed the following tasks: 

	 Reviewed the adequacy of the risk characterization of PHMSA-defined 
HCAs (i.e., specifically focused on ESAs) in the Risk Assessment 

	 Evaluated whether there were other sensitive environmental resources 
downstream of small stream crossings not already identified by the PHMSA-
defined ESAs 

	 Evaluated the adequacy of relying on benzene as a surrogate chemical to 
address the magnitude of aquatic toxicity of crude oil spilled into small 
streams 

	 Evaluated whether the Risk Assessment process adequately considered the 
presence of special status species (e.g., threatened and endangered species) 
when defining sensitive ecological resources. 

For each of these tasks, we considered the ramifications of our findings in light of what effects 
the findings would have on the final Project design and emergency response planning (ERP). 
The following are Exponent’s key findings/conclusions, followed by our recommendations.  
The remainder of this section provides the documentation to support these findings/conclusions 
and recommendations. 

5.1.1 	Key Findings/Conclusions 

	 The Risk Assessment appropriately followed standard PHMSA guidelines for 
identifying contributory pipeline segments (CPSs) associated with small 
stream crossings and the high consequence areas (HCAs) potentially affected.   
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	 Based on transport and fate analyses described in Section 4 of our report, we 
used a downstream distance of 10 miles as a basis for identifying locations of 
sensitive areas around small stream crossings.  Using a set of ecologically-
relevant criteria, Exponent identified at least ten small stream crossings areas 
that should be considered for additional protection.  An additional four small 
stream crossings were identified as having special water bodies within 10 
miles downstream of the proposed centerline of the pipeline that likely have 
high wildlife habitat value which should also be given further consideration. 

	 Exponent agrees with the assessment of the potential magnitude of risk of an 
oil spill on aquatic life in the water column associated with the toxicity of 
dissolved hydrocarbons (represented by benzene).  While the toxicity 
assessment based on benzene is not rigorous, it appears to be sufficiently 
conservative for assessing short-term effects to aquatic biota residing in the 
water column. However, depending upon the characteristics of the water 
body into which a spill occurs, some portion of the spilled oil could come 
into contact with shorelines or with the bottom of the water body and be 
entrained into sediments.  The oil and associated chemicals that may be 
present within sediments could exert longer-term chronic effects on aquatic 
biota that are not captured by considering benzene alone.   

	 Exponent determined that the list of special status species identified in the 
FEIS was a comprehensive and a complete list in the Project area. Exponent 
also found that the preliminary findings of “May Affect, Not Likely to 
Adversely Affect (NLAA), No Effect (NE) or Not Applicable (NA)” for 
29 of the 30 species and “May Affect, Likely to Adversely Affect 
(MALAA)” for 1 species (American burying beetle) were arrived at through 
a sufficiently rigorous review of the distribution, abundance, and biological 
use of the Project area by special status species. 

	 Exponent believes that there could be habitat utilized now or in the future by 
special status species that is not specifically identified as PHMSA-designated 
ESAs based on our review of information in the FEIS.  

	 Exponent believes ongoing natural shifts in resources underpinning the 
distribution and abundance of special status species and the species they rely 
upon will likely result in a shifting of locations where special status species 
occur during the lifetime of the Project.  Keystone is planning annual updates 
along the entire pipeline route.  This will include new consultations with 
USFWS to identify critical T&E species that may not be captured within the 
existing PHMSA database, and may result in the environmental protection of 
additional areas along the pipeline corridor. 
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5.1.2 Recommendations 

	 A distance of at least 10 miles downstream from the proposed centerline of 
the pipeline should be used for the identification of sensitive areas and for 
identifying CPSs during the final design phase of the Project.  

	 Based on location-specific analyses of fate and effects of spills that Keystone 
will undertake prior to construction, consider the use of additional valves 
and/or noninvasive boring technologies at the small stream crossings that 
Exponent identified as associated with additional potentially sensitive 
ecological areas, and where Keystone’s release analysis shows the potential 
exists for medium to very large spills to occur.   

	 Keystone should rely upon stream-specific specific scour analyses for small 
stream crossings to identify where the pipeline should be buried deeper than 
5 ft or where HDD may be warranted.  The particular small stream crossings 
identified by Exponent should be given attention in this regard.  

	 While Exponent is not charged with reviewing the ERP, we recommend that 
the ERP consider the possibility that spilled oil may be entrained into 
sediments and that these types of conditions be anticipated as part of response 
and clean-up. 

	 The ERP should also take into account the sensitive areas identified in our 
review (e.g., Rainwater Basin, small stream crossings associated with ESAs, 
and special downstream water bodies). For example, wildlife habitat for 
special status species, within close proximity of the pipeline could be 
designated as “special and/or unique areas” for purposes of the ERP. 

	 Exponent recommends that Keystone develop explicit plans for updating the 
status and presence of special status species and the habitat they rely upon 
every 2 years, and that identified changes be incorporated into the ERP. 

5.2 Small Streams 

The FEIS defines small streams crossed by the pipeline as streams less than 100 ft in width.  For 
major stream crossings greater than 100 ft, the pipeline design uses horizontal directional 
drilling (HDD), which places the pipe well below the stream bed (i.e., 25 ft or greater).  The 
HDD method will not disrupt the stream bed because the pipe is placed in a borehole that is 
drilled beneath the streambed and drilling occurs well back from the stream bank.  For small 
stream crossings there is no requirement to use HDD, so in most places the pipeline will cross 
small streams using open-cut crossings (dry, flowing, dry flume, or dry dam-and-pump).  
According to discussions with Keystone, during the final design phase of the pipeline, specific 
small stream crossings will also use HDD or micro-bore methods to cross the stream if scour 
analyses indicate that the pipe would have to be placed deeper than 5 ft below the stream bed to 
protect it from stream bed erosion.  According to Keystone, the crossing method for each stream 
will be identified in the 401 crossing permit applications that will be evaluated by the U.S. 
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Army Corps of Engineers.  For purposes of our review, because this final design is not yet 
completed, we conservatively assumed that the pipeline would be buried only 5 ft below the 
streambed for all the small stream crossings.  As a consequence of the shallower burial depth, 
small stream crossings may be at higher risk of a pipeline rupture as a result of scouring or other 
bed disturbance. All streams (both large and small) crossed by the pipeline are listed in 
Tables E-1 and E-2 in Appendix E of the FEIS. 

5.3 High Consequence Areas 

The Risk Assessment used PHMSA-defined HCAs within specified distances of the pipeline to 
determine CPSs.  Several types of HCAs were considered, including populated areas, drinking 
water protection areas, and ESAs. Depending on the receptors and potentially complete 
pathways, the various types of HCAs had different buffers from the pipeline.  CPSs were 
defined using the HCA proximity rules listed in the Risk Assessment with site-specific 
hydrology assessments conducted as needed to evaluate viable downstream pathways.   

Exponent reviewed the CPS identification process using the maps and information provided in 
the Risk Assessment.  A review of the maps revealed that several CPSs were not identified 
where the southern end of the Houston Lateral passes directly through a populated area (MP 
36.7−41 and 43.6 to 47.2 [Figure 5]). CPSs should have been identified where the pipeline is 
within 1 mile of a populated area or within 5 miles of a viable downstream connection to a 
populated area. Exponent communication with Keystone staff indicates that this was a mapping 
error, but according to Keystone, the areas were included in the HCA analysis and summary.  
Given the topographical specificity needed to accurately determine a viable downstream 
pathway, Exponent did not re-analyze the downstream pathway along the entire 1,375-mile 
pipeline and instead relied on the accuracy of the original analysis. 

While the southern end of the Houston Lateral was the only section of the pipeline that clearly 
violated the CPS identification rules, the rules themselves (specifically the distances) seemed 
arbitrary. The explanation provided for the distances selected for each type of HCA was either 
vague or absent. As the analysis described in Section 4 indicates, evaluating viable downstream 
pathways to a distance of 10 miles, rather than 5 miles, would be more appropriately protective 
of HCAs. Exponent has been informed by Keystone that they plan to evaluate downstream 
transport for more than 20 miles.  
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Figure 5. Project passes directly through a populated area and no CPS is identified 

While it is very likely that more HCAs will be identified by expanding the downstream search 
criteria for HCAs from 5 to 10 miles, the purpose of the Risk Assessment was to identify CPS 
locations, where one or more HCAs could be affected.  It is likely that most CPSs are identified 
using a 5-mile limit for stream and river crossings.  However, it is also possible that HCAs may 
not be encountered within the first 5 miles; thus, extending the search criteria to 10 miles could 
identify CPSs that may have been missed using the 5 mile criterion.  As part of its charge to 
examine whether sensitive environments are associated with small stream crossings, Exponent 
carried out several types of analyses, one of which was to examine HCAs located 5−10 miles 
downstream of stream crossings.  Based on discussions with Keystone, it was explained to 
Exponent that the 5-mile limit was only used for purposes of the FEIS, and that as part of the 
final design, HCAs located more than 20 miles downstream from the pipeline will be considered 
if there is a viable flow pathway (e.g., from small stream crossings).   

In order to complete our assessment of sensitive environments associated with small stream 
crossings, Exponent requested information on HCAs within 10 miles of the pipeline in a GIS 
format that was readily mapped over the pipeline route.  Exponent considered what effect such 
an analysis might have by searching for HCAs located within 10 miles downstream, but more 
than 5 miles downstream, of the pipeline.  This preliminary analysis identified 60 additional 
HCAs in Nebraska alone (Figure 6).  If applied along the entire length of the pipeline, this 
adjustment in the search criteria distance will likely result in the identification of more HCAs 
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potentially affected by a spill.  We recognize that many of these HCAs will have already been 
captured by the existing CPS analysis since many HCAs are co-located along major river 
systems.  Although each HCA that is identified by such a process will need further evaluation of 
type (population, groundwater municipal intake, or ecologically sensitive area) and hydrologic 
connectivity, it is likely that such an analysis will result in the designation of additional CPSs.  
This detailed analysis is required by Special Condition 14 and by federal regulations.  Such a 
detailed analysis was beyond the scope of Exponent’s review because it requires in-field 
analysis of the conditions near the pipeline. 

5.4 Ecologically Sensitive Areas 

As described in the Risk Assessment and according to 49 CFR 195, PHMSA identifies ESAs 
using the following criteria: 

	 An area containing critically imperiled species or ecological community 

	 Multi-species assemblage areas 

	 A migratory water bird concentration area 

	 Areas containing imperiled special status species or imperiled ecological 
communities where the species is aquatic, aquatic dependent, or terrestrial 
with a limited range 

	 An area containing special status species where the species or community 
occurrence is one of the most viable, highest quality, or best condition, as 
identified by an element occurrence ranking (EORANK) of A or B. 

The Risk Assessment used PHMSA-identified ESAs to determine CPSs.  However, it is possible 
that the ESA criteria are unnecessarily narrow and may exclude some areas that are very 
important to sensitive fish and wildlife populations, as identified in the FEIS.  Exponent gave 
consideration to additional areas of special ecological concern other than those identified by 
PHMSA by considering wetlands of special concern and important wildlife habitats crossed by 
the pipeline, as identified in the FEIS.  Exponent also evaluated where small streams crossed by 
the pipeline sustained important fisheries within at least 0.5 miles of the pipeline (as identified 
in Section 3.7 of the FEIS). In addition, Exponent searched for major waterbodies up to 
10 miles downstream of the pipeline (as opposed to the 5 miles considered in the Risk 
Assessment) that were hydrologically connected to small streams crossed by the pipeline. 

As an additional check on the comprehensiveness of PHMSA-designated ESAs, Exponent 
searched for Nature Conservancy sites within 10 miles of the pipeline.  Locations from 
http://my.nature.org/preserves/ were mapped as an overlay on the pipeline route.  No Nature 
Conservancy sites were identified within 10 miles on either side of the pipeline.   
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Figure 6. HCAs located between 5 and 10 miles downstream of the Project in Nebraska 
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5.4.1 Areas of Special Ecological Consideration  

Exponent compiled location and pipeline crossing information for additional areas of special 
ecological concern (as defined above) in Appendix B using information provided in the 
following documents:   

	 FEIS Tables 

	 Table 2.3.3-1. Waterbodies Crossed Using the Horizontal Directional 
Drilling Method 

	 Table 3.4.2-1. Number and Type of Wetlands Crossed by the 
Proposed Project within Wetland Areas of Special Concern or Value 

	 Table 3.6.2-1. Important Wildlife Habitats within or near the 
Proposed Project ROW 

	 Table 3.7.2-1. Proposed Perennial Stream Crossings at or Upstream 
of Fisheries Habitat along the Proposed Project Route 

	 FEIS Appendix P. Pipeline Risk Assessment and Environmental 

Consequence Analysis 


	 Attachment 2 CPS/HCA Risk Ranking Table of Appendix C 

	 FEIS Appendix E 

	 Table E-1. Waterbodies Crossed by the Project – Steele City 

	 Table E-2. Waterbodies Crossed by the Project – Gulf Coast 

	 Table E-4. Waterbodies within 10 Miles Downstream of Proposed 
Water Crossings. 

After compiling Appendix B, Exponent used the data to identify locations where the pipeline 
crosses small streams near multiple areas of special ecological consideration (i.e., fisheries, 
wildlife habitat, wetlands, major waterbodies, or special waterbodies).  Pipeline stream 
crossings in the vicinity of multiple areas of special ecological consideration were identified as 
posing higher risk to ecological resources if they were not already designated in the FEIS as 
CPSs or as HDD crossings. Pipelines crossing larger waterways (i.e., stream crossings of 
greater than 100 ft) using HDD techniques were deemed to have a lower risk of rupture than 
non-HDD crossings as a result of their substantial depth (≥25 ft) below the stream bed.  In 
addition, crossings identified as posing higher risk to ecological resources had to meet at least 
one of the following two specific criteria:  

1.	 Stream crossings with at least four of the following five attributes:  wetland 
areas of special concern or value, important wildlife habitats, fisheries within 
0.5 miles downstream, waterbodies within 10 miles downstream, and 
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waterbodies within 10 miles downstream with high quality habitats (defined 
in Section 5.4.2). 

2.	 Stream crossings with all three of the following FEIS-defined attributes:  
wetland areas of special concern or value, important wildlife habitats, and 
fisheries within 0.5 miles downstream. 

The following small stream crossings were identified by Exponent as posing higher risk to 
ecological resources using these two criteria:  

	 Keya Paha River, Nebraska (MP 599.9): As identified in the FEIS, the 
Project crosses this perennial river at a location with wetlands of special 
concern (NE Sand Hills Wetlands), with important wildlife habitat (Keya 
Paha River Valley), and within 0.5 miles of a fishery (Class A WW). 

	 Niobrara River, Nebraska (MP 615.38):  As identified in the FEIS, the 
Project crosses this perennial river at a location with wetlands of special 
concern (NE Sand Hills Wetlands), with important wildlife habitat (Niobrara 
River Valley), and within 0.5 miles upstream of a fishery (Class A WW).   

	 South Fork Elkhorn River, Nebraska (MP 630.46):  As identified in the 
FEIS, the Project crosses this perennial river at a location with wetlands of 
special concern (NE Sand Hills Wetlands), with important wildlife habitat 
(Sand Hills), and within 0.5 miles of a fishery (Class A WW).  The crossing 
is also within 10 miles upstream of Atkinson Reservoir. 

	 Holt Creek, Nebraska (MP 647.31): As identified in the FEIS, the Project 
crosses this perennial creek at a location with wetlands of special concern 
(NE Sand Hills), with important wildlife habitat (Sand Hills), and within 
0.5 miles upstream of a fishery (Class A WW). 

	 South Fork Elkhorn River, Nebraska (660.22 and 660.23):  As identified 
in the FEIS, the Project crosses this perennial river at a location with 
wetlands of special concern (NE Sand Hills Wetlands), with important 
wildlife habitat (Sand Hills), and within 0.5 miles of a fishery (Class A WW).   

	 Big Blue River, Nebraska (MP 765.5): As identified in the FEIS, the 
Project crosses this perennial river at a location with wetlands of special 
concern (Rainwater Basin Wetlands), with important wildlife habitat 
(Rainwater Basin), and within 0.5 miles upstream of a fishery (Class B WW). 

	 Lincoln Creek, Nebraska (MP 774.93):  As identified in the FEIS, the 
Project crosses this perennial stream at a location with wetlands of special 
concern (Rainwater Basin Wetlands), with important wildlife habitat 
(Rainwater Basin), and within 0.5 miles upstream of a fishery (Class B WW).   

	 West Fork Big Blue River (MP 789.57):  As identified in the FEIS, the 
Project crosses this perennial river at a location with wetlands of special 
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concern (Rainwater Basin Wetlands), with important wildlife habitat 
(Rainwater Basin), and within 0.5 miles upstream of a fishery (Class A WW).   

	 Unnamed tributary to Turkey Creek, Nebraska (MP 807.54):  As 
identified in the FEIS, the Project crosses this perennial stream at a location 
with wetlands of special concern (Rainwater Basin Wetlands), with important 
wildlife habitat (Rainwater Basin), and within 0.5 miles upstream of a fishery 
(Class B WW). 

	 Cotton Creek, Texas (MP 457.92 and 457.96): As identified in the FEIS, 
the Project crosses this perennial creek at a location with wetlands of special 
concern (Water Oak–Willow Oak Community) and within 0.5 miles 
upstream of a fishery (high value).  The crossing is also within 10 miles 
upstream of Big Thicket National Preserve. 

These stream crossings warrant additional consideration and may necessitate additional 
protective measures or special consideration in the ERP.  The Risk Assessment acknowledges 
that spills may be transported downstream up to 5 miles, and Exponent’s analysis (see 
Section 4) indicates that transport distances of 10 or more miles are reasonably likely.  Keystone 
indicated to Exponent during the review process that the detailed transport and fate analysis that 
will be conducted after the pipeline is constructed, as required by Special Condition 14 and 
federal regulations, will identify CPSs associated with HCAs located more than 20 miles 
downstream. Exponent also notes that the 208 fisheries located within 0.5 miles of the pipeline 
(FEIS Table 3.7.2-1) may be at risk from a spill due to acute toxicity of the oil (see Section 3); 
however, we considered small streams to be of special ecological concern only if they had three 
or more critical attributes as described above (e.g., fisheries, wildlife habitat, etc.). 

5.4.2 Major Waterbodies 

Exponent gave special consideration to Table E-4 in Appendix E of the FEIS to identify 
waterbodies within 10 miles of the pipeline that may provide high quality wildlife habitat.  The 
10-mile distance was used as a criterion based on transport and fate considerations that 
suggested spills of oil to a stream can reasonably move downstream this distance or greater 
(refer to Section 4). Therefore, the 5-mile criterion used in the FEIS and Risk Assessment 
(Appendix P) did not appear to be sufficiently protective.  Downstream waterbodies include 
lakes, reservoirs, and proposed reservoirs, most of which are likely to attract migratory water 
birds at some times of the year.  Exponent identified stream crossings with waterbodies within 
10 miles downstream of the proposed centerline for the pipeline that are likely to provide high 
quality habitat to these birds (Appendix B). High quality habitat was subjectively defined for 
purposes of our evaluation using descriptions of the waterbodies within the “comment” column 
in Appendix B. Waterbodies that were described as wildlife management areas, year-round bird 
watching areas, and preserves were designated high quality habitats for purposes of our 
assessment.  We used the spirit of the ESA definition provided earlier to identify those 
waterbodies that were considered associated with areas of high quality habitat.  These 
waterbodies, all in Texas, included: 
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	 Pat Mayse Lake:  This lake is situated on the western edge of Pat Mayse 
Wildlife Management Area.  The wildlife management area is an 8,925-acre 
area managed for recreational uses such as hunting, wildlife viewing, and 
camping. 

	 Lake Bob Sandlin (and Lake Cypress Springs which is contiguous with 
Lake Bob Sandlin):  This lake is a 9,400-acre reservoir which provides eagle 
viewing in the winter and other bird watching opportunities year round. 

	 Waterbodies Associated with Big Thicket National Preserve:  This 
preserve is a UNESCO “Biosphere Reserve” noted for the high biodiversity 
that results from its mix of virgin pine and cypress forest, hardwood forest, 
meadow, and blackwater swamp.   

	 Waterbodies Associated with Trinity River National Wildlife Refuge: 
This 25,000-acre wildlife refuge is valued for its high diversity of waterfowl 
species. Nearly 50 percent of the neotropical bird species listed by USFWS 
use this wildlife refuge during migration or nesting.   

5.5 Toxicity Assessment 

Exponent reviewed the aquatic toxicity information presented in Section 4.2.3.4 of the Risk 
Assessment (Appendix P of FEIS) in light of the information on crude oil (dilbit) chemical 
content and composition to evaluate whether the conclusions were based on adequately 
conservative assumptions for small stream crossings.  The Risk Assessment’s analysis of 
toxicity in surface water resulting from a release to small streams focused on the toxicity 
resulting from benzene alone. While benzene is a toxic constituent of crude oil, it is one of 
many crude oil constituents and forms only a very small proportion of the total volume and 
potential toxicity. Oil can also result in physical effects as has been described in the FEIS. 

Exponent investigated the possibility that other crude oil constituents may pose a greater 
toxicological risk to aquatic organisms than benzene by evaluating the potential of the following 
constituents to cause toxicity to aquatic organisms:  ethylbenzene, toluene, xylene, nickel, 
vanadium, chrysene, fluorene, naphthalene, and phenanthrene.  Concentrations of the metals and 
BTEX constituents are shown in Table 1 and PAH concentrations are listed in Table 3.  Based 
on this information, quantitative estimates of water concentrations of these chemicals resulting 
from a spill could be determined.  Using the known water solubility of the different constituents 
and the same assumptions about water flow rates and sizes of releases as used in Tables 4-7 
and 4-8 of the Risk Assessment, Exponent approximated the concentrations of these constituents 
in surface waters following a release.  Although these water concentrations were meant to model 
an acute event (1 hour of stream flow), we compared them to EPA ecological benchmarks that 
are protective of aquatic life chronically exposed to these chemicals (EPA Region 6, 7, or 8 
benchmarks were given priority; in the absence of any of those, national level criteria were 
applied [U.S. EPA 2011]). 

This evaluation indicated that, of the crude oil constituents evaluated, only nickel and vanadium 
were likely to exceed chronic water quality thresholds and that these constituents were only 
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likely to exceed for large (10,000 barrels) or moderate (1,000 barrels) spills, but not smaller 
spills (Tables 7−10). Since these findings show less risk than predicted for benzene, the Risk 
Assessment’s evaluation of toxicity resulting from spills to surface water appears to be 
sufficient for judging the potential for toxic effects on aquatic organisms.  If cleanup was 
delayed or incomplete, as the oil in a spill ages the concentrations of alkylated PAH compounds 
will increase on a relative basis as more volatile compounds evaporate, and they will tend to 
persist for a longer time than their parent non-alkylated forms.  The prediction of acute toxicity 
from most spills into small- to medium-sized streams based on the conservative assessment of 
benzene toxicity is sufficiently conservative to account for this eventuality.  As noted here and 
in the FEIS, spilled oil can also have physical effects that can adversely affect some wildlife 
species such as birds and habitats if, for example, the oil comes into contact with soils and 
sediments.  

Exponent recognizes that dilbit also contains additional toxic constituents such as naphthenic 
acids. While data are lacking on concentrations of these chemicals in the crude oil, it should be 
noted that these acids are more soluble than similarly size hydrocarbons, and are highly acutely 
toxic to zooplankton (0.15 mg/L), although less so to fish (25 mg/L) (Clemente and Fedorak 
2005). While acid concentrations are reduced by the caustic washing of tar sand to produce 
dilbit, the FEIS has not discussed the possibility that these chemicals could contribute to the 
toxicity associated with a spill.  However, as our analysis has shown, the selection of benzene 
within the Risk Assessment to judge the potential for toxicity provides a reasonable basis for 
assessing the potential for risks to aquatic organisms.  Still, because crude oils are complex 
mixtures, Exponent recognizes there are remaining uncertainties that will be addressed during a 
response following a spill. 

5.6 Special Status Species 

DOS submitted a Biological Assessment for the Keystone XL Pipeline that evaluated potential 
impacts of construction and operation (including spills) to special status species and their 
habitats. The Biological Assessment was reviewed by USFWS and on September 23, 2011, the 
USFWS issued a Biological Opinion that concurred with the DOS findings.  

Because many of the special status species of concern within the Project area rely on wetlands 
and other water resources, Exponent reviewed Section 3.8, T&E Species, of the FEIS with 
special attention to both the large and small stream crossings (also referred to here as wetlands 
and/or riparian areas collectively).  Exponent also reviewed the cumulative impact section of the 
FEIS (Section 3.14.3.8), with special attention to those cumulative impacts that might impact 
special status species in wetlands and riparian areas located at or downstream of small stream 
crossings. Finally, Exponent reviewed Appendix C of 49 CFR 195 to ascertain if the proposed 
future monitoring of the Project was sufficient to protect special status species from future 
environmental changes. 
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5.6.1 General Special Status Species Review 

Exponent determined that the list of some 30 threatened, endangered, proposed-for-listing, and 
candidate-for-listing species covered in Section 3.8 (including 4 mammals, 9 birds, 
1 amphibian, 6 reptiles, 4 fish, 2 insects, and 4 plants) was a comprehensive and a complete list 
of the relevant special status species in the Project area. 

Similarly, Exponent determined that the correct federal agencies were consulted during the FEIS 
process. Specifically, that USFWS provided T&E consultation relative to the Endangered 
Species Act (ESA), the Fish and Wildlife Coordination Act (FWCA), the Migratory Bird Treaty 
Act (MBTA), Bald and Golden Eagle Protection Act (BGEPA), and National Environmental 
Protection Act (NEPA). 

Exponent found that the preliminary findings of “May Affect, Not Likely to Adversely Affect 
(NLAA), No Effect (NE) or Not Applicable (NA)” for 29 of the 30 species and “May Affect, 
Likely to Adversely Affect (MALAA)” for 1 species (American burying beetle) were arrived at 
through a sufficiently rigorous review of the distribution, abundance, and biological use of the 
Project area by T&E Species. 

5.6.2 ESAs for Special Status Species 

As stated earlier in this section, it is possible that the ESA criteria as specified by PHMSA are 
narrow with regard to T&E and other special status species.  Considering this fact, Exponent 
used the example of the whooping crane, which is the most imperiled of the T&E species 
identified in the FEIS, to illustrate that there are other non-ESA defined areas associated with 
stream crossings that should be considered for additional mitigation during the final design of 
the Project. 

5.6.2.1 Whooping Crane 

The Project generally follows much of the migratory corridor of the whooping crane, which runs 
from Canada to Texas (Figure 7).  While the Project is either to the east (in the north) or to the 
west (in the south) of the migration corridor, the Project does intersect the migration corridor 
substantially, for nearly 500 miles at the South Dakota/Nebraska line (Figure 7).  Furthermore, 
whooping cranes (Lewis 1995), as well as piping plover (Elliott-Smith and Haig 2004) and least 
terns (Thompson et al. 1997), are known to use small and large stream areas and other wetlands 
during migratory stopovers (cranes, plovers, and terns) and as annual breeding habitats (terns 
and plovers). There are a number of ESAs and CPSs identified along the whooping crane 
migration corridor. 
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Figure 7. Ecologically sensitive areas (green) are shown within and near the region of the 
Project that crosses 75% and 95% the whooping crane migration corridor 
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However, the Project is routed directly through the Rainwater Basin Wildlife Management 
District (RBWMD) in southeastern Nebraska (Figure 8), and thereby has the potential to impact 
this important known whooping crane and shorebird migration stopover site (WHSRN 2004).  
USFWS manages 61 Massie Waterfowl Production Areas (WPAs) in the Rainwater Basin, and 
the Nebraska Game and Parks Commission manages 35 State Wildlife Management Areas 
within the Rainwater Basin. The Rainwater Basin Joint Venture, founded in 1992, is a broad 
coalition of government agencies, non-government organizations, and farmers dedicated to 
acquisition, restoration, and management of the region’s wetlands and surrounding upland 
habitats. In 2005, the Nebraska Natural Legacy Project (the State’s wildlife action plan) 
identified the Rainwater Basin as a biologically unique landscape.  There are also 80 Wetland 
Reserve Projects within the Rainwater Basin (WHSRN 2004). 

There is the possibility that whooping cranes may already be using the RBWMD and/or may 
relocate into suitable wetlands within the RBWMD during the lifetime of the Project.  Some of 
the potential wetlands within the RBWMD are identified as ESAs.  However, many of the 
wetlands that whooping cranes and other birds could conceivably use or move into near the 
Project within the RBWMD are not considered ESAs as defined by PHMSA.  

Exponent reviewed the information on special status wetlands provided within Table 3.4.2-1 of 
the FEIS and cross referenced that information to stream crossings within the RBWMD (refer to 
Appendix B). Removing stream crossings from consideration that are already CPSs or where 
HDD methods will be used to cross the small stream, there are 59 small stream crossings within 
the RBWMD that have special status wetlands at the stream crossing that could potentially be 
used by whooping cranes and other wetland dependent special status species.  For this reason, 
Exponent recommends that these stream crossings should be considered for additional 
mitigation measures to protect the whooping crane habitat of the RBWMD, because of its 
importance as a stopover area for feeding and resting by the whooping crane. 

Lastly, while most whooping cranes stay within their migration corridor, whooping cranes are 
seen outside the corridor on a regular basis and may have even begun prospecting new areas 
(Lewis 1995). Related to this point, many other special status species are capable of utilizing 
new areas on a yearly basis.  A further complication is that according to USGS (2004), many 
water bird habitats within the RBWMD may be in a state of deterioration, and may already be 
compelling whooping cranes to utilize unprotected wetlands within the Project.  Therefore, 
Exponent suggests that Keystone should conduct a bi-annual consultation with USFWS to 
identify areas of high potential for use by special status species and to update the Project ERPs 
as appropriate. 
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Figure 8.	 The Project intersects the Rainwater Basin Wetland Management District 
(shown in yellow), yet few of the wetlands in the RBWMD are identified ESAs. 

