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BEFORE THE SOUTH DAKOTA PUBLIC UTILITIES COMMISSION

DIRECT TESTIMONY OF JAMES ARNDT

Q: Please state your name and business address.

A: James Arndt, Ph.D., Natural Resource Group, LLC (f:'JRG), 1000 IDS Center, 80 South

8th Street, Minneapolis, MN, 55402.

Q: Describe your educational background.

A: I received my Bachelor of Science Degree in 1980 from the University of Wisconsin ­

Stevens Point with Majors in Soil Science and Natural Resources Management. I then

received my Masters of Science and Doctorate degrees in Soil Science from North

Dakota State University in 1987 and 1995, respectively. My educational and research

specialties are in soil interpretations, soil pedology and survey, wetland soils, and soil

chemistry, physics, and hydrology.

Q: By whom are you now employed?

A: I have been employed by Natural Resource Group, LLC since 2005. I currently hold the

position of Senior Consultant.

Q: What work experience have you had that is relevant to your involvement on this

project?

A: From 2005 to present, my responsibilities have been to provide NRG clients in the

pipeline industry with environmental permitting services, including the preparation of

Environmental Assessments and Environmental Impact Statements (EISs) (under the

National Environmental Policy Act and/or relevant state programs), and preparation of

permit applications under Sections 404 and 401 of the Clean Water Act. I also provide

environmental survey and technical support involving the characterization and

interpretation of land-use, soils, agricultural issues, wetlands, and hydrologic features

along pipeline construction rights-of-way. From 1995 to 2005 I was Vice President of

Peterson Environmental Consulting, Inc. I was in direct charge of performing natural



resource assessments along pipeline rights-of-way in the upper Midwest. As a preferred

sub-contractor to the U.S. Army Corps of Engineers I provided wetlands and soils

support for several large EISs including an assessment of soil salinization hazards

associated with the proposed outlet to control flooding in Devils Lake, North Dakota.

From 19aO to 1995 I worked in various capacities for North Dakota State University

Department of Soil Science. My duties included the collection, processing, evaluation

and interpretation of soil and water data. I attended and assisted in Natural Resources

Conservation Service (NRCS) field reviews of county soil surveys, collected typifying soil

profile descriptions, and soil correlation samples for characterization and presentation in

interpretative tables in county soil surveys. As Supervisor of the department's Soils and

Water Environmental Laboratory, I provided assistance to private individuals requiring

information on soil-water compatibility and interpretation of water and soil analyses from

locations throughout the state. A copy of my resume is appended to this testimony as

Attachment 1.

Q: What Professional Credentials do you hold?

A: I am certified as a Professional Soil Classifier in the State of North Dakota, and licensed

as a Professional Soil Scientist in Minnesota and Wisconsin.

Q. On whose behalf was this testimony prepared?

A. This testimony was prepared on behalf of the Staff of the South Dakota Public Utilities

Commission (Staff).

Q: What is the purpose of your testimony?

A: I evaluated the Soils section and the Erosion and Sedimentation section (Sections 5.3.4

and 5.3.5, respectively) of the TransCanada Keystone, LP (Keystone) application to the

South Dakota Public Utilities Commission (PUC) for a permit to construct the Keystone

XL Project under the Energy Conversion and Transmission Facility Act to determine
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whether a sufficient level of detail was provided to characterize the soils in the

construction area and assess soil-related limitations and potential hazards associated

with pipeline construction consistent with SOAR 20:10:22:13 and 22:10:22:14. I also

evaluated portions of Keystone's Construction, Mitigation, and Reclamation Plan

(CMRP) to determine whether important soil limitations identified in the application are

addressed such that areas affected by construction-related activities would be restored

to pre-construction conditions within a reasonable timeframe.

Q: What methodology did you employ?

A: I evaluated Sections 5.3.4 (Soils) and 5.3.5 (Erosion and Sedimentation) of Keystone's

application by comparing the information provided in these sections to information

typically provided in similar industry-standard applications for federal permits and state

permits in the upper Midwest, and in various project-specific construction mitigation

plans consistent with the applicable requirements in the appropriate sections of the

SOAR. I also utilized my regional knowledge of soil characteristics, soil limitations, soil

quality, and land use applicable to the characteristic environment in the Dakotas to

assess whether important soil features affected by and affecting pipeline construction

were characterized in the application and addressed in appropriate sections of the

CMRP. Additionally, I reviewed Keystone's responses to PUC staff's data requests in

which Keystone provided additional explanation and information. Keystone's responses

to questions and data requests that were not in the original application or revised

application but are, in my opinion, a necessary part of the application record and/or

should be incorporated into the CMRP are identified and discussed in my testimony.

Q: With respect to soils and erosion/sedimentation information what is your

understanding of how South Dakota Rules apply to the information provided in

the Application?
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A: The following two sub-parts of SOAR 20:10:22 apply directly:

SOAR 20:10:22:13 (Environmental Information) requires that an applicant provide (1) a

description of the existing environment at the time of application, (2) estimates of

anticipated changes in the environment as a result of construction and operation, and (3)

identify potentially irreversible.changes in the eXisting environment. Information should

be supplied with sufficient detail to reveal and assess demonstrated or suspected

hazards to the health and welfare of human, plant, and animal communities.

SOAR 20:10:22:14(5) (Effect of the Physical Environment) requires a description of the

soil type, and SOAR 20:10:22:14(6) requires an analysis of potential erosion or

sedimentation that may result from construction and operations and measures that will

be taken for their control. An evaluation of applicable components of Keystone's CMRP

is assumed to be covered under this rule as well.

Q: With respect to soils and erosion/sedimentation information, what are the

commonly accepted industry standards for characterizing the resource and

assessing potential project-related impacts?

A: The NRCS provides soil surveys in digital form as spatial map unit polygons (generally

at 1:15,540 to 1:24,000 scales) and soil physical, chemical, and interpretation

information for individual soil map units in database form as the Soil Survey Geographic

Database (Version 2)(SSURG02) (available at http://soildatamart.nrcs.usda.govl).

Digital NRCS information is available for all counties crossed by the Keystone XL Project

in South Dakota. This information is also available in hard-copy soils surveys.

Soils information is important for the evaluation of the impacts of pipeline construction on

agricultural and range productivity, erosion potential, and reclamation potential, and for

assessing general constructability and certain soil-related construction hazards. Current

practice is to evaluate soil characteristics, properties, and limitations along pipeline
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rights-of-way by securing the spatial soil map unit data for the counties crossed by the

pipeline. Soil map units are placed into project-specific interpretative groups based on

their properties using database queries. Using a geographic information system (GIS),

the crossing length of each soil map unit along the pipeline route (and at aboveground

facility sites) and its project-specific interpretative group is generally provided in tabular

form and is frequently summarized by county for permitting purposes. The resulting

information is used to assess site-specific soil characteristics and limitations. Common

soil interpretative groups include topsoil thickness, slope class, highly wind and water

erodible soils, compaction prone soils, stony and rocky soils, saline, sodic, and saline­

sodic soils, prime farmland, and hydric (wetland) soils, land capability classification, and

poor reclamation potential.

Q: Is the presentation of the soils and erosion/sedimentation information proVided in

Keystone's application (~) sufficient under the applicable SOARs, and (2)

consistent with industry standards?

A: Keystone's application included a description of the general physical characteristics and

the physiographic setting for the soils that adequately provides the environmental setting

for soils along the proposed route. However, the presentation of soils and erosion and

sedimentation information in Keystone's application does not provide sufficient

information or organization to identify the location, magnitude, and type of soil-related

limitation sufficient to meet what I believe to be the intent of the SOARs, and does not

meet industry standards for presenting soil limitations along the pipeline right-of-way for

the reasons described below:

• While the maps contained in the soil map book (provided as Exhibit A of Keystone's

application) accurately identify locations of specific soils along the proposed pipeline

right-of-way, the maps cannot be used to assess potential project-related soils
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impacts without more specific information on soil properties and limitations for

specific soils.

• Specific soil limitations addressed in the application include soil compaction, rutting,

low reclamation potential, hydric soils, prime farmland soils, and stony/rocky soils.

State-level percentages were provided for compaction and rutting prone soils, soils

with low reclamation potential, hydric soils, and prime farmland soils. However, the

method for calculating these percentages, and the definitions for soils falling into

these classifications were not provided. Presenting percentages of soils in these

classes for the whole route does not provide enough detail to identify where specific

soil-related problems are likely to occur.

• Additional soil-related limitation categories are needed that are appropriate to the

environment and climate along·the proposed route in South Dakota. Soil salinity and

sodicity is described as a potential soil limitation affecting reclamation potential and

aspects of constructability, but the quantity of saline and sodic soils is not identified

or located. Other important soil limitations for South Dakota would include soils with

restrictive layers (lithic/paralithic), steep slopes, high pH, and highly wind and water

erodible soils.

• The CMRP is described as providing soil protection measures but applicable

sections specific to identified soil limitations are not cited in the application, and

mitigation measures for several potential soil limitations (e.g. saline/sodic soils) are

not provided.

• The application states that Keystone will ''work closely with landowners and soil

conservation agencies to identify and implement recommended soil conservation

practices in specific areas where they are needed," but does not provide a procedure

or protocol for this process.
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• Soil reclamation and seeding prescriptions for land, especially in range, are

frequently related to specific soil groups (e.g. NRCS Range Class). No such soil or

land use groupings are provided in the Application.

Q: Have these concerns been addressed in other information provided by Keystone?

If so, how?

A: Keystone provided additional information on soils and sedimentation/erosion in response

to data requests from PUC staff which addressed the general concerns presented above

and additional specific requests dealingwith Soils and Erosion and Sedimentation.

Q: Please evaluate Keystone's response to PUC staff's request for tables identifying

the information on soil limitations available in the SSURG02 database for the

pipeline route, pump station and valve sites, and other work areas.

A: Keystone provided six tables (See Attachment 2 to this testimony) that satisfy the PUC

staff's request for specific soil limitation information by soil map unit. The tables provide

detailed breakdowns of soil limitation categories by soil map unit and crossing length for

the pipeline route (Table 1) and Access Roads (Table 2); and soil map unit and acreage

.for Facilities (e.g., off right-of-way work areas, aboveground facilities) (Table 3). County

Summaries are then provided by total crossing length in each limitation category for the

pipeline route (Table 4) and access roads (Table 5) and by acreage in each limitation

category for facilities (Table 6).

Q: What soil limitation categories were used, are they adequately defined, and are

they appropriate to evaluate the potential limitations, adverse impacts, and

construction hazards specific to the environment along the pipeline route in South

Dakota?

A: Soil limitations in the tables provided by Keystone (provided in Attachment 2 to this

testimony) include soils with shallow bedrock; soils with other shallow restrictive layers;
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drought prone soils and soils with low re-vegetation potential; steeply sloping soils;

saline, sadie, and saline-sadie soils; low or high pH soils, compaction prone soils;

severely wind erodible and severely water erodible soils; stony or rocky soils; hydric

soils, and prime farmland soils.

Keystone provided specific definitions for several limitation categories (see Attachment 3

to this testimony) inclUding highly wind and water erodible soils; low reclamation

potential soils; saline, sodic, and saline sodic soils; prime farmland; hydric soils;

compaction-prone soils; stony/rocky soils; soils with shallow bedrock; and droughty soils.

Slope ranges were not provided to identify steeply sloping soils, and the category "all

shallow restrictive layers" was not defined.

The limitation categories selected are appropriate to describe the characteristics,

construction-related limitations, and potential impacts of pipeline construction on soils

and soil productivity. For example, soil with shallow bedrock may substantially increase

in volume when backfilled and pose challenges for trenching and handling trench

crowning; highly wind and water erodible soils will require best management practices as
,..

indicated in the CMRP to prevent excessive erosion and sedimentation; saline, sodic,

saline-sodie, droughty soils, soils with restrictive layers, and high and low pH soils may

pose difficulties with respect to establishment of suitable vegetative cover and may have

poor reclamation potential; steeply sloping soils may be erosive, and present

construction hazards if sodic. Maintenance of soil quality, appropriate topsoil stripping,

and deeompaction may be special issues on prime farmland soils.

The level of detail provided in Tables 1 through 3 allows the evaluation of detailed, site­

specific soil limitations when used in context with the soil maps provided as Exhibit A in

the application. Tables 4.through 6 appropriately summarize the soil characteristics and

limitations by county, and permit the assessment of the presence and magnitude of the
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major potential soil-related problems for pipeline construction and post-construction

reclamation.

Q: Please evaluate Keystone's response to PUC staff's request to identify specialized

construction and/or restoration efforts or mitigation measures that are proposed

to maintain soil productivity in areas with saline, sodie, and saline-sodic soils.

A: Keystone proposes to develop site-specific construction/reclamation procedures that are

applicable to specific land use/environmental settings prior to construction. Each

specific setting (called Construction/Reclamation (Con/Rec) Units) is based on areas

with similar pre-construction land-use, slope, soils, and vegetation. Keystone provides

examples of Con/Rec Units as including Mixed Grass Prairie,Badlands, Forested

Waterway, Crop Field, and Tame Pasture. Keystone's approach indicates an

understanding of the need for specific construction and reclamation procedures to deal

with the substantial variety of landform and soil conditions experienced along the route.

Forested waterways (probable woody draws and river floodplains), while uncommon, are

important ecological components whose soil c::haracteristics (steep land in woody draws

and potential wet areas adjacent to rivers) will be important in both construction and

reclamation.

Keystone's examples of Con/Rec Units, while not a complete list, are appropriate.

However, Con/Rec Units will not be useful until they are developed and implemented.

recommend that the PUC require Keystone to provide its Con/Rec Unit classification

system and corresponding pipeline milepost references prior to construction and that this

classification system be prepared in consultation with the appropriate state or area

NRCS staff as suggested by Keystone in Section 5.3.4 of the application.
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With respect to saline, sodic, and saline-sadie soils, Keystone provides the following
-

examples of specific reclamation measures that may be used in areas where these soils

are present:

• alteration of soil handling procedures to reduce disturbance of natural soil horizons;

• segregation of topsoil materials conserved to avoid increasing soil quality concerns

• to unaffected areas;

• discing or harrowing re-spread topsoil only to the depth of the topsoil, to avoid mixing

with subsoils;

• selection of a seed mix appropriate for the site; and

• to the extent practicable, avoidance of small saline seeps in agricultural lands, if

these seeps do not encroach substantially into the right-of-way.

The sample procedures provided to deal with salinity and sodicity show an

understanding of the potential reclamation issues associated with these soils that can

vary substantially in soil physical and chemical properties with depth that can require

special soil handling procedures and that are suited only to specific adapted plants.

They also recognize that saline seeps can be a significant issue associated with

agricultural land. I provide an additional recommendation that pertains to agricultural

areas with saline, sodic, and saline-sadie soils later in my testimony.

Q: Please evaluate Keystone's response to PUC staff's request to identify specialized

construction and/or restoration efforts to deal with potential trench crowning and

excess subsoil and ripped hard (lithic) and soft (paralithic) sandstone and shale

bedrock.

A: Keystone provided a table of shallow bedrock locations along the proposed pipeline

route and referenced the response to another data request question dealing with rock

disposal, which stated: "Rock from construction shall be disposed of using one or more
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of the following methods: (a) Windrow neatly along the edge of the ROW within the

ROW limits. (b) Remove from the ROWand haul to an approved dump site, and (c) Use

as rip-rap to stabilize the banks of watercourses. Rock removal may be carried out with

a mechanical rock picker or by manual means. provided that preservation of topsoil is

assured. Rocks removal will result in a quantity, size, and distribution of rocks on the

ROW equivalent to that found in adjacent lands."

Removal and handling of excess hard bedrock is not expected to be much of a problem

based on the information provided in the county soil limitation summary table because

only 1.17 miles of the route is projected to have hard bedrock. However, 167 miles (53.3

percent) of the proposed route is projected to have a restrictive layer within 5 feet of the

surface. Much of this is in Harding (58.2 miles). Perkins (13.6 miles). Meade (31.8

miles), and Jones (23.4 miles) Counties. While this bedrock is likely weakly indurated

shale that is easily ripped and dug through with conventional construction equipment. in

some areas the bedrock will underlie subsoils and will be excavated as relatively

competent pieces that could be gravel to cobble sized. These bedrock fragments may

be loosely packed when backfilled resulting in a "bulking factor" that could result in

greater soil volumes and the need to account for extra trench spoil volume during

restoration.

Q: You have noted that alternative soil handling techniques might be appropriate in

areas containing certain soils. Do you have any recommendations regarding such

situations?

There are two soil conditions where alternative soil handling procedures might be

appropriate during the trenching and backfill operations: areas where indurated (hard),

paralithic shale and sandstone underlie unconsolidated subsoils. and areas where saline

subsoils underlie non-saline subsoil horizons. In such areas. mixing of poor quality
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subsoils with overlying soil layers could potentially reduce soil productivity and adversely

affect crop yields. Because alternative soil handling procedures can be costly and can

sometimes require additional workspace, the decision to use such procedures should be

made based on consultation with NRCS staff, which has the expertise to evaluate soil

conditions and appropriate soil handling methods for the project area. Therefore, I

recommend that if the PUC issues a permit for the Keystone XL Project, the permit

include a condition requiring Keystone to consult with the state or area NRCS office to

identify soils for which alternative handling methods in agricultural lands would be

appropriate, develop construction procedures to minimize impacts on such soils, and

potentially make those alternative soil handling methods available to landowners to

maintain soil productivity in agricultural lands.

Q: Please evaluate Keystone's responses to PUC staff's requests to identify

specialized construction and/or restoration efforts or mitigation measures that are

proposed to be used in steep areas characterized by the presence of sodium

bentonite that have been identified as having potential slump and/or restoration

problems, and to maintain a safe workplace when constructing in sodium-affected

soils, particularly during wet periods.

A: Steep areas with sodium bentonite at the surface typically exhibit badlands topography,

are naturally erosive, and are usually sparsely vegetated to unvegetated under natural

conditions. Sodium bentonite is a 2:1 expanding clay mineral that disperses when wet

and forms crusts consisting of hard and massive (unstructured) chips when dry. "Slick

spots" and wet areas in drainages with adjacent, highly saline soils are frequently

associated with this badlands type topography. Keystone accurately and appropriately

identifies that the primary goal of post-construction restoration and reclamation is

stabilization of the construction right-of-way to prevent erosion. Revegetation is
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secondary, and would be considered if adjacent areas are vegetated.