5.6.3 Recommendations for Special Status Monitoring 

Appendix C of CFR 195 (§195.452(d)(3)) states:  “An operator is also responsible for 
periodically evaluating its pipeline segments to look for population or environmental changes 
that may have occurred around the pipeline and to keep its program current with this 
information.”  Yet closer examination of this section of the CFR reveals that it only pertains to 
physical factors that might impact pipeline integrity and does not explicitly include any 
biological aspects that might help detect any future impacts to T&E and other special status 
species. Slightly more relevant to T&E populations is CFR §195.452(d)(3) which states: “An 
operator must incorporate a new unusually sensitive area into its baseline assessment plan 
within one year from the date the area is identified.  An operator must complete the baseline 
assessment of any line pipe that could affect the newly-identified high consequence area within 
five years from the date the area is identified.”  However, as discussed earlier in this section, 
these conditions would still not consider additional protection for areas not defined as HCAs 
(e.g., ESAs), such as the areas identified earlier within this section. 

Given the 50-year projected lifespan of the Project and the possibility that one or more special 
status species may move into the vicinity of the Project during that timeframe, Exponent 
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concludes that the monitoring outlined in CFR 195 may be insufficient to protect special status 
species over the lifespan of the Project.  Specifically, Exponent recommends that in addition to 
monitoring physical factors that might impact pipeline integrity, Keystone develop a biological 
monitoring plan for these special and unique special status habitats to periodically determine 
whether T&E and other special status species are using these habitats within the Project area and 
whether they are afforded sufficient protection under the ERP. 
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Sungwoo Ahn, Ph.D. 
Senior Scientist 

Professional Profile 

Dr. Sungwoo Ahn is a Senior Scientist in Exponent’s Environmental Sciences practice who 
specializes in the transport and fate of hydrophobic organic contaminants including PAHs, 
PCBs, and polybrominated diphenyl ethers (PBDEs), and their bioavailability.  Dr. Ahn also has 
expertise in the environmental behavior of nanomaterials.  He is knowledgeable in the use of a 
variety of laboratory analytical methods including gas chromatography (GC) and mass 
spectrometry (GC/MS), transmission electron microscopy (TEM), scanning electron microscopy 
(SEM), x-ray photoelectron spectroscopy (XPS), and x-ray diffraction (XRD). 

Before joining Exponent, Dr. Ahn worked as a postdoctoral scholar at Stanford University, 
where he conducted research on the degradation of flame retardant PBDEs by various forms of 
nano-scale zerovalent iron (nZVI). Dr. Ahn studied the reaction kinetics and the degradation 
pathways of PBDEs with positional preference in the debromination. As a part of the research, 
he synthesized the nanoparticle, as well as its catalyzed and carbon supported particles, in the 
laboratory and characterized them using analytical tools such as TEM, SEM, XPS, and XRD. 

During his Ph.D. work, Dr. Ahn studied the transport and fate of PAHs in contaminated soil and 
sediment amended with a carbon sorbents for in situ contaminant stabilization.  The study 
included physicochemical characterization of contamination at the micro-scale for source 
identification, assessment of PAH bioavailability and availability to the surroundings, and 
model simulation of contaminant mass transfer in sediment-sorbent systems, to predict the fate 
of PAHs and the long-term effect of carbon amendment.  In addition, he also has extensive field 
and laboratory experience in in situ stabilization of PCBs in contaminated sediment using 
carbon amendment. 

Academic Credentials and Professional Honors 

Ph.D., Civil and Environmental Engineering, Stanford University, 2006 
M.S., Civil and Environmental Engineering, Stanford University, 2001 
M.S., Chemical Engineering, Yonsei University, South Korea, 1997 
B.S., Chemical Engineering, Yonsei University, South Korea, 1995 

The Ford Fund Fellowship, 2001–2003 

Languages 

Korean – native speaker 
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Gary N. Bigham, L.G. 
Principal 

Professional Profile 

Mr. Gary Bigham is a Principal in Exponent’s Environmental Sciences practice who specializes 
in the evaluation of transport, fate, and effects of contaminants in aquatic habitats, soil, 
sediment, and groundwater.  He has managed and been the principal investigator of field, 
laboratory, and theoretical assessments of a wide variety of contaminants in lakes, rivers, 
estuarine waters, ocean waters, and groundwater.  Mr. Bigham has also directed RI/FSs, human 
health and ecological risk assessments, cost allocation studies, and NRDAs for sites involving 
soils, sediments, and waters contaminated with arsenic, chlorinated benzenes, dioxin, mercury, 
metals, PAHs, PCBs, petroleum hydrocarbons, and solvents.  He has also completed several 
evaluations of mercury in indoor air.  Recent examples of contaminant transport and fate 
analyses include the development of a numerical model of mercury cycling and 
bioaccumulation for Onondaga Lake; a detailed evaluation and modification of sediment 
transport and PCB bioaccumulation models for the Fox River and Green Bay, Wisconsin; and 
an evaluation of the effects of eutrophication on mercury bioaccumulation in the Florida 
Everglades. Mr. Bigham is the author of numerous publications on the behavior of mercury in 
the environment. 

Mr. Bigham has been designated an expert witness in class action and individual tort claims on 
the issue of PCB and PAH transport in streams and rivers, and dioxins/furans in a lake; in 
litigation involving mercury bioaccumulation in the Florida Everglades; and assessments of 
exposure to mercury vapor, crude oil, and produced water.  Mr. Bigham has also completed 
environmental forensic investigations of mercury-contaminated sediments and soil, groundwater 
contaminated with chlorinated solvents and petroleum hydrocarbons, and for allocation of 
remediation costs of a PAH-contaminated sediment site in Boston Harbor.  He has also had a 
lead role in NRDAs related to mercury contamination in surface waters and involving solvents 
in groundwater. He has also served as a consulting expert on a major NRD claim involving 
confined animal feeding operations (CAFOs) in Oklahoma and Arkansas. 

Mr. Bigham’s international experience includes serving as resident manager for a multi-year air 
quality and marine environmental monitoring program in Saudi Arabia.  He led the technical 
development of a natural resource damage claim for the Kingdom of Jordan to the United 
Nations Compensation Commission for damages arising from the first Gulf War.  He recently 
completed an environmental assessment for a major oil export facility in Abu Dhabi and 
evaluated potential human exposure to spilled oil and produced-water discharges in the Amazon 
basin of Ecuador. He applied a water quality model to predict conditions in and downstream of 
a proposed reservoir in Bolivia and assessed water quality and greenhouse gas emissions for a 
proposed reservoir in Guyana. He has also completed an assessment of potential human 
exposure to mercury vapor from a spill in the Peruvian highlands. 
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Academic Credentials and Professional Honors 

Post-graduate course work in Environmental Engineering, University of Southern 
California, 1975–1976 

M.S., Geophysical Sciences, Georgia Institute of Technology, 1972 
B.S., Geology, Oregon State University, 1968 

Licenses and Certifications 

Licensed Geologist, Washington, #1303 
Hazardous Waste Operations Management and Supervisor 8-hour training program 

  

 
Gary N. Bigham, L.G. 
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Paul D. Boehm, Ph.D.
 
Principal Scientist and Group Vice President
 

Professional Profile 


Dr. Paul D. Boehm has overall responsibility for Exponent’s Environmental business.  He has 
devoted his 34 years of consulting experience to advising industrial, legal, and government 
clients on scientific aspects of: contaminated sediments and terrestrial sites; oil spills; and the 
use of environmental forensic methods to investigate background contamination, to chemically 
fingerprint contaminants to determine sources, to apportion contamination to allocate liabilities, 
and to reconstruct historical releases and doses.  Dr. Boehm has provided scientific support to 
clients on natural resource damage assessments, environmental and toxic tort claims, maritime 
pollution cases, and other litigation matters, including providing expert testimony.  His work as 
an analytical, environmental, and geo-chemist has involved petroleum hydrocarbons, fuel 
additives, natural gas, polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls 
(PCBs), chlorophenols, chlorinated solvents (TCE, PCE), mercury, lead, and other chemicals 
and elements.  A significant part of Dr. Boehm’s work has focused on oil refineries, fuel 
terminals, and offshore platforms; marine and aquatic oil spills; Superfund sites; manufactured 
gas plant (MGP); pulp and paper mills, and natural gas storage fields; medical exposures; and 
transactional disputes. With regards to chemical releases, he specializes in the historical 
reconstruction of release histories. With regards to petroleum fuels he has focused on petroleum 
chemistry associated with evolution of refining processes and the use of fuel additives such as 
alkylated leads, MTBE, TAME, and other compounds.   

Dr. Boehm has been engaged in numerous natural resource damage assessments (NRDAs) at oil 
spill and CERCLA sites where he has provided technical support on sources, divisibility, 
bioavailability of PAHs, PCBs, petroleum and other chemical sources; exposure and 
bioavailability; divisibility and apportionment of contamination, and allocation of associated 
liability. His extensive knowledge of the strategic application and practice of environmental 
forensics (geo-chemical fingerprinting, transport and fate, source attribution, and allocation) has 
been applied to numerous cases involving complex environmental liability and litigation 
matters.   

As an oil spill expert, he has studied and published on the fate and effects of most major oil 
spills in the United States, Europe, and the Middle East.  As a natural gas and petroleum chemist 
and geochemist, he has also investigated geochemical aspects relating to the migration of 
natural gas from storage fields.  His work has also included assessments of the exposure of 
people to petroleum contaminants in toxic tort cases.  

He has been appointed to serve on several national panels on environmental/ marine pollution 
and has served on several National Research Council panels.  
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Academic Credentials and Professional Honors 

Ph.D., Oceanography, University of Rhode Island, 1977 
M.S., Oceanography, University of Rhode Island, 1973 
B.S., Chemical Engineering, University of Rochester, 1970 

Paul D. Boehm, Ph.D. 
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Ronald J. Breitmeyer, Ph.D. 
Senior Associate 

Professional Profile 

Dr. Ronald Breitmeyer is a Senior Associate in Exponent’s Environmental Sciences practice.  
Dr. Breitmeyer is a geoenvironmental engineer and hydrogeologist specializing in 
environmental modeling.  Dr. Breitmeyer has expertise in the study and modeling of multi-
phase flow and transport in a wide variety of geomaterials.  He has experience with numerous 
environmental modeling tools and software, including HYDRUS, UNSATH, MODFLOW, 
HSSM, AERMOD, and CALPUFF.  Dr. Breitmeyer has conducted research on characterization 
and modeling of liquid flow in bioreactor landfills and in landfill covers.  He has expertise in 
laboratory testing and field-scale experimentation and instrumentation for characterizing the 
mechanical and hydraulic properties of geomaterials.  He has also designed, fabricated, and 
operated custom laboratory equipment and instrumentation for geomaterial testing.  
Dr. Breitmeyer also has experience performing feasibility-level remediation cost estimates for 
contaminated sites and accrual purposes and has experience using RACER to develop remedial 
cost estimates.     

Academic Credentials and Professional Honors 

Ph.D., Geological Engineering, University of Wisconsin, Madison, 2011 
M.S., Hydrogeology, University of Nevada, Reno/Desert Research Institute, 2006  
B.S., Hydrogeology, University of Nevada, Reno (high distinction), 2004 
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Anne Fairbrother, DVM, Ph.D. 
Principal Scientist and Office Director 

Professional Profile 

Dr. Anne Fairbrother is a Principal Scientist in Exponent’s EcoSciences practice, with more 
than 30 years of experience in Ecotoxicology, wildlife toxicology, contaminated site 
assessment, and regulatory science for existing and emerging chemicals in the U.S. and Europe.  
She recently served on a Science Advisory Panel to the state of Utah and as a consultant to the 
British Columbia (BC) Ministry of Environment to set site-specific water quality standards for 
selenium that protect fish and wildlife.  She has conducted large-area (>100 sq mile) risk 
assessments at mines in tropical, desert, and mountain ecosystems, determining risk thresholds 
for plants and wildlife. She provided consultation on future development of mine pit lakes, 
assessed the risk to livestock from use of wastewater on irrigated pasture during mine closure 
operations, and conducted an assessment of risk to terrestrial and aquatic organisms from an 
abandoned mercury mine.  Dr. Fairbrother conducted an assessment of the potential ecological 
risks to aquatic life in San Francisco Bay and coastal southern California posed by use of copper 
pipes. She also assessed risks to wildlife at sites contaminated with organic chemicals, 
including DDT, PCBs, dioxins, and petroleum hydrocarbons in Delaware, Texas, Oregon, and 
California, integrating ecological risks with human health risk assessments. 

As a consultant, Dr. Fairbrother has supported various chemical industry groups in compiling 
and reviewing data from the literature in support of both U.S. and European regulatory 
processes.  Historically, this included preparation of screening information data sets (SIDs) for 
submission through EPA to the OECD’s High Production Volume (HPV) data call-in program.  
More recently, she also has input the data into the IUCLID database for Europe-wide risk 
assessments and the REACH chemical registration program. 

Dr. Fairbrother has participated in or led the development of guidance documents for ecological 
risk assessments.  For example, she was co-author of the EPA’s Framework for Metals Risk 
Assessment and for BC Ministry of Environment guidance for implementing Tier 1 ecological 
risk assessments of contaminated sites and for setting soil clean-up values, and participated in 
the development of Ecological Soil Screening Levels (Eco-SSLs) for EPA.  

While a scientist at the EPA, Dr. Fairbrother led research into the ecological risks of 
bioengineered crops, methods for assessing risks of nanomaterials, and some of the early 
guidance for field assessments of Superfund sites and effects of pesticides on birds.  She 
researched and developed methods for assessment of chemical effects on bird immune and 
endocrine systems. 

Dr. Fairbrother has published more than 80 peer-reviewed articles and book chapters that reflect 
her expertise in wildlife toxicology, immunotoxicology, endocrine-disrupting chemicals, and 
ecological risk assessment.  She serves on numerous scientific boards, expert panels, and 
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editorial boards in support of scientific and regulator y issues. A veterinarian and Certified 
Wildlife Biologist, Dr. Fairbrother served as President of the Society of Environmental 
Toxicology and Chemistry, American Association of Wildlife Veterinarians, and Wildlife 
Disease Association (WDA). She is the recipient of the WDA Distinguished Service Award 
(2002), and a gold medal for Commendable Service from EPA.  Dr. Fairbrother holds an 
adjunct professorship at Oregon State University, Department of Environmental and Molecular 
Toxicology. 

Academic Credentials and Professional Honors 

Ph.D., Veterinary Science, University of Wisconsin, Madison, 1985 
M.S., Veterinary Science, University of Wisconsin, Madison, 1982 
D.V.M., Veterinary Medicine, University of California, Davis, 1980 
B.S., Wildlife and Fisheries Biology, University of California, Davis, 1976 

Distinguished Service Award, Wildlife Disease Association, 2002 
Gold Medal for Commendable Service, EPA, 2005 
Bronze Medal for Commendable Service, EPA, 2006, 2008 

Licenses and Certifications 

Certified Wildlife Biologist, The Wildlife Society, 1995 
40-hour Hazwoper Training and Certification 
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Ashley Kaiser 
Senior Scientist 

Professional Profile 

Ms. Ashley Kaiser is a Senior Scientist in Exponent’s EcoSciences practice.  Ms. Kaiser has 10 
years of experience as an environmental professional, including more than 7 years in consulting.  
She works as a risk assessor, assistant project manager, data analyst, researcher, and health and 
safety coordinator. In these roles, her responsibilities have included human health and 
ecological risk calculations, project management, statistical analysis, site assessment, research, 
compliance assurance, sampling method development, and biotic and abiotic fieldwork.   

Ms. Kaiser has experience evaluating human health and ecological risks from chemicals in soil, 
groundwater, surface water, tissue, and air on sites where PCBs, dioxins, PAHs, and/or metals 
are the primary chemicals of interest.  She has provided technical support for multiple projects 
in Oregon, Washington, and California at a wide range of sites, including retail gasoline 
stations, bulk petroleum terminals, former gun clubs, abandoned mine sites, electrical 
substations, lumber mills, and in-water sediment areas.  With an interdisciplinary background 
and a versatile skill set, Ms. Kaiser specializes in projects that do not fit into well-defined 
categories. 

Academic Credentials and Professional Honors 

M.S., Environmental Science and Engineering, Oregon Health and Science University, 2003 
B.S., Biology, Environmental Science and Policy, Duke University, 2001 

Licenses and Certifications 

OSHA Hazardous Waste Operations and Emergency Response 40-hour certification 
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Michael W. Kierski, Ph.D. 
Managing Scientist 

Professional Profile 

Dr. Michael Kierski is an environmental biologist and toxicologist who provides senior-level 
expertise in human and ecological risk assessment and evaluation of complex environmental 
problems.  Over the past 24 years, Dr. Kierski has evaluated risks associated with chemicals in 
air, soil, water, sediment, and biota to both people and the environment.  He brings specialized 
expertise on the fate and effects of metals such as lead, hydrocarbons such as benzene and 
polycyclic aromatic hydrocarbons (PAHs), synthetic organic chemicals such as PCBs, 
pesticides, chlorinated solvents, and explosives. 

Much of Dr. Kierski’s work is directed toward the evaluation, remediation, and redevelopment 
of contaminated properties.  This requires not only technical expertise but also an ability to 
work with regulatory agencies at the state level (e.g., in Indiana, Wisconsin, Iowa, Illinois, 
Michigan, New York, North Carolina, New Jersey, etc.) and at the federal level (EPA, U.S. Fish 
and Wildlife Service, and the Department of Defense).  Dr. Kierski’s primary clients include 
electric and gas utilities, chemical companies, the Department of Defense, law firms, and other 
environmental and engineering companies.  Dr. Kierski is often called upon to represent these 
clients in public and regulatory forums. 

Dr. Kierski has extensive training and practical experience in the areas of environmental 
toxicology, environmental biology, and environmental chemistry, which he has used to develop 
scientifically defensible approaches for the risk evaluations he has performed.  He has utilized 
this experience within a wide variety of risk assessment projects, tailoring each assessment to 
the particular needs of his clients. He has emphasized practical applications of risk assessment 
techniques on projects over his career, using innovative techniques as needed to meet his 
client’s specific needs. 

Academic Credentials and Professional Honors 

Ph.D., Environmental and Occupational Health, University of Minnesota, 1992 
B.A., Environmental Biology, St. Mary’s College of Minnesota, 1984 
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Sheryl Law 
Managing Scientist 

Professional Profile 

Ms. Sheryl Law is a Managing Scientist in Exponent’s EcoSciences practice.  She has a strong 
background in environmental chemistry including extensive work in aquatic systems, 
contaminant modeling and analytical instrumentation (ion chromatography, neutron activation, 
spectrophotometry, atomic absorption spectrometry, high performance liquid chromatography, 
gas chromatography, and mass spectrometry).  She has experience coordinating with chemical 
laboratories to develop analytical methods and sample preparation techniques for identification 
of chemicals that cannot be identified with conventional analyses.  Her research with chiral 
analysis of optical isomers has applications in fields of natural attenuation and fate and transport 
modelling. She is broadly trained in environmental science and chemistry and provides strong 
technical support on ecological risk assessments, natural resource damage assessments, 
litigation projects and site remedial investigations.  In addition, she is an experienced technical 
writer and has prepared a variety of data reports and literature reviews. 

She received her MBA with a focus on enterprise risk and sustainability or corporate social 
responsibility issues. She has researched the value of public companies with respect to their 
“triple bottom line” and has created decision analysis models that derive additional cash flow 
from ecological assets, mitigation banks, and carbon credits. 

Academic Credentials and Professional Honors 

M.B.A., Seattle University, 2006 
M.S., Environmental Chemistry, University of Toronto, 2000 
B.Sc., Environmental Science, University of Toronto (honors with distinction), 1998 

University of Toronto Fellowship Award (2000); University of Toronto Open Fellowship 
Award (1998); Golden Key Honor Society Top 15% Scholar; NSERC Undergraduate Research 
Award in Industry 

Licenses and Certifications 

OSHA Hazardous Waste Operations and Emergency Response 40-hour certification 
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Jane Ma, Ph.D. 
Senior Scientist 

Professional Profile 

Dr. Jane Ma is a Senior Scientist in Exponent’s EcoSciences practice.  She has a strong 
interdisciplinary background in geosciences and Computer Science including extensive work in 
geographic information systems (GIS), remote sensing, landscape/watershed analysis, 
geostatistics, on-line web mapping, environmental/ecological model implementation, and 
decision support system (DSS) development.  Her scientific expertise is principally in the areas 
of water resources management, with an emphasis on wetland assessment.  Her study involves 
with aquatic habitat evaluation, wetland vulnerability assessment, headwater wetland mitigation, 
low-impact Best Management Practices (BMPs) design, and watershed-scale ecological 
restoration study. 

Dr. Ma is highly skilled in geospatial analysis and GIS programming.  She is experienced in 
ArcGIS suite, ERDAS, Plone, PostgreSQL and programming languages in Visual Basic, 
Python, and C++. She has developed numerous desktop and web-based GIS applications 
customized to meet the requirement of different projects. 

Academic Credentials and Professional Honors 

Ph.D., Geosciences and Computer Science, University of Missouri, Kansas City, 2006 
M.S., GIS and Remote Sensing, Peking University, China 2001 
B.S., Geography, Beijing Normal University, China 1998 

Licenses and Certifications 

Wetland Delineation Training and Field Practicum, Adaptive Ecosystems, Inc., Kansas City, 
Missouri, April 19–23, 2004, Certified 

Languages 

Chinese 

11/11 

 
013888



 

 

 
 
 
 

 
 

 

 

 

Charles A. Menzie, Ph.D.
 
Principal Scientist and Practice Director
 

Professional Profile 


Dr. Charles A. Menzie is a Principal Scientist and Director of Exponent’s Ecological and 
Biological Sciences practice.  Dr. Menzie’s primary area of expertise is the environmental fate 
and effects of physical, biological, and chemical stressors on terrestrial and aquatic systems.  
This includes work on chemicals in the environment, oil and gas operations, fossil fuel and 
nuclear power plants, alternative energy projects, invasive species, and climate change impacts.  
Dr. Menzie has worked at more than 100 hazardous waste sites, including many high-profile 
Superfund Sites and NRDA-related cases. He has been called upon to evaluate environmental 
damage claims related to the use of pesticides, herbicides, and other chemicals.  He has 
provided expertise related to the environmental implications of atmospheric emissions and of 
point and nonpoint sources of nutrients and toxic chemicals to aquatic and marine environments 
(through Total Maximum Daily Loads or TMDL programs).  Dr. Menzie has worked on a broad 
range of contaminants, including solvents (TEC, PCE, TCA, and others), persistent chlorinated 
compounds such as PCBs, dioxins, and pesticides, as well as hydrocarbons including PAHs, 
cyanides, and metals such as lead, hexavalent chromium, mercury, and cadmium.  Employing 
his deep understanding of risk-based studies and remediation, Dr. Menzie has directed the 
development of work plans, the implementation of remedial investigations, and the selection of 
remedial measures, on behalf of individual potentially responsible parties (PRPs), as well as 
PRP groups. Dr. Menzie has worked in all EPA Regions, including the Midwest and South 
(Regions 4, 5, and 6), the Northeast and East Coast (Regions 1, 2, and 3), and the West (Regions 
8, 9, and 10). He has an active international practice including projects in Ecuador, Uruguay, 
and Yemen.  He has extensive litigation experience and has provided steady and compelling 
advice and guidance in many controversial and contentious situations.  He is the co-inventor of 
SediMiteTM, a low-impact method for remediating contaminated sediments. 

Dr. Menzie is recognized as one of the leaders in the field of risk assessment and was awarded 
the Risk Practitioner Award by the Society for Risk Analysis.  He has served on the Councils of 
SRA and SETAC, the two major professional organizations in this field. Dr. Menzie has led 
numerous peer reviews for industry and for government.  He has taken the lead in developing 
guidance documents for industry and government and has focused on methods that are workable 
and acceptable to a broad range of parties.  He has developed and applied a formal causal-
analysis methodology for assessing causation in cases of environmental impairment and 
contributions of chemical contamination.  He was one of the committee members to draft the 
ASTM Standard for risk-based corrective action (RBCA) for chemical release sites and 
extended that standard to ecological considerations.  He served on the National Research 
Council’s Committee on Bioavailability of Chemicals in Soils and Sediments.  In addition to his 
work on chemical risk-related matters, Dr. Menzie has developed and applied methods for 
identifying third parties who have contributed to contamination in aquatic and terrestrial 
environments.  These projects have involved meshing historical information with transport-and-
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fate analyses, risk considerations (remediation drivers), and forensic analyses.  He has provided 
expert advice on historical use and disposal of asbestos products and historical assessments of 
asbestos in fill. 

Academic Credentials and Professional Honors 

Ph.D., Biology, City University of New York, 1978 
M.A., Biology, City College of New York, 1974 
B.S., Biology, Manhattan College, 1971 

Licenses and Certifications 

OSHA Certified Eight-Hour HAZWOPER Annual Refresher Training in Hazardous Waste 
Operations and Emergency Response, updated annually; OSHA Certified 40-Hours of Training 
in Hazardous Waste Operations and Emergency Response  

Patents 

U.S. Patent # 7,824,129: A Low-Impact Delivery System for In-Situ Treatment of 
Contaminated Sediment. 

Charles A. Menzie, Ph.D. 
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Farrukh Mohsen, Ph.D., P.E. 
Senior Managing Engineer 

Professional Profile 

Dr. Farrukh Mohsen is a Senior Managing Engineer in Exponent’s Environmental Sciences 
practice. He has 34 years of experience in hydrogeology and groundwater flow and 
contaminant transport modeling.  He has applied his technical strengths in assisting corporate 
clients nationwide by providing expert opinions in litigation, environmental compliance, and 
liability allocations.  Dr. Mohsen focuses primarily on developing an understanding of the 
transport and fate of constituents in the subsurface in both groundwater and soil vapor.  He has 
helped his clients by determining the source of groundwater contamination, designing and 
evaluating remedial options, conducting risk assessments and regulatory negotiations, achieving 
environmental compliance, delivering public presentations, providing expert opinions, and 
refuting claims by other experts.  He serves as both a testifying and consulting expert.  

Prior to joining Exponent, Dr. Mohsen worked as Senior Project Manager at Gannet Fleming 
and Environ International Corporation.  He has been a Visiting Professor at Rutgers University, 
a Visiting Fellow at Princeton University, an Associate Professor at the University of Petroleum 
and Minerals, and a lecturer at Bangladesh University of Engineering and Technology. 

Academic Credentials and Professional Honors 

Ph.D., Environmental Engineering and Water Resources, University of Waterloo, 1975 
M.A.Sc., Environmental Engineering and Water Resources, University of Waterloo, 1972 
B.Sc., Civil Engineering, Bangladesh University of Engineering and Technology, 1968 

Licenses and Certifications 

Registered Professional Engineer, New Jersey, #41041 
OSHA Hazardous Waste Operations and Emergency Response 40-hour certification 

Languages 

Bangali 
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Kirk O’Reilly, Ph.D., J.D. 
Managing Scientist 

Professional Profile 

Dr. Kirk O’Reilly is a Managing Scientist in Exponent’s Environmental Sciences practice and is 
based in Bellevue, Washington.  He has more than 25 years of experience investigating the 
interaction between environmental and biological chemistry, and spent 15 years as an in-house 
consultant for a major oil company.  He is a recognized expert in environmental chemistry, 
petroleum source identification, and bioremediation, and has played a significant role in 
developing the oil industry’s technical response to managing MTBE in the environment.  
Dr. O’Reilly was a founding member of Chevron’s Oil Spill Environmental Functional Team 
and is trained in aspects of spill management, response, monitoring, and remediation.  He has 
responded to spills of both crude oil and refined products, and served as on-site liaison to 
environmental regulators.  Dr. O’Reilly has provided litigation support in toxic tort and property 
damage suits, and managed projects focused on the remediation of soils, sediments, and 
groundwater, as well as on improving industrial wastewater treatment.  Specific contaminants 
studied include crude oil, refined products, chlorinated solvents, wood treatment compounds, 
pesticides, and fertilizers. He developed innovative methods for monitoring the transformation 
and assessing the risk of petroleum.  He has also conducted toxicity identification evaluations on 
refinery effluents and managed waste and water issues on offshore platforms.  Experienced 
working within the constraints of the RCRA, CERCLA, and NPDES programs, Dr. O’Reilly 
promotes the use of strategic site assessments to reduce costs while improving quality.  He has 
participated in collaborative research projects with regulators at the federal, state, and local 
levels, and taught technical courses sponsored by regulatory agencies, universities, and 
industrial trade groups. Dr. O’Reilly is a member of the Washington State Bar. 

Academic Credentials and Professional Honors 

J.D., University of Idaho College of Law (magna cum laude), 2007 
Ph.D., Biochemistry, University of Idaho, 1989 
M.S., Biology, Portland State University, 1985 
B.S., Biology, University of California, Irvine, 1980 

Licenses and Certifications 

Washington State Bar, #39473 
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Patents 

Patent 6,924,404: Inhibition of Biological Degradation of Fischer-Tropsch Products, 2005 (with 
M. Moir, and D. O’Rear). 

Patent 6,849,664: Process for Disposing Biocidecontaining Cooling Water, 2005 (with 
M. Moir, D. O’Rear, and R. Moore).   

Patent 6,800,101:  Deactivatable Biocides for hydrocarbonaceous Products, 2004 (with M. Moir 
and D. O’Rear). 

Patent 6,626,122:  Deactivatable biocides in Ballast Water, 2003 (with M. Moir, D. O’Rear, M. 
Buetzow, M. Dorsch, and V. Brian). 

Patent 6,569,909: Inhibition of Biological Degradation in Fischer-Tropsch products, 2003 (with 
M. Moir, and D. O’Rear). 

Patent 5,236,594: Process for removing toxicants from aqueous petroleum waste streams, 1993 
(with J. Suzuki). 
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Richard Podolsky, Ph.D. 
Senior Managing Scientist 

Professional Profile 

Dr. Richard Podolsky is a Senior Managing Scientist in Exponent’s EcoSciences practice.  
Dr. Podolsky’s training is in ecology and he assists clients with all aspects of environmental 
compliance, including environmental conservation, natural resource assessments, 
ecological/environmental restoration, site assessment/site investigations (SA/SI), habitat 
evaluations, resource conservation and recovery, the Migratory Bird Treaty Act (MBTA), 
Marine Mammal Protection Act (MMPA), National Environmental Policy Act (NEPA), and 
Endangered Species Act (ESA), particularly Section 7 Consultations pertaining to ESA.  

Dr. Podolsky has 30 years of experience in assisting land developers and oil, gas, and electric 
generation companies in reducing potentially adverse environmental effects of a wide range of 
projects and achieving regulatory compliance.  He is experienced in researching and 
successfully applying cost-effective, state-of-the-art environmental techniques, materials, and 
software to new development and mitigation projects, proactively addressing the environmental 
concerns of nonprofit organizations and community groups, and troubleshooting with 
governmental officials to achieve regulatory compliance.  Dr. Podolsky has worked on the 
impact of the built environment on wildlife, especially wind and solar power, artificial lighting 
big boxes, skyscrapers, and communication and utility towers. 

Dr. Podolsky has in-depth experience with the application of computers and modeling to 
scientific problems, specifically with GIS integration, pattern recognition, data mining, risk 
assessment, and remote sensing.  He regularly designs and develops software and models for 
environmental scientists, including the Avian Risk of Collision (ARC) Model, which quantifies 
risk of birds around wind turbines and communication towers; FullPixelSearch, an image 
mining software tool; GAIA, the first GIS designed for Macintosh OS; Diversidad, a software 
model for mapping biodiversity hot spots; and FireTower, a software tool for modeling wildfire 
spread. 

Academic Credentials and Professional Honors 

Ph.D., Natural Resources, University of Michigan, 1985 
M.S., Ecology, Rutgers University, 1980 
B.A., Biology, University of Wisconsin, 1976 

Licenses and Certifications 

Certified Senior Ecologist, Ecological Society of America  
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Patents 

U.S. Patent #7,315,799: Method of and Article of Manufacture for Determining Probability of 
Avian Collision.  Date of Patent: January 2008. 
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Walter J. Shields, Ph.D., C.P.S.S. 

Principal Scientist and Practice Director, Environmental and Earth Sciences
 

Professional Profile 


Dr. Walter Shields is the Director of Exponent’s Environmental and Earth Sciences practice.  A 
Certified Professional Soil Scientist, he specializes in the study of transport and geochemical 
fate of toxic pollutants and their environmental effects.  He has 34 years of experience 
conducting and managing environmental studies in more than 30 states and four Canadian 
provinces. He provides scientific and strategic consultation to industrial clients on the design 
and implementation of CERCLA and RCRA investigations, cost-effective remediation 
approaches, and negotiations with state and federal agencies.  Dr. Shields manages 
multidisciplinary investigations, risk assessments, and feasibility studies.  He investigates the 
industrial archeology of sites to understand the history of contaminant sources in a given area.  
He serves as an expert witness in environmental forensics and has testified on the origin, 
transport, and fate of chemicals in air, soils, sediments, surface water, groundwater, and biota, 
and exposure of humans and ecological receptors to those chemicals.  He has particular 
expertise in the environmental chemistry and source identification of dioxins and furans, PCBs, 
PAHs, and heavy metals and metalloids.  Dr. Shields has also testified on the allocation and 
appropriateness of remediation costs at a variety of sites.  He has specialized expertise in the 
forest products industry and at mining and smelting sites. 

Academic Credentials and Professional Honors 

Ph.D., Soil Science, University of Wisconsin, 1979 
M.S., Forest Management (Soil Science), University of Idaho, 1976 
B.S., Forest Science, University of Washington, 1974 

Elected to Phi Kappa Phi (honor society for higher education) 
Elected to Sigma Xi (honor society for science and engineering) 

Hazardous Waste Operations Management and Supervisor training 
ISC/AERMOD Air Dispersion Modeling Course 

License and Certifications 

Certified Professional Soil Scientist, No. 02471, American Registry of Certified Professionals in 
Agronomy, Crops and Soils 

11/11 

 
013896



 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 

Scott S. Shock, P.E. 
Managing Engineer 

Professional Profile 

Mr. Shock is a Managing Engineer in Exponent’s Environmental Sciences practice.  His diverse 
project experience includes site investigation and characterization, contaminant transport and 
fate, human health and ecological risk assessment, soil and groundwater remediation, 
groundwater modeling, cost analysis, and litigation support.  Mr. Shock has planned and 
implemented numerous field investigations involving a wide variety of contaminants in soil, 
groundwater, and sediment.  He is skilled in data interpretation and evaluation, and development 
of effective conceptual site models.   

One of Mr. Shock’s specialties is assessing environmental impacts associated with mining, 
particularly in sensitive habitats.  He is a leader in the development of proactive and preventive 
risk management strategies designed to minimize the environmental impacts of mining.  Mr. 
Shock is also skilled in risk communication, and in facilitating cooperation among diverse 
stakeholder groups. 

Mr. Shock’s cost analysis experience includes feasibility studies under CERCLA and RCRA, 
and cost allocations associated with cost recovery litigation and insurance coverage.  He 
employs tools such as cost/benefit analysis, Monte Carlo uncertainty analysis, sensitivity 
analysis, uncertainty reduction (e.g., through targeted supplemental data collection), net 
environmental benefits analysis, and other decision analysis methods to help clients make more 
informed and robust remediation and liability management decisions. 

Mr. Shock’s contaminated-site remediation experience includes evaluating and comparing 
remedial technologies; costing, planning, and implementing field pilot tests of remediation 
systems; and designing and supervising the installation, startup, monitoring, and closure of full-
scale remediation systems.  He has evaluated ongoing remedial actions to improve operational 
performance, and has assessed the appropriateness of past remedial actions in support of 
litigation and cost allocation negotiations, particularly with respect to volatile organics in soil 
and groundwater. 

Academic Credentials and Professional Honors 

M.S., Civil/Environmental Engineering, University of Washington, 1994 
B.S., Civil Engineering, University of Washington, 1992 

Licenses and Certifications 

Professional Engineer in Washington State, License No. 37417 
OSHA Hazardous Waste Operations and Emergency Response 40-hour certification 
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Randall Wentsel, Ph.D. 
Senior Managing Scientist 

Professional Profile 

Dr. Randall Wentsel is a Senior Managing Scientist in Exponent’s EcoSciences practice.  

Dr. Wentsel has over 30 years of experience in environmental sciences in areas including:  

sediment, aquatic, and terrestrial toxicology; ecological risk assessment; research strategies; and 

science policy. Dr. Wentsel has authored over 30 open literature publications, 70 government 

publications, and various book chapters addressing state-of-the-art techniques and 

environmental toxicology and risk assessment issues.   


One of Dr. Wentsel’s strengths is the ability to lead multi-disciplinary groups of scientists to 

address complex issues and to delineate attainable goals; these efforts have resulted in providing 

guidance to the scientific community.  Primary examples (that he has led or co-led) include the 

Environmental Protection Agency (EPA) Framework for Metals Risk Assessment, the EPA 

Office of Solid Waste and Emergency Response (OSWER) Guidance on Ecological Soil 

Screening Levels, a White House Committee for Environment and Natural Resources (CENR) 

document on Ecological Risk Assessment in the Federal Government, and a DoD Tri-service 

guidance on Ecological Risk Assessment.   


Dr. Wentsel has served in several Federal government positions.  He was the National Program
 
Director (NPD) for Contaminated Sites/Resource Conservation in the EPA’s Office of Research 

and Development (ORD), where he provided scientific direction of the program, strategic 

planning, and documentation of research impacts and applications.  In the EPA Office of Water, 

Dr. Wentsel was a Branch Chief and supervised a staff addressing nutrient criteria, biosolids 

issues, and sedimentation criteria.  He also worked in the ORD National Center for 

Environmental Assessment and the Office of Science Policy.  Working for DoD, Dr. Wentsel 

managed research activities in ecological risk assessment, aquatic and terrestrial toxicology and 

biotechnology at the U.S. Army Edgewood Research, Development, and Engineering Center.   


Dr. Wentsel has a unique breadth of experience in science policy through completion of the 

Senior Executive Fellows program at the JFK School of Government, Harvard University, being 

chosen as the SETAC Science Fellow on the U.S. Senate Environment and Public Works 

Committee, serving as the DoD member on the White House National Science and Technology 

Council, Committee on the Environment and Natural Resources, and working with the White 

House Office of Science and Technology Policy staff on risk and cost benefit issues.  


Dr. Wentsel is active in peer review panels, advisory committees, and technical workshops.  In 

the EPA development of ecological risk assessment (ERA) methods, Dr. Wentsel was a peer 

reviewer on the ERA Framework report, case studies, and guidelines.  Technical workshops 
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have included: assessing multiple stressors to ecosystems, ecological risk management, 
population modeling, soil quality standards, and bioavailability.   

Academic Credentials and Professional Honors 

Ph.D., Bionuclear, Purdue University, 1977 
M.S., Biology, Butler University, 1974 
B.S., Zoology, De Pauw University, 1973 

EPA Science Achievement Award for Biology/Ecology 
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    Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Segment State CPS?
Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost Name

     

Steele City Montana No 25.4 X X 2 Frenchman Creek Perennial -- -- 25.4 Frenchman Creek -- --

Steele City Montana No 25.75 X 1 Unnamed waterbody Ephmeral -- -- -- -- -- --

Steele City Montana No 27.06 X 1 Unnamed tributary to 
Panhandle Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 27.16 X 1 Unnamed tributary to 
Panhandle Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 28.8 X 1 Unnamed tributary to 
Panhandle Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 30.45 X 1 Unnamed tributary to 
Jordan Coulee

Intermittent -- -- -- -- -- --

Steele City Montana No 32.4 X 1 East Fork Cache Creek Ephmeral -- -- -- -- -- --

Steele City Montana No 34.7 X 1 Unnamed tributary to 
Pasture Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 35.02 X 1 Pasture Coulee Intermittent -- -- -- -- -- --

Steele City Montana No 35.34 X 1 Unnamed tributary to 
Pasture Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 35.51 X 1 Unnamed tributary to 
Pasture Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 35.54 X 1 Unnamed tributary to 
Pasture Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 35.81 X 1 Unnamed tributary to 
Pasture Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 35.84 X 1 Unnamed tributary to 
Pasture Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 35.95 X 1 Unnamed tributary to 
Pasture Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 36.01 X 1 Unnamed tributary to 
Pasture Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 36.12 X 1 Jones Coulee Intermittent -- -- -- -- -- --

Steele City Montana No 37.97 X 1 Hay Coulee Intermittent -- -- -- -- -- --

Steele City Montana No 38.59 X 1 Unnamed tributary to Rock 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 39.06 X 1 Unnamed tributary to Rock 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 39.08 X 1 Unnamed tributary to Rock 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 39.09 X 1 Unnamed tributary to Rock 
Creek

Man-made ditch -- -- -- -- -- --

Steele City Montana No 39.16 X X 2 Rock Creek Perennial -- -- 39.2 Rock Creek -- --

Steele City Montana No 40.52 X X 2 Willow Creek Perennial -- -- 40.5 Willow Creek -- --

Steele City Montana No 40.92 X 1 Unnamed tributary to Willow 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 41.06 X 1 Unnamed tributary to Willow 
Creek

Ephmeral -- -- -- -- -- --

Page 1 of 86  
013901



         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Steele City Montana No 41.72 X 1 Unnamed tributary to Willow 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 42.55 X 1 Unnamed tributary to Willow 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 44.24 X 1 Unnamed tributary to Lime 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 44.58 X 1 Unnamed tributary to Lime 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 45.05 X 1 Lime Creek Ephmeral -- -- -- -- -- --

Steele City Montana No 45.13 X 1 Lime Creek Intermittent -- -- -- -- -- --

Steele City Montana No 47.95 X 1 Black Coulee Ephmeral -- -- -- -- -- --

Steele City Montana No 48.02 X 1 Unnamed tributary to Black 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 48.03 X 1 Unnamed tributary to Black 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 48.26 X 1 Unnamed tributary to Black 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 48.32 X 1 Unnamed tributary to Black 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 48.54 X 1 Unnamed tributary to Black 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 49.9 X 1 Unnamed tributary to Bear 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 49.94 X 1 Unnamed tributary to Bear 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 50.53 X 1 Unnamed tributary to Bear 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 51.3 X 1 Brush Fork Intermittent -- -- -- -- -- --

Steele City Montana No 51.41 X 1 Unnamed tributary to Brush 
Fork Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 51.44 X 1 Unnamed tributary to Brush 
Fork Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 51.53 X 1 Unnamed tributary to Brush 
Fork Creek

Ephmeral -- -- -- -- -- --
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Approx. Special Approx. Approx. Approx. 
Segment State CPS? Milepost Fishery Wetland Wildlife Waterbody Waterbody Count Crossing Name Type Milepost Crossing? Milepost Waterbody Name Milepost Name
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Steele City Montana No 51.61 X 1 Unnamed tributary to Brush 
Fork Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 52.47 X X 2 Bear Creek Intermittent -- -- -- -- -- --

Steele City Montana No 52.58 X X 2 Unnamed tributary to Bear 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 53.49 X 1 Unger Coulee Intermittent -- -- -- -- -- --

Steele City Montana No 53.64 X 1 Unnamed tributary to Unger 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 53.79 X 1 Unnamed tributary to Unger 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 54.14 X 1 Unnamed tributary to Unger 
Coulee

Intermittent -- -- -- -- -- --

Steele City Montana No 55.03 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 55.22 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 55.46 X 1 Buggy Creek Intermittent -- -- -- -- -- --

Steele City Montana No 55.67 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 56.03 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 56.04 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

     Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Steele City Montana No 56.07 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 56.12 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 56.27 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 56.41 X 1 Unnamed tributary to Buggy 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 56.45 X 1 Unnamed tributary to Buggy 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana No 56.71 X 1 Unnamed tributary to Buggy 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 56.72 X 1 Unnamed tributary to Buggy 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 57.15 X 1 Alkali Coulee Ephmeral -- -- -- -- -- --

Steele City Montana No 57.55 X 1 Unnamed tributary to Alkali 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 57.55 X 1 Unnamed tributary to Alkali 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 57.7 X 1 Unnamed tributary to Alkali 
Coulee

Intermittent -- -- -- -- -- --

Steele City Montana No 57.74 X 1 Unnamed tributary to Alkali 
Coulee

Intermittent -- -- -- -- -- --

Steele City Montana No 57.91 X 1 Unnamed tributary to Alkali 
Coulee

Ephmeral -- -- -- -- -- --
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Steele City Montana No 58.04 X 1 Unnamed tributary to Alkali 
Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 59.5 X 1 Wire Grass Coulee Ephmeral -- -- -- -- -- --

Steele City Montana No 59.55 X 1 Unnamed tributary to Wire 
Grass Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana No 60.02 X 1 Spring Creek Intermittent -- -- -- -- -- --

Steele City Montana No 61.87 X 1 Mooney Coulee Ephmeral -- -- -- -- -- --

Steele City Montana No 62.93 X 1 Unnamed tributary to 
Mooney Coulee

Ephmeral -- -- -- -- -- --

Steele City Montana MT-1 65.97 X 1 Unnamed tributary to Cherry 
Creek

Ephmeral -- -- -- -- -- --

Steele City Montana MT-1 67.2 X 1 Cherry Creek Intermittent -- -- -- -- -- --

Steele City Montana MT-1 67.25 X 1 Cherry Creek Intermittent -- -- -- -- -- --

Steele City Montana MT-1 67.41 X 1 Unnamed tributary to Cherry 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana MT-1 68.5 X 1 Foss Creek Intermittent -- -- -- -- -- --

Steele City Montana MT-1 68.52 X 1 Foss Creek Intermittent -- -- -- -- -- --

Steele City Montana MT-1 68.64 X 1 Foss Creek Intermittent -- -- -- -- -- --
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
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Milepost
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Stream Crossing
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Fisheries
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Wetlands

(Table 3.4.2-1)

Steele City Montana MT-1 69.41 X 1 Unnamed tributary to East 
Fork

Ephmeral -- -- -- -- -- --

Steele City Montana No 70.43 X 1 Spring Coulee Intermittent -- -- -- -- -- --

Steele City Montana No 82.95 X X X 3 Milk River Perennial 82.9 Yes 82.9 Milk River -- --

Steele City Montana No 89.17 X X 2 Missouri River Perennial 89.2 Yes 89.2-89.3 Missouri River -- --
Steele City Montana No 89.26 X X 2 Missouri River Perennial 89.2 Yes 89.2-89.3 Missouri River -- --
Steele City Montana No 93.88 X 1 Unnamed tributary to 

Struple Coulee
Perennial -- -- 93.9 Unnamed tributary to 

Struple Coulee
-- --

Steele City Montana No 94.89 X 1 Unnamed tributary to 
Jorgensen Coulee

Perennial -- -- 94.9 Unnamed tributary to 
Jorgensen Coulee

-- --

Steele City Montana No 102.27 X 1 Unnamed tributary to Bear 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 102.73 X 1 Unnamed tributary to Bear 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 102.78 X 1 Unnamed tributary to Bear 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 103.18 X 1 Unnamed tributary to Bear 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 105.61 X 1 Bear Creek Ephemeral -- -- -- -- -- --

Steele City Montana No 105.62 X 1 Bear Creek Ephemeral -- -- -- -- -- --
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Steele City Montana No 107.44 X 1 Unnamed tributary to North 
Prong Shade Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 107.63 X 1 Unnamed tributary to North 
Prong Shade Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 107.68 X 1 Unnamed tributary to North 
Prong Shade Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 107.78 X 1 Unnamed tributary to North 
Prong Shade Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 107.79 X 1 Unnamed tributary to North 
Prong Shade Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 108.15 X 1 Unnamed tributary to North 
Prong Shade Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 108.58 X 1 North Prong Shade Creek Ephemeral -- -- -- -- -- --

Steele City Montana No 110.72 X 1 Shade Creek Intermittent -- -- -- -- -- --

Steele City Montana No 110.74 X 1 Shade Creek Intermittent -- -- -- -- -- --

Steele City Montana No 110.77 X 1 Shade Creek Intermittent -- -- -- -- -- --

Steele City Montana No 110.8 X 1 Unnamed tributary to Shade 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 111.71 X 1 Unnamed tributary to Shade 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 111.73 X 1 Unnamed tributary to Shade 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 111.92 X 1 Unnamed tributary to Shade 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 112.14 X 1 Unnamed tributary to Shade 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 112.41 X 1 Unnamed tributary to Shade 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 112.44 X 1 Unnamed tributary to Shade 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 114.55 X 1 South Fork Shade Creek Intermittent -- -- -- -- -- --

Steele City Montana No 115.81 X 1 Unnamed tributary to South 
Fork Shade Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 115.9 X 1 Unnamed tributary to South 
Fork Shade Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 116.25 X 1 Unnamed tributary to South 
Fork Shade Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 116.41 X 1 Unnamed tributary to South 
Fork Shade Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 117.17 X 1 Unnamed tributary to South 
Fork Shade Creek

Ephemeral -- -- -- -- -- --
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Steele City Montana No 127.99 X 1 East Fork Prairie Elk Creek Perennial -- -- 128 East Fork Prairie Elk 
Creek

-- --

Steele City Montana No 134.78 X 1 Unnamed tributary to Lost 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 136.6 X 1 Unnamed tributary to Lost 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 138.65 X 1 Unnamed tributary to Lost 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 139.19 X 1 Unnamed tributary to Lost 
Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 139.75 X 1 Unnamed tributary to Lost 
Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 146.97 X 1 Redwater River Perennial -- -- 147 Redwater River -- --
Steele City Montana No 153.69 X 1 Buffalo Spings Creek Perennial -- -- 153.7 Buffalo Spings Creek -- --
Steele City Montana No 159.63 X 1 Berry Creek Perennial -- -- 159.6 Berry Creek -- --
Steele City Montana No 166.59 X 1 Upper Seven Mile Creek Ephemeral -- -- -- -- -- --

Steele City Montana No 175.6 X 1 Clear Creek Perennial -- -- 175.6 Clear Creek -- --
Steele City Montana MT-4 196.06 X 1 Side channel of Yellowstone 

River
Perennial -- -- 196.1 Side channel of 

Yellowstone River
-- --

Steele City Montana No 196.36 X X 2 Yellowstone River Perennial 196.4 Yes 196.4 Yellowstone River -- --
Steele City Montana No 234.7 X 1 Pennel Creek Perennial -- -- 234.7 Pennel Creek -- --
Steele City Montana No 236.02 X 1 Unnamed tributary to 

Pennel Creek
Perennial -- -- 236 Unnamed tributary to 

Pennel Creek
-- --

Steele City Montana No 246.45 X 1 Unnamed tributary to Red 
Butte Creek

Ephemeral -- -- -- -- -- --

Steele City Montana No 246.51 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 246.65 X 1 Unnamed tributary to Red 

Butte Creek
Ephemeral -- -- -- -- -- --

Steele City Montana No 249 X 1 Unnamed tributary to Red 
Butte Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 250.2 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 250.22 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 250.27 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 250.9 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 251.11 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 251.12 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 251.13 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 251.2 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 251.28 X 1 Red Butte Creek Intermittent -- -- -- -- -- --
Steele City Montana No 251.45 X 1 Unnamed tributary to Red 

Butte Creek
Intermittent -- -- -- -- -- --

Steele City Montana No 251.91 X 1 Unnamed tributary to Red 
Butte Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 252.45 X 1 Unnamed tributary to Red 
Butte Creek

Intermittent -- -- -- -- -- --

Steele City Montana No 262.68 X 1 Little Beaver Creek Perennial -- -- 262.7 Little Beaver Creek -- --
Steele City Montana MT-7 281.47 X 1 Boxelder Creek Perennial -- -- 281.5 Boxelder Creek -- --
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Steele City South Dakota SD-2 292.08 X 1 Little Missouri River Perennial 292.1 Yes 292.1 Little Missouri River -- --

    Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 
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Steele City South Dakota No 303.27 X 1 Unnamed tributary to Jones 
Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 303.95 X 1 Unnamed tributary to Jones 
Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 304.22 X 1 Unnamed tributary to Jones 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 304.75 X 1 Unnamed tributary to Jones 
Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 306.09 X 1 Unnamed tributary to Jones 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 306.65 X 1 Unnamed tributary to Jones 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 307.43 X 1 Unnamed tributary to Jones 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 308.21 X 1 Unnamed tributary to Rush 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 308.28 X 1 Unnamed tributary to Rush 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 308.6 X 1 Unnamed tributary to Rush 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 308.7 X 1 Unnamed tributary to Rush 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 309.13 X 1 Unnamed tributary to Rush 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 309.55 X 1 Unnamed tributary to Rush 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 311.67 X 1 Unnamed tributary to Rush 
Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 318.09 X 1 South Fork Grand River Perennial -- -- 318.1 South Fork Grand River -- --

Steele City South Dakota No 322.88 X 1 Clark's Fork Creek Perennial -- -- 322.9 Clark's Fork Creek -- --
Steele City South Dakota No 328.67 X 1 West Squaw Creek Intermittent -- -- -- -- -- --

Steele City South Dakota No 328.74 X 1 West Squaw Creek Intermittent -- -- -- -- -- --

Steele City South Dakota No 328.82 X 1 West Squaw Creek Intermittent -- -- -- -- -- --

Steele City South Dakota No 328.83 X 1 West Squaw Creek Intermittent -- -- -- -- -- --

Steele City South Dakota No 328.86 X X 2 West Squaw Creek Intermittent -- -- 328.9 West Squaw Creek -- --

Steele City South Dakota No 329.07 X 1 Unnamed tributary to West 
Squaw Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 329.09 X 1
Squaw Creek
Unnamed tributary to West Ephemeral -- -- -- -- -- --

Steele City South Dakota No 329.33 X 1
Squaw Creek
Unnamed tributary to West Ephemeral -- -- -- -- -- --

Steele City South Dakota No 330.34 X 1
Squaw Creek
Unnamed tributary to West Ephemeral -- -- -- -- -- --

Steele City South Dakota No 330.53 X 1
Squaw Creek
Unnamed tributary to West Intermittent -- -- -- -- -- --
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Steele City South Dakota No 330.62 X 1 Unnamed tributary to West 
Squaw Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 331.01 X 1 Unnamed tributary to West 
Squaw Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 331.12 X 1 Unnamed tributary to West 
Squaw Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 331.32 X 1 Unnamed tributary to West 
Squaw Creek

Ephemeral -- -- -- -- -- --

Steele City South Dakota No 331.7 X 1 Unnamed tributary to West 
Squaw Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 331.91 X 1 Unnamed tributary to West 
Squaw Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 331.98 X 1 Unnamed tributary to West 
Squaw Creek

Intermittent -- -- -- -- -- --

Steele City South Dakota No 353.1 X 1 Unnamed tributary to North 
Fork Moreau River

Perennial -- -- 353.1 Unnamed tributary to 
North Fork Moreau 
River

-- --

Steele City South Dakota No 356.94 X 1 North Fork Moreau River Perennial -- -- 356.9 North Fork Moreau 
River

-- --

Steele City South Dakota No 364.83 X 1 South Fork Moreau River Perennial -- -- 364.8 South Fork Moreau 
River

-- --

Steele City South Dakota No 383.72 X 1 Pine Creek Perennial -- -- 383.7 Pine Creek -- --
Steele City South Dakota No 408.94 X 1 Red Owl Creek Perennial -- -- 408.9 Red Owl Creek -- --
Steele City South Dakota SD-4 425.42 X 1 Narcelle Creek Perennial -- -- 425.4 Narcelle Creek -- --
Steele City South Dakota SD-4 426.02 X 1 Unnamed tributary to 

Cheyenne River
Ephemeral -- -- -- -- -- --

Steele City South Dakota SD-4 426.07 X X 2 Cheyenne River Perennial 426.1 Yes 426.1 Cheyenne River -- --
Steele City South Dakota SD-4 429.11 X 1 Bridger Creek Perennial -- -- 429.1 Bridger Creek -- --
Steele City South Dakota No 443.84 X 1 West Plum Creek Perennial -- -- 443.8 West Plum Creek -- --
Steele City South Dakota No 460.92 X 1 Witcher Holes Creek Intermittent -- -- -- -- -- --
Steele City South Dakota No 460.94 X 1 Witcher Holes Creek Intermittent -- -- -- -- -- --
Steele City South Dakota No 461.63 X 1 Unnamed tributary to 

Witcher Holes Creek
Ephemeral -- -- -- -- -- --

Steele City South Dakota SD-5 479.27 X 1 Mitchell Creek Perennial -- -- 479.3 Mitchell Creek -- --
Steele City South Dakota No 481.54 X 1 Bad River Perennial -- -- 481.5 Bad River -- --
Steele City South Dakota SD-6 537.09 X X 2 White River Ephemeral -- -- 537.1 White River -- --
Steele City South Dakota No 537.13 X X 2 White River Perennial 537.2 Yes 537.1 White River -- --
Steele City Nebraska No 599.9 X X X 3 Keya Paha River Perennial -- -- 599.9 Keya Paha River 600-746 NE Sand Hills 

Wetlands
Steele City Nebraska No 601.12 X 1 Unnamed tributary to Keya 

Paha River
Intermittent -- -- -- -- 600-746 NE Sand Hills 

Wetlands
Steele City Nebraska No 601.46 X 1 Unnamed tributary to Keya 

Paha River
Intermittent -- -- -- -- 600-746 NE Sand Hills 

Wetlands
Steele City Nebraska No 604.19 X X 2 Spring Creek Perennial -- -- 604.2 Spring Creek 600-746 NE Sand Hills 

Wetlands
Steele City Nebraska No 604.53 X 1 Unnamed tributary to Spring 

Creek
Ephemeral -- -- -- -- 600-746 NE Sand Hills 

Wetlands
Steele City Nebraska No 615.38 X X X 3 Niobrara River Perennial -- -- 615.4-651.6 Niobrara River 600-746 NE Sand Hills 

Wetlands
Steele City Nebraska No 615.48 X X X 3 Niobrara River Perennial 615.5 Yes 615.4-651.6 Niobrara River 600-746 NE Sand Hills 

Wetlands
Steele City Nebraska No 615.61 X X X 3 Niobrara River Perennial 615.5 Yes 615.4-651.6 Niobrara River 600-746 NE Sand Hills 

Wetlands
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Steele City Nebraska No 624.65 X X 2 Ash Creek Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 628.81 X X X 3 Unnamed tributary to North 
Branch Elkhorn River

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 628.92 X X X 3 North Branch Elkhorn River Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 630.16 X X X 3 Unnamed tributary to South 
Branch Elkhorn River

Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 630.46 X X X X 4 South Fork Elkhorn River Perennial -- -- 630.5 South Fork Elkhorn 
River

600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 630.69 X X X 3 Unnamed tributary to South 
Branch Elkhorn River

Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 634.18 X X X 3 Unnamed tributary to 
Keegan Creek