Keystone's construction, reclamation, and mitigation measures are proposed to be

applied on an as needed basis depending on site-specific conditions that would be

appropriate for a "Badlands" Con/Rec Unit, and they appropriately represent the types of

construction procedures and reclamation ''tools'' that can be specifically applied to

appropriate Con/Rec Units. In response to the PUC staff's data request, Keystone

indicated that measures that could potentially be applied to steeply-sloping, sodium

bentonite "Badlands," depending on site-specific conditions such as slope steepness,

include but would not be limited to:

• temporary sediment barriers to retard slope erosion during construction;

• placement of trench plugs to restrict subsurface water flow in the backfilled trench,

which could accelerate slope slumping;

• recontouring the right-of-way to match surrounding topography to the extent

practicable to minimize concentrating storm water runoff on the right-of-way;

• permanent sediment control structures such as water bars to divert storm water

runoff from the regraded right-of-way;

• depending on the amount of naturally occurring rock [stone lag] or woody debris on

the reclaimed slope, mulching with materials such as straw on more gentle slopes,

wood fiber mulch and tackifier on moderately steep slopes and erosion control

matting on extremely steep slopes or at sites where other mulching methods might

not be effective; and

• revegetation, if appropriate for the site, with species similar to those found adjacent

to the right-of-way.
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Keystone recognizes that the dispersed "greasy" nature of sodium bentonite can create

construction hazards and has indicated that it would address wet conditions on

dispersed wet soils by shutting down construction operations until the soil dries if

conditions prevent safe construction operations. Alternatives include securing working

equipment to stationary, stable equipment ("dead man") by means of cables, or blading

off the slick surface if only a thin surface soil zone is saturated. Storage of the bladed

material must be considered, as does the topsoil status and the topsoil stripping

protocols. In fine textured soils where the topsoil has been stripped, blading a thin, wet

surface to uncover drier material is standard industry practice. I recommend that the

PUC require that Keystone include such practices as applicable to specific Con/Rec

units when it develops specifications for each unit prior to construction, and that

specifications include appropriate construction minimization, mitigation and post

construction reclamation procedures for each unit.

Q: Please evaluate Keystone's response to PUC staff's request to identify

aboveground facilities that would be built on prime farmland and the acreage of

prime farmland to be permanently affected as a result.

A: This information was provided in the detailed soils tables for the facilities (Tables 3 and 6

in Attachment 2). Approximately 13.6 acres of prime farmland and farmland of statewide

importance will be permanently removed from actual or potential agricultural use. The

majority of the impacts is associated with pump stations proposed in Meade, Haakon,

and Tripp counties (13.5 acres). An additional 0.1 acre would cumulatively be affected

by the establishment of mainline valves.

Q: Please evaluate Keystone's response to PUC staff's request to provide a more

detailed description of soils and potential soil impacts in the Sand Hills region in
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southern Tripp County, and to identify and describe any special construction or

reclamation methods proposed for restoring soils in this region.

A: Keystone provided the table below in response to PUC staff's request. The table

indicates that the pipeline in Tripp County will cross approximately 11.1 miles of areas

with soils characteristic of sand dunes. Keystone indicated in the response that

construction and restoration measures to be implemented in the sand dune areas are

provided in Section 4.15 of the CMRP.

Sand Hills Soils in South Dakota

Distance
County FromMP ToMP eroued

(mil••)
South Dakota

570.2 572.8 2.6

TrIpp 574.7 575.6 0.9
County 576.5 578.7 2.2

582.8 588.2 5.4

Areas with Temporary Impacts to Sand Hills Soils in South Dakota

Ara.
County TYPE FACIUTY erouad

(acra.)
South Dakota

Permanent Easement 66.8

Tripp Easements and
83.7County Temporary ATWS

Pipe yards 30.0

Keystone interpreted the high-resolution aerial photographs used in the land use maps

to identify sand hill areas that consist of native range/pasture land with characteristic

sand hills, ridges and blowouts. Keystone provided entry and exit mileposts for sandhills
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areas, but did not identify the specific soils. Specific soils within the mileposted

increments tabulated and identified above could be determined using GIS or from the

soils maps in Exhibit A of the application. This would identify the locations of specific

soils for which the site-specific construction and reclamation procedures provided in

Section 4.15 would apply.

Based on Keystone's CMRP, site-specific construction and reclamation procedures

applicable to sand hills would involve the identification and avoidance of particularly

erosion prone areas, minimizing the width of ground disturbance within the construction

right-of-way in these areas, appropriately segregating topsoil, minimizing traffic through

sensitive areas where plant root systems would be severely damaged by heavy traffic,

restoration using native seed mixes and appropriate weed free mulches, applying proven

erosion control best management practices in this highly erosion-susceptible landscape,

and accommodating existing land uses.

Keystone's site-specific construction and reclamation procedures are appropriate to

minimize and avoid unnecessary adverse impacts and appropriately restore components

of the sand dune areas affected by construction. I recommend that the approach

Keystone has used to identify specific construction and reclamation procedures to be

implemented in Sand Hills Areas be used as a template for the development of

construction and reclamation procedures to be incorporated into other proposed

Con/Rec Units.

Q: Please evaluate Keystone's response to PUC staff's request to identify NRCS

range class equivalents for soils crossed by the pipeline.

A: Keystone recognizes the diversity of environmental settings and land uses along the

proposed pipeline route in South Dakota, and also recognizes the utility of project- and

use-specific classification systems to develop construction and reclamation procedures
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and prescriptions that would minimize adverse impacts. Keystone indicated in response

to a staff data request that the Con/Rec classification units will be based on several

features including but not limited to soil type, land use, and landform and based on

information from a variety of sourc~s including consultation with. local and regional

NRCS offices. Keystone has indicated that NRCS Ecological Sites and SSURG02 data

may be incorporated into the Con/Rec Units.

To restate my views on the Con/Rec Unit classification proposed by Keystone, I believe

that this system has very good potential to appropriately identify situations where site­

specific construction and reclamation procedures could be implemented to minimize

construction-related impacts and to facilitate the appropriate restoration and reclamation

of affected areas. I recommend that the PUC support the development and

implementation of the Con/Rec Unit classification for use on the Keystone XL Project by

conditioning its permit to require a workable system developed with input from

appropriate agency staff prior to construction.

Q: Please evaluate Keystone's response to PUC staff'srequest to identify the length

of the pipeline route that may have agricultural draintiles potentially affected by

trenching activities.

A: Draintiles would be rare along the pipeline route with the exception of areas with

extensive floodplain soils. Keystone has estimated thatapproximately 3 miles of the

pipeline route in South Dakota have soils that may be tiled, and indicate that this is a

conservative estimate. I agree. In the unlikely event that draintiles are encountered,

they will be repaired as indicated in the CMRP, with some likely modifications that will

bring the draintile repair process to industry standards.
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Q: Please evaluate Keystone's response to PUC staff's request to identify where

Keystone proposes site-specific erosion control measures due to slope length,

magnitude, and soils and to describe those measures.

A: Keystone has not yet identified specific areas requiring site-specific erosion and

sediment control plans. However, Keystone has indicated that it will work with

landowners and conservation agencies to develop site-specific best management

practices as necessary, and has provided detailed tables and maps of soil conditions

that identify locations where highly erosive conditions exist. Keystone has indicated that

it will implement measures outlined in the CMRP, which includes best management

practices that use slope length and magnitude to minimize soil erosion hazards. The

final pre-construction design efforts will include site-specific drawings and plans that

identify and locate the type of best management practices proposed for specific highly

erosive locations that are considered particularly sensitive to erosion.
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Journal ofEnvironmental Quality.

•

•

•

•

•

•

•

•

•

•

Journal ofVegetation Science/Applied Vegetation
Science

SPECIALIZED TRAINING
Environmental Compliance Seminar; Regulatory
Overview and Guidance Seminar,. Federal Energy
Regulatory Commission, July 9-10, 2007, Atlanta
Georgia
Stormwater Compliance training. Paradigm
Engineering. March 2, 2005.
Design Techniques in AutoCADlmlt, Mr. John Moreira,
P.E., 2004.
Wetland Plant Identification, Biotic Consultants, Inc.
(Dr. Robert H. Mohlenbrock, Instructor), August 19-22,
2003.
USACE-approved Regulatory IV Wetland Delineation
Training Course, with an Introduction to Wisconsin
Wetlands Regulation. August 11- August IS, 2003,
UW-LaCrosse Extension. La Crosse Wisconsin.
Creating and Using Wetlands for Wastewater and
Stormwater Treatment and Water Quality Improvement.
2000 (Drs. RH Kadlec and RL Knight, Instructors),
Department of Engineering Professional Development,
University of Wisconsin - Madison.
Accesl" Fastrack. Science Museum of Minnesota­
Computer education Center. 1999.
Wetland Functions and Values Workshop; An In-Depth
Look at Toda:y's Methods: WET, WRAM, MNRAM,
HGM.1998.
Soil lAndscape-Vegetation Relationships in Arctic
Tundra, Advances in Taxonomy and Genesis of
Permofrost Soils (Gelisols) with an emphasis on hydric
permafrost soils, University of Alaska Fairbanks, 1999
PowerArcvi~, Advanced techniques in Arcview GIS,
Rowekamp and Associates, 1998.
Wetlands Conservation Act Administrative Training,
Minn. Board ofWater and Soil Resources, Minn.
Assoc. Soil and Watershed Districts, 1997. 1998,2001.
Project Management Skills: The Complete Curriculum.
University of St. Thomas, Minnesota. 1996.

WORKSHOPS TAUGlIT
Hydrology of Shallow Aquifers in Soil Landscapes.
Hydric Soil Identification for Wetland Soils Workshop,
1995 Annual Meeting Soil Science Society of America,
St. Louis, MO. 1994 Annual Meeting Soil Science
Society of America, Seattle, Washington.
Hydric Soils and Hydrology, Wetland Field
Methodologies Workshop, Franklin Svoboda and
Associates, July 12-15; September 20-21,1994
Minneapolis, Minnesota.
For symposia see invited presentations below.
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CURRICULUM VITAE
PROJECT·RELATED EXPERIENCE

Dr. ~dt has worked in soil sci~nce for over 25 years. He specializes in pedology research, including wetland biogeochemistry, the
genesIs and .morphology of hydric soils, soil survey and interpretations, applications of IT methods to natural resource evaluation, and
the prep~tion of reports in support of NEPA ~om?lianc~. He has worked on several large interstate pipeline projects in support of the
pre~aratlOn of FER~ resource reports. pre-application filmgs, and pre-construction resource evaluation. He has provided expert witness
testimony and technical expert assistance on various soils issues.

i

~e has authored rr;any .ref~reed and outre~h ~ublications and frequently speaks on soils. natural resource, and technology application
Issues..~. ~dt s skills mclu~ ~e applIcatJ.~ns of GI~/G~S/remote sensing/terrain modeling technologies to resource assessments
emphaslzmg mterstate gas and 011 pipeline proJects, applications of hydrology and hydric soils research to the delineation of wetlands
and th~ assessment of wetland functions. He has developed procedures that integrate GIS/GPS/database technology to evaluate wetland
and sol! resources for large natural resource inventory projects and has worked on several complex components of third-party EIS
projects for the USACE and MnDOT. '

For Natural Resource Group, Inc.

~ Task Manager. In association with Ms. Linda Fisher, Esq.
(Larkin Hoffman Daly & Lindgren Law Firm) prepare
documentation in support of a Section 404 Clean Water Act
and Section 10 Rivers and Harbors Act Individual Permit
Application and supporting NEPA documentation for
Enbridge Partners, combined Alberta Clipper and Southern
Lights Diluent pipeline projects. Project Ongoing.

~ Task Manager. In association with Ms. Linda Fisher, Esq.
(Larkin Hoffman Daly & Lindgren Law Firm) prepare
Supplemental Clean Water 4041b permit application
materials for Enbridge Partners, Southern Lights pipeline
project. Project Complete.

~ Prepare Cumulative Impact Analysis Section for the
Environmental Assessment (EA) for Enbridge Partners LSr
pipeline project. Project Complete.

~ Expert Witness: Train county assessors in agricultural
impacts resulting from pipeline construction including
compaction, topsoil mixing, and other impacts. Provide
expert testimony on agricultural impacts to soil and crop
productivity at condemnation hearings for the Minnesota
Pipe Line Company, MinriCan Project. 2008 - 2009,
Project on-going.

~ Task Manager: Train and act as technical support for
agricultural and soil related construction issues along
Minnesota Pipe Line Company's 300-mile MinnCan
Project, Minnesota. Project on-going.

~ Task Manager. Manage subcontractors performing wetland
delineations along the approximate 300-mile proposed
MinnCan pipeline route in Minnesota. Minnesota Pipe Line
Company. Project on-going.

~ Task Manager. Assess and document properties of a
calcareous fen along the Enbridge Partners Southern Lights
pipeline route, Pennington County, Minnesota. Assist in
developing avoidance reroute alternatives and coordinate
with MnDNR staff to completely avoid impacts. Project
complete 2007.

~ Task Manager. Feasibility study modeling soil
temperatures along a proposed pipeline right-of-way from
Montana to Louisiana. Project involved application of
STATSGO soil data, detailed climatic data, and soil
temperature modeling to estimate average temperatures at
4.5 foot depths along nodes separated by 100 miles.
Anonymous client. Project complete 2006.

~ Task Manager. Develop project-specific wetland
delineation databases (Microsoft Access~ to facilitate the
rapid, economical presentation and GIS-assisted analysis of
wetland delineation data. Minnesota Pipe Line MinnCan
Project (Minnesota), Gulf South Gulf Crossing .Project:
(Oklahoma, Texas, Louisiana), Palomar Gas Transmission
LLC Palomar Project (Oregon), Enbridge Partners Southern
Access/Southern Lights!Alberta Clipper projects
(Minnesota, Wisconsin, illinois). Projects on-going.

~ Task Manager: Evaluate aquifer sensitivity to crude oil
releases, Troy Buried Valley Aquifer, Mazon Unconfined
Aquifer, lllinois. Enbridge Partners Southern Access Stage
2 Project, lllinois. Tasks completed 2006 and 2007.

~ Technical Assistance: Assist with development of Pipeline
Construction Agricultural Impact Mitigation Plan (AIMP)
and Appendix to the AlMP developed to address pipeline
construction. across Certified Organic farms. Enbridge
Partners Southern Access Stage 2 Project. Minnesota Pipe
Line MinnCan Project, Minnesota. Complete 2007.

~ Technical Assistance. Use of detailed SSURG02 soil
spatial and attribute data to determine soil properties and
construction limitations along proposed pipeline rights-of­
way. Enbridge Partners (Wisconsin, illinois, Minnesota,
and North Dakota), Minnesota Pipe Line Company
(Minnesota), Guardian Pipe Line (Wisconsin), Gulf South
(Oklahoma, Texas, Louisiana), Willbros Company
(Wyoming). Tasks completed 2006·2008, tasks ongoing.

~ Technical Assistance. Develop and employ digital terrain
models of digital elevation data to augment existing soils
data. Develop project-specific soil property and
construction limitation maps, Overland Pass Project,
Wyoming. Task on-going.

For Peterson Environmental Consulting, Inc.
~ Expert technical assistance, Crowley, Haughey, Hanson,

Toole & Dietrich P.L.L.P. and Williston Basin Pipeline
Company. Using GIS and Field techniques critically
evaluate pipeline-related soil impact issues and reclamation
compliance along pipeline right of way in southwest North
Dakota. 2004. Project completed through landowner
settlement.

~ Expert technical assistance, Larkin Hoffman Daly &
Lindgren Law Firm, LLP, Gislason and Hunter Law firm,
and Hutchinson Utilities Commission. Critically evaluate
using GIS and field techniques soil compaction/soil mixing
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issues, their influence on crop yields, and Agricultural
Impact Mitigation Plan compliance along 90 miles of
pipeline right of way in south-central central Minnesota.
Project complete 2005.

:> Project Manager. Determine impacts of proposed TH41
road construction on the ecology, soils, and hydrology of
the Seminary Calcareous Fen, Carver County, Minnesota.
In support of the DEIS developed for the project.
Subcontractor to MnDOT AND SRF Consulting, Inc.
Phase 1 of project complete. Technical assistance and
document review, Phase 2 on-going.

:> Project Manager 2004-2005. Design, implement,
document, and report on a study to evaluate the effects of
wetland buffer width on sediment and nutrient load
reductions to receiving waters. Project funded by the
Metropolitan Council of the Twin Cities, the Builders
Association of the Twin Cities, and the National
Association of Home Builders.

:> Project Manager. GIS and database support, wetlands along
the Alliance Pipeline Corridor, North Dakota, Minnesota,
Iowa, and illinois. Reviewed and consolidated existing data
files and data collected by PEC during 1997-1999, cleaned,
revised, and consolidated existing spatial (Arcview) and
attribute (Access) databases, develop consolidated spatial
and attribute databases of wetland location and wetland
physical characteristics for incorporation into the Alliance
master GIS. Alliance Pipeline Company, Inc. 2003.

:> Project Manager. Evaluate the potential impacts of using
non-perforated PVC tile support on the function of repaired
draintlle damaged during pipeline construction. Natural gas
Consulting, Inc. 2003.

:> Principal in Charge. Development of a mitigation and
monitoring strategy for the proposed Pelican Lake Outlet
Alternative to mitigate Devils Lake flooding in North
Dakota. Prepared salinity and groundwater effects
mitigation strategies. Assisted in development of project
GIS. USACE, Project Complete, December 2002

:> Expert Witness Testimony. Provide expert testimony on the
extent of historic and current wetlands on a section of land
in North Dakota. Case involved review of historic aerial
photographs, fieldwork on wetland delineation, forensic
soils work, and development of a project GIS. Case
involved unauthorized fill activities in wetlands. United
States Department ofJustice, case settled 2002.

:> Project Manager. Assess impacts to wetland resources of a
reduced sulfide zinc/copper shaft mine proposed by Nicolet
Minerals Corporation near Crandon, Wisconsin. Prepare
Wetland Impacts component of the project EIS. Prepared
for the USACE as approved subconsultant to Montgomery
Watson. Project complete April 2003.

:> Project Manager. Phase II Assessment of the Soil
Salinization Potential of Devils Lake Flood Damage
Reduction Alternatives. Team Leader to assess the
magnitude of induced soil salinization under Upper Basin
Storage and West Bay constructed outlet discharge
alternatives. USACE, Project Complete, April 2002.

:> Project Manager. Preparation of Environmental Resource
Report 7 (FERC Guidelines) for several pipeline right-of­
way projects in North Dakota, Minnesota, Iowa, Wisconsin,

CURRICULUM VITAE
lllinois, and Alaska Used soil spatial and attribute
databases (STATSGO, MUIR) to identify specific soil
limitations and hazards along the pipeline routes. Complex
queries and models on the soil attribute data were developed
in Microsoft AccessbD to provide more detailed, use specific
interpretations than those present in the NRCS database.
Natural Resource Group, Inc. 1996-2002.

:> Project Manager. Phase I Assessment of the Soil
Salinization Potential of Devils Lake Flood Damage
Reduction Alternatives. Team Leader for Literature review
and Phase II scope development to assess the magnitude of
induced soil salinization under Upper Basin Storage and
Peterson Coulee discharge alternatives. USACE, completed
2001.

:> Project Manager. Manage and direct soil documentation
fieldwork for the Dodge and Goodhue Counties Order 2
Soil Survey update (MLRA 104). Under contract with the
Minnesota Board of Soil and Water Resources (BWSR) and
joint cooperation between the University of Minnesota,
BWSR, and the NRCS.