Man-made ditch -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 636.33 X X X 3 Keegan Creek Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 636.35 X X X 3 Keegan Creek Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 636.36 X X X 3 Keegan Creek Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 639.88 X X 2 Unnamed tributary to Dry 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 640.57 X X 2 Dry Creek Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 647.1 X X 2 Unnamed tributary to Holt 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 647.31 X X X 3 Holt Creek Perennial -- -- 647.3 Holt Creek 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 648 X X 2 Unnamed tributary to Holt 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 649.98 X X 2 Unnamed tributary to Holt 
Creek

Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 654.18 X X 2 Unnamed tributary to Dry 
Creek

Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 656.17 X X 2 Unnamed tributary to Dry 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 657.84 X X 2 Dry Creek Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 658.79 X X 2 Dry Creek Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 660.22 X X X 3 South Fork Elkhorn River Perennial -- -- 660.2 South Fork Elkhorn 
River

600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 660.23 X X X 3 South Fork Elkhorn River Perennial -- -- 660.2 South Fork Elkhorn 
River

600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 697.3 X X X 3 Cedar River Perennial 697.3 Yes 697.3 Cedar River 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 708.57 X 1 Unnamed tributary to 
Freeman Creek

Intermittent -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 712.3 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands
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Steele City Nebraska No 712.63 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 712.76 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 712.97 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 713.52 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 714.06 X 1 Troy Creek Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 714.35 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 715.56 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 715.78 X 1 Unnamed tributary to Troy 
Creek

Man-made waterbody -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 720.58 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 722.21 X 1 Unnamed tributary to Troy 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 722.28 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 722.41 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 722.52 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 722.55 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 722.82 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 722.85 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 722.9 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 727.96 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 728.52 X X 2 South Branch Timber Creek Perennial -- -- 728.5 South Branch Timber 
Creek

600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 729.39 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 729.69 X X 2 Unnamed tributary to South 
Branch Timber Creek

Perennial -- -- 729.7
South Branch Timber 
Unnamed tributary to 

Creek

600-746 NE Sand Hills 
Wetlands
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Steele City Nebraska No 729.77 X 1 Unnamed tributary to South 
Branch Timber Creek

Perennial -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 730.44 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 731.35 X 1 Unnamed tributary to South 
Branch Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 732.99 X 1 Unnamed tributary to 
Timber Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 735.48 X 1 Unnamed tributary to Horse 
Creek

Open Water -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 735.5 X 1 Unnamed tributary to Horse 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 736.57 X 1 Unnamed tributary to Horse 
Creek

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska NE-5 738.63 X X 2 Fullerton Canal Perennial -- -- 738.6 Fullterton Canal 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 740.72 X X X 3 Loup River Perennial 740.7 Yes 740.7 Loup River 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 741.06 X 1 Unnamed tributary to Loup 
River

Ephemeral -- -- -- -- 600-746 NE Sand Hills 
Wetlands

Steele City Nebraska No 747.14 X 1 Prairie Creek Perennial -- -- 747.1 Prairie Creek -- --
Steele City Nebraska No 755.74 X 1 Warm Slough Perennial -- -- 755.7 Warm Slough -- --
Steele City Nebraska No 756.28 X X 2 Platte River Perennial 756.3 Yes 756.3-756.5 Platte River -- --
Steele City Nebraska NE-7 758.13 X X X 3 Unnamed tributary to Platte 

River
Perennial -- -- 758.1-758.2 Unnamed tributary to 

Platte River
758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska NE-7 758.24 X X X 3 Unnamed tributary to Platte 

River
Perennial -- -- 758.1-758.2 Unnamed tributary to 

Platte River
758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska NE-7 759.2 X X 2 Unnamed tributary to Platte 

River
Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 759.45 X X 2 Unnamed tributary to Platte 

River
Intermittent -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 759.72 X X 2 Unnamed tributary to Platte 

River
Intermittent -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 759.73 X X 2 Unnamed tributary to Platte 

River
Intermittent -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 759.75 X X 2 Unnamed tributary to Platte 

River
Intermittent -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 765.5 X X X 3 Big Blue River Perennial -- -- 765.5 Big Blue River 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 767.12 X X 2 Unnamed tributary to Big 

Blue River
Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 774.93 X X X 3 Lincoln Creek Perennial -- -- 774.9 Lincoln Creek 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 775.2 X X 2 Unnamed tributary to 

Lincoln Creek
Intermittent -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 778.02 X X X 3 Unnamed tributary to 

Beaver Creek
Intermittent -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
Steele City Nebraska No 778.03 X X X 3 Unnamed tributary to 

Beaver Creek
Intermittent -- -- -- -- 758-847.4 Rainwater Basin 

Wetlands
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Steele City Nebraska NE-9 780.21 X X X X 4 Beaver Creek Perennial -- -- 780.21 Beaver Creek 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska NE-9 786.15 X X 2 Unnamed tributary to West 
Fork Big Blue River

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 787.31 X X 2 Unnamed tributary to West 
Fork Big Blue River

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 788.12 X X 2 Unnamed tributary to West 
Fork Big Blue River

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 789.57 X X X 3 West Fork Big Blue Perennial -- -- 789.6 West Fork Big Blue 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 789.84 X X 2 Unnamed tributary to West 
Fork Big Blue River

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 790.48 X X 2 Unnamed tributary to West 
Fork Big Blue River

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 791.29 X X 2 Unnamed tributary to West 
Fork Big Blue River

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 795.05 X X 2 Indian Creek Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 799.43 X X 2 Unnamed tributary to Indian 
Creek

Man-made ditch -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 801.55 X X 2 Unnamed tributary to 
Turkey Creek

Man-made ditch -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 806.38 X X 2 Unnamed tributary to 
Turkey Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 807.54 X X X 3 Unnamed tributary to 
Turkey Creek

Perennial -- -- 807.54 Unnamed tributary to 
Turkey Creek

758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska NE-12 808.55 X X X 3 Turkey Creek Perennial -- -- 808.6 Turkey Creek 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 808.91 X X 2 Unnamed tributary to 
Turkey Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 810.08 X X 2 Unnamed tributary to 
Turkey Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 810.1 X X 2 Unnamed tributary to 
Turkey Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 813.19 X X X 3 Unnamed tributary to North 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 815.14 X X X 3 Unnamed tributary to North 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 815.36 X X X 3 Unnamed tributary to North 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 816.36 X X X 3 Unnamed tributary to North 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 816.41 X X X 3 Unnamed tributary to North 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 816.45 X X X 3 Unnamed tributary to North 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 817.16 X X X 3 Unnamed tributary to North 
Fork Swan Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 817.55 X X X 3 Unnamed tributary to North 
Fork Swan Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 823.48 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands
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Steele City Nebraska No 823.54 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 823.61 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 823.97 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Man-made ditch -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 825.04 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 825.04 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 826.27 X X X 3 South Fork Swan Creek Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 829.47 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 829.81 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 829.88 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 829.99 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 830.61 X X X 3 Unnamed tributary to South 
Fork Swan Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 831.33 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 832.18 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 832.71 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 832.73 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 832.74 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 833.9 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 835.29 X X X 3 Cub Creek Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska NE-14 836.32 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska NE-14 836.94 X X X 3 Unnamed tributary to Cub 
Creek

Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 837.46 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 837.53 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 838.62 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 838.76 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 840.59 X X X 3 Unnamed tributary to Cub 
Creek

Ephemeral -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 843.03 X X X 3 Big Indian Creek Intermittent -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands
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Steele City Nebraska No 847.32 X X X 3 Unnamed tributary to Big 
Indian Creek

Man-made ditch -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska No 847.34 X X X 3 Unnamed tributary to Big 
Indian Creek

Man-made ditch -- -- -- -- 758-847.4 Rainwater Basin 
Wetlands

Steele City Nebraska NE-17 848.66 X 1 Unnamed tributary to Big 
Indian Creek

Intermittent -- -- -- -- -- --

Gulf Coast Oklahoma No 1.24 X 1 Wildhorse Creek Perennial -- -- 1.2 Wildhorse Creek -- --
Gulf Coast Oklahoma No 2.45 X 1 Turkey Creek Perennial -- -- 2.5 Turkey Creek -- --
Gulf Coast Oklahoma No 2.94 X 1 Unnamed tributary to 

Euchee Creek
Perennial -- -- 2.9 Unnamed tributary to 

Euchee Creek
-- --

Gulf Coast Oklahoma No 3.27 X 1 Unnamed tributary to 
Euchee Creek

Perennial -- -- 3.3 Unnamed tributary to 
Euchee Creek

-- --

Gulf Coast Oklahoma No 6.98 X X 2 Unnamed tributary to Camp 
Creek

Perennial -- -- 7 Unnamed tributary to 
Camp Creek

-- --

Gulf Coast Oklahoma No 7.6 X 1 Unnamed tributary to Camp 
Creek

Unknown -- -- -- -- -- --

Gulf Coast Oklahoma OK-2 7.83 X X 2 Unnamed tributary to Camp 
Creek

Perennial -- -- 7.8 Unnamed tributary to 
Camp Creek

-- --

Gulf Coast Oklahoma OK-2 8.38 X 1 Unnamed tributary to Camp 
Creek

N/A -- -- -- -- -- --

Gulf Coast Oklahoma OK-2 9.1 X 1 Unnamed tributary to Camp 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Oklahoma No 9.37 X 1 Unnamed tributary to Camp 
Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Oklahoma OK-3 14.06 X 1 Salt Creek Perennial -- -- 14.1 Salt Creek -- --
Gulf Coast Oklahoma OK-3 14.84 X 1 Unnamed tributary to Salt 

Creek
Perennial -- -- 14.8-15.3 Unnamed tributary to 

Salt Creek
-- --

Gulf Coast Oklahoma OK-3 15.23 X 1 Unnamed tributary to Salt 
Creek

Perennial -- -- 14.8-15.3 Unnamed tributary to 
Salt Creek

-- --

Gulf Coast Oklahoma OK-3 15.25 X 1 Unnamed tributary to Salt 
Creek

Perennial -- -- 14.8-15.3 Unnamed tributary to 
Salt Creek

-- --

Gulf Coast Oklahoma No 19.52 X 1 Unnamed tributary to Deep 
Fork River

Perennial -- -- 19.5 Unnamed tributary to 
Deep Fork River

-- --

Gulf Coast Oklahoma No 22.15 X X X 3 Deep Fork River Perennial 22.2 Yes 22.2 Deep Fork River 22.1-23.3 Deep Fork Wildlife 
Management Area
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Gulf Coast Oklahoma No 22.99 X X 2 Unnamed tributary to Deep 
Fork River

Intermittent -- -- -- -- 22.1-23.3 Deep Fork Wildlife 
Management Area

Gulf Coast Oklahoma No 24.03 X 1 Pettiquah Creek Perennial -- -- 24 Pettiquah Creek -- --
Gulf Coast Oklahoma No 28.3 X 1 Little Hilliby Creek Perennial -- -- 28.3 Little Hilliby Creek -- --
Gulf Coast Oklahoma No 30.41 X 1 Hilliby Perennial -- -- 30.4 Hilliby -- --
Gulf Coast Oklahoma No 32.65 X 1 Unnamed tributary to Hilliby 

Creek
Perennial -- -- 32.7 Unnamed tibutary to 

Hilliby Creek
-- --

Gulf Coast Oklahoma No 38.3 X 1 Unnamed tributary to North 
Canadian River

Perennial -- -- 38.3 Unnamed tributary to 
North Canadian River

-- --

Gulf Coast Oklahoma No 38.55 X X 2 North Canadian River Perennial 38.6 Yes 38.6 North Canadian River -- --
Gulf Coast Oklahoma No 39.9 X 1 Tributary to North Canadian 

River
Perennial -- -- 39.9 Tributary to North 

Canadian River
-- --

Gulf Coast Oklahoma No 43.53 X 1 Sand Creek Perennial -- -- 43.5 Sand Creek -- --
Gulf Coast Oklahoma OK-4 46.82 X 1 Unnamed tributary to Little 

Wewoka Creek
Perennial -- -- 46.8 Unnamed tributary to 

Little Wewoka Creek
-- --

Gulf Coast Oklahoma No 47.29 X 1 Unnamed tributary to Little 
Wewoka Creek

Perennial -- -- 47.3 Unnamed tributary to 
Little Wewoka Creek

-- --

Gulf Coast Oklahoma No 47.95 X 1 Little Wewoka Creek Perennial -- -- 48 Little Wewoka Creek -- --
Gulf Coast Oklahoma No 50.01 X 1 Unnamed tributary to Little 

Wewoka Creek
Perennial -- -- 50 Unnamed tributary to 

Little Wewoka Creek
-- --

Gulf Coast Oklahoma No 52.44 X 1 Unnamed tributary to Long 
George Creek

Perennial -- -- 52.4 Unnamed tributary to 
Long George Creek

-- --

Gulf Coast Oklahoma No 58.7 X 1 Wewoka Creek Perennial -- -- 58.7 Wewoka Creek -- --
Gulf Coast Oklahoma No 59.84 X 1 Jacobs Creek Perennial -- -- 59.8-60.3 Jacobs Creek -- --
Gulf Coast Oklahoma No 59.98 X 1 Unnamed tributary to 

Jacobs Creek
Ephemeral -- -- 59.8-60.3 Jacobs Creek -- --

Gulf Coast Oklahoma No 60.28 X 1 Jacobs Creek Perennial -- -- 59.8-60.3 Jacobs Creek -- --
Gulf Coast Oklahoma No 60.33 X 1 Jacobs Creek Perennial -- -- 59.8-60.3 Jacobs Creek -- --
Gulf Coast Oklahoma OK-6 67.22 X 1 Bird Creek Perennial -- -- 67.2 Bird Creek -- --
Gulf Coast Oklahoma OK-6 70.38 X 1 Little River Perennial 70.4 Yes 70.4 Little River -- --
Gulf Coast Oklahoma No 72.95 X 1 Unnamed tributary to Little 

River
Perennial -- -- 73 Unnamed tributary to 

Little River
-- --

Gulf Coast Oklahoma OK-6 74.05 X X 2 Canadian River Perennial 74.1 Yes 74.1 South Canadian River -- --

Gulf Coast Oklahoma OK-6 74.74 X 1 Unnamed tributary to 
Canadian River

Perennial -- -- 74.7 Unnamed tributary to 
Canadian River

-- --

Gulf Coast Oklahoma OK-7 79.56 X 1 Unnamed tributary to Big 
Sandy Creek

Perennial -- -- 79.6 Unnamed tributary to 
Big Sandy Creek

-- --

Gulf Coast Oklahoma No 80.17 X 1 Unnamed tributary to Big 
Sandy Creek

Perennial -- -- 80.2 Unnamed tributary to 
Big Sandy Creek

-- --

Gulf Coast Oklahoma No 87.34 X 1 Muddy Boggy Creek Perennial -- -- 87.3 Muddy Boggy Creek -- --
Gulf Coast Oklahoma No 95.02 X 1 Unnamed tributary to 

Turkey Creek
Perennial -- -- 95 Unnamed tributary to 

Turkey Creek
-- --

Gulf Coast Oklahoma No 96.14 X 1 Unnamed tributary to 
Turkey Creek

Perennial -- -- 96.1 Unnamed tributary to 
Turkey Creek

-- --

Gulf Coast Oklahoma No 102.25 X 1 Unnamed triburaty to Little 
Caney Boggy Creek

Perennial -- -- 102.3 Unnamed triburaty to 
Little Caney Boggy 
Creek

-- --

Gulf Coast Oklahoma No 102.69 X 1 Unnamed triburaty to Little 
Caney Boggy Creek

Perennial -- -- 102.7 Unnamed triburaty to 
Little Caney Boggy 
Creek

-- --
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Gulf Coast Oklahoma No 111.06 X 1 Unnamed tributary to Coal 
Creek

Perennial -- -- 111.1 Unnamed tributary to 
Coal Creek

-- --

Gulf Coast Oklahoma No 119.15 X 1 Unnamed tributary to 
Fronterhouse Creek

Perennial -- -- 119.2 Unnamed tributary to 
Fronterhouse Creek

-- --

Gulf Coast Oklahoma No 122.57 X 1 Fronterhouse Creek Perennial 122.6 Yes 122.6 Fronterhouse Creek -- --
Gulf Coast Oklahoma No 123.08 X 1 Unnamed tributary to 

Fronterhouse Creek
Perennial -- -- 123.1 Unnamed tributary to 

Fronterhouse Creek
-- --

Gulf Coast Oklahoma No 124.08 X 1 Unnamed tributary to 
Fronterhouse Creek

Perennial -- -- 124.1 Unnamed tributary to 
Fronterhouse Creek

-- --

Gulf Coast Oklahoma No 125.62 X 1 Unnamed tributary to Clear 
Boggy Creek

Perennial -- -- 125.6 Unnamed tributary to 
Clear Boggy Creek

-- --

Gulf Coast Oklahoma No 126.2 X 1 Unnamed tributary to Clear 
Boggy Creek

Perennial -- -- 126.2 Unnamed tributary to 
Clear Boggy Creek

-- --

Gulf Coast Oklahoma No 126.89 X 1 Clear Boggy Creek Perennial -- -- 126.9 Clear Boggy Creek -- --
Gulf Coast Oklahoma No 127.09 X 1 Unnamed tributary to Clear 

Boggy Creek
Perennial 127.1 Yes 127.1-127.3 Unnamed tributary to 

Clear Boggy Creek
-- --

Gulf Coast Oklahoma No 127.26 0 Unnamed tributary to Clear 
Boggy Creek

Perennial -- -- 127.1-127.3 Unnamed tributary to 
Clear Boggy Creek

-- --

Gulf Coast Oklahoma No 129.45 X 1 Unnamed tributary to Clear 
Boggy Creek

Perennial -- -- 129.5 Unnamed tributary to 
Clear Boggy Creek

-- --

Gulf Coast Oklahoma No 131.34 X 1 Cowpen Creek Perennial -- -- 131.3 Cowpen Creek -- --
Gulf Coast Oklahoma No 133.24 X 1 Unnamed tributary to Long 

Branch Creek
Perennial -- -- 133.2 Unnamed tributary to 

Long Branch Creek
-- --

Gulf Coast Oklahoma No 155.68 X X 2 Red River Perennial 155.7 Yes 155.6 Unnamed tributary to 
Red River

-- --

Gulf Coast Oklahoma No 155.73 X X 2 Red River Perennial 155.7 Yes 155.7-155.8 Red River -- --
Gulf Coast Texas No 158.53 X 1 Unnamed tributary to Red 

River
Perennial -- -- 158.5 Unnamed tributary to 

Red River
-- --

Gulf Coast Texas No 162.02 X X X 3 Bois D'Arc Creek Perennial 162 Yes 162 Bois D'Arc Creek 162 WRP Contract Land

Gulf Coast Texas No 165.65 X 1 Unnamed tributary to 
Slough Creek

Perennial -- -- 165.7 Unnamed tributary to 
Slough Creek

-- --

Gulf Coast Texas No 166.16 X 1 Slough Creek Perennial -- -- 166.2 Slough Creek -- --
Gulf Coast Texas No 168.32 X X 2 Unnamed tributary to 

Shooter Creek
Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 168.33 X X 2 Unnamed tributary to 
Shooter Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 168.33 X X 2 Unnamed tributary to 
Shooter Creek

Ephemeral -- -- -- -- -- --
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Gulf Coast Texas No 168.84 X X 2 Unnamed tributary to 
Shooter Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 169.29 X X X 3 Shooter Creek Perennial -- -- 169.3 Shooter Creek -- --

Gulf Coast Texas No 169.48 X X 2 Collins Creek Intermittent -- -- -- -- -- --

Gulf Coast Texas No 170.3 X X 2 Unnamed tributary to 
Sanders Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 170.39 X X 2 Unnamed tributary to 
Sanders Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 170.9 X X X 3 Unnamed tributary to 
Sanders Creek

Perennial -- -- 170.9 Unnamed tributary to 
Sanders Creek

-- --

Gulf Coast Texas No 171.16 X X X 3 Sanders Creek Perennial -- -- 171.2 Sanders Creek -- --

Gulf Coast Texas No 172.71 X X X 3 Cottonwood Creek Perennial -- -- 172.7 Cottonwood Creek -- --

Gulf Coast Texas No 173.41 X X 2 Unnamed tributary to 
Cottonwood Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 174.22 X 1 Unnamed triburaty to Doss 
Creek

Perennial -- -- 174.2 Unnamed triburaty to 
Doss Creek

-- --
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 184 X 1 Unnamed tributary to 
Mallory Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 184.08 X 1 Unnamed tributary to 
Mallory Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 185.09 X 1 Unnamed tributary to 
Mallory Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 186.41 X 1 Mallory Creek Perennial -- -- -- -- -- --

Gulf Coast Texas No 187.51 X 1 Mallory Creek Perennial -- -- -- -- -- --

Gulf Coast Texas No 188.52 X 1 Unnamed tributary to 
Mallory Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 189.31 X 1 Justiss Creek Intermittent -- -- -- -- -- --

Gulf Coast Texas No 190.52 X X 2 Unnamed tributary of North 
Sulphur River

Intermittent -- -- -- -- -- --
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 190.52 X X 2 Unnamed tributary of North 
Sulphur River

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 190.52 X X 2 Unnamed tributary of North 
Sulphur River

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 190.66 X X 2 Unnamed tributary of North 
Sulphur River

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 190.67 X X 2 Unnamed tributary of North 
Sulphur River

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 190.75 X X 2 North Sulphur River Perennial 190.8 Yes -- -- -- --

Gulf Coast Texas No 190.76 X X X 3 North Sulphur River Perennial 190.8 Yes 190.8 North Sulphur River -- --

Gulf Coast Texas No 190.76 X X X 3 North Sulphur River Perennial 190.8 Yes 190.8 North Sulphur River -- --

Gulf Coast Texas No 190.76 X X X 3 North Sulphur River Perennial 190.8 Yes 190.8 North Sulphur River -- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 190.82 X 1 Unnamed tributary of North 
Sulphur River

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 191.05 X 1 Unnamed tributary of North 
Sulphur River

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 192.85 X 1 Unnamed tributary of North 
Sulphur River

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 193.67 X 1 Unnamed tributary of North 
Sulphur River

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 194.24 X 1 Unnamed tributary to Lake 
Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 194.25 X 1 Unnamed tributary to Lake 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 194.26 X 1 Unnamed tributary to Lake 
Creek

Ephemeral -- -- -- -- -- --
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 194.96 X 1 Unnamed tributary to Lake 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 195.87 X 1 Unnamed tributary to Lake 
Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 195.91 X 1 Unnamed waterbody Perennial -- -- -- -- -- --

Gulf Coast Texas No 196.37 X 1 Unnamed tributary to Lake 
Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 199.59 X 1 Evans Branch Intermittent -- -- -- -- -- --

Gulf Coast Texas No 199.84 X 1 Evans Branch Seasonal -- -- -- -- -- --

Gulf Coast Texas No 201.77 X X 2 South Sulphur River Perennial 201.8 Yes 201.7-201.8 South Sulphur River -- --

Gulf Coast Texas No 201.78 X X 2 South Sulphur River Perennial 201.8 Yes 201.7-201.8 South Sulphur River -- --
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 202.95 X 1 Unnamed tributary to South 
Sulphur River

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 202.95 X 1 Unnamed tributary to South 
Sulphur River

Perennial -- -- -- -- -- --

Gulf Coast Texas No 203.4 X 1 Unnamed tributary to South 
Sulphur River

Unknown -- -- -- -- -- --

Gulf Coast Texas No 203.76 X 1 Unnamed tributary to South 
Sulphur River

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 203.77 X 1 Unnamed tributary to South 
Sulphur River

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 203.79 X 1 Unnamed tributary to South 
Sulphur River

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 203.95 X 1 Unnamed tributary to South 
Sulphur River

Perennial -- -- -- -- -- --

Gulf Coast Texas No 204.09 X 1 Unnamed tributary to South 
Sulphur River

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 204.14 X 1 Unnamed tributary to South 
Sulphur River

Ephemeral -- -- -- -- -- --
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 212.11 X 1 Crosstimber Creek Perennial -- -- 212.1 Crosstimber Creek -- --
Gulf Coast Texas No 212.82 X 1 White Oak Creek Perennial 212.8 Yes 212.8 White Oak Creek -- --
Gulf Coast Texas No 217.18 X 1 Unnamed tributary to Stouts 

Creek
Perennial -- -- 217.2 Unnamed tributary to 

Stouts Creek
-- --

Gulf Coast Texas No 218.23 X 1 Stouts Creek Perennial -- -- 218.2 Stouts Creek -- --
Gulf Coast Texas No 220.91 X 1 Greenwood Creek Perennial -- -- 220.9 Greenwood Creek -- --
Gulf Coast Texas TX-1 223.05 X X 2 Unnamed tributary to 

Huggings Creek
Intermittent -- -- -- -- -- --

Gulf Coast Texas No 224.15 X X X 3 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- 224.2 Unnamed tributary to 
Little Cypress Creek

-- --

Gulf Coast Texas No 225.03 X X 2 Unnamed tributary to Little 
Cypress Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 225.38 X X 2 Unnamed tributary to Little 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 225.42 X X 2 Unnamed tributary to Little 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas TX-1 226.04 X X 2 Unnamed tributary to Little 
Cypress Creek

Unknown -- -- -- -- -- --

Gulf Coast Texas TX-1 226.2 X X 2 Unnamed tributary to Little 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas TX-1 226.23 X X 2 Unnamed tributary to Little 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas TX-1 226.29 X X 2 Unnamed tributary to Little 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 226.68 X X X 3 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- 226.7 Unnamed tributary to 
Little Cypress Creek

-- --

Gulf Coast Texas No 226.76 X X X 3 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- 226.8 Unnamed tributary to 
Little Cypress Creek

-- --

Gulf Coast Texas No 227.52 X X 2 Unnamed tributary to Big 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 227.53 X X 2 Unnamed tributary to Big 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 227.58 X X 2 Unnamed tributary to Big 
Cypress Creek

Perennial -- -- -- -- -- --

Gulf Coast Texas No 227.68 X X 2 Unnamed tributary to Big 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 227.91 X X 2 Unnamed tributary to Big 
Cypress Creek

Perennial -- -- -- -- -- --

Gulf Coast Texas No 227.95 X X 2 Unnamed tributary to Big 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 228.34 X X 2 Unnamed tributary to Big 
Cypress Creek

Perennial 228.4 Yes -- -- -- --

Gulf Coast Texas No 228.48 X X X 3 Unnamed tributary to Big 
Cypress Creek

N/A -- -- 228.5 Unnamed tributary to 
Little Cypress Creek

-- --
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         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 228.86 X X 2 Unnamed tributary to Big 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 228.88 X X 2 Unnamed tributary to Big 
Cypress Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 230.07 X X 2 Unnamed tributary to 
Brushy Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 230.41 X X 2 Unnamed tributary to 
Brushy Creek

Unknown -- -- -- -- -- --

Gulf Coast Texas No 230.42 X X 2 Unnamed tributary to 
Brushy Creek

Unknown -- -- -- -- -- --

Gulf Coast Texas No 230.89 X X 2 Unnamed tributary to 
Brushy Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 231.22 X X 2 Unnamed tributary to 
Brushy Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 231.43 X X 2 Unnamed tributary to 
Brushy Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 231.6 X X 2 Unnamed tributary to 
Brushy Creek

Unknown -- -- -- -- -- --

Gulf Coast Texas No 231.85 X X 2 Unnamed tributary to 
Brushy Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 232.65 X X X 3 Brushy Creek Perennial -- -- 232.7 Brushy Creek -- --

Gulf Coast Texas No 232.75 X X X 3 Unnamed tributary to 
Brushy Creek

Perennial -- -- 232.8 Unnamed tributary to 
Brushy Creek

-- --

Gulf Coast Texas No 233.08 X X X 3 Unnamed tributary to 
Brushy Creek

Perennial -- -- 233.1 Unnamed tributary to 
Brushy Creek

-- --

Gulf Coast Texas No 234.13 X X X 3 Unnamed tributary to Briary 
Creek

Perennial -- -- 234.1 Unnamed tributary to 
Briary Creek

-- --

Gulf Coast Texas No 234.21 X X 2 Briary Creek Intermittent -- -- -- -- -- --

Gulf Coast Texas No 234.59 X X X 3 Sand Branch Perennial -- -- 234.6 Sand Branch -- --

Gulf Coast Texas No 234.7 X X 2 Unnamed tributary to Sand 
Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 235.05 X X X 3 Unnamed tributary to Briary 
Creek

Perennial -- -- 235.1 Unnamed tributary to 
Briary Creek

-- --

Gulf Coast Texas TX-2 235.54 X X X 3 Unnamed tributary to Briary 
Creek

Perennial -- -- 235.5 Unnamed tributary to 
Briary Creek

-- --

Gulf Coast Texas TX-2 236.81 X X 2 Unnamed tributary to Stout 
Creek

Intermittent -- -- -- -- -- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas TX-2 238.19 X X 2 Unnamed tributary to Stout 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas TX-2 239.45 X 1 Unnamed tributary to Caney 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas TX-2 239.67 X 1 Unnamed tributary to Caney 
Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 241.61 X 1 Unnamed tributary to Little 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 241.83 X 1 Unnamed tributary to Little 
Cypress Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 241.86 X 1 Unnamed tributary to Little 
Cypress Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 242.09 X 1 Unnamed tributary to Little 
Cypress Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 242.24 X 1 Unnamed tributary to Little 
Cypress Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 242.71 X X 2 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- 242.7 Unnamed tributary to 
Little Cypress Creek

-- --

Gulf Coast Texas No 243.9 X X 2 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- 243.9 Unnamed tributary to 
Little Cypress Creek

-- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 244.87 X X 2 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- 244.9 Unnamed tributary to 
Little Cypress Creek

-- --

Gulf Coast Texas No 245.44 X X 2 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- 245.4 Unnamed tributary to 
Little Cypress Creek

-- --

Gulf Coast Texas No 245.53 X 1 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- -- -- -- --