:> Project Manager. Perform a geochemical evaluation
(PHREEQC-l) of created wetlands to mitigate high
groundwater-sulfate levels. Provide a conceptual created
wetland design for treatment wetland. Northern States
Power and ERG, Inc. 2000-2001, project complete.

:> Project Manager. Restoration of historic wetlands within the
Sugarloaf Cove Natural and Scientific Area. Performed
detailed assessment of pre-disturbance hydric soils and
landforms, and designed and supervised restoration,
including excavation and reseeding efforts. Minnesota
Department of Natural Resources. 1999-2001.

:> Project Manager. Produced digital Order 1 soil survey of
land holdings for the Shakopee Mdewakanton Sioux
Community. Tasks include field mapping and verification,
digital terrain modeling (Surfer, TAPESG, Arcview, Spatial
Analyst), creation of descriptive map legend, production of
detailed profile descriptions (NASIS), soil attribute database
development (Accesstm

, MUIR, NASIS, SSURGO), and
creation of soil data layers for use in GIS (Arcview).
Cooperative project between the NRCS, the University of
Minnesota, 1999-present.

:> Project Manager. Delineation of over 100 problem and
disturbed area wetlands where interpretation of hydrology,
landform, and soils were critical to produce an accurate
delineation. 1995-Present.

:> Project Manager. Preparation of an informational document
on calcareous fens in northeastern South Dakota. The
document consisU;d of a review of calcareous fen
characteristics, briefly examined pedologic, hydrologic,
geochemical, and floristic characteristics of dome type fens
in the area, and assessed values and functions in relation to
maintenance of the fen resource. USEPA, 1996-1999.

:> Project Manager. Develop Commitments Database
(Microsoft Access) that employs user-friendly forms-input
to facilitate error-free data entry, relational tables to
organize the data, forms driven logic queries to reduce the
dataset, and reports output to facilitate transfer and printing
of query results. Database was developed to organize
commitments made to local, county state and federal
entities involving construction of a lOOO-mile pipeline
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through North Dakota, Minnesota, Iowa, and lllinois.
Natural Resource Group. Inc. 1998-1999.

}> Project Manager. Organized, planned. and supervised the
delineation of over a thousand wetlands along an 850 mile
length of a proposed, natural-gas pipeline. Delineations
made extensive use of GIS (Arcviewtr1

'), GPS (CMT
PCGPS), and database (Accesstm

) methods developed in­
house under my supervision. Ditigized polygon, point, and
line data were merged with photos and attribute data to
automate the production of data forms compliant with 1987
COE Wetland Delineation Manual and NRCS
specifications. Digital spatial and attribute data were
integrated into environmental worksheets prepared by the
project engineer. All reports were produced in html-linked
digital (Adobe Reader) format. Natural Resources Group,
Inc., 1996-present

}> Project Manager: Hydrologic assessment and delineation of
partially and effectively drained wetlands on over 1500'
acres of sodfarms (drained peatlands) and other historically
drained lands in East Central Minnesota. Projects combine
geostatistical evaluation (Kriging in Surfer, GEOEAS) and
3-dimensional mathematical modeling (Surfer, Arcview
Spatial Analyst) of jurisdictional hydrology in a climatic
context to determine the extent of jurisdictional wetlands.
Sienna Corporation. Pilot Land Development. Ed Fields and
Sons, G.M. Development Inc., Glenn Rehbein Companies,
1997-Present.

}> Project Manager. Hydrologic study of the effects of
channelization. dredging, and drainage on the jurisdictional
status of historic .riparian wetlands proposed for
development in Coon Rapids. Minnesota. Conceptual and
mathematical models (Flownet, Modflow. Scope and Effect
spreadsheets) of wetland hydrology were validated with
field studies including hydric soil correlation and well and
piezometer monitoring. Assisted with wetland permitting
process, and wetland mitigation design for the entire
project. Robert C. Muir Company, 1995-1996.

}> Project Manager. Scope and Effect analysis of municipal
well withdrawals and surface ditching on potential wetland
drainage in a 32 acre parcel in Blaine, Minnesota. Mr. Doug
Bannochie, 1995-1996.

}> Project Manager. Perform a field investigation of known
and proposed calcareous fens in Yellow Medicine County,
Minnesota. The investigation examined pedologic,
hydrologic, geochemical, and floristic characteristics of the
known and proposed fen areas. Lincoln-Pipestone Rural
Water, 1995.

}> Project Manager. Perform a field assessment of the potential
impacts of pipeline construction on nearby calcareous fens.
Kendall County. lllinois. The investigation examined in
detail pedologic, hydrologic, and floristic features of the

. area in the context of listing requirements for inclusion into
the illinois Natural Heritage Inventory and compared
observed features to Minnesota Fen Criteria. Natural
Resource Group. Inc., 1996

}> Project Manager. Evaluate potential water quality and
temperature effects of the proposed Farmington Planned
Urban Development and Prairie Waterway on cold-water
fisheries in the Vermillion River around Farmington.
Minnesota. Trout Unlimited. Sienna Corporation, 1995

CURP1CULUM VITAE
}> Expert Wimess Testimony. Inverse condemnation lawsuit

involving stormwater and historic wetland issues. Bama,
Guzy, and Steffen Ltd. Law Firm, 1996-1997.

}> Expert Wimess Testimony. Inverse condemnation lawsuit
involving stormwater management effects on wetlands.
watertables. and salinity in the City of Oakdale Minnesota.
Jardine Logan. and Obrien. P.L.L.P. 1997-1998.

}> Expert Wimess Testimony. Inverse condemnation lawsuit
involving the effects of stormwater management practices
on land valuation, wetlands, and watertables in Shorewood,
Minnesota. Hoff. Barry. and Kuderer. P.A., 1996-1997.

}> Project Manager. Supervised and assisted with an inventory
of native plant species near the proposed SEP-II Pipeline in
McHenry County, illinois. Natural Resource Group. Inc.
1996.

}> Project Manager. Wetland soil and hydrology
characterization for wetland-related litigation regarding a
restoration of a drained. wetland complex near Nicollet,
Minnesota. Minnesota DNR-determined ordinary high
water levels were correlated to existing soils, hydrology and
historic water levels, Larkin-Hoffman Law Firm. 1996­
1997.

~ Retained Consultant. Provide information on hydrogeology.
geOChemistry, and soils for the Polk County Sanitary
landfilL Polk County, Minnesota, 1993-2000.

For North Dakota State University
}> Research AssociatelInstructor. Supervisor. Soil and
Water Environmental Laboratory (SWEL), 1991 to 1995.

}> Graduate Research Fellow/Supervisor. SWEL, 1987­
1991

}> Research Assistant/Supervisor, SWEL,1983-1987

}> Research Assistant, SWEL, El81-1983.

}> Research: Collect, process. evaluate (QNC$:.). and
interpret data. Prepare research reports and grant proposals
pertinent to wetlands and pedology research specifically and
soils research in general (see publications, below). Attend
and assist in NRCS field reviews and correlation sampling
for ongoing soil surveys (description, sampling. and
characterization of over 200 profiles representative of soil
series and map units in several counties). Present data and
assist with various hydric soils workshops nationwide (see
presentations, below). Collect soil samples and pedon
descriptions. and install field equipment.

}> lAboratory: Develop appropriate analytical methods,
including computer-assisted data analysis. Supervise hourly
employees, maintain laboratory equipment. purchase
supplies. and manage operating budget. Provide assistance
to private individuals requiring information on soil-water
compatibility. interpretation of water and soil analyses.
Perform laboratory analyses.
Teaching: As principal instructor.
1987 Soil Judging (Soil Sci. 340)
1993 Soil and The Environment (Soil Sci. 410/610)
1994 Soil and the Environment (Soil Sci. 410/610)

}> Teaching: As support.
Instructor (1990. 1991, 1992) for sections on hydrology.
wetlands. weathering and soil chemistry. and soil
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mineralogy, Soils 440: Soil Genesis, Survey, and
Classification (Dr. lL. Richardson, Professor).
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SELECTED P"L1JLICATIONS AND PRESENTATIONS

Hydric Soils, Hydrology, and General Soil Science

Arndt, J.L. and J. Flannery. 2007. Land and environmental data integration and management. Proceedings Geospatial Information
&Technology Association, GIS for Oil and Gas Conference, September 24-26, 2007. Houston, TX .

Richardson, J. L., 1. L. Arndt, and J. A. Montgomery. 2000. CH 3: Hydrology of Wetland and Related Soils. in Richardson, J.L.,
and M.J. Vepraskas (eds.). Wetland Soils: Their Genesis, Morphology, Hydrology, Landscapes, and Classification. CRe Press.
Boca Raton. FL.

Peterson, RP., and J.L Arndt. 1998. Consideration ofpeat subsidence in wetland delineation activities. Abstracts, 19th Annual
Meeting Society ofWetland Scientists, Anchorage Alaska.

Arndt, J.L. 1994. Hydrology of shallow aquifers in soil landscapes. In J.H. Huddleston (ed.) Hydric Soil Identification for
Wetland Soils Workshop. 1994 Annual Meetings of the Soil Science Society of America. November 12-17, 1994, Seattle WA.

Richardson, J.L., J.L. Arndt, and J.E. Freeland. 1994. Wetland soils of the prairie potholes. Advances in Agronomy 52:121-171.
(invited paper).

Arndt, J.L., and J.L. Richardson. 1994. Impacts ofgroundwater flow systems on hydric soils ofthe glaciated northern prairies of
the U.S. p. 64-84. Proceed. 37th Ann. Manitoba Soil Science Society Meetings, Jan. 4-6, 1994, Winnipeg, Manitoba, Canada.

Arndt, J.L., D.O. Rosenberry, and J.W. LaBaugh. 1993. Effects of ground-water flow systems on hydric soils in two prairie
wetlands in North Dakota. EOS 74(43): 273.

Cooperating author in T.D. Searchinger et al., 1992. How wet is a wetland? The impacts of the proposed revisions to the federal
wetlands delineation manual. Published jointly by the Environmental Defense Fund, New York, and the World Wildlife Fund,
Washington, DC. 17Opp.

Arndt, 1.L., and J.L. Richardson. 1989. A comparison of soils to wetland hydrology in North Dakota. Proc. 32nd Annual
Manitoba Soil Science Society Meeting, Dep. Soil Science, Univ. of Manitoba, Winnipeg. p. 76-90.

Richardson, J.L., and J.L. Arndt. 1988. Groundwater recharge and discharge as fundamental pedogenic processes in Aquic
moisture regimes. Agron. Abstr., p. 265.

Richardson, J.L., TJ. Malterer, A. Gienke, J.L. Arndt, MJ. Rosek, and AJ. Duxbury. 1987. Classification problems associated
.with histic soils ofcalcareous fens. Soil Surv. Horiz. 28(2):53-55.

Richardson, J.L., and J.L. Arndt. 1987. Wetland soils in relation to land use. p. 24-29 In Proceedings of the North Dakota
Wetlands Workshop. July 13-15. Bismarck, NO. Published jointly by the North Dakota Extension Service and the U.S.
Environmental Protection Agency.

Soil and Water Biogeochemistry

Arndt, J.L., and J.L. Richardson. 1993. Temporal variations in the salinity ofshallow groundwaters collected from the periphery
ofsome North Dakota USA wetlands. J. Hydrology 141:75-105.

Arndt, J.L., and J.L. Richardson. 1992. Carbonate and gypsum chemistry in saturated, neutral pH soil environments. In Aquatic
Ecosystems in Semi Arid Regions; Implications for Resource Management, RD. Robarts and M.L. Bothwell (eds.). N.H.RI.
Symposium Series 7, Environment Canada, Saskatoon, Saskatchewan, Can.

Hanson, M.A., M.G. Butler, IL. Richardson, and J.L. Arndt. 1990. Indirect effects offish predation on calcite supersaturation,
precipitation, and turbidity in a shallow prairie lake. J. Freshwater BioI. 24:547-556.

Arndt, J.L., and J.L. Richardson. 1989. Geochemistry ofhydric soil salinity in a recharge-flowthrough-discharge prairie-pothole
wetland system. Soil Sci. Soc. Am. J. 53:848-855.

Arndt, J.L., and J.L. Richardson. 1989. Geochemistry of hydric-soil salinity associated with wetlands in the subhumid prairie­
pothole region, North Dakota, USA. Proceed 28th Int. Geol. Congr., July 9-19,1989, Washington, DC; p. 1-53 to 1-54.

Arndt, J.L., and J.L. Richardson. 1988. Hydrology, salinity, and hydric soil development in some North Dakota prairie-pothole
wetlands. Wetlands 8:93-108.

D.O. Rosenberry, IL. Arndt, and J.W. LaBaugh. 1993. Ground-water flow reversals and near-shore soil mineralization affect
chemical characteristics ofa prairie wetland in North Dalwta. EOS 74(43): 272.

Biondini, M.E., and J.L. Arndt. 1993. The biogeochemistry of carbon, nitrogen, and sulfur transformations in seasonal and
semipermanent wetlands. Completion Report No. ND90-05. North Dalota Water Resources Research Institute, North Dakota
State University, Fargo NO. 83pp.
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Arndt, J.L., and J.L. Richardson. 1993. Salinity and salinization processes in selected drained and undrained wetlands in North
Dalwta. Proceed. 36th Ann. Manitoba Soil Science Society Meetings, Jan. 6-7, 1993, Winnipeg, Manitoba, Canada. p. 84-102.

Richardson, J.L., J.L. Arndt, and J.W. Enz. 1990. Effects offreezing on sulfate salts in North Dalwta soils and wetlands. p. 212­
215. in K.R. Cooley (ed.) Proc. International· Symposium Frozen Soil Impacts on Agricultural, Range, and Forest Lands,
Spokane, Wash., March 21-22,1990, CRREL Sp. Rpt. 90-1, U.S. Army Cold Regions Research and Engineering Laboratory, 72
Lyme Road, Hanover, NH.

Arndt, J.L., and J.L. Richardson. 1986. The effects of groundwater hydrology on salinity in a recharge-flowthrough-discharge
wetland system in North Dalwta. p. 269-277. In Proc. Third Canadian Hydrogeological Conf., Saskatoon Sask., 21-23 April
1986. International Assoc. of Hydrogeologists, Canadian National Chapter.

Arndt, J.L., and J.L. Richardson. 1985. Geochemical controls on the ionic composition ofpondwater and groundwater in some
brackish-subsaline North Dalwta Wetlands. Agron. Abstr., p. 145.

Arndt, J.L., and J.L. Richardson. 1985. Winter effects on the salt balance ofsaline ponds in North Dalwta. North Dakota Acad.
Sci. Proc. 39:54.

GIS, Database, and Integrated Natural Resources Information Management

Timpson, M.E., J.L. Arndt, and S.A. Krych. 1998. Innovative approaches to large-scale wetland delineation projects. Agron.
Abstr., p. 328.

Dignen, D.L., D. Desotelle, J.L. Arndt, and R.P Peterson. 1998. Using Access and GIS applications in water resource planning.
Abstracts, 1998 Conference of the Minnesota GISILIS Consortium, October 7-9, St. Cloud, Minnesota. p. 76-77.

Arndt, J.L., T. Kearby, S. Krych, and M. DeRuyter. 1998. Geostatistical assessment of jurisdictional wetlands on a drained
Minnesota peatland. Abstracts, 19th Annual Meeting Society ofWetland Scientists, Anchorage Alaska

Arndt, J.L., D.L. Krieger and M.E. Timpson. 2000. Integrated database strategies for wetland and soil resource assessment.
Abstracts 1h International Symposium on Environmental Concerns in Rights-oI-Way Management. Elsevier. http://www.rights­
of-way-env.comlindex.htm.

Timpson, M.E., Arndt, J.L., SA Krych, and D.L. Krieger. 2000. Rapid and efficient wetland delineation along pipeline
corridors using integrated technologies. Abstracts 1h International Symposium on Environmental Concerns in Rights-of-Way
Management. Elsevier. http://www.rights-of-way-env.comlindex.htm. .

Archaeology

Artz, J.A., E.A. Hayden, C.E. Haury, J.L. Arndt, and D.G. Hopkins. 1991. Southwest pipeline archeology: The 1987 survey and
test excavation programs at prehistoric sites in Mercer and Dunn Counties, North Dakota. North Dakota State Water
Commission, Contribution No. 54. 398pp.

Timpson, M.E., R.G. Thompson, and J.L. Arndt 1987. Pedologic investigation of the Dahnke archaeological site: Red River
Valley, ND. Agron. Abstr., p. 233.

Arndt, J.L., and D. Hopkins. 1987. Report ofpedologic investigations at the Marshal~ North Dakota archaeological site. Report
subcontracted by the Univ. of North Dakota Anthropology Dept. to investigate archaeological sites along the SW Pipeline right­
of-way.

Arndt, J.L., N.D. Prochnow, and J.L. Richardson. 1987. Estimating weighted soil salinity with an aboveground electromagnetic­
induction meter. North Dakota State University, Dept. Soil Sci. Res. Rpt. #30. 6pp.

Timpson, M.E., R.G. Thompson, and J.L. Arndt. 1987. Geoarchaeological investigation of the Dahnke site: Red River Valley,
North Dakota. North Dakota Acad. Sci. Proc. 41:60.

Foss, J.E., J.L. Richardson, M.E. Timpson, J.L. Arndt, D.O. Hopkins, M.G. Michlovic, SA Ahler, and M.L. Gregg. 1986.
Pedological record of the Holocene in the Northern Great Plains as observed in some archaeological sites. Agron. Abstr., p.
225. .

Timpson, M.E., J.L. Arndt, and D.G. Hopkins. 1986. Pedologic study of an archaeological site in the James River Valley;
Stutsman County, North Dakota. North Dakota State University, Department of Soil Sci. Res. Rpt. #21. 13pp.

Foss, J.E., J.L. Richardson, J.L. Arndt, M.E. Timpson, and M.G. Michlovic. 1985. Pedologic study of archeological sites along
the Red River. North Dakota Acad. Sci. Proc. 39:51.

Selected Presentations

Invited Presentation: Guidance for Scope and Effect and Hydrology (Well) Studies to support Wetland Delineation inb
Minnesota and the Upper Midwest. Minnesota Water Resources Conference, October 23-24, 2007. Earle Brown Heritage
Center, Brooklyn Center, Minnesota
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Invited Presentation: Land and Environmental Data Integration and Management. Geospatial information & Technology
Association GIS for Oil and Gas Conference, September 24-26, 2007, Marriott Westchase Hotel, Houston TIC.

Invited Presentation: Hydrogeology, Pedology, and Botany of the Seminary Calcareous Fen. Carver County, Minnesota.
Minnesota Section American Institute of Professional Geologists, September 5, 2006, Minneapolis, Minnesota.

Invited Presentation: Redoximorphic features in hydric soils: Genesis. momhlogy and use in wetland delineation presented to
the Minnesota Wetland Delineators Association Forum Series, January 2006, Wood River Nature Center, Richfield Minnesota

Invited Presentation: Monitoring the Health and Function of Existing, Impacted, and Restored Calcareous Fens. Presenter and
member of Planning Committee. Calcareous Fen Forum: Long Term Management and Restoration of Hillslope Calcareous Fens,
Rochester, Minnesota, April 13. 2005.

Invited Presentation: GIS Assessment of Soil Salinization Hazards Associated with the Restoration of Drained Wetlands in the
Upper Basin of Devils Lake, North Dakota. Presented to the Symposium - Soils and Wetland Assessment II. 2004 Annual
Meeting of the Soil Science Society of America, October 3I-November 4, 2004, Seattle Washington.

Invited Presentation: Watchin' the Water Rise. Assessment of Soil Salinization Hazards, Devils Lake Flood Reduction
Alternatives. University of Minnesota Department of Soil Science Seminar Series, December 9, 2002.

Invited Presentation: Is it Alive? Lessons Learned in Forensic Soil Investigation. 2002 Annual Winter Meeting, Minnesota
Association of Professional Soil Scientists, December 6, 2002, Radisson Hotel, St. Cloud Minnesota.

Integrated Database Strategies for Wetland and Resource Assesments. 2000. 71h International Symposium on Environmental
Concerns in Rights-of-Way Management. 9-13 September. Calgary, Alberta, Canada.

Invited Presentation: Fresh out-of-the Box: High Technology and the Creation of Detailed, User-friendly Soil Surveys
presented to the Technology for Professionals Symposium. Division A-9, Professional Practitioners (Prov.), 2000 Annual
Meeting of the Soil Science Society of America, November 5-9, Minneapolis, Minnesota

Teaching and Public Outreach. Invited presentations to address soil hydrology related topics as a guest lecturer for University
of Minnesota, Department of Soil Science Wetland Soils class (Soil 5555), 1995 - 2005. Invited presentation to address general
soil science issues, University of Minnesota, Department of Landscape Architecture, 2005. Invited presentation to
Environmental Assessment Worksheet and Environmental Impact Statement preparation, April 2006, and April 2007.

Invited Presentation on Soil and Groundwater Chemistry in Calcareous Fens to the Minnesota Wetland Delineators Association
Forum Series, December 6, 1999, City of Plymouth Council Chambers, Plymouth Minnesota.

Invited Presentation on High Tech Wetland Delineation Using GPS and GIS to the Minnesota Association of Professional Soil
Scientists (MAPSS), December 4, 1998, St. Cloud, Minnesota.

Integrated database strategies for wetland and soil resource assessments. 1998 Annual Meeting of the Soil Science Society of
America, October 18-22, 1998, Baltimore, Maryland.

Geostatistical assessment of jurisdictional wetlands on a drained Minnesota peatland. 19th Annual Meeting Society of Wetland
Scientists, June 6-12, 1998, Anchorage Alaska.

Invited presentation on Problems associated with Salts and Chlorides in Soil, Salts/Chlorides session, Land Application of
Biosolids, Residuals, and Effluents Conference, Minnesota Pollution Control Agency, Water Quality Division, Thunderbird
Hotel & Convention Center, Bloomington, Minnesota, February 20, 1998.

Invited presentation on the Theory and Use of Drain Spacing equations to Estimate the Extent of Effective Wetland Drainage.
Wetland Delineators Association Forum Series "Wetlands, Ditches, and Drainage" Minnesota Valley National Wildlife Refuge
Headquarters, Bloomington, Minnesota, February 4,1998.

Invited presentation on Selection, Use, and Application of Reference Wetlands for Hydrology Studies, Wetland Delineators
Association Forum Series "The Role of Reference Wetlands in Wetland Inventories and Hydrology Studies" Maple Grove City
Hall Council Chambers, Maple Grove, Minnesota, February 6, 1997.

Invited presentation on Applications of Hydric Soils Information to Jurisdictional Wetland Detenninations: Issues and
Examples to the 1996 annual winter meeting of The Minnesota Association of Professional Soil Scientists (MAPSS) meeting,
Land 0' Lakes Inc. Corporate Headquarters. Minneapolis, Minnesota, December 6, 1996.

Invited presentation on Hydric Soils, Wetland Delineators Association Forum Series, "Hydric Soils", Shoreview City Hall
Council Chambers, Shoreview, Minnesota.

Invited presentation on Surface and subsurface controls on wetland hydrology to the Hydric Soil Identification for Wetland
Soils Workshop, 1994 and 1995 annual meetings, Soil Science Society of America, Seattle WA, November 12-18, 1994, and
October 29-November 3, 1995.

Invited presentation on Impacts of Ground Water Flow Systems on Hydric Soils in the Glaciated Northern Prairies of the
United States to Hydric Soils Symposium, SSSA, Division S10 (prov.), 1993 Annual Meetings of the ASA-CSSA-SSSA.
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CuRRICULUM VITAE

Effects of ground-water flow systems on hydric soils in two prairie wetlands in North Dakota to the Lake-Land Linkages Session,
Hydrology Section, American Geophysical Union Annual Meeting held in San Francisco, Dec. 6-10, 1993.

Invited presentation on Geochemistry of hydric-soil salinity associated with wetlands in the subhumid prairie-pothole region,
North Dakota. USA, 28th International Geological Congress, Washington, DC, July 9-19,1989

Invited presentation on Characterizing and Monitoring Hydric Soils of the Pothole Region, EPA-EMAP (Environmental
Monitoring and Assessment) workshop for the prairie pothole region, Northern Prairie Wildlife Research Center, Jamestown,
ND, July 23-25, 1991.

Developed daylong field trip for the 45 participants of the 1992 meeting of the National Technical Committee for Hydric Soils,
August 18, 1992. Prepared trip guidebook and acted as tourguide.
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Table 1: Soil limitationS Along the Pipeline Centerline Mil_posted by Soli Map Unit (continued)

f-
0.00

0.35

MO

••00

i I ['. - - 'r:;;':'" . -'\' • - , - , I -' ,--
Ii ( I ,~ - ~~i..~'!f~",",,,:.. ,,,.l~ I ) ~~."~.

,on 1llI1m1El!lZ3~~E!ZIIIIIml:9""'~_ -'. . 0.01 -
Kar;;;;- 212.S"6 282.719 0.173 913 SOD£] 355123""'"'W BUlloc:k-I'~rchi~Iex,.2to9IWrun1sJo...s 0.16 0.07 0.14 0.14 0.15 0.01
Hardin 282.119 282.809 0.090 476 SDOU 355772 Pb8 Parc;hln-8ullockflnuandvloarns• .1 to 9 ~n' doces 0.09 0.05 0.00 0.00 0.07 0.08 0.08 0.01
Hardin 212.809 282.961 0.lS1 135 SQ06:3 355711 Rm8 RNnw-Parchlnflnuandvloams, lto6 runtiloP 0.16 0.04 0.02 0.02 0.06 0.01 0.06 0.02
Hardin 212.967 283.036 0.068 362 50063 3S577.1 Pbe Parchln-8ullock finuandy loan'll .Hot cant s&o 0.07 0.04 0.00 0.00 0.06 0.01 0.06 0.01
}lardi 2nou 283.112 0.076 4()4 SOO63 355781 RmB Rh...·p.,chlnfinesand1loams,2to6 centslo I 0.08 0.02 0.01 0.01 0.03 0.03 0.03 0.01
~ 2&3.112 %13.603 0.491 2,592 SD0i3 3SSBOS TvC wCll ht·Parchlnf\nesal'Ktvloams.6tolS :terc.enUloDU 0.41 0.42 0.02 0.02 0.15 0.11 0.20 0.20

HardIn .283.601 2&1.812 0.209 1102 5D063 355729 Ce£ c.bbert·Rock OU1uao ccmple-.tS to 040 rcent IIcH:M O.OS 0.20 0.16 0.02 0.01 0.13 0.20