Gulf Coast Texas No 246.39 X 1 Unnamed tributary to Little 
Cypress Creek

Unknown -- -- -- -- -- --

Gulf Coast Texas No 246.62 X X 2 Unnamed tributary to Little 
Cypress Creek

Perennial -- -- 246.6 Unnamed tributary to 
Little Cypress Creek

-- --

Gulf Coast Texas No 247.51 X 1 Clear Creek Intermittent -- -- -- -- -- --

Gulf Coast Texas No 248.01 X X 2 Unnamed tributary to Clear 
Creek

Perennial -- -- 248 Unnamed tributary to 
Clear Creek

-- --

Gulf Coast Texas TX-4 248.6 X 1 Unnamed tributary to Clear 
Creek

Perennial -- -- -- -- -- --

Gulf Coast Texas TX-4 249.96 X 1 Honey Creek Intermittent -- -- -- -- -- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas TX-4 250.28 X 1 Unnamed tributary to Honey 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas TX-5 252.97 X 1 Blue Branch Perennial -- -- 253 Blue Branch -- --
Gulf Coast Texas No 254.89 X 1 Unnamed waterbody Unknown 254.8 Yes 254.9 Private Lake -- --
Gulf Coast Texas No 255.17 X 1 Perin Branch Perennial -- -- 255.2 Perin Branch -- --
Gulf Coast Texas No 256.92 X 1 Big Sandy Creek Perennial 256.9 Yes 256.9 Big Sandy Creek -- --
Gulf Coast Texas No 258.35 X 1 Unnamed tributary to Big 

Sandy Creek
Intermittent -- -- -- -- 258-261 Water Oak - Willow 

Oak Community

Gulf Coast Texas No 258.72 X 1 Unnamed tributary to Big 
Sandy Creek

Intermittent -- -- -- -- 258-261 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 260.05 X 1 Unnamed tributary to Little 
Cypress Creek

Ephemeral -- -- -- -- 258-261 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 260.94 X 1 Unnamed tributary to 
Rogers Creek

Seasonal -- -- -- -- 258-261 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 261.24 X 1 Unnamed tributary to 
Rogers Creek

Intermittent -- -- -- -- 258-261 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 263.5 X 1 Sabine River Perennial 263.5 Yes 263.5 Sabine River -- --
Gulf Coast Texas TX-6 267.89 X 1 Unnamed tributary to Perennial -- -- 267.9 Unnamed tributary to 

Simpson Creek
-- --

Gulf Coast Texas TX-6 268.86 X 1 Simpson Creek Perennial -- -- 268.9 Simpson Creek -- --
Gulf Coast Texas TX-6 270.67 X 1 Unnamed tributary to 

Simpson Creek
Perennial -- -- 270.7 Unnamed tributary to 

Simpson Creek
-- --

Gulf Coast Texas TX-6 270.84 X 1 Unnamed tributary to 
Simpson Creek

Perennial -- -- 270.8 Unnamed tributary to 
Simpson Creek

-- --

Gulf Coast Texas No 272.14 X 1 Unnamed tributary to 
Sunstroke Creek

Perennial -- -- 272.1 Unnamed tributary to 
Sunstroke Creek

-- --

Gulf Coast Texas TX-7 275.08 X X 2 Unnamed tributary to Prairie 
Creek

Perennial -- -- 275.1 Unnamed tributary to 
Prairie Creek

-- --

Gulf Coast Texas TX-7 275.48 X 1 Unnamed roadside ditch Intermittent -- -- -- -- -- --

Gulf Coast Texas TX-7 275.53 X X 2 Prairie Creek Perennial -- -- 275.5 Prairie Creek -- --

Gulf Coast Texas TX-7 275.55 X 1 Unnamed tributary to Prairie 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas TX-7 277.06 X 1 Unnamed tributary to Mud 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 277.34 X X 2 Unnamed tributary to Mud 
Creek

Perennial -- -- 277.3 Unnamed tributary to 
Mud Creek

-- --
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Waterbody Count Crossing Name Type
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Milepost Crossing?
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Milepost Waterbody Name
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Milepost
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(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 277.66 X X 2 Unnamed tributary to Mud 
Creek

Perennial -- -- 277.7 Unnamed tributary to 
Mud Creek

-- --

Gulf Coast Texas TX-8 279.73 X X 2 Unnamed tributary to Mud 
Creek

Perennial -- -- 279.7 Unnamed tributary to 
Mud Creek

-- --

Gulf Coast Texas No 280.12 X 1 Unnamed tributary to Caney 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 280.71 X X 2 Unnamed tributary to Caney 
Creek

Perennial -- -- 280.7 Unnamed tributary to 
Caney Creek

-- --

Gulf Coast Texas TX-9 281.84 X 1 Unnamed tributary to Caney 
Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas TX-9 281.97 X 1 Unnamed tributary to Caney 
Creek

Seasonal -- -- -- -- -- --

Gulf Coast Texas TX-9 282.02 X 1 Unnamed tributary to Caney 
Creek

Seasonal -- -- -- -- -- --

Gulf Coast Texas TX-10 283.06 X X 2 Unnamed tributary to Caney 
Creek

Perennial -- -- 283.1 Unnamed tributary to 
Caney Creek

-- --

Gulf Coast Texas TX-10 283.45 X X 2 Unnamed tributary to Caney 
Creek

Perennial -- -- 283.5 Unnamed tributary to 
Caney Creek

-- --

Gulf Coast Texas TX-10 283.49 X X 2 Unnamed tributary to Caney 
Creek

Perennial -- -- 283.5 Caney Creek -- --

Gulf Coast Texas TX-10 283.54 X 1 Caney Creek Perennial -- -- -- -- -- --
Gulf Coast Texas TX-10 284.62 X X 2 Unnamed tributary to Caney 

Creek
Perennial -- -- 284.6 Unnamed tributary to 

Caney Creek
-- --

Gulf Coast Texas TX-10 286.77 X X 2 Unnamed tributary to 
Kickapoo Creek

Perennial -- -- 286.8 Unnamed tributary to 
Kickapoo Creek

-- --
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Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 287.55 X 1 Kickapoo Creek Intermittent -- -- -- -- -- --

Gulf Coast Texas No 287.84 X 1 Unnamed tributary to 
Kickapoo Creek

Perennial -- -- -- -- -- --

Gulf Coast Texas No 288.15 X 1 Unnamed tributary to 
Kickapoo Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 288.24 X 1 Unnamed tributary to 
Kickapoo Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 297.62 X X 2 Unnamed tributary to Mills 
Creek

Perennial -- -- 297.6 Unnamed tributary to 
Mills Creek

-- --

Gulf Coast Texas No 297.67 X 1 Unnamed tributary to Mills 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 297.68 X 1 Mill Creek Perennial -- -- -- -- -- --

Gulf Coast Texas No 300.74 X 1 Unnamed tributary to 
Bowles Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas TX-11 301.32 X X 2 Johnsons Creek Perennial -- -- 301.3 Johnson Creek -- --

Gulf Coast Texas No 301.74 X 1 Unnamed tributary to 
Johnsons Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 302.32 X 1 Unnamed tributary to 
Johnsons Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 302.99 X 1 Unnamed tributary to Boggy 
Branch

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 303 X 1 Unnamed tributary to Boggy 
Branch

Ephemeral -- -- -- -- -- --
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Gulf Coast Texas No 303.1 X 1 Boggy Branch Seasonal -- -- -- -- -- --

Gulf Coast Texas No 303.83 X 1 Unnamed tributary to Striker 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 303.88 X 1 Unnamed tributary to Striker 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 304.27 X 1 Unnamed tributary to Striker 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 304.75 X 1 Unnamed tributary to Striker 
Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas TX-11 308.27 X 1 Wheelus Branch Perennial -- -- 308.3 Wheelus Branch -- --
Gulf Coast Texas TX-12 313.18 X 1 East Fork Angelina River Perennial -- -- -- -- 313-315 Water Oak - Willow 

Oak Community

Gulf Coast Texas TX-12 313.23 X 1 East Fork Angelina River Perennial -- -- -- -- 313-315 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-12 313.3 X X 2 East Fork Angelina River Perennial 313.3 Yes 313.3 East Fork Angelina 
River

313-315 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-12 313.55 X 1 East Fork Angelina River Perennial -- -- -- -- 313-315 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-12 313.68 X 1 Unnamed tributary to East 
Fork Angelina River

Perennial -- -- -- -- 313-315 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-12 314.5 X 1 Unnamed tributary to East 
Fork Angelina River

Ephemeral -- -- -- -- 313-315 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-12 314.98 X 1 Unnamed tributary to East 
Fork Angelina River

Ephemeral -- -- -- -- 313-315 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 315.31 X 1 Unnamed tributary to East 
Fork Angelina River

Ephemeral -- -- -- -- 313-315 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 316.68 X 1 Indian Creek Perennial -- -- 316.7 Indian Creek -- --
Gulf Coast Texas TX-13 319.34 X 1 Unnamed tributary to Beech 

Creek
Perennial -- -- 319.3 Unnamed tributary to 

Beech Creek
-- --

Gulf Coast Texas TX-13 320.25 X 1 Unnamed tributary to Beech 
Creek

Perennial -- -- 320.3 Unnamed tributary to 
Beech Creek

-- --

Gulf Coast Texas TX-13 320.79 X 1 Beech Creek Perennial -- -- 320.8 Beech Creek -- --
Gulf Coast Texas No 334.17 X 1 Angelina River Perennial 334.2 Yes 334.2 Angelina River -- --
Gulf Coast Texas No 337.73 X 1 Unnamed tributary to 

Stokes Creek
Ephemeral -- -- -- -- 337-340 Water Oak - Willow 

Oak Community

Gulf Coast Texas No 338.31 X 1 Unnamed tributary to 
Stokes Creek

Intermittent -- -- -- -- 337-340 Water Oak - Willow 
Oak Community
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
Milepost NameSegment State CPS?

Approx. 
Milepost

Special Attributes
Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries

(Table 3.7.2-1)
Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 338.48 X 1 Unnamed tributary to 
Stokes Creek

Ephemeral -- -- -- -- 337-340 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 338.49 X 1 Unnamed tributary to 
Stokes Creek

Ephemeral -- -- -- -- 337-340 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 338.52 X 1 Stokes Creek Intermittent -- -- -- -- 337-340 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 338.53 X 1 Unnamed tributary to 
Stokes Creek

Ephemeral -- -- -- -- 337-340 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-14 338.69 X 1 Unnamed tributary to 
Stokes Creek

Ephemeral -- -- -- -- 337-340 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-14 338.77 X 1 Unnamed tributary to 
Stokes Creek

Ephemeral -- -- -- -- 337-340 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 340.17 X 1 Unnamed tributary to Doyle 
Creek

Intermittent -- -- -- -- 337-340 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 340.18 X 1 Unnamed tributary to Doyle 
Creek

Intermittent -- -- -- -- 337-340 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 342.53 X 1 Red Bayou Perennial -- -- 342.5 Red Bayou -- --
Gulf Coast Texas No 344.69 X 1 Unnamed tributary to 

Watson Branch
Intermittent -- -- -- -- -- --

Gulf Coast Texas No 344.94 X X 2 Watson Branch Perennial -- -- 344.9 Watson Branch -- --

Gulf Coast Texas No 345.45 X 1 Unnamed tributary to 
Watson Branch

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 345.46 X 1 Unnamed tributary to 
Watson Branch

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 345.52 X 1 Unnamed tributary to 
Watson Branch

Perennial -- -- -- -- -- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count Crossing Name Type
Approx. 
Milepost Crossing?

Approx. 
Milepost Waterbody Name

Approx. 
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Milepost
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Stream Crossing

(Tables E-1 and E2)
HDD

(Table 2.3.3-1)
Fisheries
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Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 345.59 X 1 Unnamed tributary to 
Watson Branch

Perennial -- -- -- -- -- --

Gulf Coast Texas No 345.6 X X 2 Unnamed tributary to 
Watson Branch

Perennial -- -- 345.6 Unnamed tributary to 
Watson Branch

-- --

Gulf Coast Texas No 346.52 X 1 Unnamed tributary to Red 
Bayou

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 346.52 X 1 Unnamed tributary to Red 
Bayou

Unknown -- -- -- -- -- --

Gulf Coast Texas No 346.59 X 1 Unnamed tributary to Red 
Bayou

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 346.6 X 1 Unnamed tributary to Red 
Bayou

Unknown -- -- -- -- -- --

Gulf Coast Texas No 347.76 X X 2 Red Bayou Perennial -- -- 347.8 Red Bayou -- --

Gulf Coast Texas No 348.05 X 1 Unnamed tributary to Red 
Bayou

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 350.01 X X 2 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 350.23 X X 2 Unnamed tributary to 
Neches River

N/A -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 351.02 X X X 3 Buncombe Creek Perennial -- -- 351 Buncombe Creek 350-368 Water Oak - Willow 
Oak Community
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Fishery Wetland Wildlife Waterbody
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Milepost Crossing?

Approx. 
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Wetlands

(Table 3.4.2-1)

Gulf Coast Texas No 351.15 X X X 3 Unnamed tributary to 
Buncombe Creek

Perennial -- -- 351.2 Unnamed tributary to 
Buncombe Creek

350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 351.66 X X 2 Unnamed tributary to 
Buncombe Creek

Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 352.18 X X X 3 Unnamed tributary to 
Neches River

Perennial -- -- 352.2 Unnamed tributary to 
Neches River

350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 352.93 X X 2 Unnamed tributary to 
Crawford Creek

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 352.94 X X 2 Unnamed tributary to 
Crawford Creek

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 352.99 X X 2 Unnamed tributary to 
Crawford Creek

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-15 353.12 X X 2 Unnamed tributary to 
Crawford Creek

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 353.26 X X X 3 Crawford Creek Perennial -- -- 353.3 Crawford Creek 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 353.28 X X 2 Stock pond Unknown -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-16 354.18 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-16 354.2 X X 2 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community
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Stream Crossing
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(Table 3.7.2-1)
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(Table 3.4.2-1)

Gulf Coast Texas TX-16 355.01 X X 2 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-16 355.11 X X 2 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-16 355.22 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-16 355.27 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-16 355.45 X X X 3 Unnamed tributary to 
Neches River

Perennial -- -- 355.5 Unnamed tributary to 
Neches River

350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-16 355.64 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 356.08 X X 2 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 356.74 X X 2 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 356.91 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 357.41 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 357.5 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 357.92 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community
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(Table 3.4.2-1)

Gulf Coast Texas No 358.17 X X X 3 Unnamed tributary to 
Neches River

Perennial -- -- 358.2 Unnamed tributary to 
Neches River

350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 358.39 X X 2 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 358.83 X 1 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 359.08 X 1 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 359.25 X 1 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 359.66 X 1 Unnamed tributary to 
Neches River

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 359.71 X 1 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 359.81 X 1 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 360.54 X 1 Unnamed tributary to Jack 
Creek

Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 360.69 X 1 Unnamed tributary to Jack 
Creek

Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 360.77 X 1 Unnamed tributary to Jack 
Creek

Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 360.81 X 1 Unnamed tributary to Jack 
Creek

Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 360.89 X X 2 Jack Creek Perennial -- -- 360.9 Jack Creek 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 361.09 X X 2 Cedar Creek Perennial -- -- 361.1 Cedar Creek 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 361.12 X X 2 Cedar Creek Perennial -- -- 361.1 Cedar Creek 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 361.24 X 1 Unnamed tributarty to 
Hurricane Creek

Intermittent -- -- -- -- 350-368 Water Oak - Willow 
Oak Community
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Gulf Coast Texas No 362.14 X 1 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-17 362.79 X X 2 Unnamed tributary to 
Neches River

Ephemeral -- -- 362.8 Unnamed tributary to 
Neches River

350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-17 362.81 X 1 Unnamed tributary to 
Neches River

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-17 362.81 X 1 Unnamed tributary to 
Neches River

Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-17 363.17 X 1 Unnamed tributary to 
Neches River

Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 366.4 X 1 Unnamed tributary to 
Fiberboard Lake

Ephemeral -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 366.9 X 1 Fiberboard Lake Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 366.94 X X 2 Fiberboard Lake Perennial -- -- -- -- 350-368 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 368.6 X 1 Neches River Perennial 368.6 Yes 368.6 Neches River -- --
Gulf Coast Texas TX-19 376.43 X 1 Piney Creek Perennial -- -- 376.4 Piney Creek -- --
Gulf Coast Texas TX-19 376.74 X 1 Unnamed tributary to Piney 

Creek
Perennial -- -- 376.7 Unnamed tributary to 

Piney Creek
-- --

Gulf Coast Texas No 377.66 X 1 Unnamed tributary to Bear 
Creek

Perennial -- -- 377.7 Unnamed tributary to 
Bear Creek

-- --

Gulf Coast Texas No 377.85 X 1 Bear Creek Perennial -- -- 377.9 Bear Creek -- --
Gulf Coast Texas No 381.51 X 1 Unnamed tributary to Jones 

Creek
Perennial -- -- 381.5 Unnamed tributary to 

Jones Creek
-- --

Gulf Coast Texas No 381.9 X 1 Jones Creek Perennial -- -- 381.9 Jones Creek -- --
Gulf Coast Texas No 382.64 X 1 Brushy Creek Perennial -- -- 382.6 Brushy Creek -- --
Gulf Coast Texas No 385.56 X 1 Bundix Branch Perennial -- -- 385.6 Bundix Branch -- --
Gulf Coast Texas No 388.49 X 1 Big Sandy Creek Perennial -- -- 388.5 Big Sandy Creek -- --
Gulf Coast Texas No 389.69 X 1 Big Sandy Creek Perennial -- -- 389.7 Big Sandy Creek -- --
Gulf Coast Texas No 391.67 X 1 Big Sandy Creek Perennial -- -- 391.7 Big Sandy Creek -- --
Gulf Coast Texas TX-20 397.18 X 1 East Menard Creek Perennial -- -- 397.2 East Menard Creek -- --
Gulf Coast Texas No 400.67 X X 2 Unnamed tributary to Bluff 

Creek
Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 400.84 X X 2 Unnamed tributary to Bluff 
Creek

Ephemeral -- -- -- -- -- --
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Gulf Coast Texas No 401.35 X X X 3 Unnamed tributary to Bluff 
Creek

Perennial -- -- 401.4 Unnamed tributary to 
Bluff Creek

-- --

Gulf Coast Texas No 404.09 X X X 3 Menard Creek Perennial -- -- 404.1 Menard Creek -- --

Gulf Coast Texas No 404.1 X X 2 Menard Creek Perennial -- -- -- -- -- --

Gulf Coast Texas No 404.33 X X 2 Unnamed tributary to 
Menard Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 404.57 X X 2 Unnamed tributary to 
Menard Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 404.74 X X 2 Unnamed tributary to 
Menard Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 404.75 X X 2 Unnamed tributary to 
Menard Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 405.4 X X 2 Unnamed tributary to 
Menard Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 407.13 X X X 3 Unnamed tributary to Dry 
Branch

Perennial -- -- 407.1 Unnamed tributary to 
Dry Branch

-- --

Gulf Coast Texas No 407.15 X X 2 Unnamed tributary to Dry 
Branch

Perennial -- -- -- -- -- --
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Gulf Coast Texas No 407.22 X X 2 Unnamed tributary to Dry 
Branch

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 407.24 X X 2 Unnamed tributary to Dry 
Branch

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 407.24 X X 2 Unnamed tributary to Dry 
Branch

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 407.26 X X 2 Unnamed tributary to Dry 
Branch

Intermittent -- -- -- -- -- --

Gulf Coast Texas TX-22 411.68 X X 2 Unnamed tributary to 
Williams Creek

Unknown -- -- -- -- -- --

Gulf Coast Texas TX-22 413.66 X X 2 Unnamed tributary to 
Williams Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 414.35 X X 2 Unnamed tributary to 
Williams Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 414.36 X X 2 Unnamed tributary to 
Williams Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 414.7 X X 2 Unnamed tributary to Bear 
Foot Lake

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 415.34 X X X 3 Unnamed tributary to Bear 
Foot Lake

Perennial -- -- 415.3 Unnamed tributary to 
Bear Foot Lake

-- --
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Gulf Coast Texas No 415.35 X X 2 Unnamed tributary to Bear 
Foot Lake

Perennial -- -- -- -- -- --

Gulf Coast Texas No 415.35 X X 2 Unnamed tributary to Bear 
Foot Lake

Perennial -- -- -- -- -- --

Gulf Coast Texas No 416.19 X X 2 Unnamed tributary to 
Menard Creek

Unknown -- -- -- -- -- --

Gulf Coast Texas No 416.35 X X X X 4 Menard Creek Unknown 416.3 Yes 416.4 Menard Creek -- --

Gulf Coast Texas No 422.69 X X 2 Beef Head Creek Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 431.71 X 1 Unnamed tributary to 
Batiste Creek

Intermittent -- -- -- -- -- --

Gulf Coast Texas No 432.87 X 1 Unnamed tributary to 
Batiste Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 433.44 X 1 Unnamed tributary to 
Batiste Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 433.46 X 1 Unnamed tributary to 
Batiste Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 434.11 X 1 Unnamed tributary to 
Batiste Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 434.12 X 1 Unnamed tributary to 
Batiste Creek

Ephemeral -- -- -- -- -- --

Gulf Coast Texas No 439.5 X 1 Meyhaw Creek Perennial -- -- 439.5 Meyhaw Creek -- --
Gulf Coast Texas No 449.03 X 1 Pine Island Bayou Perennial 448.9 Yes 449 Pine Island Bayou -- --
Gulf Coast Texas No 451.56 X 1 Pine Island Bayou Perennial -- -- 451.6 Pine Island Bayou -- --
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Gulf Coast Texas No 457.92 X X X X 4 Cotton Creek Perennial -- -- 457.9 Cotton Creek 457-462 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 457.96 X X X X 4 Cotton Creek Perennial -- -- 457.9 Cotton Creek 457-462 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 459.16 X X X 3 Unnamed tributary to Pine 
Island Bayou

Intermittent -- -- -- -- 457-462 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 459.94 X X X 3 Unnamed tributary to Pine 
Island Bayou

Unknown -- -- -- -- 457-462 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 460.46 X X X 3 Unnamed tributary to Pine 
Island Bayou

Unknown -- -- -- -- 457-462 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-24 461.77 X X 2 Lower Neches Valley Canal 
Authority

Perennial 461.8 Yes 461.8 Aggie Rd/Lower Neches 
River

457-462 Water Oak - Willow 
Oak Community

Gulf Coast Texas No 462.5 X 1 B1 Canal Perennial 462.5 Yes 462.5 Lower Neches River 457-462 Water Oak - Willow 
Oak Community

Gulf Coast Texas TX-25 469.89 X 1 Jefferson County 
Canal/Willow Marsh Bayou

Unknown 469.9 Yes 469.9 Willow Marsh Bayou -- --

Gulf Coast Texas TX-25 473.56 X X 2 Unnamed waterbody Perennial -- -- -- -- -- --
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Gulf Coast Texas TX-25 473.79 X X 2 Unnamed tributary to 
Hillebrant Bayou

Perennial 473.8 Yes -- -- -- --

Gulf Coast Texas TX-25 473.83 X X X 3 Hillebrandt Bayou Perennial -- -- 473.8 Hillebrandt Bayou -- --

Gulf Coast Texas TX-25 474.93 X X 2 Unnamed tributary to 
Hillebrant Bayou

Unknown -- -- -- -- -- --

Houston Lateral Texas TX-29 35.6 X 1 Cedar Bayou Perennial 35.6 Yes 35.6 Cedar Bayou -- --
Houston Lateral Texas No 43.3 X X 2 San Jacinto River -- 43.3 Yes 43.3 San Jacinto River -- --
Houston Lateral Texas Parts 18-28 X X X 3 Various unspecified 

waterways
-- -- Some 22.8 Trinity River 18-28 Water Oak - Willow 

Oak Community
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Segment State CPS?
Approx. 
Milepost

Special Attributes
Wildlife

(Table 3.6.2-1)
Downstream Waterbody within 10 Miles

(Table E-4)

Fishery Wetland Wildlife Waterbody
Special 

Waterbody Count
Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment
Steele City Montana No 25.4 X X 2 -- -- 25.4 Frenchman Reservoir Pipeline passes approx. 0.5 

mile upstream on 
Frenchman Cr.

The area is clearly surrounded by more lush 
vegetation than the surrounding hills.

Steele City Montana No 25.75 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 27.06 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 27.16 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 28.8 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 30.45 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 32.4 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 34.7 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 35.02 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 35.34 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 35.51 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 35.54 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 35.81 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 35.84 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 35.95 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 36.01 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 36.12 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 37.97 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 38.59 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 39.06 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 39.08 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 39.09 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 39.16 X X 2 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 40.52 X X 2 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 40.92 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 41.06 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Page 44 of 86  
013944



         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody CountSegment State CPS?
Approx. 
Milepost

Special Attributes

Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment

Downstream Waterbody within 10 Miles
(Table E-4)

Wildlife
(Table 3.6.2-1)

Steele City Montana No 41.72 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 42.55 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 44.24 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 44.58 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 45.05 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 45.13 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 47.95 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 48.02 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 48.03 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 48.26 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 48.32 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 48.54 X 1 25.5-69.7 North Valley Grasslands Important 
Bird Area (IBA)

-- -- -- --

Steele City Montana No 49.9 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 49.94 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 50.53 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 51.3 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 51.41 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 51.44 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 51.53 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody CountSegment State CPS?
Approx. 
Milepost

Special Attributes

Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment

Downstream Waterbody within 10 Miles
(Table E-4)

Wildlife
(Table 3.6.2-1)

Steele City Montana No 51.61 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 52.47 X X 2 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

52.47 Reservoir Number 
Four

Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 52.58 X X 2 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

52.58 Reservoir Number 
Four

Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 53.49 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 53.64 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 53.79 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 54.14 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 55.03 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 55.22 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 55.46 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 55.67 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 56.03 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 56.04 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody CountSegment State CPS?
Approx. 
Milepost

Special Attributes

Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment

Downstream Waterbody within 10 Miles
(Table E-4)

Wildlife
(Table 3.6.2-1)

Steele City Montana No 56.07 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 56.12 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 56.27 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 56.41 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 56.45 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 56.71 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 56.72 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 57.15 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 57.55 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 57.55 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 57.7 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 57.74 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 57.91 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody CountSegment State CPS?
Approx. 
Milepost

Special Attributes

Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment

Downstream Waterbody within 10 Miles
(Table E-4)

Wildlife
(Table 3.6.2-1)

Steele City Montana No 58.04 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 59.5 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 59.55 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 60.02 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 61.87 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 62.93 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana MT-1 65.97 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana MT-1 67.2 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana MT-1 67.25 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana MT-1 67.41 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana MT-1 68.5 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana MT-1 68.52 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana MT-1 68.64 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody CountSegment State CPS?
Approx. 
Milepost

Special Attributes

Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment

Downstream Waterbody within 10 Miles
(Table E-4)

Wildlife
(Table 3.6.2-1)

Steele City Montana MT-1 69.41 X 1 25.5-69.7
49.4-70.9

North Valley Grasslands Important 
Bird Area (IBA)
Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 70.43 X 1 49.4-70.9 Cornwell Ranch Conservation 
Easement (proposed)

-- -- -- --

Steele City Montana No 82.95 X X X 3 82.9 Milk River Valley 82.95 Unnamed reservoir Pipeline passes within 0.1 
mile of oxbow on floodplain

Steele City Montana No 89.17 X X 2 89.2 Missouri River Valley -- -- -- --
Steele City Montana No 89.26 X X 2 89.2 Missouri River Valley -- -- -- --
Steele City Montana No 93.88 X 1 -- -- -- -- -- --

Steele City Montana No 94.89 X 1 -- -- -- -- -- --

Steele City Montana No 102.27 X 1 -- -- 102.27 Fort Peck Lake and 
Charles M. Russell 
Wildlife Refuge

Highway 24 is located 
between project and 
reservoir

1,100,000 acres, the largest refuge in Montana, big 
game hunting, walleye fishing; Fort Peck lake is a 
large reservoir up stream of the Missouri River 
crossing.  Otherwise a highway is located between 
the lake and the pipeline.  

Steele City Montana No 102.73 X 1 -- -- 102.73 Fort Peck Lake and 
Charles M. Russell 
Wildlife Refuge

Highway 24 is located 
between project and 
reservoir

1,100,000 acres, the largest refuge in Montana, big 
game hunting, walleye fishing; Fort Peck lake is a 
large reservoir up stream of the Missouri River 
crossing.  Otherwise a highway is located between 
the lake and the pipeline.  

Steele City Montana No 102.78 X 1 -- -- 102.78 Fort Peck Lake and 
Charles M. Russell 
Wildlife Refuge

Highway 24 is located 
between project and 
reservoir

1,100,000 acres, the largest refuge in Montana, big 
game hunting, walleye fishing; Fort Peck lake is a 
large reservoir up stream of the Missouri River 
crossing.  Otherwise a highway is located between 
the lake and the pipeline.  

Steele City Montana No 103.18 X 1 -- -- 103.18 Fort Peck Lake and 
Charles M. Russell 
Wildlife Refuge

Highway 24 is located 
between project and 
reservoir

1,100,000 acres, the largest refuge in Montana, big 
game hunting, walleye fishing; Fort Peck lake is a 
large reservoir up stream of the Missouri River 
crossing.  Otherwise a highway is located between 
the lake and the pipeline.  

Steele City Montana No 105.61 X 1 -- -- 105.61 Fort Peck Lake and 
Charles M. Russell 
Wildlife Refuge

Highway 24 is located 
between project and 
reservoir

1,100,000 acres, the largest refuge in Montana, big 
game hunting, walleye fishing; Fort Peck lake is a 
large reservoir up stream of the Missouri River 
crossing.  Otherwise a highway is located between 
the lake and the pipeline.  