:;~~,_ ~~.'::: ;:::~: ~..~~: 1~:1 :: :::: T~ ~~:~~:-::=~VC::U~~~;:;::~:7= ~~~ ~~: O.Ot O.Ot ~..~~ ::~ :.: ~.: 1----4
tI.rd'n_ 2&098 284589 0.390 2,061 SD063 3SS118 &a BadLands o.3f,i 0.36 0.02 0.01 0.03 0.05 0.04 0.37
Hirdin- 2&l5B9 284.944 0.356 1.878 50063 355723 SeB Bullodl;'Pard'tln'511c:'bDCJts comolea. '1 tog /M'rcentsloPe's 0.32 0.14 0.28 0.28 0.31 0.01
Hardlnl 2&40944 284.965 0.021 110 5D063 3SS12B CdE Cabbar1·Of:lrld.e IOIIN, 15 to 40 percent slopes 0.02 0.00 0.02. O.OD 0.00 0.02 0.02
HafC:Ii~ 2"965 285.OS9 0.094 0495 S[)063 355123 B Bulloc.hrchh"'$IltluDauClI:ImD!e1l: 2tog_rcentslaces 0.09 0.04 0.01 0.08 0.08 0.00

~~~~!_ ~~~~~~ ~.~~__.. ~:~ SOO63 35S728 (dE c.bbirH)elrid eloams,15to40P!rcet!~slo.~ 0,05 ~.~ 0.04 0.00 O.DO 0.04 0.04

.0__-

0.08 ---+--1
0.000

' ...e lof:t-4

--

._3j--
- .O.OS

-0:0,·

0.05

0.03

0.07"

0.03

0.10

0.24
0:00
i.iii
o:ot
Q.02
'0:07
o:D1
Oii
D.01

Nndt Testimony, Abchment 2, peoge 1

~i~~""';~?~~I~~_.~. SD063 355804 TltE Twiii&irt"ladchal1f1netMId1llMms.9to2S~~t~OM's 0.04 0.03 0.01 0.01 0.00 0.02 0.01 0.02
r HlrdinA 287.754 2.17.923 0.161 888 SOO63 n5m Pbl P.-chln-8uUod!:tlneundYilMms.:U09percentslo es 0.17 0.09 0.01 0.01 0.14 0.14 0.16 0.03

I :;:~ ;:;:~; ;:~:::~ :::: ~: ::: ~::;~~ :=~ ::::::==::y6::~~~n;::::SlQaeS ~: 0.03 ~: 0.00 0.00 ~:~ ~~: ~:: ::~
Hardin. 287."1 288.038 0.047 24. 500063 3505722 BoD Bul~bbotrtcompl~6to2Spen;:e'ntslopes 0.()4 0,02 0.00 0.02 0.03 0.05 0.04
H.rdlrur 218.0ll 111.226 0.118 992 5006.! 355772 PbB p.-d\ln-Bultockftnesandvloams.2to9 nts'cpes 0.19 O.to 0.01 0.01 0.15 0.16 0.17 0.03
Hardinl 288.226 288.263 0.037 197 50063 3SSn:3 eps IkIl1ock.parchln-SUcb tscom I 2to9 reent~o 0.03 0.01 0.03 0.03 0.03 0.00
Hirainlil . 216.263 281.375 0.112 592 50063 3SS734 DeC Delrldle.(.lbbartloaffiS. 6to 15 DelUnt slopes 0.11 0.01 0.01 0.01 0.11 0.11
Hllrdln 21&.375 284.443 0.068 358 50063 355712 800 Bulloc:k-Cabbart complex. 6 to 25 percent slopes 0.06 0.02 0.00 0.03 0.04 0.01 0.06
H.rdlnll! 2M.443 281.663 0.220 1161 50063 3551.M 0tC. OeIridfe.(.abbwt Ioams, 6 to 15 Dertent s1o~ 0.22 0.02 O.oz 0.02 0.21 0.21
H.fdin 2M.663 2.81.748 0.065 449 SOO63 355722 800 8ulSodcw cabbart com 'to 2S IlUnt II es O.DI 0.03 0.00 0.04 0.05 0.06 0.08
tI.lrdin. 288.148 288.953 0.205 1.083 SOO63 355141 GdA GerdrumsUt loam. 0 to 4 cent slopes 0.01 0.02 0.18 0.2t 0.21
Hardirw 2aa.953 288983 0.030 157 50063 355722 80D auVodl'·Cabbarteom n,6to2S OI!ntsiopes 0.03 0.01 0.00 0.02 0.02 0.03
turdln, 118.983 2119.057 0.075 393 50063 355141 GdA Gerdrumslltlea-m.OtD4peruntslopn 0.00 0.01 0.07 0.07 0.07
Hardin, 219.051 219.167 0.120 582 5D063 355722 800 Bullock·cabbart complex,. 6 to 25 runt slopes 0.10 0.04 0.01 0.06 0.06 0.11
~ 289.167 289.282 0.114 603 50063 355141 GelA Gerdrumslttloam,Oto4pe:rcentllopes 0.01 0.01 0.10 0.11 0.11

H.rdinll 119.182 289.441 0.160 84C SOO63 355731 teA Ea a-Archlncom Ie Ot03 .,-cent ti 0.01 0.01 0.08 0.07 0.15 0.15
Hardin.. 289.441 289.49' 0.0SEi 29' SOO63 355787 S.A s.se~m 0.05 0.00 0.0& 0.06
HlrdlnJl 289.0498 2&9.672 0,174 918 SOO61 355757 U ICQrchn loam, ch.anneted n.02 0.01 0.03 0.17
~ 289.672 289.92.3 0.252 1,329 50063 355729 r-~ c...bbMi~AOckoUtliODccmpl~i5tO ...(i'peK:entslopes ci.06 - - 0'24 0.20 0.02 0.02 -0.16
U.ardi;- 219,913 289.955 0,032 168 SOO63 155772 pbS Pardlln.sullodl iine l.nd\t loams. 2 to 9 Dftunt doDft 0.03 0.02 0.00 0.00 0.03 0.03 a.OJ
.-~ w2~9.955 289.973 0.01' 91 50063 355181 RmB Rhanw--Parchlr\fineundVloams.2to6oercentslopes 0.02 0.00 0.00 0.00 0.01 0.01 0.01
~~ 289.913 290.024 O.DSI 268 SOO6J 355772 PbS htchln-8ullockftnuaru",loarns, 2to 9pef'CIIl!nl es 0.05 0.03 0.00 0.00 0.04 0.04 0.06

H.irdina 290.024 290.206 0.181 9!oS SOO63 355781 Am8 Rhame--Parchln fine sandy' /oaml,:2 to' otir«nt. SIOOK 0.18 0.05 0.02 0.02 0.06 0.01 0.06

H.rdl'... 290.206 290.675 0.0470 480 SOO6J 35$772 PbS Parchln-8ullodc fine sanchdoams. 2to 9percwntsbpes n47 Q25 0.02 0.02 0.3& Q.4D 0.44
Hardin 190.675 290.75$ 0.079 419 50061 355711 Rm& Rhame--Parchln fine sandv Jo.ms, 2 to 6 Dl!rfA:nt II_s 0.08 0.D2 0.01 0.01 0.03 0.04 0.03
H.rdln 290,155 190.!J01 0.153 806 $D063 355772 PbS Parc:hln·Buliock nne sandvloams, 2. to 'Den:ent s es 0:15 O.OB 0.01 0.01 0.13 0.13 0.14
H.rdlnl nO.S07 290.911 0.024 125 50063 35saos Tv<: Twili.lht.parchln Rnuandyloolms, 6to lS percentslopes 0.02 0.02 O.OD 0.00 0.01 0.01 0.01

K.y,tune Xl. Stee~ CIty SO $olb

~nter'ineSummary

~
t'\-...
~
~
~

~

~
~

:s
~

~



TabiD 1: SolI Umftations Along the Pipeline Centerline M~epostedby SolI Map Unit (continued)
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~ ~ ..~ .I 'I ~ ~ ~ '> I' \. - - .. <~ (r:"_'""~';; "'- ..I: "'" -~ I ~- ~ I • • '; I . I ~

f . 1 :!. \ ~': }~;1::~ ~:.:~f\.~~"'~- ~.~. ; , . I ' .~~
arn. ms. pete-n es •. 0.09 0.09 0.02

L Harell 291.031 291.117 0.156 In SOO63 355723 RnB 8ulloclt-Parchln-Sl~ltmtJtH.J'WWl1ex.2to9l:loerttnt~opes 0.14 0.06 0.12 0.12 0.14 noo
Hardkl 291.187 291.271 0.084 446 SOO63 3558D5 lyC TwIlllht-Pard'lln fine wndyI~ 6 to 15 Q«Cent slopes 0.08 0.07 0.00 0.00 0.03 0.03 O.~ J -l 0.03
Hardin 291.211 291,414 0.143 154 SOO63 355724 &sA Bulloclc-StJckSDots comolex. 0 to 4 Dercent sIooes 0.13 0.02 0.00 0.12 0.13 O.U,
Harcfln 291.414 291.722 0.308 1,621 SOO63 355741 GdA Gefdrumsllt loam. 0 to 4l»rcent sIonM 0.02 0.03 0.28 0.31 0.31
Hardin 291.722 291M3 0.161 8SO SOO63 355751 HI Havre:IOIIm 0.15 0.01 0.16 0.18
Hardin 291.883 292.058 0.114 921 SOO63 3SS742 Gc Glendive: ftnesandy 10ilm ~__ _ __~ 0.16 0.02 0.17 0,17
Hardin 292.DS6 292.093 0.035 184 SD063 101J843 W Water
Hard· 292.093 292.122 0.029 156 SOO63 355129 CeE Ci~rt·Rod:QUtt:l'noQ)m.x.15to40pelUntslopl!s

Hardin 292.122 .292.•J8 0.116 1,610 SOO63 35575.2 Hh Ha~tlake com
Hardin 292AJ8 292.460 0.022 US 50063 3557C2 Ge Glendive: fine sandy loam
Hardin 292.460 .292.584 0.123 651 SOO63 3SS729 teE cabbMt-Rodl:QI,Iwoocomolell.15to40aen:ents!ooes
Hardl .292.$84 292.122 0..238 1,ZSS SOOQ 355772 PbB Pa,chln-8ulloc:kfln.SMdvkMnw. 2to9tw!orcentsltmes
H.rdln 292.8.2.2 293.265 0.443 2,340 SOO63 355804 laE wUI ht-BI.aetchl1l fine sand ~ms 9 to 25 runt sloPeS
Hardin 193.265 293.320 0.055 291 SOO6l 355803 TwC w1bht fine sand.., aa.m, 6 to 9~n:ent 510"-
H.rdlna 293.320 193.~7 0.627 3,31.2 SD063 355805 lyC Twlliaht·Parc:hln fine sarwty toams. 6 to 15 oereent slop

H.ardlnR 296.73. 291.013 0.279 1473 SOO63 355722 BoO BuUOc:IC...CA~rt t:OrftDlu. 6to 25 aercetltslboe!.
Hardl 291.013 297.255 0.242 1,2" SD06J 3SSn2 Pba Parchlft.Bullock ftne Sin learns. 2 to 9ptlUnt
Hardin .297.2SS 297.605 0.349 1.844 SD063 355722 BoD BuJlocIc-CIIbbtrt com ex. 6 to 25 pet'Ce!lt"
....rdln 291..605 297.814 0.229 1209 SD063 355712 AkA Archl...Bullodrflnesan loa Ota4 (Centalol
fiordin. 297.1)4 297.962 0.129 6aO SD063 3S5a1lS T>C T..I1I.mt·...rdlln flne ..nd.looms 6 to is ....contslODCS 0.12
IiIrdln Z97.tG 29&.037 0.075 397 SOO63 3SSI04 M TwlllllM-8laddwin fine SlJnd'(lIoams. 9 to 25 rc:ent slo 0.Q7
H.rdln. 291.037 298.200 0.163 SS9 SD063 3SSBOS T>C Twlb.m'....rd1lnfine ..nd.10lIms.6tolS_contslo... O.lS
Hirdln. 298.200 291,274 0.074 3&9 SD063 355768 MP8 MttmIfth-P.ardUn fine SInd.., w.ns. 2 to 6 D«ant iIooes 0.01
Hardinl! 298.27.4 291,488 0•.214 1,.132 $DOr63 3S58QS Tv(: w1lWht-Patchlnflnesandvloams..6to15percentaopes 0.20
....rdin 29&<188 299.094 0.605 3 197 SOO63 3SS712 PbB Parchln-Bullodc fine sandy Ioam:s. 2 to 9cercent sJooes 0.61

~!!!...~99.094· 299.175 .9..08% .31. SOO63 355711 RmB !tNme-ParchlnflnesandyIoams,2to6D1!reentskHI8 0.Q!
Hardlrw 2".175 299.S05 0.4251 2,268 50063 355n2 Pb8 Parch!n-8ullockfln.sandvloams.2to90....centsloces 0.43
Hardina 299.60S 299.736 0.132 696 SD063 3SS8QS :rye Twllllht"'.rdll~ f1!!t ~n~ loams, 6 to 15 percent slopes 0.13

Key'tone XL Steele City· SO Solls
Cl!nterllne Summ~ry

Arndt TeatJmony, Attathment 2, Page 2
Paae 3 of 34



Table 1: SOIl Umltations AJong the Pipeline Centerline Mile,D05fed by Soil Map Unit (continued)

t---

I-

t=

--

1--.

.--

0.1•. I:.::==.:

0.01

0.06

.----.-1----.-

0.00

Hardi.!1L ~~o 305.-474 0.114 601 $0063 _. :_~ _~ ~~archl~_ftne sandy~~ 2 to 6 per~nt slopel 0.11 0.03 0.01 0.01 0.04 0.05 O.M T T 0,01
H.edlnl 305.474 305.729 0.255 1344 SOO63 355803 TwC Twfll ht fine sandvloam. 6tD 9 "rcenhlDfMOs 0.25 0.23 0.01 0.01 0.02 0.02 0.03 -- . 0.03
~ 305.729 306.()62 0.333 1,751 50063 355181 RmB fl:h~parctllnflnuandvloams 2to,;W,centsloPei 0.31 0.08 0.03 0.03 0.12 0.15 0.12 -J.. .1 0.03
HilrdlM: 306.062 306.512 0.4S1 2.3&0 5OD63 355712 AkA Archln-8ullodtlnesandvloMns Dto4J)erCentslol:'ft 0.06 0.05 0.34 0.3; 0.42
Houdin. 306.512 306.541 0.028 150 SOO63 355116 AtA Aulnnlboine-Archln fin, Nndv Ioams. a to 3 percent slopes 0.00 0.02 0.01 0.01 0.03
Hardin. 306.S41 306.717 0.116 932 sOO63 355722 800 8ullock·C.~rtoomme~ho25nercentsiopes 0.17 0.06 0.01 0.09 0.10 0.17 i I 0.11
Hardin 306.717 307.079 0.361 1.901 SD063 355781 Rm8 Rhame.parctlln fine sandY Ioams. 2 to 6pelUntsiopei 0.36 0.09 0.04 0.04 0.13 0.16 0.13 0.04
H..edina 307.079 307.1&5 0.106 562 50063 3S580S TyC TwfllahtMP.rchin Ane sandvloams, 6 to 15perc:entslcpes 0.10 0.09 0.01 0.01 0.03 0.04 0.04 0.Q,t
H.,din.. 301.185 307379 0.194 l,On 50063 355172 PbB Parchln-8ullock fin~ sandylaams• .2 to 9 percents\opu 0.19 0.10 0.01 0.01 0.16 0.11 0.18 ..L I 0.03

twrdin. 301S38 301.791 0.2Sa 1,363 SOO6J 35S723 BpS BuIJock.Pardlln-S1ick5po1s comPlex. 2109 Dercentslopes 0.23 0.10 o.n 0.21 0.23 0.01
Hardin, 301.191 302.01i 0,222 1,173 SD063 355181 Rrn8 Rhame-Parc:hln fine sandy barns. 2 to 6 percent skJpes 0.22 0.06 0.02 0.02 0.00 0.10 0.08 0.02
Hardlnl 302.019 302.214 0.195 1,031 SOO6' 3SS8G4 Tilt Twill t-BIUM" IInes.nd Ioams. 910 2S ptr,ent:;lo s 0.19 0.1) 0.06 0.05 0.02 0.07 0.04 0.08

l- Hardin. 302.n4 302.696 0.482 2.,546 50063 355129 teE Cl.bbart-RockouIUOPCDmplell. 15 til 40pcrcentslopl!:s o.U 0.47 0.38 0.04 0.04 0.31 0,4&
Hardin. 302.696 302.726"- 0.029 lS5 50063 355172 Pbll Parchln·8ullodc ftnuand\' loams, 2 to 9 percent slooes 0.03 0.02 0.00 0.00 0.02 0.03 0.03 0.00

turdln. ~~~.?~~ ~03.~~~ ~.~~~ 2~~~4 ~~ ~~~ -~~~=~:~~;::6~:~~~:.;;::::~ __ __~.::_ 0.... ::: 'O.ot 0.03 _ :.': ~:: : ..~~_ _.~ ::~~
ttard1rll: 303.396 303.805 0.409 2,157 S0063 355804 TxE T~-8lackhanfjne..nd.;-jOlms, 9t025 percentslQges Q39 0.27 Q~10- - o~ -0.04 0.14 o.ce 0.16
~~ 303.805 303.893 O.OU 466 50063 355805 TyC Twlliaht·Parchln fine SoIInd loams. 6 totS P~rcen1 sk!ge$ 0.08 0.07 0.00 O.DO 0.03 0.03 O.Dot 0.04
rtl.~din8 303.89' 304.121 0.228 1.20$ SOD63 3SS729 teE tabbart-AcxlcOlJlUooc;DmDle tSto ..Ooercentpooes 0.06 0.22 0.18 0.Q2 0.02 0.15 0.22

Hardlna 104.121 )04.2S1 o.no 616 S0063 35S7:l2 BoO Bullock-Cabbart complell.' to 25 ~erant s10Des 0.12 0.04 0.01 0.07 0.07 0.13 0.12
I Hardlnl 304.2S1 304.4)1 0.179 948 50063 355712 PbB Parchln·Bullockfine sandv Ioams. 2: to 9 ~rcent slopes 0.18 0.10 0.01 0.01 0.15 0.15 0.17 0.03
r-w;~ 30<&.431 304.601 0.170 898 50063 3S5716 AlA AssInnlbolne·Atchln fine sand.,loams. 0 to 3 percent sloC)eS 0.01 0.10 0.D6 0.06 0.17

Hardinl 304.601 304.6i8 0.067 3S6 SOO63 355123 8gB Bullock-ParChI"..51icks scorn 11!:M.2to~~c.enlslo~-S 0.06 0.03 0.05 0.05 0.D6 0.00
Hardinl 304.668 304.869 0.201 1.060 SOO63 355722 BoO 8ulkdt-cabbllrt c.ompln" 6to 2SDercentslopes 0.19 0.07 0.01 0.10 0.11 0.19 0.19

~ Hardlnl 304.169 3OS.174 D.3DS 1.610 50063 355123 BpB Bullodt-parctlln-ShcksDOU com lei(. 210 9 ~rcetnslopes 0.28 0.12 0.24 0.24 0.27 0.01
Hardinl ~. 305.213 0.109 57; SD063 355SClS TvC. Twllhrht·ParchlnftneNndvloam5.6tolSpecCl!:fllskJoes 0.10 0.09 O.ot 0.01 0.03 o.M 0.04 0.04

HiudlnJ 1050.283 305..360 0.011 410 50063 3SS80J TwC Twlllshtflnesandyloam.6to!pereentsiopes _ _.__ 0.08 __ 0~7 __O.~_ ~ O.~__ t...-- 0,.Q.1 0.01 0.01

t----

1--0.04

0.03

0.03

·f--+·--+-

Hardinl 309.515 !1D.0Q6 0.431 2,274 SD063 3SS804 TIE TwiiiRht-81ackhall flne sandylaams. 9to .zs----;;;rotnUlopes 0.•1 0.28 Q 11 0.11 0.04 0.15 0.09 0.17
H.,dlna 310.006 310.105 0.100 526 50063 355129 teE ClbbMt-Rodcoutaon com;;"lI:.-U to 40 percent doces 0.02 0.10 0.08 0.01 0.01 0.06 0.09
l1i1fdiRl 310.10) 310.305 0.199 1.053 SOO63_~ _~~I."'t-8l~lIfinesan6'f.~ms.9to25~~entslopes 0.}9 0.13 0.05 0.05 0.02 0.07 O.M _. 0.08
Hirdirur: 310.50S 310.S64 0.260 1.311 50063 355772 PbS Parchln·6uUocltfine~ms.2t09D~tclI!ntSicm;s 0.26 0.14 0.01 0.01 0.21 0.22 0.24 ~'
Ha,dinS 310.564 310.601 O.pl1 194 50063 35S718 8a 8adlands 0.03 0.03 0.00 o.OD 0.00 0.00 D.DD 0.03
HiIordin. 310.601 310.6-48 0.0041 '''7 50063 3505723 bpI 9ullock-~n:hJn.S1I,~potgompll!J!.~_9_P!'rce!1~~lo~es 0.04 0.02 0.04 0.04 0.04 0.00

Hardin. BulSock-cabbart ",,",pel(, 6 to 25 percent slopes 0.11
~- p.,chln-Bullock flne san loamI. 210 9l)cotcent sloPes '---0.02

Hirdln. OUlloclc·Parchln-S1ldtspou. complex,. 2 to 9 percenl s1oP';,s: ----0:0;
Hirding 307.130 307.947 0.118 623 50063 3S580S TVC Twill hl'PiuchlnfinC'sand",lcyms,6tolSDlf-rcentsiooes 0.11 0.10 0.01 0.01 0.04 0.04 0.05 0.06

r H.rdin 307.941 308.031 0.0&4 443 SD063 !I55n2 PbS PMchln-8l,1lkJckllneund,.loams.2t09percentslopes f~r4'f-4 O.DO o.~o 0.07 ~ 0.07 ~ 0.08 0.01
,- liardln. 308.031 308.101 0.076 403 50063 355804 TxE wIlillht~liJctkall ftne sandY. loams.' to 2S teenl slopes 0.07 0.05 0.02 0.02 0.01 0.03 0.02 0.03 f---
L~~r~.!!1f.-~~'.!-~!..~~~ .-!:!!L..:~ .. 50063 3S5723 BpS 8ultock.p.rchln·S1ldapot'comple.. 2109pt'rCl!:nlslo~es 0.47 0.20 0.41 0.41 0045 0.02
I Hardltla 308.620 308.670 O.osl 267 50063 355729 Clef cabbart.flodr:outcrop: com.~ 15 to 40 percent slopes 0.01 0.05 0.004 0.00 0.00 0.03 0.05 0.01

I-·~:;::::: =;;~ ::;~; ::::: tg:o :::: :~:~~ ~~ ::=.~~;:;:~610~~t:o:r':entsJo~ ~;~ 0.06 ~~ 0.01 0.01 ~:: ~: ~~~ :~
11&r"ln 308,'61 509.210 0.2.7 1,3Q.t 50063 155122 800 luliockoCabbartcom 1eK.6to25percentslapes 0.21 0.08 0.01 0,13 0.1" 0.24 0.23

-H"rdinl 309.210 309.420 0.210 1,109 5D063 355723 BpS Bulloc:k-Pard\!Jt..SllckSt)ots ~mpleX, 2 109 peeotnt slol)es 0.19 0.08 0.11 0.17 0.18 - 0.01
H.r"in. 309.420 309.515 0.155 a18 SOO63 3S5729 Cd Cabbat1.Rodl.ocru:top~rn,15.to41)I!«c.I!:n..!slo.Jle:L_ .. ~04 0.15 0.12 0.01 _ 0,111 0.10 0.15

--

H.,dln S 0.23 0.25 0.01
~l. __ 0.01 0.01 0.02 0.02 0.01
!!!!~L 0.06 0.06 '--0:00
.H~~n..L 0.05 0.06 0.06
H~rdlnll 0.0' 0.03 -----o:oi

t--
+--__1.. O,!L.-.. _

--+-
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Table 1: SolI Umltallono Along thO Pipeline Cen"~lne~Ie_ by SolI Mep Unit (oonOnuod)

Hilldln 3lim 3iiih 0-:100- 52' SD06. ~S5181 lima I\hame-parchln nne g lo~:Zto6~tsloPeS 0.'0 0.0. O.Ot 0.01 0.04 0.05 0.<>4 0.01
"'ni' 3n.773 313.869 0.096 S04 SOO63 3SS803 TwC Twillmt fine sand"~ 'to 9 a.rcent s1aoes 0.09 0.09 0.00 0.00 O.Ot 0.01 0.01 0.01

.. .f--
H~rdl 313.869 313.970 0.101 532 50063 3SS711 AmB RhIme-Pilrc.hJn fine sandy IoMns. 1 to 6 rc:entslo s 0.'0 0.03 0.0' 0.., •.04 0.05 0.04 0.01
Hard 313,910 314.278 0.308 1.620 5D063 3S5a11S T TwlJ t.p.rchtn flne Hnd \oarN. 6 to 15 &lefoent sfopes 0.2. 0,26 0.02 0.02 0.09 0.11 0.12 0.12
Hardin 314.218 314.406 O.12a 674 5D063 3SS803 TwC TwI" t flne Ulndv loam. 6 to 9 Percent lIopes 0.'2 0.12 0.00 0.00 0.01 0.01 0.02 0.02
Hardin 114.406 314.&96 0.291 535 50063 355801 TtC T,.., elk loamy flne Hnds. 2 to 15 Dercent sloPeS 0.2.9 0.2. .... 0.05 0.05 0.22 0.05 --
Hardin 314.696 314.781 0.085 .... 50063 'SS805 TYC Twill t-Parchln fine sandY 1oIms. 6 to 1S percent slopes 0.08 0.07 0.00 0.00 0.03 0.03 0.03 0.03
Hardin 314.711 314.879 0.0•• 519 5006' 3SSIlO4 Txt TwIli t~ackhall fine sand" IoIms. 9 to 25 DIUDtnt slarw,s 0." 0.06 0.02 0.02 0.01 0.03 0.02 0.04
Hardin 314.&79 314.912 0.033 174 50063 'SS803 TwC Tw\1" fine sandy loam. 6 to 9 Del'Ceflt slopes 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00
Hardin 314.912 315.098 0.116 9.. 50063 355780 Rh. Rhame fine Andv loam. 2 to 6 DerC4!frt sIoces 0.19 D.o.' 0.01 0.01 0.02 0.03 0.03 001 0.19

-
Hardin 315.09' 315.284 0.186 980 5006' 355766 M.I Marmarth fine sandv leNun, 2 to 6 petcent slopes 0.19 0.01 0.01 0.01 0.01 0.D2 0.17 0.01 0.19
Hardin 315.284 315.342 O.osa 307 SOO63 3557Bl limB RNme-Plrchln fine SI lOams 2 to 6 percent slol)e'$ 0.06 0.01 0.0' 0.01 0.02 0.03 0.02 0.01
Hardin 315.342 315.462 0.121 ... 50063 3SS7BQ Rh. Rhame fine Andv loam. 2 to 6 DeKent slaDe'S 0.'2 0.01 0.01 O.Ot 0,01 0.02 0.02 0.01 0.12
Hardin 315.462 315.579 0,117 616 50063 355781 Rml Rhame-f'archln fine SlndY loams. 2. to 6 DeI"nt sloDeS 0.'2 0.03 0.01 0.01 D." O.oS 0.04 0.01
Hlniln 315.579 315.866 0.287 1.514 SOO63 355715 "'" AHiMlbofne fin.....ndv loa 3 to 6 peolUnt slDtles 0.2' 0.03 D... 0.29 0.29
Hardin 315.866 315.950 0.084 44' SOO63 355772 Pbl Parchln-8ullock Ane SN! 100rns 2. to 9 percent skH:le$ • 0.08 0.04 0.00 0.00 O.OT o.OT 0.08 0.01
Hardin 315.950 316.353 0.... 2,132 SOO63 'SSi03 TwC T~IKht fine sandy~ 6 to 9 Dtrcent slepts 0.39 0.37 0.01 O.ot 0.02 0.04 0.05 0.05
Hlrdln 316.353 316.591 0.238 1.256 Sl1063 3SS781 Rml Rhotl"l\Hl..chln fine Slndv IOlms, 2 to 6 percent slaDe!. 0.24 0.08 0.02 0.02 O.os 0.11 0.08 0.02
l-'ardln 316.591 316.739 0.1Ai 712 Sl1063 355722 BoO BullockoCabblrt c:omPlex. 6, to 2S per<:ent slooes 0.14 0.05 0.01 0.08 0.0& 0.1. 0.1.
H~rdln 316.739 317.243 0.S04 2.tiS9 SD06, 355781 Rm8 Rhotme-Parchln fine Slndy loams. 2 to 6 DCl'c:ent s&oDC$ 0.50 0.13 0.05 0.05 0.18 0.23 0.18 0.05
Hardin 317::143 317.503 0.260 1375 SD06. 355722 800 Bullock·cabbart aJml:llex. 6 to 25 oercent dOOd 0.25 D." 0.01 0.13 0.15 0.25 0.25
Hardin 317.S03 317.780 0.276 1.459 SOO63 ~S723 ... BlJllock-Parc.hIn-SlkkstIDts co to. 2 t09 rcentsJODeS 0.25 0.11 0.22 0.22 0.24 0.01
tLirdl 317.710 318.011 0.247 '306 50063 3SSBOS T Twill Harthln fine sand lcams. 6 to 1S rcentsSo 0.23 0.21 0.01 0.01 O.OT 0.09 0.10 0.10
HardIn 31&027 .18.D4D 0.01" 72 5006' 35S746 ... Han fine sand 101m 0.00 0.00 0.00 0.00 0.00
HllIdin 318.040 318.143 0.103 ... 50063 ~5748 Hd "'nr eekflnesa looms •.00 0.<>4 0.01 0.05 0.02 D."
Hardin ~1&143 311.159 0.216 1,1.2 50063 3SSB02 Tve Trw-P.,.chln-Bullock complex. 2 to 9 l)ercent skJpes 0.21 0.18 0.0' 0.01 0." 0.10 0.10 0.10 0.01
H~rdln 318.359 318,420 0.06D "I 50063 ~S819 2bC leon.a-B1ownout land lXImOlex. 2 to 15 Pe1'Oent JIooes: 0.03 0.04 •.00 0.00 0.00 0.04 0.00
H.rdln 318.420 318.544 0.12. ... 50063 3SS802 Tve Trev-Poarchln-8ulloct complex. 2 to 9 oercent slQC)4!S 0.12 0." 0.00 0.00 .... 0.08 0." 0.05 0.00
Hardi '3I1L$44 ~18.602 0.058 "" 50063 3SSB19 lbC leona-B1ownOlJt land' CDf"n lex.. 2 to 15 aercent sloDes 0.03 0." 0.00 0.00 0.00 0.04 0.00
Hudln.l. 31&602 318.820 0.217 1,147 SOO63 355817 201 ZeonalO<lnwflne sand, 2 to 9 oercent sloaes 0.03 0.2' D.D2 •.02 0.02 0.19 0.02
Hardin 318.820 319.• 0.666 3.531 50063 355801 no ley-fiNk loamvflne sands 2 to 15 percent slo 0,67 0.8' 0.11 0.11 0.11 0.50 0.11
tyrdln 319.486 319.8SS 0.369 1,949 SD063 355818 laO leona loamvtlnc: Sind.' to 25 DefCl!nt s100cs 0.07 0.35 0.33 0.04 0.04 D.04 0.31 0.37
H,.,dln 319.855 319.928 0.071 382 5<lO63 3S5801 TIC Trw-Fleak bamvflne sands 2: to 15 CN!rcent sloDlK 0,01 0.07 0.01 0.01 0.01 0.05 0.01

liardln 319.928 ,20.009 0.081 .2. SD063 355818 laO Ztonaloamv ftnesand. 9 to 2S DCf'ClCnt s1~es 0.02 0.08 0.01 0.01 0.01 0.01 0.01 0.08

tLirdin ~no.OO9 320.064 0.055 293 SOO63 3SS801 TtC Trevr-F1e.k Ioarnv fin. 'Mdt, 2 to 15 De:lcent sIoDe:l 0.06 0.05 0.01 0,01 0.01 0.04 0.01

Hardin 320.064 320.607 O.S43 2.... SOO63 355818 200 Zeon.a loanw fine sand. 9 to 2S dntilOCft 0.11 0.52 0'" 0.05 0.05 0.05 0... 0.'"
Hardl 320.601 320.725 0.118 624 SOO63 355817 208 Zeona tl»mV fine And, 2 to 9 ntslopts 0.02 0.11 0.01 0.01 0.0' 0.11 0.01

Hardin 320.725 321.763 1.037 5476 SD06' '55803 TwC wUI.ttt:flnesandvloam 6to9 .......-on LOI 0'" 0.03 0.03 0.08 0.09 0..2 0.'2
Hardin 321.763 321.609 0.047 2'. SOO63 355817 208 Zeona loa ftneMl'ld,2toi ntslo 0.0' 0.06 0.00 0.00 0.00 0.04 0.00
H.udln 321.809 321.875 0.066 347 50063 355730 CM Chlnooll;flne san loIm Ota) rcent . 0.08 0.00 0.01 0.01 0.0. 0.00 0.07
Hilrdl 321.875 321.946 0.070 "I 5D063 355817 ZOB Zeona ktamy ftne SInd. 2 to. percent slOi 0.01 0.07 0.01 0.01 0.01 D." 0.01
Hardin 321.946 322.051 0.'06 559 SllD63 355780 Rh. Rhame fine sand toIrr\.. 2: to 6 percent 510 0.11 D.o.' 0.0' 0.01 0.0' 0.02 0.02 0.01 0.11
Hardl 32.2.051 322.143 0.092 .15 50063 355730 CM CIllnook fine a 1000m,°to 3 rcent slo • 0.08 0." 0.01 0.0' 0.01 0.00 •.09
I-lardln 322.1.&3 322.637 0.494 2.60. SD063 355780 Rh. Rhame flne sandy loam. 2 to 6 percent 510 s 0... 0.02 0.02 0.02 0.05 0.07 0.07 0.02 0.49

"''''' 322.637 322.797 0.160 .... SOO63 3S57S1 CnA Chlnook~1nflne sand Ioams. 0 to 3 rcentslo 0.10 0.02 0.05 0." 0.07 0.0'
Hardin 322.797 323.017 0..219 1.158 50063 355730 l3\A Chinook flM: sandy loam, 0 to 3 Percent s1lPCS 0.20 0_01 0.02 0.02 0.03 0.0' 0.22
Hardin 323.011 323.108 0.092 ... SD063 3SS748 Hd H.nlY-Do~eek nne ,.ndv loams 0.00 0.04 0.01 0." 0.02 0.03
"'tdln 323.108 321.209 0.100 52. 5006' 355817 20. Zeona Ioamv fine sand, 2 to 9 percent dopes 0.02 0.10 0.01 0.01 0.01 0.09 0.01
Hardin 323.209 323.250 0.042 220 SOO63 355819 2bC leonI--lIownout land 2to15 cetttskloes 0.02 0.03 0.00 0.00 0.00 0.02 0.00
Hardin 323.150 323.315 .- 34' 50063 355802 T.. , PIl'Chln·8ullodt cam .. 2 to 9 ercant .. 0.06 0.05 • .00 0.00 0.03 0.03 •.03 0.03 0.00
Hardin 323.315 323.478 0.162 .n 50063 355749 He Han -5l1clcJ ts com lex D.o.' 0.10 0.02 0.06 D." 0.08 0.10 0.00
Hardin 323.478 323.547 ..... ... SOO63 355817 20. leonl ~mv fine SInd. 2 to 9 rcent slo • .0' 0.07 0.01 0.01 0.01 0.08 0.01
Hlrdln 323.50&7 323.740 0.193 1019 SD063 35-5740 fIE F.t-T RackOl.lw corn e 15 to SO slopes 0." 0.19 0.14 0.15 0.02 0.02 0.02 0.12 0.17 0.04
Hardl 323.740 3204.028 0.288 1522 5006' 355800 T.. Trey _my' fine sand, 2 to' pen:eM sIo s 0.21 0.2. 0.D2 0.02 0.02 0.27 0.02
Hlrdln '2'.02. '24.561 0.534 2.817 SOO63 '55740 Ftf. Fleak·TrCY-Rock OUtcrOD comDlex. 15 to 50 et:rctnt SIODeS 0.11 0.53 0.,7 0A3 0.05 0.05 0.05 0.32 0." 0.11
Hardin 324.561 324.9S6 0.3950 2.085 SOO63 3$5B19 Zl>C Zcona-BIownoutI.nd cornolex, 2 to 15 oerccnt slopes 0.18 0,28 0.02 0.02 •.02 0'" 0.02
HareI' 324.'S6 325.176 0.220 160 5006' 355801 TtC , FIe_it 101m fine unds 2 to,15 rc:entsl 0.22 0.20 0.04 0.04 0.04 0.18 0.04
Hardin 325.116 '25A& D.lOS ,... ..... 355140 FIE Fleak-Trc ode ...", com e 15 to SO ... 0.08 • .30 0.21 0.24 0.03 0.03 0." 0.18 0.21 0.06
Hardin 325.481 32S.S67 •.086 454 50063 'SS803 Twe wili t fine sand ICNIm. 6 to 9 - 0.08 0,08 0.00 0.00 0.01 0.01 0.01 0.01
Hardin 325.567 '25.619 0.OS2 273 5D063 355781 11m. RhalM-Pard!tn fine kiams, 2. m6 rcentsl 0.05 0.01 0.0' 0.01 0.02 0.02 0.02 0.0,
...ni 325.619 '25-663 0.... 232 5D063 3SS803 TwC Twfl6lht fine ,.ndy loam. 6 to 9 ~ercent OS 0.04 0.04 0.00 0.00 0.00 0.00 0.01 0.0'
...nil 325.663 326.001 0.'39 '787 50063 355711 Am. Rhamt-hrthln ftne sa 2to6 rcentslClDCS 0.34 0.08 0.03 0.0> 0.12 0.15 0.12 0.03
Hardl 326.001 326.301 0.300 1.586 50063 355780 Rh. Rhamll flnit sandy loam.. :z to 6 Percent s ... 0.30 0.02 0.02 0.02 0.0> 0... 0... 0.02 0.30
Hardin 326.301 326.U6 0.114 60. SOO63 '5SB03 Twe TWill ht flne san 10' 6to. rcents!- 0.11 0.10 0.00 0.00 0.01 0.01 0.01 0.01

KeyltGrte Xl S,..le at'(. so SoIl5
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Tabla 1: Soil UmitatJonsAlong the Pipeline Center1ine Mlleposted by SoIl Map Unil (continued)

0.28

0.43

r- , rc~· r . c, , r'. r .~ '. .. .•. "-''''-'B'-V--7'~'~, - , -
(:,,';, ."'''! ; ,.' ,', . '-;0~~//;:lt~-,-"i' ": ' i- :~;:

tut en '6.~p. . ~~nn 1lC- n new oilm,. to feent opes 1. 0.09 0.09 Q.2S 0.02
H.rdi-;:;;- H6.66'3 326.702 0.039 205 SOO6J 355181 R.mB Rhame·p"'ch'nfjneHncfy~2to'oercentsloDH 0.04 0,01 0.00 0.00 0.01 0.02 0.01 0.00

I--~~ 326.102 326.'15 C.In 911 50063 3SS71S AsB AsslnnlbolnetlnesandYloam,3to6percentsiopH 0.15 0.02 0.02 0.11 -," 0.11

~ :::::: :~~:= ~:~:: /::a :: =::~~: :: ::7::~~,:~::~~=~~~::"~:=:S° ~:i: :~~: O.Of 0.01 ~::~ ~~~ ~:: 0.04 0.00
H.rdin'; 327.167 327.366 0.199 1050 SD063 355781 RmB R.hame-p.,chln flne $And" iQanu. 2 to 6 petcenhlonH 0.20 0.05 0.02 0.02 0.07 0.09 0.01 0.02
~.3~7.366 327.£25 0,259 1,167 50063 nS780 AhB RMrMftnuandyloam.2tl:J6percentslopes 0.26 0.01 0.01 0.01 0.03 0.04 0.04 0.0'

H.rdi;;;- 327.625 327,12.« 0.099 525 50063 355772 PbS Patchin-Bullock fine sandvklams. 2 to 9 percent 5k:rJft 0.10 0.05 0.00 0·00 0.08 0.09 0.0; 0.01
_~ J17.724 328.152 0.428 2,261 50063 355780 RhB RhalT'llll!f1nuatlcfyloam,Zto6percentslODtS 0.43 0.02 0.02 0.02 0.04 0.06 0.06 0.02

H.rdlnl 328.152 328.202 O.osa 26S SOO63 35S712 AkA Ardl:In-8ullock fine Wtdvlo¥ns. Ota 4 Per~nt slo~ 0.01 O.ot 0.04 0.04 0.05

1-- --

-=t=

-~~~
~03

0.02

D.t1

....
D.12
i.ii1
ii:01
0.00
•.02
0:00
o:D1
0:00
0.01
~.l--t--1-0:0-..

:::::: ~~i~~~ ~~~: -'.!Ji- -i:: ~~~~~~ :: ::::j~;~:::~:d:=nto~DMc:enuto 0.01 0.00 ~: ~:~~ ~:~~ ~:~

::~~:~: ,-~ :~:::~: ::~: :1~ =~ :~:;;; ::. :1~~~~~~:;~I~~~:~~t~=tslOPM ~:~ 0.04 ~:: ~:: :~:; ::~~
Hirclin 328.514 328.S81 0.067 355 50063 3S5756 Ke ICorche_\oMn 0.00 0.01 0.01 0.07
HardIn 12ll.S11 321.94S 0.163 1.911 50063 355722 BoO 8ullock-Ca~11 complex, Ii to 25 oerc:ent slopes 0.35 0.12 0.02 0.19 0.20 0.35
Hardin 32&945 329.068 0.123 651 SD063 3>5729 ceE cabtlirt·RockouIUOPVJmple.. 1Sto40peruntsI0Ias 0.03 0.12 O.tO 0.01 0.01 0.08
Hilldln 329.068 329.131 0.063 331 50063 3S5112 PbB P..-chln.8ulloc:k fin. sandv~ms.'2 to 9 perc:entslopes 0.06 0.03 0.00 0.00 0.05 0.05 0.06
Hilrdin 329.1:il 329.207 0.07. 401 50(6) .355729 ceE CabbartMRodt outc:r~ eotnDfl!x.1S to 40 percent sl es 0.01 0.01 0.0& 0.01 0.01 O.OS

J~ :~:::~ ::::::~ ~:~: ~~; =~ :~~~: ::: ~~~:~:I=~~=:a:S~t~~::;;:~=es :~~ ::: O.Ot 0.01 ~:~~ ~:~~ ~:~~
Hilrdln 329.481 329.646 0.164 863 SOO61 355723 8pa lullock-Parchln·SlJwDoU etlm ll!l(, 2 to 9 ptJUnt slooes 0.15 O.DS 0.13 0.13 0.14
"'rdin 329.646 329.693 0.00'7 241 SD063 .355772 Pb8 , ...chln·Bullock ftne sandY Ioams, 2to 9 oercentslaoes 0.05 0.02 0.00 0.00 0.04 0.04 0.04
H6rdln 329.691 329.761 0.Q68 360 50063 355123 epB Bunock..Pardlln-Slldc.spotuomplex.2 to 9 J)erOl!nt slopeos 0.06 0.03 0.05 0.05 0.06

Hilrdin_ 329.761 329.839 0.018 0411 50063 35S772 PbS Parchln-BulkKtftnes,andvbams.2t09pCftCntslopd D.Da 0.04 O.DO 0.00 0.06 0-01 0.01

-:;::~ -T~~::: ::::: ~:~~ ;~~I ::: ::~ ~ ~!~:::::~=;'":s~~;~::;:::tt:: ~:~ i~OAi)M O~O ~= :~~~_M-"~

f-

+--

..f---

--+--
--

0.07

0.03

0.00

0.09
D.Oi
iiii
0.29
i.41
iOi

....
o:Gi
D.01
o::i5
0.04
~~
~I---0.06
tJ.02
iiOi
0."
o:D7
'D.03
Ci07

-~

0.05

D.01
0:00
0:00
~
iUii
i.OO

- ~:~: I ..-+-· f-
0.07
0:09'
D:01

L ~r~ ]30.405 330.429 0.023 122 50063 355712 AkA. Archl~llodtflne""dyloam5,Otc4pet'CentslQl:les 0.00 0.00 0.02 0.020.02
r-H'Udlnll 330.429 330.457 0.029 1!>2 50063 355723 8 lullcd-Pa,chln--Sl' compln 2 to 9 tCfmt slopes 0.03 0.01 0.D2 0.02 0.03

Ililrdin. 330.457 330.628 0.171 904 SOO6J 355712 AJt:A Archln-Bullock fine sandvlo.ams. 0 to 4 DCH"C:tnt slol)l!1, 0.02 0.02 0.13 0.15 0.16

:::;::~L ::~:~:: :::~~ ~::~: ::~ :: :~~~:~ :: :=:~:':mC:~:=:~oa:~::;::eo~s 0.10 0.02 0.03 ~:~~ - ::: - ~:~ ::~i"--f--
~ Hf,,~ 330,154 330.941 0.093 492 ~D06] 355727 (l:E Cabbart lo.m, 6to 60 Dtlcent siooes, extremely stonY 0.09 0-00 0,07 0.07 O.ot 0.01 0.09

tWrdin. 330,!M1 331.053 0.105 554 SD063 355768 Mg:8 MMfNrth-Parchlnfine yndvloilims.2 to 6 «runt sloae: 0.10 0.03 0.01 0.01 0.03 0.04 0.09
Hilrdint 331,OB 331.539 0.A86 2.561 SD063 35572) BpI Bulloclr,.Patdlln-5licbpots COIJ¥:llex. 2 t09 Detcentslopes 0.44 0.19 0.39 0.39 0.43
t1ardlnl H].539 331.846 0.308 1,624 50063 355722 BoO Bulloclc.cabbal1 cornnlex, 'tD 25 -rccnt $loDM 0.29 0.10 0.02 0.16 0.11 D.3O

"Hilfdin, nUl4' 332.259 0.412 2,177 50063 355799 ToC T.nn.·Rho.des c:orni:iielf. Ito 9 perunt slopes 0.41 0.33 0.14 0.37 0.41
H.rdln 332.259 332.524 0.265 1,399 5D06:i 355711 PbB Patchln.,ullock fine Hndv Ioams. 2 to 9 perOl'nt sfopes 0.26 O. t4 0.01 0.01 0.22 0.23 0.25
H.rclin. !!2.S24 332.517 0.OS3 180 50063 355721 800 Bul~Cabb.rta:tmPleJC,'to2Spercent~pet 0.05 0.02 nOD 0.03 0.03 nos

_ Jil,rdinc Twilicht·BI.ckhall tine Un loa,n",-9 to-is-percent;io-5 0.02
H.Io,dl" iwlli ht·Patchln fine sand loams.' to 15 C2nt 510 0.07
Ha,dln Paretlln·8ullock fine SM'I ICNlms, 2 to 9 percent slopes 0.16
Hilordm, Twfli.ht-B1Kkh.n fine undv loams. 9to 25 g:ercents10Dn 0.03

....rdin 332.577 333.068 0.491 2593 SOO63 355113 BDS 8uUoc:k-Parchln-Slitluaots com lex. 2 to 9 Dfrcent slOOM 0.45 0.19 0.39 0.39 0.43
fM,dina 333.061 333.101 o.on 114 S0Q63 3S5772 PbS Pilr(hln-Bullodr fine sandV loams. 2 to 9 oercenl slooft 0.03 0.02 0.00 0.00 0.03 0.03 0.03
~tdina 333 101 '333.131 0.03J 161 50063 355723 BpO 8/J11odl...pilrchln.S1ickJPOU comDlell, 2 to' ~r"ntslaoe, 0.03 0.01 - 0.02 0.02 0.03
~- 333.131 333.339 D.101 1,098 5D063 3S5771 Pbe PiIo'chln-8aJllockflnesilndvlo-ms.2to9perc;ents s 0.11 0.11 O.G! 0.01 0.1' 0.18 0.19
~ "333.339 333.589 0.249 U16 SOO63 355768 MoB Marmarth-Parchlnfine$lndyl~ms,2to6peruntslo 0.250 0.07 0.01 0.01 0.07 0.08 0.22

Hardina 333.589 333.659 0.011 ~74 50063 355723 BD8 BuIIoc:k..Parchln-Slldu9Ots cornolex. 2 to 9 percent slopes O.Qf:i 0.03 0.06 0.06 0.06
~inJ 333.65' 313.145 0.D86 453 50063 35S761 MpB Marmarth-pan;hlnflnesandv~m$,2to6~a:ntsI0pe$ 0.09 0.02 0.00 0.00 0.D2 0.03 0.07 +---

H"'~!""I 3]).1U 33].901 0.1~5 821 5DOQ 355710 MtO ~·Twnl«htftne:Mndvlo.m'.9to lSpltfuntsloDes 0.16 0':06 0.01 0.01 0.02 0.03 0.10--' -
ti.rdinl 333.901 314.072 0.1)'2 906 SD06.) 3SSIOS TvC lWflllh1-hrc:kIn fiM undy' Ioams. 6to 15 pefcentsloP4!1 0.1& 0.15 0.01 0.01 0.05 0.06 0.07
H.rdln 3M.072 3].4.170 0.098 S16 SOO63 355129 CeE cabb.rt-Rodt outaag: CDmDleJr,,15 to 40 perantslol)l!S 0.02 0.09 O.oe 0.01 0.01 0.06

I Hardl_n,_ 33.4.170 ])4.235 0.D65 341 50063 355781 RmB Rhiime-PMc:hln fine ~ndv 'cams. 2 to 6 percen! slopes 0.06 0.02 0.01 0.01 0.02 0.03 0.02
Hartlk'l~ 334.235 314.3M O.]s.- In 50063 )55123 BpI aulloclc-Pafl:hIrt-Slk.ksPob5OmPio,2to'pe~t5l0Pt'S _ 0.14 0.06 0.12 0.12 0.'4

Z~~::j: ::::~ ~::~ ~:: :::: :~::~~ :~-- ~:~~~:l;~nfl::e~~:=16t~09i::,:::tslo;S ~:~~ ~~~: ~:: ::~ ~:: ~:: :::

~,!in. 334.537 ~35.651 1.!14 5.181 SD063 355805 TvC Twili ht-Parchln tIM sandvlcams, 6to 15 percent slopes 1.06 0.95 0.06 D.De 0.33 0.39 0.45
HiI,dlnll 335.6;1 335.147 0.096 508 SOO63 355604 Tllf wllllht-Blackhilll nne Mnc;ty loams 9 to 25 percent sl s 0.09 0.06 0.02 0.02 0.01 0.03 0.02
.HiI~~_ ~~7_ 335.884 0.137 724 50063 3SS80S Tv( Twiliaht.parc:h1nflnesandvICNIms.6toI5Drrcentslopes 0.13 0.12 0.01 0.01 0.04 0.05 0.05
H..,dln. 315.'14 336.030 0.146 770 50063 355804 bE TwlliJEht-BIWchall fine sandY IOiJms, 9 to 2S percent SIODeS 0.14 0.09 0.04 0.04 0.01 0.05 0.03rH~rdln: .3)6.030 336.193 0.162 857 50063 355805 Tv<: TWlhlEht·Parc;hln nne sandvloams, 6to 15 oefC:ent slOOli!l 0.15 0.'4 0.01 0.01 0.05 0.06 0.06

HoiIrdlll 336.193 336.348 0.156 821 SOO63 355712 Pbl Parc:hIn-Bulloc:kflnesandvlolms.2t09 ercentsloan 0.16 D.GS 0.01 0.01 0.13 0.13 0.14
H.rdinM: 336.)48 H6.526 0.178 93& 5006J 355723 BPI Bullot;k..p.td'!ln·$tldtspot5 comc~ 2 to 9 ~rcentSiopes 0.16 0.01 0.1.4 0.1. O. t8

Keystone XL St.t*le Cn:y ·50 SOUs
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Tabte1: Soli Umltations Aklng the Pipeline Centertlne Mlleposted by 5011 Map Unit (continued)

f . ,:' :, ' -,: . . - < « • -)},;~:f>;'~~.:_'_«,:',~· ,. < • I' .; < ,:

d 7 0.01
Hardin Parchln-8ullockftnesa kMrns,2to9 nt es 0.01 0.01 0.11 0.12 0.13 0.02
H.rdinl Marmllrth·Plrchln fine Slndvloams. 2 to 6 ~rcent sIo~ Q:,-Q9 0.00 0.02 0.03 0.07 0.01

0.0,

0.04

Hardin Parchlf'l-euUodcflneynd kMms.2to9 ercent es 0.06 0.00 0.00 0.10 0.11 I I 0.62
~rdln GetdNm IUt loa 0 to" t ski 0.04 0.31 0.4'
Hatdi Twa ht.pllrchlnflntsand 10lms,6to15 centslo O.oe 0.00 0.00 0.03 0.04

I :;::~:-. :;:r~r;.:~:::;eD:n:Vkta~~":ogSpercentJlopes 0.01 0.02 0.01 ~:;: ::~~ --4--1- --

0.10

0.00

--f--

Hardin, 338.405 33&.S4t 0.139 135 SDOti3 355728 tdE-'CIbbart-oe~d.eIOlims.15to40perantiioces - 0."14- 0.00 0.11 r--- -- -0.01 0.01 0.12
Hardin. 338.544 338.714 a.In 901 50063 355757 K.I ICorchaa loam. ch.nneled 0.02 0.01 0.03 0.16
Hardin. 338.714 331.114 0.099 513 SD063 355711 RInD Rhame-hrd"nftneundvloams.2to61*centslol»d 0.10 0.02 0.01 0.01 0.03 0.04 0.03
Hardin. 338.814 33a.952 0.1" 731 50063 3SS723 80S Bullock.p~rchll'l--S1lc1csPotscomDiex. 2 to 9 gereent s100es 0.13 0.05 0.11 0.11 0.12
HMdin" 338.952 339.045 0.Q93 492 50063 355781 AmB RhBme--Parchln ftne ,.ndv Ioams. 2 to 6 D«cent »ODeS 0.09 0.02 0.01 0.01 D.03 0.04 0.03
Hardin 339.045 339.251 0.205 1084 50063 3SS716 AtA A5Ilnnlbolne-Afchln fine san loam" 0 to 3 sIa s 0.01 0.12 0.08 0.08 0.21
Hardinl 339.251 ~'.440 0.189 ClOO SD063 355741 GdA ~rcltumsllt loam. 0 to4l:lelCfn1 slODeS 0.01 0.02 0.11 0.19 0.19
twrdin 339.«0 339.527 0.087 459 50063 355714 AsA Asstnnlbolne fine sandy loam. 0 to 3 oercent slooes 0.01 0.00 0.01 0.01 0.09
Hardin. 339.527 339.630 0.103 546 SD063 355752 Hh Havre-Harb.1ce comPlex 0.09 0.01 0.10 0.10
Hardin 339.630 339.710 0.080 421 sOO63 35S7al AmB Rha~Parchln flnes.andY loamI. 2 to 6 DI!rC2f1tsloDeS O.oa 0.02 0.01 0.01 0.03 0.04 0.03
Harding 339.710 :MO.OOB 0.298 1.573 SD063 355116 AtA AssInNboIne-Ardiln fine sandvlDlms. 0 to 3 percen1 slaDM 0.02 0.17 0.11 0.11 0.30
Hudln. NQ.0D8 340.1S1O 0.182 962 500Q 355712 AkA Atchln-8llnockflne~ndy~,Oto4~entslo~s_ _ 0.02 0.02 0.14 0.1' 0.17
HardIn. .MO.loo 340.440 0.250 1320 SOO63 355722 BoO Bullodc.-cabbartcomolex.. 6to 2S Dercent slooes ' 0,24 0.08 0.01 0.13 0.14 0.24
Hardin. 34Q,440 340.5n 0.137 122 $D063 355805 TvC Twlll.ht·Pard1lnflneundvl~ms,.6to15percentsIODes 0.13 0.12 0.01 0.01 0.04 0.05 0.05
Hardl 340.577 340.610 0.033 174 SD063 355772 PbB Parc:hln-3ullockflnesandvloams 2to9 roentslo!Uol 0.03 0.02 O.DO 0.00 0.03 0.03 0.03
Hard 340.610 140.658 0.048 253 SOO63 355805 lyC. Twlllmt·Parchln fine Mndv loams 6 to 15 reent 5 o.os 0.04 0.00 0.00 0.01 0.02 0.02
Hardin 340.658 340.718 0.061 319 5DQ63 355772 PbS Pilfc:hln-Bullockflne .l.al'ld\lIoams, 2 to 9 rcentsloDn 0.06 0.03 0.00 0.00 O.os 0.05 0.06
H.rdll'l 340.718 340.773 O.OSS 291 SOO63 355712 AkA AWlIn-8uUoc:kftn.sandvloams.Oto4~ts'opes 0.01 0.01 0.04 0.05 0.06
Hardl 340.m 340.&81 0.108 568 5006) 3SS7n PbS parc:hln-8ultockflnuandVbams 2to9 teemsl........ 0.1.1 0.06 0.00 0.00 0.09 0.09 0.10
Hardin 340Ml 341-605 0.724 3822 SD063 355712 AkA ~n-eultock fine pndvlo.rrtS. Oto 4 Del ent sIoDl'S 0.D9 0.09 0.54 0.63 0.68
Hardin 341.60S 341.664 0.059 310 SOO63 355716 AtA Ass:lnnl~ne-Archlnfine sandv loam, 0 to 3 DercentslODCY. 0.00 0.03 0.02 0.02 0.06
turdl 341.664 M1.727 0.063 333 SDQ6l 3S57U AkA ArctUn-8UllocItfineundvlolms.0104QMcentsioDM 0.01 0.01 0.05 0.05 0.06
Hardin 341.727 341.&30 0.103 545 SDQ63 355714 ~ AnInnl~Mflnesah.fvI~m,Oto3percentslO-"es 0.09 0.01 0.01 0.02 0.10
Hardin 341.830 341.193 0.163 861 50063 355712 AkA. Archln-Bullockflnesand loams Oto4 rcentslo 0.02 0.02 0.12 0.14 0.15
~rdinl 341.993 342.073 0.080 421 50063 355723 BpS Builock..f'arch~5U~~~_1elC,2tolJperJ'!etlt_~0~s 0.07 0.03 0.06 0.06 0.07

0.13

0.01
D.Oii
o:D1

QO,

0.24
ii:05
"G.OO
iOi
D:01

0.02

0.00

0.00

0.01

0.09
Q.1O

0.02

0:01

--

0.01

«-

Hardin 342.073 342.156 O.D8J 440 SDQ63 355712 AkA Archin-8uDockftne..ndvloams Oto4~rcentslow: 0.01 0.01 0.06 0.07 0.08
Hardin 342.156 342.271 0.116 610 SDQ63 155722 800 BlJIkJck.Cabbart c:omftlu. 6to 25 percentsioDM 0.11 0.0<1 0.01 0.06 0.06 0.11
turdi" 342.271 342.380 0.108 572 50063 355724 lIsA Bulloclc-SllcksfttlNcom I Oto4 tslal»C 0.10 0.01 0.00 0.09 0.10 0.10
"rdin 342.380 342.570 0.190 003 SOO63 355768 ro,1pB Marmll1h-PIn:hln fine 'Mdy loams. 2 to 6 EI/l!t"cent stapes 0.1' 0.08 0.01 o.Ot 0.06 0.06 0.17
Hardin 342.570 342.&19 O.lSO 1,318 SDQ63 355772 PbS Parchln-8ulkKkftnesand Ioams 2to9 ercent es 0.25 0.13 0.01 O.Ot 0.20 0.21 0.23
Hardin. 342.119 342.938 0.118 625 SOO63 3557Z3 BD8 SuUock-hrchln-S1lc:baots cornpla. 2 to 9 oercent slopes 0.11 0.05 0.09 0.09 0.10
Hardin 342.938 143.150 0.213 1.U3 SOO63 355772 PbB Parchln-Buliockftnesandvloams.2to9Den:entskXlles 0.21 0.11 O.Ot 0.01 0.11 0.18 0.20
Hardin 343.150 343.277 0,126 668 SDQ63. . 355805 T Twli t-Parchln tine pnd\lloarns, Iii to 15 percent sAotIM - 0.12 0.11 0.01 O.Ot 0.04 0.04 0.05
H.rdi~ 343.277 343.690 0.413 2.182 SD063 355716 AlA Assinnfbo~ftnesandyIOlims.Oto3petUf1tslopes 0.02 0.24 0.15 0.15 OA.1
Hardin 343.690 343.749 0.0$9 313 SOOQ 355772 PbS P..rchln-Bullockflnes.n~CMms2to9Deroent"SiODes 0.06 0.03 0.00 0.00 0.00 0.05 0.08
Hirdln 343.749 343.136 0.087 458 500&3 J!,S781 amB Rhame-Parc:tllnflnesandvloam 2to6DetCef1tsto.oes o.os 0.02 0.01 0.01 0.03 0.04 0.03
Hardin 343A36 344.Q91 0.155 1.)46 SD063 355723 8 BuUock-P..rdlln-Sl:IcksDOboom 1ex.2to9~rcentslcoes 0.23 0.10 0.20 0.20 0.22
Hardin "'4.091 344.149 0.058 W 50063 a5Sam T\tr'C TwlHtfltfineSind bim,6to9gerantslooes 0.06 0.05 0.00 0.00 0.00 0.01 0.01
Hardin 344.149 :J44A14 0.265 139& 50063 355172 PbB Parchln-8ullockflnltsandvloams 2to9D«C1CntskJon 0.26 0.1-4. 0.01 0.01 0.22 0.23 0.25
Hardin 344.414 344.423 0.010 51 50063 155723 808 BuUoc1t·Parchln-SlJcboots com lex. 2 to 9 rcentslopcs 0.01 0.00 0.01 0.01 0.01
Hlrdi ~4.42:J 344.625 Q.2Q2 067 50063 355772 PbS Parchln-Bullockflnesan loerns,. 2to 9 reentsl 0.20 0.11 0.01 0.01 0.17 0.17 0.19
H.rdln 344.625 344.684 0.059 310 SD06J 355803 TwC Twilight fine Silnc:h' men. Iii to 9 perc::ent slopes 0.06 0.05 0.00 0.00 0.00 0.01 0.01
Hardtn 344.684 344.917 0.233 1232 SOO63 355772 PbB Parchln.fklllockfinesandvICMR1S.2t09 rcentsto 0.23 0.12 0,01 0.01 0.19 0.20 0.22
Hardin 344.917 344.999 0.082 432 SDQ63 355781 RmB Rhame-Patchin flMAndy loams, 2 to 6 cent slo 0.08 0.02 0.01 0.01 0.03 0.Q4. 0.03
Hardin ]44..999 345.192 0.'193 1021 SOO63 35Saos TyC TwllI&ht.flarchlnflnesand loa 6toU rcentslo 0.18 0.16 0.01 0.01 0.06 0.07 0.08
Hardin 345.192 345.338 0.146 771 SD063 355730 CM ChinooUInesandvlo;m.Oto3petcentsiopes 0.13 0.00 0.01 0.02 0.02
Hardin. 345.338 345."68 0.129 682 SOOO 1S5805 t.,.c Twtlt&ht.flard1ln finuandY loams. 6 to 15 perCil'nt slopes 0.12 0." 0.01 0.01 0.04- 0.05 0.05
Hardin 345.468 346.286 O.BIB 4,321 50063 355781 RmS Rh.Ime-Parchln flnuln learns. 2 to" n;rcentslo~$ 0.82 0.20 0.08 0.08 - 0.28 -- -- 0:37 0.29
Hiilrdl 346.286 346.33& 0.052 213 SD063 355723 Dp8 Ikl1loc:lt-P.rchin-Slidcs com 2. to9 runtsl I O.os 0.02 0.04 0.04 0.05
Hardin 346.338 346.362 0.024 126 SD063 355724 BsA Bullock-5l1dcspotscom lit'(, Oto 4 Percent slDPe1 0.02 0.00 0.00 0.02 0.02 0.02
Hardin 346.362 3<t6.514 0.153 806 50063 355123 S Bulloclr.·Parchln..sl 1:1) 2tD9 reentsl s 0.14 0.08 0.12 0.12 0.13
Hardl 346.51. 346.649 0.135 714 50063 355724 BsA Bullock-Sll~ots com eK. Ote 4j:Jercent slopes 0.13 0.01 0.00 0.11 0.12 0.13
H.rdln 346.649 346.747 0.098 516 SOO63 ~55723 8p8 Bullock·Parchln-SUck complex. 2 to 9 percent sloptls 0.09 0.04 0.08 0.08 0.09

H1t'di 346.747 346.791 0.044 230 SOO63 3SS105 TvC Twilitht-Pilrchin fine sandY loams. 6 to 15 Dercent slooes 0.D4 0.04 0.00 0.00 0.01 0.02 0.02
H.rdl 346.79'1 346.663 0.072 379 SOO63 355781 Rm8 RMme-Parchlnftnesand,to.rns,.:Uo6perc:entllopu 0.07 0.02 0.01 O.Ot 0.03 0.D3 0.03
Hardlna !.1ii.B63 346~ 0.021 111 SD063 3SS8llS TyC Twllllht-hrc:hlnflneA~loams,_6Io1Sperc::entslopes 0.02 0.02 0.00 0.00 0.01 0.01 0.01

0.11

Mz
i04
0.00
0.03
ii:05

0.01
QOi
o:ot
G.OI
Q.Oi
000
o:oi
ii1ii
0:00o:or
o:oa
0.05
0.08

0:00

0.00

0.00
D.02
D.01
i01

QO,

O.Ot 0.15

KeyslOne XL Steele 0tY - SO $oils
~tcrtlne Summary

Arndt Testimony. Attachment 2. Page 6
Paae7of34



Tabla 1: Soil Limitations Along the Pipeline Centerline MillpOs~ by Soil Map lktlt (conanued)

F':'- I· c. ~-"-': :':-l--;-:' ::.r," '.' _,.r,._. '-' - ,''''-:. ~~(~,:;;~~_.}:,:~.-_,/--. ,-, '.' r ., '.- - ,: ",! >" ;-",

r' ,I .' . , ' '0 -, L, 1 "', ' ,'" ,I ' -0'
D.H

Kardl ...a' ht·81ackhall fine sari loa 9 to 2S erc:ent sa es 0.02
~ wUi ht-Parchln fine sand 100trei. 6 to 15 percent 510 s 0.03 --
H.ltdinK Hanly~m.,.flne 5alld _ _ __ _ __ ..- a.oci"

--
0.00

0.00
QD5

0.01
0:00

0.02
ilO5

_. H~~~ 347.1~ 347.352 O.19S 1.011 5006.1 355787 sa" (Salle _m 0.18 0.01 0.19 - ------o:1i __ (0.11 .
Hardinl 347.3502 347.4506 0.103 546 SOOQ 3SSB04 T"E TwllI.lnt·Blackball rille sandv Ioams. 9to Z5 percentslQPts 0.10 0.07 0.03 0.03 O.Ot 0.04 0.02 0.04 -r -
:~:~: ::~:;: :;:~: ~:~: 16~~O ~= ~:~ ~ ~~:~:=:~~:l:::~e::~:I::~h'~S ~:~~ 0.01 ~:~ O.OZ 0.03 ~:~~ ~:: ~:~~ ~:~~ -j

I Hardin•. ~ 347.969 0.069 167 50063 iS5722 800 Bunoc:k-Cab~rtcomple.. 'to2Speruntslope5 0,07 0.02 0.00 0.04 0.04 0.01 0.07
rH;(dI~1I 367.969 348,051 0.082 431 SD063 355728 Cd£ c.bb.-t·Delridd IDarN. 1S to 40 Dercent sJooes 0.08 0.00 0.06 0.01 0.01 0.07 0.08

H.rdin, 34&.051 348.225 0.175 923 50063 355729 teE ~bfft-RockoutcrOP cornElle.. lS to 40 oercent sloges 0.04 0.11 0.14 0.01 0.01 0.11 0 17
I ~,dln., 34&,225 341.371 0.146 768 5OQ63 355712 AkA Arc:hln-Bulloclr. flnuandY loams. 0 to4 aercenUlopes 0.02 0.02 0.11 0.13 0.14
~ 348.371 348.383 0.012 65 5DD63 355731 CnA Chlnook-A,I'I:hin fine sanctv loami. Oto) percent ,Iopn 0.01 0.00 0.00 0.00 0.01

H.rdln. 341.38) 341U06 0.02) 121 50D63 )55722 &00 Bulloc"-e.abbllrt com let, 6 to 2S ptrtent sI es 0.02 0.01 0.00 0.01 0.01 0.02
~.L )48.406 348.459 0.05) 282 SD063 355729 Cl!E c.abbart-Rodc OlItc:rOD comple~ 15 tel 40 Dercent SlaDe'S 0.01 0.05 0.04 0.00 0.00 0.03

~;;:;~B ::::::~ :::;~ ~:: !~::L _~=,_; =_ =;:n~=~=o~~o/~er:;~=. _ __ ~:: ~~ ~:: ~:~: ::~
H.r<!~ 348.828 349.018 0,100 105S 50063 355772 PbB P.,.chin~6ulloddi.ne undyloams. 2 to 9 percent slooe' 0.20 0.11 0.01 0.01 0.16 0.17 0.19
H..,dln, j49.028 349.099 0.071 37S 5006) 355804 TxE Twit t-eIadl.MII flne SIIn kMim' 9 to 15 percenl ,IClIV' 0.01 O.OS 0.02 0.02 0.01 0.02 0.01
~~~ 349099 349....6 D.M7 1,83S 5006l 355772 PbS Parchln-80Uock fine sandvloams. 2 to 9 ,y,rcent slopes 0.35 0.18 0.01 0.01 0.28 0.30 0.32