Steele City Montana No 105.62 X 1 -- -- 105.62 Fort Peck Lake and 
Charles M. Russell 
Wildlife Refuge

Highway 24 is located 
between project and 
reservoir

1,100,000 acres, the largest refuge in Montana, big 
game hunting, walleye fishing; Fort Peck lake is a 
large reservoir up stream of the Missouri River 
crossing.  Otherwise a highway is located between 
the lake and the pipeline.  
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody CountSegment State CPS?
Approx. 
Milepost

Special Attributes

Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment

Downstream Waterbody within 10 Miles
(Table E-4)

Wildlife
(Table 3.6.2-1)

Steele City Montana No 107.44 X 1 -- -- 107.44 North Dam Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 107.63 X 1 -- -- 107.63 North Dam Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 107.68 X 1 -- -- 107.68 North Dam Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 107.78 X 1 -- -- 107.78 North Dam Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 107.79 X 1 -- -- 107.79 North Dam Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 108.15 X 1 -- -- 108.15 North Dam Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 108.58 X 1 -- -- 108.58 North Dam Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 110.72 X 1 -- -- 110.72 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 110.74 X 1 -- -- 110.74 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 110.77 X 1 -- -- 110.77 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 110.8 X 1 -- -- 110.8 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 111.71 X 1 -- -- 111.71 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 111.73 X 1 -- -- 111.73 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 111.92 X 1 -- -- 111.92 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 112.14 X 1 -- -- 112.14 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 112.41 X 1 -- -- 112.41 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 112.44 X 1 -- -- 112.44 -- Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 114.55 X 1 -- -- 114.55 Christianson Reservoir Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 115.81 X 1 -- -- 115.81 Christianson Reservoir Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 115.9 X 1 -- -- 115.9 Christianson Reservoir Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 116.25 X 1 -- -- 116.25 Christianson Reservoir Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 116.41 X 1 -- -- 116.41 Christianson Reservoir Pipeline passes within 0.1 
mile of reservoir

--

Steele City Montana No 117.17 X 1 -- -- 117.17 Christianson Reservoir Pipeline passes within 0.1 
mile of reservoir

--
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Fishery Wetland Wildlife Waterbody
Special 

Waterbody CountSegment State CPS?
Approx. 
Milepost

Special Attributes

Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment

Downstream Waterbody within 10 Miles
(Table E-4)

Wildlife
(Table 3.6.2-1)

Steele City Montana No 127.99 X 1 -- -- -- -- -- --

Steele City Montana No 134.78 X 1 -- -- 134.78 Unnamed reservoir Downstream from Haynie 
Reservoir, with additional 
tribs.

Steele City Montana No 136.6 X 1 -- -- 136.6 Unnamed reservoir Downstream from Haynie 
Reservoir, with additional 
tribs.

Steele City Montana No 138.65 X 1 -- -- 138.65 Unnamed reservoir Downstream from Haynie 
Reservoir, with additional 
tribs.

Steele City Montana No 139.19 X 1 -- -- 139.19 Unnamed reservoir Downstream from Haynie 
Reservoir, with additional 
tribs.

Steele City Montana No 139.75 X 1 -- -- 139.75 Unnamed reservoir Downstream from Haynie 
Reservoir, with additional 
tribs.

Steele City Montana No 146.97 X 1 -- -- -- -- -- --
Steele City Montana No 153.69 X 1 -- -- -- -- -- --
Steele City Montana No 159.63 X 1 -- -- -- -- -- --
Steele City Montana No 166.59 X 1 -- -- 166.59 Lindsay Reservoir Approximately 10 river miles 

downstream
Steele City Montana No 175.6 X 1 -- -- -- -- -- --
Steele City Montana MT-4 196.06 X 1 -- -- -- -- -- --

Steele City Montana No 196.36 X X 2 196.4 Yellowstone River Valley -- -- -- --
Steele City Montana No 234.7 X 1 -- -- -- -- -- --
Steele City Montana No 236.02 X 1 -- -- -- -- -- --

Steele City Montana No 246.45 X 1 -- -- 246.45 Red Butte Dam -- --

Steele City Montana No 246.51 X 1 -- -- 246.51 Red Butte Dam -- --
Steele City Montana No 246.65 X 1 -- -- 246.65 Red Butte Dam -- --

Steele City Montana No 249 X 1 -- -- 249 Red Butte Dam -- --

Steele City Montana No 250.2 X 1 -- -- 250.2 Red Butte Dam -- --
Steele City Montana No 250.22 X 1 -- -- 250.22 Red Butte Dam -- --
Steele City Montana No 250.27 X 1 -- -- 250.27 Red Butte Dam -- --
Steele City Montana No 250.9 X 1 -- -- 250.9 Red Butte Dam -- --
Steele City Montana No 251.11 X 1 -- -- 251.11 Red Butte Dam -- --
Steele City Montana No 251.12 X 1 -- -- 251.12 Red Butte Dam -- --
Steele City Montana No 251.13 X 1 -- -- 251.13 Red Butte Dam -- --
Steele City Montana No 251.2 X 1 -- -- 251.2 Red Butte Dam -- --
Steele City Montana No 251.28 X 1 -- -- 251.28 Red Butte Dam -- --
Steele City Montana No 251.45 X 1 -- -- 251.45 Red Butte Dam -- --

Steele City Montana No 251.91 X 1 -- -- 251.91 Red Butte Dam -- --

Steele City Montana No 252.45 X 1 -- -- 252.45 Red Butte Dam -- --

Steele City Montana No 262.68 X 1 -- -- -- -- -- --
Steele City Montana MT-7 281.47 X 1 -- -- -- -- -- --
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Steele City South Dakota SD-2 292.08 X 1 -- -- -- -- -- --
Steele City South Dakota No 303.27 X 1 -- -- 303.27 Unnamed reservoir Approx. 10 river miles 

downstream
Steele City South Dakota No 303.95 X 1 -- -- 303.95 Unnamed reservoir Approx. 10 river miles 

downstream
Steele City South Dakota No 304.22 X 1 -- -- 304.22 Unnamed reservoir Approx. 10 river miles 

downstream
Steele City South Dakota No 304.75 X 1 -- -- 304.75 Unnamed reservoir Approx. 10 river miles 

downstream
Steele City South Dakota No 306.09 X 1 -- -- 306.09 Unnamed reservoir Approx. 10 river miles 

downstream
Steele City South Dakota No 306.65 X 1 -- -- 306.65 Unnamed reservoir Approx. 10 river miles 

downstream
Steele City South Dakota No 307.43 X 1 -- -- 307.43 Unnamed reservoir Approx. 10 river miles 

downstream
Steele City South Dakota No 308.21 X 1 -- -- 308.21 Gardner Lake -- Reservoir

Steele City South Dakota No 308.28 X 1 -- -- 308.28 Gardner Lake -- Reservoir

Steele City South Dakota No 308.6 X 1 -- -- 308.6 Gardner Lake -- Reservoir

Steele City South Dakota No 308.7 X 1 -- -- 308.7 Gardner Lake -- Reservoir

Steele City South Dakota No 309.13 X 1 -- -- 309.13 Gardner Lake -- Reservoir

Steele City South Dakota No 309.55 X 1 -- -- 309.55 Gardner Lake -- Reservoir

Steele City South Dakota No 311.67 X 1 -- -- 311.67 Gardner Lake -- Reservoir

Steele City South Dakota No 318.09 X 1 -- -- -- -- -- --

Steele City South Dakota No 322.88 X 1 -- -- -- -- -- --
Steele City South Dakota No 328.67 X 1 -- -- 328.67 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 328.74 X 1 -- -- 328.74 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 328.82 X 1 -- -- 328.82 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 328.83 X 1 -- -- 328.83 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 328.86 X X 2 -- -- 328.86 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 329.07 X 1 -- -- 329.07 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 329.09 X 1 -- -- 329.09 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 329.33 X 1 -- -- 329.33 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 330.34 X 1 -- -- 330.34 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
Steele City South Dakota No 330.53 X 1 -- -- 330.53 Unnamed reservoir State Experiment Farm and 

Antelope Reserve
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Steele City South Dakota No 330.62 X 1 -- -- 330.62 Unnamed reservoir State Experiment Farm and 
Antelope Reserve

Steele City South Dakota No 331.01 X 1 -- -- 331.01 Unnamed reservoir State Experiment Farm and 
Antelope Reserve

Steele City South Dakota No 331.12 X 1 -- -- 331.12 Unnamed reservoir State Experiment Farm and 
Antelope Reserve

Steele City South Dakota No 331.32 X 1 -- -- 331.32 Unnamed reservoir State Experiment Farm and 
Antelope Reserve

Steele City South Dakota No 331.7 X 1 -- -- 331.7 Unnamed reservoir State Experiment Farm and 
Antelope Reserve

Steele City South Dakota No 331.91 X 1 -- -- 331.91 Unnamed reservoir State Experiment Farm and 
Antelope Reserve

Steele City South Dakota No 331.98 X 1 -- -- 331.98 Unnamed reservoir State Experiment Farm and 
Antelope Reserve

Steele City South Dakota No 353.1 X 1 -- -- -- -- -- --

Steele City South Dakota No 356.94 X 1 -- -- -- -- -- --

Steele City South Dakota No 364.83 X 1 -- -- -- -- -- --

Steele City South Dakota No 383.72 X 1 -- -- -- -- -- --
Steele City South Dakota No 408.94 X 1 -- -- -- -- -- --
Steele City South Dakota SD-4 425.42 X 1 -- -- -- -- -- --
Steele City South Dakota SD-4 426.02 X 1 426 Cheyenne River Valley -- -- -- --

Steele City South Dakota SD-4 426.07 X X 2 426 Cheyenne River Valley -- -- -- --
Steele City South Dakota SD-4 429.11 X 1 -- -- -- -- -- --
Steele City South Dakota No 443.84 X 1 -- -- -- -- -- --
Steele City South Dakota No 460.92 X 1 -- -- 460.92 Unnamed reservoir -- --
Steele City South Dakota No 460.94 X 1 -- -- 460.94 Unnamed reservoir -- --
Steele City South Dakota No 461.63 X 1 -- -- 461.63 Unnamed reservoir -- --

Steele City South Dakota SD-5 479.27 X 1 -- -- -- -- -- --
Steele City South Dakota No 481.54 X 1 -- -- -- -- -- --
Steele City South Dakota SD-6 537.09 X X 2 537.1 White River Valley -- -- -- --
Steele City South Dakota No 537.13 X X 2 537.1 White River Valley -- -- -- --
Steele City Nebraska No 599.9 X X X 3 599.9 Keya Paha River Valley -- -- -- --

Steele City Nebraska No 601.12 X 1 -- -- -- -- -- --

Steele City Nebraska No 601.46 X 1 -- -- -- -- -- --

Steele City Nebraska No 604.19 X X 2 -- -- -- -- -- --

Steele City Nebraska No 604.53 X 1 -- -- -- -- -- --

Steele City Nebraska No 615.38 X X X 3 615.5 Niobrara River Valley -- -- -- --

Steele City Nebraska No 615.48 X X X 3 615.5 Niobrara River Valley -- -- -- --

Steele City Nebraska No 615.61 X X X 3 615.5 Niobrara River Valley -- -- -- --
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Steele City Nebraska No 624.65 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 628.81 X X X 3 617.1-663.9 Sand Hills 628.81 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 628.92 X X X 3 617.1-663.9 Sand Hills 628.92 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 630.16 X X X 3 617.1-663.9 Sand Hills 630.16 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 630.46 X X X X 4 617.1-663.9 Sand Hills 630.46 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 630.69 X X X 3 617.1-663.9 Sand Hills 630.69 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 634.18 X X X 3 617.1-663.9 Sand Hills 634.18 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 636.33 X X X 3 617.1-663.9 Sand Hills 636.33 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 636.35 X X X 3 617.1-663.9 Sand Hills 636.35 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 636.36 X X X 3 617.1-663.9 Sand Hills 636.36 Atkinson Reservoir Atkinson Lake Recreation 
Area

Picnic, camping, parkland

Steele City Nebraska No 639.88 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 640.57 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 647.1 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 647.31 X X X 3 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 648 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 649.98 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 654.18 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 656.17 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 657.84 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 658.79 X X 2 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 660.22 X X X 3 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 660.23 X X X 3 617.1-663.9 Sand Hills -- -- -- --

Steele City Nebraska No 697.3 X X X 3 697.3 Cedar River Valley -- -- -- --

Steele City Nebraska No 708.57 X 1 -- -- -- -- -- --

Steele City Nebraska No 712.3 X 1 -- -- -- -- -- --
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Steele City Nebraska No 712.63 X 1 -- -- -- -- -- --

Steele City Nebraska No 712.76 X 1 -- -- -- -- -- --

Steele City Nebraska No 712.97 X 1 -- -- -- -- -- --

Steele City Nebraska No 713.52 X 1 -- -- -- -- -- --

Steele City Nebraska No 714.06 X 1 -- -- -- -- -- --

Steele City Nebraska No 714.35 X 1 -- -- -- -- -- --

Steele City Nebraska No 715.56 X 1 -- -- -- -- -- --

Steele City Nebraska No 715.78 X 1 -- -- -- -- -- --

Steele City Nebraska No 720.58 X 1 -- -- -- -- -- --

Steele City Nebraska No 722.21 X 1 -- -- -- -- -- --

Steele City Nebraska No 722.28 X 1 -- -- -- -- -- --

Steele City Nebraska No 722.41 X 1 -- -- -- -- -- --

Steele City Nebraska No 722.52 X 1 -- -- -- -- -- --

Steele City Nebraska No 722.55 X 1 -- -- -- -- -- --

Steele City Nebraska No 722.82 X 1 -- -- -- -- -- --

Steele City Nebraska No 722.85 X 1 -- -- -- -- -- --

Steele City Nebraska No 722.9 X 1 -- -- -- -- -- --

Steele City Nebraska No 727.96 X 1 -- -- -- -- -- --

Steele City Nebraska No 728.52 X X 2 -- -- -- -- -- --

Steele City Nebraska No 729.39 X 1 -- -- -- -- -- --

Steele City Nebraska No 729.69 X X 2 -- -- -- -- -- --
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Steele City Nebraska No 729.77 X 1 -- -- -- -- -- --

Steele City Nebraska No 730.44 X 1 -- -- -- -- -- --

Steele City Nebraska No 731.35 X 1 -- -- -- -- -- --

Steele City Nebraska No 732.99 X 1 -- -- -- -- -- --

Steele City Nebraska No 735.48 X 1 -- -- -- -- -- --

Steele City Nebraska No 735.5 X 1 -- -- -- -- -- --

Steele City Nebraska No 736.57 X 1 -- -- -- -- -- --

Steele City Nebraska NE-5 738.63 X X 2 -- -- -- -- -- --

Steele City Nebraska No 740.72 X X X 3 740.7 Loup River Valley -- -- -- --

Steele City Nebraska No 741.06 X 1 -- -- -- -- -- --

Steele City Nebraska No 747.14 X 1 -- -- -- -- -- --
Steele City Nebraska No 755.74 X 1 -- -- -- -- -- --
Steele City Nebraska No 756.28 X X 2 756.3 Platte River Valley -- -- -- --
Steele City Nebraska NE-7 758.13 X X X 3 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska NE-7 758.24 X X X 3 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska NE-7 759.2 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 759.45 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 759.72 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 759.73 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 759.75 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 765.5 X X X 3 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 767.12 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 774.93 X X X 3 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 775.2 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 778.02 X X X 3 758-847.4 Rainwater Basin 778.02 Unnamed reservoir -- --

Steele City Nebraska No 778.03 X X X 3 758-847.4 Rainwater Basin 778.03 Unnamed reservoir -- --
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Steele City Nebraska NE-9 780.21 X X X X 4 758-847.4 Rainwater Basin 780.21 Unnamed reservoir -- --

Steele City Nebraska NE-9 786.15 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 787.31 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 788.12 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 789.57 X X X 3 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 789.84 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 790.48 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 791.29 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 795.05 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 799.43 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 801.55 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 806.38 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 807.54 X X X 3 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska NE-12 808.55 X X X 3 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 808.91 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 810.08 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 810.1 X X 2 758-847.4 Rainwater Basin -- -- -- --

Steele City Nebraska No 813.19 X X X 3 758-847.4 Rainwater Basin 813.19 Unnamed reservoir -- --

Steele City Nebraska No 815.14 X X X 3 758-847.4 Rainwater Basin 815.14 Unnamed reservoir -- --

Steele City Nebraska No 815.36 X X X 3 758-847.4 Rainwater Basin 815.36 Unnamed reservoir -- --

Steele City Nebraska No 816.36 X X X 3 758-847.4 Rainwater Basin 816.36 Unnamed reservoir -- --

Steele City Nebraska No 816.41 X X X 3 758-847.4 Rainwater Basin 816.41 Unnamed reservoir -- --

Steele City Nebraska No 816.45 X X X 3 758-847.4 Rainwater Basin 816.45 Unnamed tributary to 
North Fork Swan 
Creek

-- --

Steele City Nebraska No 817.16 X X X 3 758-847.4 Rainwater Basin 817.16 Unnamed reservoir -- --

Steele City Nebraska No 817.55 X X X 3 758-847.4 Rainwater Basin 817.55 Unnamed reservoir -- --

Steele City Nebraska No 823.48 X X X 3 758-847.4 Rainwater Basin 823.48 Unnamed reservoir -- --
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Steele City Nebraska No 823.54 X X X 3 758-847.4 Rainwater Basin 823.54 Unnamed reservoir -- --

Steele City Nebraska No 823.61 X X X 3 758-847.4 Rainwater Basin 823.61 Unnamed reservoir -- --

Steele City Nebraska No 823.97 X X X 3 758-847.4 Rainwater Basin 823.97 Unnamed reservoir -- --

Steele City Nebraska No 825.04 X X X 3 758-847.4 Rainwater Basin 825.04 Unnamed reservoir -- --

Steele City Nebraska No 825.04 X X X 3 758-847.4 Rainwater Basin 825.04 Unnamed reservoir -- --

Steele City Nebraska No 826.27 X X X 3 758-847.4 Rainwater Basin 826.27 Unnamed reservoir -- --

Steele City Nebraska No 829.47 X X X 3 758-847.4 Rainwater Basin 829.47 Unnamed reservoir -- --

Steele City Nebraska No 829.81 X X X 3 758-847.4 Rainwater Basin 829.81 Unnamed reservoir -- --

Steele City Nebraska No 829.88 X X X 3 758-847.4 Rainwater Basin 829.88 Unnamed reservoir -- --

Steele City Nebraska No 829.99 X X X 3 758-847.4 Rainwater Basin 829.99 Unnamed reservoir -- --

Steele City Nebraska No 830.61 X X X 3 758-847.4 Rainwater Basin 830.61 Unnamed reservoir -- --

Steele City Nebraska No 831.33 X X X 3 758-847.4 Rainwater Basin 831.33 Cub Creek Reservoir 
14-C

-- --

Steele City Nebraska No 832.18 X X X 3 758-847.4 Rainwater Basin 832.18 Cub Creek Reservoir 
14-C

-- --

Steele City Nebraska No 832.71 X X X 3 758-847.4 Rainwater Basin 832.71 Cub Creek Reservoir 
14-C

-- --

Steele City Nebraska No 832.73 X X X 3 758-847.4 Rainwater Basin 832.73 Cub Creek Reservoir 
14-C

-- --

Steele City Nebraska No 832.74 X X X 3 758-847.4 Rainwater Basin 832.74 Cub Creek Reservoir 
14-C

-- --

Steele City Nebraska No 833.9 X X X 3 758-847.4 Rainwater Basin 833.9 Cub Creek Reservoir 
14-C

-- --

Steele City Nebraska No 835.29 X X X 3 758-847.4 Rainwater Basin 835.29 Cub Creek Reservoir 
13-C

Pipeline passes within 0.2 
mile of reservoir

--

Steele City Nebraska NE-14 836.32 X X X 3 758-847.4 Rainwater Basin 836.32 Cub Creek Reservoir 
13-C

Pipeline passes within 0.2 
mile of reservoir

--

Steele City Nebraska NE-14 836.94 X X X 3 758-847.4 Rainwater Basin 836.94 Cub Creek Reservoir 
13-C

Pipeline passes within 0.2 
mile of reservoir

--

Steele City Nebraska No 837.46 X X X 3 758-847.4 Rainwater Basin 837.46 Cub Creek Reservoir 
13-C

Pipeline passes within 0.2 
mile of reservoir

--

Steele City Nebraska No 837.53 X X X 3 758-847.4 Rainwater Basin 837.53 Cub Creek Reservoir 
13-C

Pipeline passes within 0.2 
mile of reservoir

--

Steele City Nebraska No 838.62 X X X 3 758-847.4 Rainwater Basin 838.62 Cub Creek Reservoir 
13-C

Pipeline passes within 0.2 
mile of reservoir

--

Steele City Nebraska No 838.76 X X X 3 758-847.4 Rainwater Basin 838.76 Cub Creek Reservoir 
13-C

Pipeline passes within 0.2 
mile of reservoir

--

Steele City Nebraska No 840.59 X X X 3 758-847.4 Rainwater Basin 840.59 Big Indian Creek 
Reservoir 10-A

Pipeline passes within 0.3 
mile of reservoir

--

Steele City Nebraska No 843.03 X X X 3 758-847.4 Rainwater Basin 843.03 Big Indian Creek 
Reservoir 10-A

Pipeline passes within 0.3 
mile of reservoir

--
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Steele City Nebraska No 847.32 X X X 3 758-847.4 Rainwater Basin 847.32 Big Indian Creek 
Reservoir 8-E

Pipeline passes within 0.3 
mile of reservoir

--

Steele City Nebraska No 847.34 X X X 3 758-847.4 Rainwater Basin 847.34 Big Indian Creek 
Reservoir 8-E

Pipeline passes within 0.3 
mile of reservoir

--

Steele City Nebraska NE-17 848.66 X 1 -- -- 848.66 Big Indian Creek 
Reservoir 8-E

Pipeline passes within 0.3 
mile of reservoir

--

Gulf Coast Oklahoma No 1.24 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 2.45 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 2.94 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 3.27 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 6.98 X X 2 -- -- 6.98 Stroud Lake Perennial drainage flows 
southeast from the 
centerline into Stroud Lake 
via Camp Creek

Reservoir used for fishing, appears to be an ESA 
outside of the 5 mile boundary.

Gulf Coast Oklahoma No 7.6 X 1 -- -- 7.6 Stroud Lake Intermittent drainage flows 
southeast from the 
centerline into Stroud Lake 
via Camp Creek

Reservoir used for fishing, appears to be an ESA 
outside of the 5 mile boundary.

Gulf Coast Oklahoma OK-2 7.83 X X 2 -- -- 7.83 Stroud Lake Intermittent drainage flows 
southeast from the 
centerline into Stroud Lake 
via Camp Creek

Reservoir used for fishing, appears to be an ESA 
outside of the 5 mile boundary.

Gulf Coast Oklahoma OK-2 8.38 X 1 -- -- 8.38 Stroud Lake Intermittent drainage flows 
southeast from the 
centerline into Stroud Lake 
via Camp Creek

Reservoir used for fishing, appears to be an ESA 
outside of the 5 mile boundary.

Gulf Coast Oklahoma OK-2 9.1 X 1 -- -- 9.1 Stroud Lake Intermittent drainage flows 
southeast from the 
centerline into Stroud Lake 
via Camp Creek

Reservoir used for fishing, appears to be an ESA 
outside of the 5 mile boundary.

Gulf Coast Oklahoma No 9.37 X 1 -- -- 9.37 Stroud Lake Intermittent drainage flows 
southeast from the 
centerline into Stroud Lake 
via Camp Creek

Reservoir used for fishing, appears to be an ESA 
outside of the 5 mile boundary.

Gulf Coast Oklahoma OK-3 14.06 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma OK-3 14.84 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma OK-3 15.23 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma OK-3 15.25 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 19.52 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 22.15 X X X 3 22.1-23.3 Deep Fork Wildlife Management 
Area

-- -- -- --
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Gulf Coast Oklahoma No 22.99 X X 2 22.1-23.3 Deep Fork Wildlife Management 
Area

-- -- -- --

Gulf Coast Oklahoma No 24.03 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 28.3 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 30.41 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 32.65 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 38.3 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 38.55 X X 2 38.6 North Canadian River Valley -- -- -- --
Gulf Coast Oklahoma No 39.9 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 43.53 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma OK-4 46.82 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 47.29 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 47.95 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 50.01 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 52.44 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 58.7 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 59.84 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 59.98 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 60.28 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 60.33 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma OK-6 67.22 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma OK-6 70.38 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 72.95 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma OK-6 74.05 X X 2 74.2 South Canadian River Valley -- -- -- --

Gulf Coast Oklahoma OK-6 74.74 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma OK-7 79.56 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 80.17 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 87.34 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 95.02 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 96.14 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 102.25 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 102.69 X 1 -- -- -- -- -- --
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Gulf Coast Oklahoma No 111.06 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 119.15 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 122.57 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 123.08 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 124.08 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 125.62 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 126.2 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 126.89 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 127.09 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 127.26 0 -- -- -- -- -- --

Gulf Coast Oklahoma No 129.45 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 131.34 X 1 -- -- -- -- -- --
Gulf Coast Oklahoma No 133.24 X 1 -- -- -- -- -- --

Gulf Coast Oklahoma No 155.68 X X 2 155.7 Red River Valley -- -- -- --

Gulf Coast Oklahoma No 155.73 X X 2 155.7 Red River Valley -- -- -- --
Gulf Coast Texas No 158.53 X 1 -- -- -- -- -- --

Gulf Coast Texas No 162.02 X X X 3 162 Wetland Reserve Program -- -- -- --

Gulf Coast Texas No 165.65 X 1 -- -- -- -- -- --

Gulf Coast Texas No 166.16 X 1 -- -- -- -- -- --
Gulf Coast Texas No 168.32 X X 2 -- -- 168.32 Pat Mayse Lake/WMA Ephemeral drainage flows 

northeast from centerline 
into Pat Mayse Lake/WMA 
via Collins Creek

8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 168.33 X X 2 -- -- 168.33 Pat Mayse Lake/WMA Ephemeral drainage flows 
northeast from centerline 
into Pat Mayse Lake/WMA 
via Collins Creek

8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 168.33 X X 2 -- -- 168.33 Pat Mayse Lake/WMA Ephemeral drainage flows 
northeast from centerline 
into Pat Mayse Lake/WMA 
via Collins Creek

8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.
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Gulf Coast Texas No 168.84 X X 2 -- -- 168.84 Pat Mayse Lake/WMA Intermittent drainage flows 
northeast from centerline 
into Pat Mayse Lake/WMA 
via Collins Creek

8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 169.29 X X X 3 -- -- 169.29 Pat Mayse Lake/WMA -- 8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 169.48 X X 2 -- -- 169.48 Pat Mayse Lake/WMA -- 8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 170.3 X X 2 -- -- 170.3 Pat Mayse Lake/WMA Ephemeral drainage flows 
north from centerline into 
Pat Mayse Lake/WMA via 
Sanders Creek.  

8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 170.39 X X 2 -- -- 170.39 Pat Mayse Lake/WMA Ephemeral drainage flows 
north from centerline into 
Pat Mayse Lake/WMA via 
Sanders Creek

8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 170.9 X X X 3 -- -- 170.9 Pat Mayse Lake/WMA Ephemeral drainage flows 
north from centerline into 
Pat Mayse Lake/WMA via 
Sanders Creek

8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 171.16 X X X 3 -- -- 171.16 Pat Mayse Lake/WMA -- 8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 172.71 X X X 3 -- -- 172.71 Pat Mayse Lake/WMA -- 8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 173.41 X X 2 -- -- 173.41 Pat Mayse Lake/WMA Ephemeral drainage flows 
north from centerline into 
Pat Mayse Lake/WMA via 
Cottonwood Creek

8,925 acre wildlife management area on the 
western edge of Pat Mayse Reservoir.  Waterfowl 
viewing and hunting.  This is an ESA, but it is 
outside of the 5 mile buffer from the pipeline.

Gulf Coast Texas No 174.22 X 1 -- -- -- -- -- --
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Gulf Coast Texas No 184 X 1 -- -- 184 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Mallory Creek

--

Gulf Coast Texas No 184.08 X 1 -- -- 184.08 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Mallory Creek

--

Gulf Coast Texas No 185.09 X 1 -- -- 185.09 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Mallory Creek

--

Gulf Coast Texas No 186.41 X 1 -- -- 186.41 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Mallory Creek

--

Gulf Coast Texas No 187.51 X 1 -- -- 187.51 Proposed George 
Parkhouse Reservoir

-- --

Gulf Coast Texas No 188.52 X 1 -- -- 188.52 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Mallory Creek

--

Gulf Coast Texas No 189.31 X 1 -- -- 189.31 Proposed George 
Parkhouse Reservoir

-- --

Gulf Coast Texas No 190.52 X X 2 190.2 North Sulphur River Valley 190.52 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--
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Gulf Coast Texas No 190.52 X X 2 190.2 North Sulphur River Valley 190.52 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--

Gulf Coast Texas No 190.52 X X 2 190.2 North Sulphur River Valley 190.52 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--

Gulf Coast Texas No 190.66 X X 2 190.2 North Sulphur River Valley 190.66 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--

Gulf Coast Texas No 190.67 X X 2 190.2 North Sulphur River Valley 190.67 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--

Gulf Coast Texas No 190.75 X X 2 190.2 North Sulphur River Valley 190.75 Proposed George 
Parkhouse Reservoir

Perennial drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--

Gulf Coast Texas No 190.76 X X X 3 190.2 North Sulphur River Valley 190.76 Proposed George 
Parkhouse Reservoir

Perennial drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--

Gulf Coast Texas No 190.76 X X X 3 190.2 North Sulphur River Valley 190.76 Proposed George 
Parkhouse Reservoir

-- --

Gulf Coast Texas No 190.76 X X X 3 190.2 North Sulphur River Valley 190.76 Proposed George 
Parkhouse Reservoir

-- --
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Gulf Coast Texas No 190.82 X 1 -- -- 190.82 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--

Gulf Coast Texas No 191.05 X 1 -- -- 191.05 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
North Sulphur River

--

Gulf Coast Texas No 192.85 X 1 -- -- 192.85 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
southeast from centerline 
into area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--

Gulf Coast Texas No 193.67 X 1 -- -- 193.67 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
southeast from centerline 
into area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--

Gulf Coast Texas No 194.24 X 1 -- -- 194.24 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
east from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--

Gulf Coast Texas No 194.25 X 1 -- -- 194.25 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
east from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--

Gulf Coast Texas No 194.26 X 1 -- -- 194.26 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
east from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--
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Gulf Coast Texas No 194.96 X 1 -- -- 194.96 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
east from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--

Gulf Coast Texas No 195.87 X 1 -- -- 195.87 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
east from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--

Gulf Coast Texas No 195.91 X 1 -- -- 195.91 Proposed George 
Parkhouse Reservoir

Perennial drainage flows 
east from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--

Gulf Coast Texas No 196.37 X 1 -- -- 196.37 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
east from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Lake Creek.