H..,din. 3451.446 ).4!U69 0.023 122 50063 35st02 1'16 TreY-Plrchln-8ullodc complex. 2 to 9 IUnt slo s 0.02 0.02 0.00 0.00 0.01 0.01 0.01
.~~ .349.469 )49.769 0.300 1,584 SOD63 355772 PbS Parchln--Bulloc:kflnuanclyloams.2t09H:rcentsloDes 0.30 0.16 0.01 0.01 0.25 0.28 0.2&
Hardin. 349.769 )49.868 0.09. 519 SD063 3S572Q 81cF aullockfineundv!0Im,6t010pc,centsJopes.extleme4y,tony 0.09 0.00 O.IX) 0.00 0.09 0.09 0.09
~_ 1).49.868 ~9.:.906 0.031 203 _ 50063 3S5805 TyC wI1laht-ParthJnflne sandvloams.6to 15 percent slopes 0.04 0.03 0.00 0.00 0.01 0.01 0.02

Hardin. J49.9Oi )4.9.9~ 0.048 251 50063 355727 CcE Cabbart kJam. 6to 60 percent sSo~.t!d.remelystonY 0.05 0.00 D.D4 0.04 0.00 0.04 0.04
!~ 3049.954 350.429 0.0476 2.512 Sl)Q61 355805 TyC TwlH.tlt-Parchlnflneunclllloams.6I015perc.entsiooPS 0.45 0.40 0.02 0.02 0.14 0.11 0.19