--

Gulf Coast Texas No 199.59 X 1 -- -- 199.59 Proposed George 
Parkhouse Reservoir

Intermittent drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Evans Branch.

--

Gulf Coast Texas No 199.84 X 1 -- -- 199.84 Proposed George 
Parkhouse Reservoir

Seasonal drainage flows 
south from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
Evans Branch.

--

Gulf Coast Texas No 201.77 X X 2 -- -- 201.77 Proposed George 
Parkhouse Reservoir

Perennial drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
South Sulphur River.

--

Gulf Coast Texas No 201.78 X X 2 -- -- 201.78 Proposed George 
Parkhouse Reservoir

Perennial drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
South Sulphur River.

--
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Gulf Coast Texas No 202.95 X 1 -- -- 202.95 Proposed George 
Parkhouse Reservoir

-- --

Gulf Coast Texas No 202.95 X 1 -- -- 202.95 Proposed George 
Parkhouse Reservoir

Perennial drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
South Sulphur River.

--

Gulf Coast Texas No 203.4 X 1 -- -- 203.4 Proposed George 
Parkhouse Reservoir

Drainage flows north from 
centerline into area 
considered for proposed 
George Parkhouse 
Reservoir via South Sulphur 
River.

--

Gulf Coast Texas No 203.76 X 1 -- -- 203.76 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
South Sulphur River.

--

Gulf Coast Texas No 203.77 X 1 -- -- 203.77 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
South Sulphur River.

--

Gulf Coast Texas No 203.79 X 1 -- -- 203.79 Proposed George 
Parkhouse Reservoir

-- --

Gulf Coast Texas No 203.95 X 1 -- -- 203.95 Proposed George 
Parkhouse Reservoir

Perennial drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
South Sulphur River.

--

Gulf Coast Texas No 204.09 X 1 -- -- 204.09 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
South Sulphur River.

--

Gulf Coast Texas No 204.14 X 1 -- -- 204.14 Proposed George 
Parkhouse Reservoir

Ephemeral drainage flows 
north from centerline into 
area considered for 
proposed George 
Parkhouse Reservoir via 
South Sulphur River.

--
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Gulf Coast Texas No 212.11 X 1 -- -- -- -- -- --
Gulf Coast Texas No 212.82 X 1 -- -- -- -- -- --
Gulf Coast Texas No 217.18 X 1 -- -- -- -- -- --

Gulf Coast Texas No 218.23 X

X X

1 -- -- -- -- -- --
Gulf Coast Texas No 220.91 X 1 -- -- -- -- -- --
Gulf Coast Texas TX-1 223.05 2 -- -- 223.05 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 224.15 X X X 3 -- -- 224.15 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 225.03 X X 2 -- -- 225.03 Lake Cypress Springs Intermittent drainage flows 
south from centerline into 
Lake Cypress Springs via 
Little Cypress Creek. 

Attached to Lake Bob Sandlin

Gulf Coast Texas No 225.38 X X 2 -- -- 225.38 Lake Cypress Springs Ephemeral drainage flows 
south from centerline into 
Lake Cypress Springs via 
Little Cypress Creek. 

Attached to Lake Bob Sandlin

Gulf Coast Texas No 225.42 X X 2 -- -- 225.42 Lake Cypress Springs Ephemeral drainage flows 
south from centerline into 
Lake Cypress Springs via 
Little Cypress Creek. 

Attached to Lake Bob Sandlin

Gulf Coast Texas TX-1 226.04 X X 2 -- -- 226.04 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas TX-1 226.2 X X 2 -- -- 226.2 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas TX-1 226.23 X X 2 -- -- 226.23 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas TX-1 226.29 X X 2 -- -- 226.29 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 226.68 X X X 3 -- -- 226.68 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 226.76 X X X 3 -- -- 226.76 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 227.52 X X 2 -- -- 227.52 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 227.53 X X 2 -- -- 227.53 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 227.58 X X 2 -- -- 227.58 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 227.68 X X 2 -- -- 227.68 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 227.91 X X 2 -- -- 227.91 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 227.95 X X 2 -- -- 227.95 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 228.34 X X 2 -- -- 228.34 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 228.48 X X X 3 -- -- 228.48 Lake Cypress Springs -- Attached to Lake Bob Sandlin
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Gulf Coast Texas No 228.86 X X 2 -- -- 228.86 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 228.88 X X 2 -- -- 228.88 Lake Cypress Springs -- Attached to Lake Bob Sandlin

Gulf Coast Texas No 230.07 X X 2 -- -- 230.07 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 230.41 X X 2 -- -- 230.41 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 230.42 X X 2 -- -- 230.42 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 230.89 X X 2 -- -- 230.89 Lake Bob Sandlin Ephemeral drainage flows 
south of the centerline into 
Lake Bob Sandlin via Gum 
Branch.

9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 231.22 X X 2 -- -- 231.22 Lake Bob Sandlin Ephemeral drainage flows 
south of the centerline into 
Lake Bob Sandlin via Gum 
Branch.

9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 231.43 X X 2 -- -- 231.43 Lake Bob Sandlin Ephemeral drainage flows 
south of the centerline into 
Lake Bob Sandlin via Gum 
Branch.

9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 231.6 X X 2 -- -- 231.6 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 231.85 X X 2 -- -- 231.85 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 232.65 X X X 3 -- -- 232.65 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 232.75 X X X 3 -- -- 232.75 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 233.08 X X X 3 -- -- 233.08 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 234.13 X X X 3 -- -- 234.13 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 234.21 X X 2 -- -- 234.21 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 234.59 X X X 3 -- -- 234.59 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 234.7 X X 2 -- -- 234.7 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas No 235.05 X X X 3 -- -- 235.05 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas TX-2 235.54 X X X 3 -- -- 235.54 Lake Bob Sandlin Perennial drainage flows 
north of the centerline into 
Lake Bob Sandlin via Sand 
Branch.

9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas TX-2 236.81 X X 2 -- -- 236.81 Lake Bob Sandlin Intermittent drainage flows 
east of the centerline into 
Lake Bob Sandlin via South 
Fork Brushy Creek.

9,400 acre reservoir, eagles in winter months, bird 
watching, 
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Gulf Coast Texas TX-2 238.19 X X 2 -- -- 238.19 Lake Bob Sandlin -- 9,400 acre reservoir, eagles in winter months, bird 
watching, 

Gulf Coast Texas TX-2 239.45 X 1 -- -- 239.45 Proposed Little 
Cypress Reservoir

Intermittent drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Caney Creek.  

--

Gulf Coast Texas TX-2 239.67 X 1 -- -- 239.67 Proposed Little 
Cypress Reservoir

Ephemeral drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Caney Creek.  

--

Gulf Coast Texas No 241.61 X 1 -- -- 241.61 Proposed Little 
Cypress Reservoir

Ephemeral drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Caney Creek.  

--

Gulf Coast Texas No 241.83 X 1 -- -- 241.83 Proposed Little 
Cypress Reservoir

Drainage flows southeast 
from centerline into area 
considered for proposed 
Little Cypress Reservoir via 
Caney Creek.  

--

Gulf Coast Texas No 241.86 X 1 -- -- 241.86 Proposed Little 
Cypress Reservoir

Intermittent drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Little Cypress 
Creek.  

--

Gulf Coast Texas No 242.09 X 1 -- -- 242.09 Proposed Little 
Cypress Reservoir

Ephemeral drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Little Cypress 
Creek.  

--

Gulf Coast Texas No 242.24 X 1 -- -- 242.24 Proposed Little 
Cypress Reservoir

Intermittent drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Little Cypress 
Creek.  

--

Gulf Coast Texas No 242.71 X X 2 -- -- 242.71 Proposed Little 
Cypress Reservoir

Perennial drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Little Cypress 
Creek.  

--

Gulf Coast Texas No 243.9 X X 2 -- -- 243.9 Proposed Little 
Cypress Reservoir

-- --
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Gulf Coast Texas No 244.87 X X 2 -- -- 244.87 Proposed Little 
Cypress Reservoir

Perennial drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Little Cypress 
Creek.  

--

Gulf Coast Texas No 245.44 X X 2 -- -- 245.44 Proposed Little 
Cypress Reservoir

Perennial drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Little Cypress 
Creek.  

--

Gulf Coast Texas No 245.53 X 1 -- -- 245.53 Proposed Little 
Cypress Reservoir

Perennial drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Little Cypress 
Creek.  

--

Gulf Coast Texas No 246.39 X 1 -- -- 246.39 Proposed Little 
Cypress Reservoir

Drainage flows southeast 
from centerline into area 
considered for proposed 
Little Cypress Reservoir via 
Little Cypress Creek.  

--

Gulf Coast Texas No 246.62 X X 2 -- -- 246.62 Proposed Little 
Cypress Reservoir

Perennial drainage flows 
southeast from centerline 
into area considered for 
proposed Little Cypress 
Reservoir via Little Cypress 
Creek.  

--

Gulf Coast Texas No 247.51 X 1 -- -- 247.51 Lake Greenbriar Intermittent drainage flows 
southwest from centerline 
into Lake Greenbriar via 
Clear Creek.

Residential area, reservoir

Gulf Coast Texas No 248.01 X X 2 -- -- 248.01 Lake Greenbriar Perennial drainage flows 
southwest from centerline 
into Lake Greenbriar via 
Clear Creek.

Residential area, reservoir

Gulf Coast Texas TX-4 248.6 X 1 -- -- 248.6 Lake Greenbriar Perennial drainage flows 
southwest from centerline 
into Lake Greenbriar via 
Clear Creek.

Residential area, reservoir

Gulf Coast Texas TX-4 249.96 X 1 -- -- 249.96 Lake Greenbriar Intermittent drainage flows 
southwest from centerline 
into Lake Greenbriar via 
Honey Creek.

Residential area, reservoir
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Gulf Coast Texas TX-4 250.28 X 1 -- -- 250.28 Lake Greenbriar Intermittent drainage flows 
southwest from centerline 
into Lake Greenbriar via 
Honey Creek.

Residential area, reservoir

Gulf Coast Texas TX-5 252.97 X 1 -- -- -- -- -- --
Gulf Coast Texas No 254.89 X 1 -- -- -- -- -- --
Gulf Coast Texas No 255.17 X 1 -- -- -- -- -- --
Gulf Coast Texas No 256.92 X 1 -- -- -- -- -- --
Gulf Coast Texas No 258.35 X 1 -- -- -- -- -- --

Gulf Coast Texas No 258.72 X 1 -- -- -- -- -- --

Gulf Coast Texas No 260.05 X 1 -- -- -- -- -- --

Gulf Coast Texas No 260.94 X 1 -- -- -- -- -- --

Gulf Coast Texas No 261.24 X 1 -- -- -- -- -- --

Gulf Coast Texas No 263.5 X 1 -- -- -- -- -- --
Gulf Coast Texas TX-6 267.89 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-6 268.86 X 1 -- -- -- -- -- --
Gulf Coast Texas TX-6 270.67 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-6 270.84 X 1 -- -- -- -- -- --

Gulf Coast Texas No 272.14 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-7 275.08 X X 2 -- -- 275.08 Prairie Creek Reservoir Perennial drainage flows 
east from centerline into 
Prairie Creek Reservoir via 
Prairie Creek.

For water storage, recently constructed.

Gulf Coast Texas TX-7 275.48 X 1 -- -- 275.48 Prairie Creek Reservoir -- For water storage, recently constructed.

Gulf Coast Texas TX-7 275.53 X X 2 -- -- 275.53 Prairie Creek Reservoir -- For water storage, recently constructed.

Gulf Coast Texas TX-7 275.55 X 1 -- -- 275.55 Prairie Creek Reservoir -- For water storage, recently constructed.

Gulf Coast Texas TX-7 277.06 X 1 -- -- 277.06 Lake Tyler Intermittent drainage flows 
west of centerline into Lake 
Tyler via Mud Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas No 277.34 X X 2 -- -- 277.34 Lake Tyler Perennial drainage flows 
west of centerline into Lake 
Tyler via Mud Creek.

Picnic and wildlife/bird watching
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Gulf Coast Texas No 277.66 X X 2 -- -- 277.66 Lake Tyler Perennial drainage flows 
east of centerline into Lake 
Tyler via Mud Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-8 279.73 X X 2 -- -- 279.73 Lake Tyler -- Picnic and wildlife/bird watching

Gulf Coast Texas No 280.12 X 1 -- -- 280.12 Lake Tyler Intermittent drainage flows 
east of centerline into Lake 
Tyler via Mud Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas No 280.71 X X 2 -- -- 280.71 Lake Tyler Perennial drainage flows 
east of centerline into Lake 
Tyler via Mud Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-9 281.84 X 1 -- -- 281.84 Lake Tyler Ephemeral drainage flows 
southwest of centerline into 
Lake Tyler via Caney Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-9 281.97 X 1 -- -- 281.97 Lake Tyler Seasonal drainage flows 
south of centerline into Lake 
Tyler via Caney Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-9 282.02 X 1 -- -- 282.02 Lake Tyler Seasonal drainage flows 
south of centerline into Lake 
Tyler via Caney Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-10 283.06 X X 2 -- -- 283.06 Lake Tyler Intermittent drainage flows 
south of centerline into Lake 
Tyler via Caney Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-10 283.45 X X 2 -- -- 283.45 Lake Tyler Perennial drainage flows 
south of centerline into Lake 
Tyler via Caney Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-10 283.49 X X 2 -- -- 283.49 Lake Tyler Perennial drainage flows 
south of centerline into Lake 
Tyler via Caney Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-10 283.54 X 1 -- -- 283.54 Lake Tyler -- Picnic and wildlife/bird watching
Gulf Coast Texas TX-10 284.62 X X 2 -- -- 284.62 Lake Tyler Perennial drainage flows 

north of centerline into Lake 
Tyler via Caney Creek.

Picnic and wildlife/bird watching

Gulf Coast Texas TX-10 286.77 X X 2 -- -- 286.77 Proposed Lake 
Columbia

Perennial drainage flows 
southwest of centerline into 
area considered for 
proposed Columbia Lake via 
Kickapoo Creek.

--
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Gulf Coast Texas No 287.55 X 1 -- -- 287.55 Proposed Lake 
Columbia

Intermittent drainage flows 
west of centerline into area 
considered for proposed 
Columbia Lake via Kickapoo 
Creek.

--

Gulf Coast Texas No 287.84 X 1 -- -- 287.84 Proposed Lake 
Columbia

Intermittent drainage flows 
west of centerline into area 
considered for proposed 
Columbia Lake via Kickapoo 
Creek.

--

Gulf Coast Texas No 288.15 X 1 -- -- 288.15 Proposed Lake 
Columbia

Intermittent drainage flows 
west of centerline into area 
considered for proposed 
Columbia Lake via Kickapoo 
Creek.

--

Gulf Coast Texas No 288.24 X 1 -- -- 288.24 Proposed Lake 
Columbia

Intermittent drainage flows 
west of centerline into area 
considered for proposed 
Columbia Lake via Kickapoo 
Creek.

--

Gulf Coast Texas No 297.62 X X 2 -- -- 297.62 Lake Striker Perennial drainage flows 
south of centerline into Lake 
Striker via Mill Creek.

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 297.67 X 1 -- -- 297.67 Lake Striker Intermittent drainage flows 
south of centerline into Lake 
Striker via Mill Creek

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 297.68 X 1 -- -- 297.68 Lake Striker -- 2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 300.74 X 1 -- -- 300.74 Lake Striker Ephemeral drainage flows 
south of centerline into Lake 
Striker via Mill Creek

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas TX-11 301.32 X X 2 -- -- 301.32 Lake Striker -- 2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 301.74 X 1 -- -- 301.74 Lake Striker Ephemeral drainage flows 
north of centerline into Lake 
Striker via Johnson Creek

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 302.32 X 1 -- -- 302.32 Lake Striker Ephemeral drainage flows 
west of centerline into Lake 
Striker via Striker Creek

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 302.99 X 1 -- -- 302.99 Lake Striker Ephemeral drainage flows 
south of centerline into Lake 
Striker via Boggy Branch

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 303 X 1 -- -- 303 Lake Striker Ephemeral drainage flows 
south of centerline into Lake 
Striker via Boggy Branch

2,400 acre reservoir, industrial water, recreational 
uses (fishing)
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Gulf Coast Texas No 303.1 X 1 -- -- 303.1 Lake Striker -- 2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 303.83 X 1 -- -- 303.83 Lake Striker Intermittent drainage flows 
west, directly into Lake 
Striker

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 303.88 X 1 -- -- 303.88 Lake Striker Intermittent drainage flows 
west, directly into Lake 
Striker

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 304.27 X 1 -- -- 304.27 Lake Striker Intermittent drainage flows 
west, directly into Lake 
Striker

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas No 304.75 X 1 -- -- 304.75 Lake Striker Intermittent drainage flows 
west, directly into Lake 
Striker

2,400 acre reservoir, industrial water, recreational 
uses (fishing)

Gulf Coast Texas TX-11 308.27 X 1 -- -- -- -- -- --
Gulf Coast Texas TX-12 313.18 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-12 313.23 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-12 313.3 X X 2 -- -- -- -- -- --

Gulf Coast Texas TX-12 313.55 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-12 313.68 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-12 314.5 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-12 314.98 X 1 -- -- -- -- -- --

Gulf Coast Texas No 315.31 X 1 -- -- -- -- -- --

Gulf Coast Texas No 316.68 X 1 -- -- -- -- -- --
Gulf Coast Texas TX-13 319.34 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-13 320.25 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-13 320.79 X 1 -- -- -- -- -- --
Gulf Coast Texas No 334.17 X 1 -- -- -- -- -- --
Gulf Coast Texas No 337.73 X 1 -- -- -- -- -- --

Gulf Coast Texas No 338.31 X 1 -- -- -- -- -- --
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Gulf Coast Texas No 338.48 X 1 -- -- -- -- -- --

Gulf Coast Texas No 338.49 X 1 -- -- -- -- -- --

Gulf Coast Texas No 338.52 X 1 -- -- -- -- -- --

Gulf Coast Texas No 338.53 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-14 338.69 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-14 338.77 X 1 -- -- -- -- -- --

Gulf Coast Texas No 340.17 X 1 -- -- -- -- -- --

Gulf Coast Texas No 340.18 X 1 -- -- -- -- -- --

Gulf Coast Texas No 342.53 X 1 -- -- -- -- -- --
Gulf Coast Texas No 344.69 X 1 -- -- 344.69 Davy Crockett National 

Forest
Ephemeral drainage located 
within David Crocket 
National Forest which drains 
south into Watson Branch.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 344.94 X X 2 -- -- 344.94 Davy Crockett National 
Forest

Ephemeral drainage located 
within David Crocket 
National Forest which drains 
south into Watson Branch.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 345.45 X 1 -- -- 345.45 Davy Crockett National 
Forest

Intermittent drainage located 
within David Crockett 
National Forest which drains 
northeast into Watson 
Branch.  

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 345.46 X 1 -- -- 345.46 Davy Crockett National 
Forest

Intermittent drainage located 
within David Crockett 
National Forest which drains 
northeast into Watson 
Branch.  

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 345.52 X 1 -- -- 345.52 Davy Crockett National 
Forest

Perennial drainage located 
within David Crockett 
National Forest which drains 
northeast into Watson 
Branch.  

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  
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Gulf Coast Texas No 345.59 X 1 -- -- 345.59 Davy Crockett National 
Forest

Perennial drainage located 
within David Crockett 
National Forest which drains 
northeast into Watson 
Branch.  

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 345.6 X X 2 -- -- 345.6 Davy Crockett National 
Forest

Perennial drainage located 
within David Crockett 
National Forest which drains 
northeast into Watson 
Branch.  

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 346.52 X 1 -- -- 346.52 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 346.52 X 1 -- -- 346.52 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 346.59 X 1 -- -- 346.59 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 346.6 X 1 -- -- 346.6 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 347.76 X X 2 -- -- 347.76 Davy Crockett National 
Forest

Ephemeral drainage located 
within David Crocket 
National Forest which drains 
west into Bodan Creek

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 348.05 X 1 -- -- 348.05 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 350.01 X X 2 -- -- 350.01 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 350.23 X X 2 -- -- 350.23 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 351.02 X X X 3 -- -- 351.02 Davy Crockett National 
Forest

Perennial drainage located 
within David Crockett 
National Forest which drains 
west into Buncombe Creek

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  
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Gulf Coast Texas No 351.15 X X X 3 -- -- 351.15 Davy Crockett National 
Forest

Perennial drainage located 
within David Crockett 
National Forest which drains 
west into Buncombe Creek

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 351.66 X X 2 -- -- 351.66 Davy Crockett National 
Forest

Perennial drainage located 
within David Crockett 
National Forest which drains 
west into Neches River

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 352.18 X X X 3 -- -- 352.18 Davy Crockett National 
Forest

Perennial drainage located 
within David Crockett 
National Forest which drains 
west into Neches River

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 352.93 X X 2 -- -- 352.93 Davy Crockett National 
Forest

Ephemeral drainage located 
within David Crockett 
National Forest which drains 
west into Crawford Creek.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 352.94 X X 2 -- -- 352.94 Davy Crockett National 
Forest

Ephemeral drainage located 
within David Crockett 
National Forest which drains 
west into Crawford Creek.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 352.99 X X 2 -- -- 352.99 Davy Crockett National 
Forest

Ephemeral drainage located 
within David Crockett 
National Forest which drains 
west into Crawford Creek.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas TX-15 353.12 X X 2 -- -- 353.12 Davy Crockett National 
Forest

Ephemeral drainage located 
within David Crockett 
National Forest which drains 
west into Crawford Creek.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 353.26 X X X 3 -- -- 353.26 Davy Crockett National 
Forest

Ephemeral drainage located 
within David Crockett 
National Forest which drains 
west into Crawford Creek.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 353.28 X X 2 -- -- 353.28 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas TX-16 354.18 X X 2 -- -- 354.18 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas TX-16 354.2 X X 2 -- -- 354.2 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  
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Gulf Coast Texas TX-16 355.01 X X 2 -- -- 355.01 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas TX-16 355.11 X X 2 -- -- 355.11 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas TX-16 355.22 X X 2 -- -- 355.22 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas TX-16 355.27 X X 2 -- -- 355.27 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas TX-16 355.45 X X X 3 -- -- 355.45 Davy Crockett National 
Forest

Drainage located within 
David Crockett National 
Forest which drains west 
into Neches River.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas TX-16 355.64 X X 2 -- -- 355.64 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 356.08 X X 2 -- -- 356.08 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 356.74 X X 2 -- -- 356.74 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 356.91 X X 2 -- -- 356.91 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 357.41 X X 2 -- -- 357.41 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 357.5 X X 2 -- -- 357.5 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 357.92 X X 2 -- -- 357.92 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  
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Gulf Coast Texas No 358.17 X X X 3 -- -- 358.17 Davy Crockett National 
Forest

Perennial drainage located 
within David Crockett 
National Forest which drains 
southwest into Neches 
River.

National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 358.39 X X 2 -- -- 358.39 Davy Crockett National 
Forest

-- National forest managed for timber, grazing, oil 
production, hunting, and recreation.  Range of 
birds seen in the park, including migratory game 
birds.  

Gulf Coast Texas No 358.83 X 1 -- -- -- -- -- --

Gulf Coast Texas No 359.08 X 1 -- -- -- -- -- --

Gulf Coast Texas No 359.25 X 1 -- -- -- -- -- --

Gulf Coast Texas No 359.66 X 1 -- -- -- -- -- --

Gulf Coast Texas No 359.71 X 1 -- -- -- -- -- --

Gulf Coast Texas No 359.81 X 1 -- -- -- -- -- --

Gulf Coast Texas No 360.54 X 1 -- -- -- -- -- --

Gulf Coast Texas No 360.69 X 1 -- -- -- -- -- --

Gulf Coast Texas No 360.77 X 1 -- -- -- -- -- --

Gulf Coast Texas No 360.81 X 1 -- -- -- -- -- --

Gulf Coast Texas No 360.89 X X 2 -- -- -- -- -- --

Gulf Coast Texas No 361.09 X X 2 -- -- -- -- -- --

Gulf Coast Texas No 361.12 X X 2 -- -- -- -- -- --

Gulf Coast Texas No 361.24 X 1 -- -- -- -- -- --
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Gulf Coast Texas No 362.14 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-17 362.79 X X 2 -- -- -- -- -- --

Gulf Coast Texas TX-17 362.81 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-17 362.81 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-17 363.17 X 1 -- -- -- -- -- --

Gulf Coast Texas No 366.4 X 1 -- -- -- -- -- --

Gulf Coast Texas No 366.9 X 1 -- -- -- -- -- --

Gulf Coast Texas No 366.94 X X 2 367.3 Neches River Valley -- -- -- --

Gulf Coast Texas No 368.6 X 1 -- -- -- -- -- --
Gulf Coast Texas TX-19 376.43 X 1 -- -- -- -- -- --
Gulf Coast Texas TX-19 376.74 X 1 -- -- -- -- -- --

Gulf Coast Texas No 377.66 X 1 -- -- -- -- -- --

Gulf Coast Texas No 377.85 X 1 -- -- -- -- -- --
Gulf Coast Texas No 381.51 X 1 -- -- -- -- -- --

Gulf Coast Texas No 381.9 X 1 -- -- -- -- -- --
Gulf Coast Texas No 382.64 X 1 -- -- -- -- -- --
Gulf Coast Texas No 385.56 X 1 -- -- -- -- -- --
Gulf Coast Texas No 388.49 X 1 -- -- -- -- -- --
Gulf Coast Texas No 389.69 X 1 -- -- -- -- -- --
Gulf Coast Texas No 391.67 X 1 -- -- -- -- -- --
Gulf Coast Texas TX-20 397.18 X 1 -- -- -- -- -- --
Gulf Coast Texas No 400.67 X X 2 -- -- 400.67 Drainage in Big Thicket 

National Preserve
Ephemeral drainage located 
within Big Thicket National 
Preserve which drains east 
into Bluff Creek.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 400.84 X X 2 -- -- 400.84 Drainage in Big Thicket 
National Preserve

Ephemeral drainage located 
within Big Thicket National 
Preserve which drains east 
into Bluff Creek.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.
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Gulf Coast Texas No 401.35 X X X 3 -- -- 401.35 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 404.09 X X X 3 -- -- 404.09 Drainage in Big Thicket 
National Preserve

Drainage located within Big 
Thicket National Preserve 
which drains south into 
Menard Creek.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 404.1 X X 2 -- -- 404.1 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 404.33 X X 2 -- -- 404.33 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 404.57 X X 2 -- -- 404.57 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 404.74 X X 2 -- -- 404.74 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 404.75 X X 2 -- -- 404.75 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 405.4 X X 2 -- -- 405.4 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 407.13 X X X 3 -- -- 407.13 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 407.15 X X 2 -- -- 407.15 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.
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Gulf Coast Texas No 407.22 X X 2 -- -- 407.22 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 407.24 X X 2 -- -- 407.24 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 407.24 X X 2 -- -- 407.24 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 407.26 X X 2 -- -- 407.26 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas TX-22 411.68 X X 2 -- -- 411.68 Drainage in Big Thicket 
National Preserve

Intermittent drainage located 
within Big Thicket National 
Preserve which drains 
southwest into Williams 
Creek.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas TX-22 413.66 X X 2 -- -- 413.66 Drainage in Big Thicket 
National Preserve

Ephemeral drainage located 
within Big Thicket National 
Preserve which drains 
southwest into Williams 
Creek.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 414.35 X X 2 -- -- 414.35 Drainage in Big Thicket 
National Preserve

Ephemeral drainage located 
within Big Thicket National 
Preserve which drains west 
into Williams Creek.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 414.36 X X 2 -- -- 414.36 Drainage in Big Thicket 
National Preserve

Ephemeral drainage located 
within Big Thicket National 
Preserve which drains west 
into Williams Creek.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 414.7 X X 2 -- -- 414.7 Drainage in Big Thicket 
National Preserve

Ephemeral drainage located 
within Big Thicket National 
Preserve

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 415.34 X X X 3 -- -- 415.34 Drainage in Big Thicket 
National Preserve

Perennial drainage located 
within Big Thicket National 
Preserve

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Page 83 of 86  
013983



         Appendix B.  Evaluation of Additional Areas of Special Ecological Concern

Fishery Wetland Wildlife Waterbody
Special 

Waterbody CountSegment State CPS?
Approx. 
Milepost

Special Attributes

Approx. 
Milepost Name

Approx. 
Milepost

Downstream 
Reservoir/
Fishery/

Wildlife Area Other Description Comment

Downstream Waterbody within 10 Miles
(Table E-4)

Wildlife
(Table 3.6.2-1)

Gulf Coast Texas No 415.35 X X 2 -- -- 415.35 Drainage in Big Thicket 
National Preserve

Perennial drainage located 
within Big Thicket National 
Preserve

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 415.35 X X 2 -- -- 415.35 Drainage in Big Thicket 
National Preserve

Perennial drainage located 
within Big Thicket National 
Preserve

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 416.19 X X 2 -- -- 416.19 Drainage in Big Thicket 
National Preserve

Perennial drainage located 
within Big Thicket National 
Preserve which drains south 
into Menard Creek

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 416.35 X X X X 4 417.8-418.3 Big Thicket National Preserve 
(Menard Creek Unit)

416.35 Drainage in Big Thicket 
National Preserve

Perennial drainage located 
within Big Thicket National 
Preserve which drains south 
into Menard Creek

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 422.69 X X 2 -- -- 422.69 Trinity River National 
Wildlife Refuge

Ephemeral drainage located 
in National Wildlife Refuge 
which drains west into Beef 
Head Creek

25,000 acre wildlife refuge developed to protect 
bottomland hardwood forest ecosystem.  Is valued 
for its high diversity of waterfowl species. Used 
during migration or nesting by nearly 50 percent of 
the neotropical migratory bird species listed by the 
U.S. Fish and Wildlife Service.

Gulf Coast Texas No 431.71 X 1 -- -- 431.71 Daisetta Swamp Ephemeral drainage flows 
south into Daisetta Swamp 
via Batiste Creek

Not much information available.  There appears to 
be a wetland mitigation bank nearby.  

Gulf Coast Texas No 432.87 X 1 -- -- 432.87 Daisetta Swamp Ephemeral drainage flows 
south into Daisetta Swamp 
via Batiste Creek

Not much information available.  There appears to 
be a wetland mitigation bank nearby.  

Gulf Coast Texas No 433.44 X 1 -- -- 433.44 Daisetta Swamp -- Not much information available.  There appears to 
be a wetland mitigation bank nearby.  

Gulf Coast Texas No 433.46 X 1 -- -- 433.46 Daisetta Swamp Ephemeral drainage flows 
west into Daisetta Swamp 
via Batiste Creek

Not much information available.  There appears to 
be a wetland mitigation bank nearby.  

Gulf Coast Texas No 434.11 X 1 -- -- 434.11 Daisetta Swamp Ephemeral drainage flows 
west into Daisetta Swamp 
via Batiste Creek

Not much information available.  There appears to 
be a wetland mitigation bank nearby.  

Gulf Coast Texas No 434.12 X 1 -- -- 434.12 Daisetta Swamp -- Not much information available.  There appears to 
be a wetland mitigation bank nearby.  

Gulf Coast Texas No 439.5 X 1 -- -- -- -- -- --
Gulf Coast Texas No 449.03 X 1 -- -- -- -- -- --
Gulf Coast Texas No 451.56 X 1 -- -- -- -- -- --
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Gulf Coast Texas No 457.92 X X X X 4 -- -- 457.92 Drainage in Big Thicket 
National Preserve

Drainage located within Big 
Thicket National Preserve 
which drains into Cotton 
Creek.  

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 457.96 X X X X 4 -- -- 457.96 Drainage in Big Thicket 
National Preserve

-- Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 459.16 X X X 3 -- -- 459.16 Drainage in Big Thicket 
National Preserve

Intermittent drainage located 
within Big Thicket National 
Preserve which drains into 
Pine Island Bayou.  

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 459.94 X X X 3 -- -- 459.94 Drainage in Big Thicket 
National Preserve

Drainage located within Big 
Thicket National Preserve 
which drains into Pine Island 
Bayou.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas No 460.46 X X X 3 -- -- 460.46 Drainage in Big Thicket 
National Preserve

Drainage located within Big 
Thicket National Preserve 
which drains into Pine Island 
Bayou.

Forested area with high biodiversity due to mix of 
habitats, bird watching (~186 birds live in or 
migrate through), fishing, camping, etc.  
Designated "Biosphere Reserve" by UNESCO in 
1981.

Gulf Coast Texas TX-24 461.77 X X 2 -- -- -- -- -- --

Gulf Coast Texas No 462.5 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-25 469.89 X 1 -- -- -- -- -- --

Gulf Coast Texas TX-25 473.56 X X 2 -- -- 473.56 Drainage in J.D. 
Murphree WMA

Perennial drainage that 
flows southeast from 
centerline into J.D. 
Murphree WMA via 
Hillebrandt Bayou. 

Wildlife Management Area for wildlife viewing and 
hunting.  24,250 acres of fresh, intermediate, and 
brackish water within the prairie marsh zone along 
the upper coast of Texas.  Key nesting area for 
mottled ducks, with increasing nesting by Fulvous 
and Black-bellied whistling ducks.  A large colonial 
water bird rockery is located west of Lost Lake 
Camp.  The area is the center of the small, but 
principle stopover and staging area for much of the 
waterfowl of the Central Flyway and provides high 
quality winter habitat.  
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Gulf Coast Texas TX-25 473.79 X X 2 -- -- 473.79 Drainage in J.D. 
Murphree WMA

Perennial drainage that 
flows east from centerline 
into J.D. Murphree WMA via 
Hillebrandt Bayou. 

Wildlife Management Area for wildlife viewing and 
hunting.  24,250 acres of fresh, intermediate, and 
brackish water within the prairie marsh zone along 
the upper coast of Texas.  Key nesting area for 
mottled ducks, with increasing nesting by Fulvous 
and Black-bellied whistling ducks.  A large colonial 
water bird rockery is located west of Lost Lake 
Camp.  The area is the center of the small, but 
principle stopover and staging area for much of the 
waterfowl of the Central Flyway and provides high 
quality winter habitat.  

Gulf Coast Texas TX-25 473.83 X X X 3 -- -- 473.83 Drainage in J.D. 
Murphree WMA

Perennial drainage that 
flows east from centerline 
into J.D. Murphree WMA via 
Hillebrandt Bayou. 

Wildlife Management Area for wildlife viewing and 
hunting.  24,250 acres of fresh, intermediate, and 
brackish water within the prairie marsh zone along 
the upper coast of Texas.  Key nesting area for 
mottled ducks, with increasing nesting by Fulvous 
and Black-bellied whistling ducks.  A large colonial 
water bird rockery is located west of Lost Lake 
Camp.  The area is the center of the small, but 
principle stopover and staging area for much of the 
waterfowl of the Central Flyway and provides high 
quality winter habitat.  

Gulf Coast Texas TX-25 474.93 X X 2 -- -- 474.93 Drainage in J.D. 
Murphree WMA

-- Wildlife Management Area for wildlife viewing and 
hunting.  24,250 acres of fresh, intermediate, and 
brackish water within the prairie marsh zone along 
the upper coast of Texas.  Key nesting area for 
mottled ducks, with increasing nesting by Fulvous 
and Black-bellied whistling ducks.  A large colonial 
water bird rockery is located west of Lost Lake 
Camp.  The area is the center of the small, but 
principle stopover and staging area for much of the 
waterfowl of the Central Flyway and provides high 
quality winter habitat.  

Houston Lateral Texas TX-29 35.6 X 1 -- -- -- -- -- --
Houston Lateral Texas No 43.3 X X 2 43.3 San Jacinto River Valley -- -- -- --
Houston Lateral Texas Parts 18-28 X X X 3 18.9-22.4 Trinity River National Wildlife 

Refuge (Champion Lake Unit)
-- -- -- --
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Appendix C.  
Appendix C. Listing of All Private Wells Registered with the State of Nebraska That Are Located within 

1,000 ft of the Proposed Centerline of the Pipeline 

NEDNR ID 
Number Status 

Use 
ID County 

Pumping 
Rate 
(gpm) 

Total 
Depth 
(ft bgs) 

Static 
Water 
Level 

(ft bgs) 

Pumping 
Water 
Level 

(ft bgs) 
Latitude 

(dec. degrees) 
Longitude 

(dec. degrees) 

Distance 
to 

Pipeline 
(ft) 

30427 A I York 660 183 74 83 41.01028 -97.798267 4 
28803 A I Hamilton 1,200 290 80 101 41.059731 -97.852276 5 
61324 A I Merrick 350 70 14 60 41.242161 -98.016796 12 
75707 A I York 150 110 65 105 40.888707 -97.690476 17 
42653 A I York 750 141 55 75 40.782133 -97.601828 25 
47927 A I Jefferson 1,250 247 79 103 40.266113 -97.109539 28 
9908 A I Hamilton 750 130 0 75 41.062904 -97.854304 31 
22440 A I Merrick 650 33 8 31 41.176807 -97.958705 33 
172381 A I Merrick 200 40 15 35 41.236514 -98.011453 34 
51138 A I Merrick 650 43 10 37 41.225131 -98.002211 47 
75180 A I Merrick 750 38 6 33 41.207272 -97.980464 52 
67383 A I Hamilton 1,300 338 99 124 41.071923 -97.861468 58 
465 A I Merrick 1,500 0 0 0 41.169443 -97.953584 66 
104461 A I Fillmore 800 210 65 140 40.564252 -97.392373 67 
32921 A I Jefferson 700 188 80 92 40.258929 -97.102671 72 
199449 I S Keya Paha 0 37 27 35 42.954722 -99.496806 78 
57180 A I York 1,000 248 80 175 40.841615 -97.662228 98 
34246 A I Jefferson 1,000 100 22 50 40.349683 -97.196142 102 
50627 A I York 250 111 80 110 40.894246 -97.697454 115 
117611 A I Merrick 600 50 6 30 41.203815 -97.9794 116 
159532 A S Greeley 5 220 120 122 41.673611 -98.525611 117 
169826 A I Fillmore 800 329 170 200 40.6006 -97.430136 124 
43852 A I Greeley 900 232 102 120 41.614042 -98.458622 129 
153843 A I York 800 340 88 108 40.738556 -97.563917 131 
66594 A I Merrick 800 45 8 20 41.151244 -97.934331 133 
56057 A I Fillmore 850 286 105 135 40.604308 -97.439867 148 
19979 A I Fillmore 750 264 85 97 40.679225 -97.515783 151 
205091 A D Fillmore 15 200 65 67 40.566833 -97.395611 154 
130219 A I Jefferson 800 202 102 124 40.179005 -97.034202 159 
37318 A I York 1,000 240 105 137 40.709423 -97.540136 166 
33722 A I York 350 105 73 96 40.890521 -97.691683 168 
11797 A I York 1,000 181 64 76 41.012047 -97.800698 168 
63338 A I Jefferson 800 160 80 90 40.344116 -97.196278 169 
127940 A I Merrick 200 60 8 50 41.224085 -97.999751 171 
76206 A I Merrick 500 64 7 55 41.235633 -98.011622 172 
29114 A I York 1,200 201 88 104 40.953358 -97.752276 177 
108255 A I Merrick 400 30 3 20 41.194018 -97.973064 179 
72304 A I Merrick 500 65 8 50 41.235461 -98.0116 185 
9906 A I York 500 174 90 100 40.999445 -97.783731 189 
69187 A I Merrick 350 45 15 44 41.219986 -97.996264 193 
51161 A I York 300 80 35 73 40.853294 -97.665757 193 
153611 A I York 800 140 71 100 40.849833 -97.664417 204 
843 A I Merrick 0 0 0 0 41.229053 -98.0069 206 
8180 A I York 1,200 160 64 86 40.932265 -97.728512 207 
60133 A I Fillmore 800 312 110 130 40.593276 -97.420806 208 
8081 A I York 1,200 190 74 100 41.021 -97.812671 211 
117841 A I Merrick 400 37 7 34 41.188829 -97.968467 222 
174509 A I Nance 250 56 10 48 41.287333 -98.085167 242 
31897 A I Jefferson 600 240 102 114 40.274534 -97.119935 244 
208543 A I Greeley 800 405 97 130 41.53475 -98.344389 246 
108513 A I York 600 110 73 100 40.882224 -97.687714 248 
58778 A I Holt 900 117 7 17 42.481921 -99.1517 258 
55203 A I Jefferson 2,000 218 114 130 40.280618 -97.128448 261 
56967 A I York 1,000 260 85 140 41.006664 -97.793429 267 
42320 A I Holt 1,000 136 4 15 42.65552 -99.240837 268 
51285 A I Fillmore 1,000 261 110 150 40.68753 -97.523711 271 
32376 A I York 1,300 150 85 95 40.799823 -97.64498 272 
117843 A I Merrick 300 38 5 26 41.183805 -97.963775 272 
144605 I I Merrick 300 40 10 32 41.21293 -97.98523 277 
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Appendix C. (cont.) 

Static Pumping Distance 
Pumping Total Water Water to 

NEDNR ID Use Rate Depth Level Level Latitude Longitude Pipeline 
Number Status ID County (gpm) (ft bgs) (ft bgs) (ft bgs) (dec. degrees) (dec. degrees) (ft) 
44157 A I York 1,253 186 96 112 40.785368 -97.613106 278 
55605 A I Fillmore 900 260 105 127 40.694764 -97.52607 290 
170095 A S Nance 12 235 140 145 41.394683 -98.162717 297 
96532 A I Merrick 350 30 6 20 41.196972 -97.9731 300 
41484 A I Merrick 400 53 17 0 41.219599 -97.998111 308 
129627 A I Fillmore 800 307 96 190 40.651307 -97.497589 313 
7557 I I York 0 77 38 60 40.745375 -97.568575 322 
13206 A I Merrick 700 40 10 32 41.202552 -97.979393 322 
67521 A I Garfield 900 240 72 92 42.040275 -98.829304 327 
55702 A I Jefferson 800 164 106 135 40.162662 -97.022663 329 
8274 I I Hamilton 0 135 68 118 41.055131 -97.846089 330 
17548 A I Merrick 500 26 6 20 41.197285 -97.973157 338 
59843 A I York 600 120 72 94 40.879742 -97.686928 345 
46684 A I Hamilton 1,200 390 107 160 41.082942 -97.871089 346 
14699 A I Merrick 500 86 26 70 41.223278 -97.998126 347 
126306 A S Wheeler 15 164 90 100 41.836026 -98.67932 348 
21920 A I Jefferson 0 154 58 94 40.251611 -97.100124 352 
15580 A I Merrick 500 30 6 0 41.187209 -97.969544 353 
40595 A I Holt 1,000 151 23 42 42.648384 -99.241 359 
10134 A I York 730 120 73 93 40.910512 -97.71423 359 
66596 A I Merrick 900 45 8 20 41.154786 -97.939553 360 
34981 A I Rock 900 50 10 18 42.684789 -99.260517 363 
60670 A I Fillmore 1,250 327 108 121 40.574897 -97.401514 364 
46232 A I York 2,000 187 82 93 40.789058 -97.631594 366 
19925 A S Nance 400 201 56 201 41.329499 -98.121407 369 
60329 A I York 800 104 40 90 40.86161 -97.669294 370 
185510 I I Wheeler 0 0 0 0 41.758438 -98.629327 374 
189303 A I Jefferson 800 195 95 103 40.338694 -97.194111 376 
191288 A I Jefferson 410 195 132 182 40.07725 -97.000583 377 
78236 A I Merrick 450 43 10 40 41.229332 -98.004562 383 
65531 A I Merrick 150 43 10 35 41.229332 -98.004562 383 
170746 A I York 800 200 63 180 40.767427 -97.578302 385 
9625 I I Fillmore 0 270 85 105 40.596847 -97.424461 388 
207198 A S Keya Paha 5 77 7.8 8.5 42.863964 -99.403142 394 
36154 A I Jefferson 900 230 93 115 40.268015 -97.114337 395 
195968 I S Holt 0 76 14 15 42.4919 -99.156483 402 
59101 A I Greeley 1,000 401 115 250 41.52936 -98.33212 405 
4558 A I York 0 0 0 0 40.926759 -97.726128 408 
114045 A I Merrick 800 60 7 35 41.121462 -97.904294 412 
209729 A I Jefferson 666 155 120 131 40.193781 -97.043622 412 
37499 A I York 750 140 80 120 40.827421 -97.649384 423 
72839 A I York 1,000 169 90 125 40.791897 -97.632958 429 
88806 A D York 12 147 115 135 40.713447 -97.542324 430 
168867 A I Merrick 650 50 7 40 41.142758 -97.924886 431 
66636 A I Fillmore 1,250 352 84 100 40.584234 -97.40888 441 
208566 A I Jefferson 800 180 97 104 40.157194 -97.015556 445 
16448 A I York 1,200 201 88 103 40.958638 -97.754843 448 
179946 A S Keya Paha 10 40 10 20 42.921333 -99.4618 450 
207098 A D York 20 165 80 80 40.73655 -97.5601 466 
197028 I S Fillmore 0 188 70 0 40.538861 -97.371111 466 
197027 A S Fillmore 24 186 74 76 40.538806 -97.371028 470 
50172 A I York 1,200 208 100 130 40.951865 -97.750022 473 
117842 A I Merrick 600 30 4 20 41.186605 -97.969539 475 
20672 A I Hamilton 700 158 89 140 41.068321 -97.856647 478 
172076 A D Saline 3 134 35 125 40.434388 -97.281194 479 
67130 A I Merrick 1,350 60 10 25 41.166087 -97.948617 486 
213134 A I Jefferson 800 241 99 106 40.146333 -97.009611 490 
80753 A I Saline 1,200 136 71 0 40.360766 -97.21227 492 
72159 A I York 1,050 143 52 68 41.030096 -97.824589 498 
27093 A I York 1,000 182 107 122 40.817436 -97.649282 499 
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Appendix C. (cont.) 

Static Pumping Distance 
Pumping Total Water Water to 

NEDNR ID Use Rate Depth Level Level Latitude Longitude Pipeline 
Number Status ID County (gpm) (ft bgs) (ft bgs) (ft bgs) (dec. degrees) (dec. degrees) (ft) 
46890 A I York 550 78 25 62 40.856014 -97.665626 500 
31257 A I Fillmore 1,350 280 90 120 40.665381 -97.507089 502 
57179 A I York 800 128 76 86 40.837971 -97.657439 504 
46078 A I Wheeler 1,250 210 28 39 41.902624 -98.717518 505 
33373 A I York 1,300 217 77 86 40.937682 -97.738208 512 
172023 I I Merrick 0 41 0 0 41.2118 -97.987883 515 
173595 A S Greeley 5 139 70 70 41.718472 -98.590278 520 
26649 A I Merrick 400 72 21 50 41.223072 -98.001906 524 
179163 A D Nance 35 63 15 50 41.279694 -98.0795 524 
100946 A I York 400 103 60 90 40.886685 -97.687359 529 
11188 A I York 1,050 108 57 92 40.872361 -97.683119 534 
181346 A I Fillmore 800 311 99 200 40.611706 -97.44922 539 
128865 A D Saline 10 105 23 50 40.474502 -97.311259 547 
165913 I D Jefferson 0 85 31 58 40.131139 -97.003697 551 
15735 A I York 1,000 202 92 109 40.970382 -97.764578 560 
68268 A I Holt 400 117 7 14 42.485525 -99.156602 563 
181917 A I York 1,000 108 73 85 40.912297 -97.716756 563 
109111 A S Greeley 15 200 85 100 41.52717 -98.328508 565 
76938 A I York 1,000 185 89 114 40.794511 -97.637974 568 
98761 A D Merrick 20 53 10 12 41.176942 -97.956508 570 
145277 A I Merrick 0 72 0 0 41.221082 -98.00011 573 
132571 I I Merrick 300 33 8 0 41.19385 -97.969883 574 
29115 A I York 1,200 201 91 105 40.952681 -97.75488 574 
37501 A I York 1,005 141 80 100 40.829765 -97.652756 575 
174508 A I Nance 250 63 10 55 41.285417 -98.081528 577 
172943 A I Jefferson 500 222 141 200 40.077389 -97.004 580 
16987 A I York 750 83 35 54 40.862631 -97.674058 588 
201276 A D York 10 154 82 85 40.793642 -97.636444 591 
57181 A I York 485 130 79 125 40.837992 -97.662211 606 
200555 A S Holt 10 76 7 8 42.620333 -99.22545 608 
133223 A I Hamilton 1,400 260 82 116 41.046674 -97.842294 613 
183184 A I Merrick 500 65 31 42 41.263889 -98.0475 615 
32682 A I Saline 600 140 99 120 40.379233 -97.220457 616 
8281 A I Merrick 750 52 5 20 41.147731 -97.933314 617 
208652 A S Holt 5 155 25 42 42.167694 -98.9595 618 
17698 A I Merrick 800 39 9 39 41.21265 -97.98294 618 
60476 A I Hamilton 600 150 25 38 41.100911 -97.90004 619 
6959 A I Merrick 700 0 0 0 41.176399 -97.960809 630 
59912 A I York 680 104 42 90 40.859781 -97.666821 632 
104551 I D York 0 110 70 100 40.888813 -97.687748 632 
54013 A I Merrick 1,000 50 10 0 41.172909 -97.958711 634 
22007 A I Hamilton 800 215 90 140 41.091852 -97.885494 638 
80261 A I Merrick 500 55 12 30 41.225819 -98.006031 639 
84203 A I Merrick 950 48 0 0 41.172769 -97.958624 640 
74891 A I Holt 900 199 25 42 42.157126 -98.947709 642 
51254 I I York 0 214 26 62 40.749261 -97.566547 646 
172813 A I Jefferson 700 257 114 150 40.287931 -97.137306 647 
108512 A I York 600 110 73 100 40.882226 -97.689161 648 
152485 A D Jefferson 12 180 97 105 40.320694 -97.170504 648 
51045 A I Merrick 400 58 6 47 41.227823 -98.002126 654 
146020 A D Saline 15 124 34 80 40.394 -97.231333 656 
166806 A I Merrick 850 50 9 35 41.172778 -97.95875 668 
37674 I I Fillmore 1,200 304 92 127 40.600512 -97.425293 669 
34376 A I Merrick 600 40 7 40 41.200685 -97.979564 673 
14701 A I Merrick 500 55 11 40 41.223944 -97.997241 688 
51761 A I York 1,000 248 88 132 40.824358 -97.654764 689 
183177 A I Jefferson 700 220 62 77 40.258889 -97.105028 692 
78615 A I York 450 130 85 110 40.905576 -97.709669 693 
37347 A I Jefferson 1,200 220 106 115 40.306886 -97.151301 693 
72588 A I Fillmore 1,200 143 13 26 40.549914 -97.376283 696 
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Appendix C. (cont.) 

Static Pumping Distance 
Pumping Total Water Water to 

NEDNR ID Use Rate Depth Level Level Latitude Longitude Pipeline 
Number Status ID County (gpm) (ft bgs) (ft bgs) (ft bgs) (dec. degrees) (dec. degrees) (ft) 
81435 A I York 1,200 161 75 96 40.796809 -97.639924 699 
57345 A I Merrick 500 62 12 40 41.234864 -98.008125 704 
105347 A S Holt 10 40 10 20 42.187117 -98.976777 704 
27735 A I Fillmore 1,250 292 123 142 40.629613 -97.487853 705 
12319 A I Merrick 1,000 56 8 45 41.136939 -97.916997 706 
5292 A I Hamilton 850 0 0 0 41.067989 -97.861465 708 
41120 A I York 1,000 208 85 120 41.035553 -97.82395 710 
170166 A I Saline 1,250 135 59 69 40.350066 -97.193235 710 
12812 A I Merrick 450 40 13 30 41.237621 -98.014481 713 
70184 A I Merrick 1,000 65 6 36 41.126332 -97.913663 717 
15136 A I Merrick 350 41 20 35 41.217856 -97.998161 734 
8181 A I York 1,100 260 78 96 40.9413 -97.745369 736 
175316 A I Jefferson 1,000 248 119 126 40.295168 -97.146672 738 
98857 A S Holt 10 117 24 25 42.249583 -99.009571 746 
182926 A D York 49 175 87 110 40.992002 -97.779245 747 
17697 A I Merrick 680 40 14 40 41.20574 -97.977155 753 
13394 A I Hamilton 1,000 198 91 120 41.077731 -97.861669 756 
167639 I D Jefferson 15 200 90 130 40.305444 -97.157083 758 
19318 I I Fillmore 0 260 87 105 40.578881 -97.404526 759 
37574 A I Nance 300 68 12 64 41.279466 -98.081244 766 
204794 A S Greeley 15 280 160 160 41.624444 -98.459167 767 
76357 A I York 1,000 221 85 100 40.948508 -97.745357 769 
122010 A I York 1,200 255 85 130 40.700743 -97.532217 775 
127939 A I Merrick 100 50 12 45 41.216518 -97.987868 776 
176426 I I Jefferson 0 192 120 185 40.081972 -96.999056 780 
22998 A I Fillmore 1,050 280 78 92 40.618624 -97.463546 795 
153838 A I York 1,200 120 23 80 40.922806 -97.720778 795 
9905 A I York 1,000 218 91 125 40.99332 -97.779244 799 
76336 A I Merrick 450 40 7 28 41.23625 -98.00815 807 
210817 I S Merrick 0 92 45 0 41.260683 -98.050933 807 
72164 A I Merrick 300 45 9 35 41.218231 -97.99025 809 
15579 A I Merrick 500 28 6 0 41.185784 -97.963136 820 
45628 A I York 1,000 207 25 51 40.753378 -97.572083 822 
58027 A I Saline 1,250 160 102 112 40.368046 -97.221699 824 
30499 A I York 1,200 210 78 89 40.941354 -97.736464 830 
201131 A D Jefferson 20 200 89 175 40.336 -97.189639 830 
19317 A I Fillmore 1,500 100 12 25 40.549861 -97.3819 834 
82418 A I York 300 120 80 95 40.890141 -97.697003 839 
128998 A I York 1,200 200 80 118 41.01754 -97.803193 840 
147500 A I Merrick 800 52 10 40 41.267902 -98.064251 843 
52629 A I Jefferson 800 163 128 145 40.184996 -97.043768 844 
7636 A O Fillmore 1,000 297 102 140 40.629756 -97.482016 850 
38443 A I Hamilton 1,250 412 105 127 41.089979 -97.875887 854 
61802 A I Holt 600 80 5 8 42.510782 -99.171834 866 
12239 A I York 1,100 186 82 88 40.948477 -97.753061 869 
27273 A I York 550 100 0 85 40.895989 -97.702259 870 
8046 A I York 1,002 192 83 113 40.961298 -97.762129 871 
49083 A I York 1,200 199 29 60 40.751089 -97.565911 871 
61349 A I Fillmore 1,250 283 121 142 40.578755 -97.411259 875 
14460 A I York 360 99 68 88 40.895189 -97.693976 876 
9552 A I York 575 138 75 130 40.845239 -97.66699 877 
194508 A I Jefferson 800 250 116 121 40.295194 -97.1375 877 
146382 I S Rock 0 30 7 10 42.69265 -99.258033 880 
106294 I I Jefferson 400 240 120 240 40.171711 -97.025042 885 
162318 A D Nance 20 133 20 55 41.445556 -98.221389 887 
75706 A I York 150 110 65 105 40.892331 -97.690449 892 
59270 A I York 700 130 40 60 40.776439 -97.590045 894 
174510 I I Nance 0 62 10 58 41.284917 -98.079472 900 
41912 A I Holt 900 117 14 27 42.496036 -99.15695 900 
187821 A D Fillmore 20 285 116 126 40.6245 -97.464389 905 
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Appendix C. (cont.) 

Static Pumping Distance 
Pumping Total Water Water to 

NEDNR ID Use Rate Depth Level Level Latitude Longitude Pipeline 
Number Status ID County (gpm) (ft bgs) (ft bgs) (ft bgs) (dec. degrees) (dec. degrees) (ft) 
62852 A I Fillmore 1,250 290 152 175 40.624152 -97.485462 907 
76951 A I York 1,000 208 74 87 41.012082 -97.795914 909 
79323 A I York 1,300 260 26 61 40.745587 -97.563979 910 
80857 A I Jefferson 1,200 172 95 108 40.149903 -97.015475 912 
153063 A S Holt 10 75 9 10 42.482445 -99.156559 918 
34269 A I York 1,300 192 87 94 40.779972 -97.606971 926 
161323 A S Nance 13 285 170 200 41.39 -98.157222 933 
169829 A I Fillmore 800 300 92 200 40.658623 -97.497581 936 
5293 A I Hamilton 1,100 327 87 120 41.066814 -97.861467 938 
34815 A I Jefferson 900 168 136 150 40.197052 -97.054071 940 
168868 A I Merrick 700 55 8 45 41.135431 -97.924208 947 
52506 A I Merrick 420 46 21 42 41.215137 -97.98485 949 
22439 A I Merrick 550 34 8 32 41.177912 -97.963401 949 
6469 A I York 800 70 24 40 40.760133 -97.567597 951 
172021 A I Merrick 150 24 0 0 41.204417 -97.983167 960 
168882 A I Fillmore 1,200 287 143 167 40.622421 -97.478391 971 
189085 A I Jefferson 775 204 124 180 40.171722 -97.034056 974 
34611 A I Merrick 900 42 4 35 41.245785 -98.016715 977 
156066 A I York 650 312 102 180 40.71379 -97.540391 980 
197470 A O York 23 120 55 65 40.889956 -97.697486 987 
127041 A I York 700 97 53 94 40.882932 -97.683233 991 
115595 A S Holt 8 83 2 3 42.413603 -99.109327 992 
101637 A I York 500 120 70 96 40.885251 -97.692602 993 

Note:	 Data from Nebraska Department of Natural Resources (NEDNR) searchable database: 
http://dnrdata.dnr.ne.gov/wellscs/Menu.aspx 

bgs -  below ground surface 

Status Codes: 
A -  active 

-  inactive 

Use ID Codes: 
D - domestic
 
I - irrigation
 
O - other
 
S - livestock
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