H.rdin 3!tO.429 3s.o.538 0.1<W 574 SOO63 355758 Km J:orche:a.Archln",:;m;.1ex 0.00 0.00 0.04 0.04 0.11
~rIL. 350.518 350.569 0.031 165 SD063 355729 teE Cabbart-Rockouttroa cOlTu:lIe.. 15 to 40 Der<:entsJopeJ 0.01 0.03 0.02 0.00 0.00 0.02

~rdin. ]!K).569 350.586 0.016 as 5D063 355804 TxE Twilisht·81lCkhill!flI'!.U~"dy lo.1~. 9to 25 percent slopes 0.02 0.01 0.00 0.00 0.00 0.01 0.00

0.01

0.03
0:03
D.05
0:00o.os
Q.Oi
0:02
0.04
o.ti

0.03
i01

0."

0.04

0.01

-=1=

Hardln"lTiSo.s86 135O.760-{ - o--:i7S-' g22 1-50063 1355781' f RnB IR~ts-Oal"imlolm~.2~gPe,cent5Iopes I I 0.17 ( I j 0.10 I (0.15 I I 0.15 ( 0.17

Hi'd'", I 3W.160 I 3SI.l32 f 0.311 I 1,961 I SOO6' lmm I ... IBullodc-9.rchln·gl~potScOmP""2t.9...ten"'.... I I 0." I 0.1' I I I I 0.30 I I 0.30 I 0.33

0.16

0.01
0.02

~~:.;:.:~ :~~:~~: ~**~~~-~~ ~=: :~:~~:. :: ::~:ls~:~n~:~:x.:a~~}ii:~:="CtPes ~:~~ ~:: 0.00 0.01 '0.00 ~:~~- ~:~: ::~~ 0.00
Hardint 151.517 351.645 0.128 675 SOO63 355781 RmB Rh:ame-P.-dtIn fineu kMms. 210 6urcentslopes 0.13 0.03 0.01 0.01 0.04 0.06 0.04 0.01
Hardin. ~1.6045 351.807 0.162 857 SOO63 355723 Sp6 5ulloclr;-P"u:hln-SllcbpotS co 1ft. 1 to 9 percent slQ(Jd 0.15 0.06 D.13 0.13 D.14 0.00

_'~ .::~::: ::~:::~ ~:~;; ~~ == :~:;;~ :: ::::::::~:~=::m~·2~t~9:r:~~c::s s ~:~; ~:~~ 0.00 Ol)()~: ::: ::: -_.~
Hardin.. 351,912 3S2.3S1 0.419 2,319 50063 355781 Rm8 RMrne·Pardlln fiM:sendy loams, lto' percent slopes 0.-44 O. t 1 0.04 0.04 0.15 0.20 0.15 0.04

- H",dinA 352.351 351.391 0.041 217 50063 3SS772 Pb8 P.rehln,So,ll:ock fine utll:ty I~ms. 2 to 9 Dercent ,Iape, 0.04 0.02 0.00 0.00 0.03 0.04 0.04 0.01
H~tdin. 352.392 352.459 0.067 353 50063 355781 Rm8 Rhan'\t'-Parchln fineundy loams. 2 to 6 roent slopes 0.07 0.02 0.01 0.01 0.02 0.03 0.02 0.01

~dl~_ 352459 352.533 0.074 391 SD063 355l!104 hE Twill 1·81adchallflneSM1 ~ms 9t025 rotM~O s 0.07 0.05 O.Ol 0.02_ 0.01 a.OJ 0.01 0.03
•.02

1--

--f-

Q04
0.10 t---

Bulle leoni f~- tine undo 010 6-percent s s 0.01 0.01 0.01
Dune Absher-Slicks IS CXfm Ie Q liO 9 runl sI es 0.03 0.04 0.04 0.06

~~une Zeonaloa fin. sand, Oto 6 c.entslo es 0.05 0.G5 0.05
~u1te Badland 0.01 0.01 0.01 0.02

Butte Wmchlflnesandv~.3to2Spercentslop~_ _ 0.01 0.03 0.Q4 0.04

0.02

0.20

0.11

0.0)

0.13
Q.1i

0.11
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Table 1: SoIl Umltations Along tho Plpelino Centonine Miopostad by SoI1 Map Unft (continued)

8utte ~54,iia 35S.244f - 0-:-29:1 --l54C - soCi! - 353147 ad Badland - - - -O.21~IO.03 O.2A -~ -0.-01 -0--:01--- --,----- -0.02 O.OS 0.27 0.22

Butte 355.240 155.653 0.412 2178 $DOl9 353242 Sn8 Sorum fine sandvloam. Oto 6Delftl1t 51 0.04 0.35 0.35 0.37
8utte 355.653 355.716 0.063 aJ,2 500t9 353141 AnA Alchln-SUdl:spotsc:ompae.. Oto3&,«untslopt-s 0.02 0.00 0.06 0.08 0.06
Butte 35S.n6 )55.913 0.191 1041 50019 353249 TfD Twttllhtftnesandvlolm.3to2SDel'CentsloDel 0.15 0.16 0.14 0.02 0.Q1 0.03 0,04 0,04 0.17
Butte 355.913 356.2)] 0.320 1,690 s0019 353262 Sn8 Son.tm fine AMY loam. 0 to 6 Dercent !lapis 0.03 0.27 0.27 0.29
Iutte U6.B3 156.292 O.0S9 313 50019 353251 ThD l'#riUaht-81Kkhall ftne sandy ~ms. 6 to 18 OI!l"Cftlt slOPeS O.os 0.03 0.03 O.DO 0.02 0.00 0.02 0.01 0.05
Butte 356.292 356.408 0.116 610 50019 3532"2 sne SorUm 'lint! lM\dyloarn.Dto6 percentslooes 0.01 0.10 0.10 0.10
tutti: 356.408 356.505 0.097 S13 s0019 353178 "" HI k)lmvfln. sand. 0.09 0.00 0.00 0.01 0.09 0.00
Butte 356,505 3$7.411 0.976 5.152 50019 353257 lee ZeonIIOlmvf!nuand. Oto 6 gerttnt sloPt$ o.os 0.78 0.20 020 0.20 0.7&
Butte 357.481 lS7.s.t2 0.061 324 S0019 353141 AnA Arch/n-SII Oto 3 oercentslODe5 0.02 0.00 0.C16 0.06 0-06
Butte 351.542 357.607 0.065 344 50019 353147 8d ladtand 0.08 0,01 0.06 0.00 0.00 0.01 0.01 0.00 0.05
Butte 351.607 357.638 0.030 160 50019 353249 TfD lwUlAhtfineundyloam.3to25Df!l"CentslDOlM; 0.02 0.02 0.02 0.00 0.00 0.00 0.01 0.01 0.03

Perkins 357.638 357.669 0.032 167 SD105 3S466li TeO rwlliRht-Marmarth-PanillnaJJQCiation entlvrollirc . 0.03 0.02 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.00
Perkins 357.6&9 357.762 0.093 491 SOl05 3S46Q8 AbC Bullodc-SllcksDQtl compleJ(,O to 15 perunt ,lopes 0.09 0.00 0.01 0.00 O.OS 0.08 0.09 0.01
Perkins 357.762 358.199 0.436 2,3Oot SOl05 3S46G6 T~ Twiliaht-Mwmarth-Parchin u.sociation.lEl!ntW rolll... 0.43 0.28 0.02 0.01 0.01 0.12 0.14 0.25 0.14 0.00
Perkins 358.199 358.318 0.180 949 SOlOS 354608 AbC BuUock·SllcksbOtsc:omclex..Oto15Dercentslooes 0.18 0.01 0.01 0.01 0.15 0.16 0.17 0.02
Pelidns 358.378 3S1.416 0.017 197 SOlOS 354666 TeO wllillht·Marrnarth-Pardiln liSSOdation. entt rolll 0.04 0.02 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.00
hrttlns 358,416 358.454 0.D38 2OJ: 50105 3s.tS01 AbC Bullock·51i ob cornpIex. a to 1S tltt'nt sl 0.04 0.00 0.00 0.00 0.03 0.03 0.04 0.00
PettcJnf 3SB..6f 35&.570 0.116 614 50105 3S4666 T~ Twli t-MMtnarth-Parc:hln~tlon, end rolll 0.12 0.08 0.00 0.00 0.00 0.03 0.04 0.07 0.04 0.00
Perldns 358.570 359.498 0.928 4,1'7 50105 3S4608 AbC Bul!odt·5'i otscompl OtQ15perc:ent ,pes 0.93 0.C3 0.07 0.04 0.79 0.83 0.86 0.11
Perkins 359.498 359.763 0.266 1,403 SD10:S 3S4666 TeD Twllilht·Marmarth·Pard'llnaSlOdltfan,leOtl tatUnl 0.26 0.17 0.01 0.01 0.01 0.01 0.09 0.15 0.08 0.00
Perkins 359,763 359.836 0.073 383 SOlOS 3S4608 AbC Bullock·S1ldcsoot1 complex. 0 to 15 percent es 0.07 0.00 0.01 0.00 0.06 0.06 0.07 0.01
Perkins 35'.136 360.034 0.198 1,046 SOlOS 3S4607 AlB Bullock-Part:hlnloams Oto9Detcel\tsloPes 0.20 0.08 O.U 0.19 0.20
PeridM 360.~ 360,063 0.029 153 SOl05 3§4i66 TeD Twllilrht...Mwmarth-Parchln association. Rendv rolll... 0.03 0.02 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.00
Pe.t1N 360.063 360.154 0.091 479 SOlOS 354601 Me eutkJek-Parchln brms, a to 9 aercent skloes 0.09 0.03 0.09 0.09 0.09

~=_~ ..~--~F ~~ ·--~7~ :~ ~lock:=:::~~;:::~oPe;ntI1roll1rw ~: ::~ 0.02 0.01 0.01 ::: ::~~: 0.13 0.00

Perkins 360.647 360.656 0.009 49 SOl05 3S4666 TeO TwIIllht·Marmarth·pard'llnassociatlon, ftntlv rolllni 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Perkins 360.656 aGO.695 0.039 2D8 SOl05 3~7 AlB 8uIloc;:k..parchln 10lU'nf, 0 to 9 Dereent sloDes 0.04 0.01 0.04 0.04 0.04
Perkins 360.695 360.930 O.US 1,240 SOlOS 354666 TeO TwlUmt-Marmarth"'ard'llna55OCMtlon.•entlvrollitllr 0.23 0.15 0.01 0.01 0.00 0.07 0.01 0.14 0.07 0.00
perlclns !6O.930 360.958 0.028 146 50105 3S4607 AilB Bullock·Parchln foams, 0 to 9 erc:ent sklpes 0.03 0.01 0.03 0.03 0.03
Perkins 360.9$8 361.115 0.157 828 SOlOS 354666 TeO TwfIlaht-Marrnarth-Parchln aHOda,tion, tentl"roIli 0.16 0.10 O.ot 0.00 0.00 0.04 0.05 0.09 0.05 0.00
Perkins 361.115 361.370 0.256 1.3S1 SOlOS 3S46D7 AlB BuIIock-Parchlrdoams.Oto9oercents/OQes 0.26 0.08 0.24 0.24 0.28
Perkins 361.370 361.398 0.028 146 SOlOS 354666 TeO T....wmt.....armarth-Pardtlnfi$OCfation. RnUv rollirur 0.03 0.02 0.00 0.00 0.00 0,01 0.01 0.02 0.01 0.00-
Perldns 361.398 361.S10 0.112 593 SOlOS 3S4607 -'a8 Bullock·hrchlnloams.Oto9~rcentsI0DeS 0.11 0.03 0.11 0.11 0.11
PerkJrls 361.S10 )61.532 0.021 112 SOlOS 3S4608 AbC Bullock·SlIc1rsgats coml)ll'J(" Oeo lSercent 0.02 0.00 0.00 0.00 0.02 0.02 0.02 0.00
Perkins 361.532 )61.571 0.045 240 50105 354607 AlB BuIIodc·Plrctlln loantS, 0 to 9 Deteent slopes 0.05 0.01 0.04 0.D4 0.05
Perkins 361.577 361.685 0.108 569 SOlOS 3S4608 AbC 8ullock--S1ldrmotscomblel..Qeo1SDtreent~cs 0.11 0.00 0.01 0.00 0.09 0;10 0.10 0.01
pmln. 361.515 361.&34 0,149 185 50105 3S4fi01 AilB BuI1odt-hrchlnloams.Oto9l:lCl'Centsiooes 0.15 0.04 0.14 0.14 0.15
Pcrlr:lns )61.834 361.974 0.140 742 SOlOS 3S4661 ScI SbIlrnbo loIim chlnncled 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00

::::: ::~~: ::~:: ::: ~~ :~: ::= ~~ ~=:;'~:::~~=~~:"'rotl~ :~ :~ OD1 0.01 0.00 ~: ~: ~~~ 0.06 ...-r--- am
P.tklns Kl.An 361.660 0.227 1.196 SOl05 3504607 ....8 8U11odc~.rch,"Ioa...... Oto!i cent.do.. O.D O.OT 0.22 0.22 0.23
Perkins 362.660 362.759 0.099 523 SOlOS 354608 AbC Bu!kw:k·S!1 ots Iex.Oto15Derctf1tsloOM 0.10 0.00 0.01 0.00 0.08 o~ 0.09 0.01
Perkins 361.7Si 362.&49 0.089 472 SOlOS 3S4607 ...8 I:1UIlock-Parchln loems, 0 to 9 n::entsl 0.(19 0.03 0.(8 0.09 0.0liI
p.rklns 361.149 362.189 0.041 215 SDltlS i~ AbC Bulloclc.-5I1 ott I-.OtalSpl'I'centslDlJes 0.04 0.00 0.00 0.00 0.03 0.04 0.04 0.00
Perlc.lns 362.819 363.091 0.208 lPl7 50105 3S4i07 Aa8 Bulloc1c-Parchln loams a to 9 ~t sl 0.21 0.08 0.20 0.20 0.21
Perkins 363.091 )63.340 0.243 1212 SOlOS 354e8 AbC Bullock--Stl Oto 15 pen:entJJopes 0.24 0.01 0.02 0.01 0,21 0.22 0.23 0.03
Perldns 363.340 363.836 0.497 2,622 50105 3S4607 AlB 8ulloctc-P.fchlnao..,..OtDgperc:ent~ 0.60 0.15 0.47 0,41 0.50

~~: ~ :~1* ~::-r-+~ ::: :::: ~~D ::~;:':n~I:=::D~:5Dttctnt~~ 0.01 ~:~: 020 0.17 0.11 0.16 0.01 0.20 ~~~ 023 0.00

Petklns 3604.195 364.352 0.057 102 SOlOS 3S4664 TI TremblelflnUlndVloam 0.00 0.00 0.00 0.00 0.06 0.00
Perkl", 364.152 3604.484 0.1:32 695 SOlOS 354613 ab Banksl f1nUlnd 0.13 0.13 0,13 0.13 .- 0.00-
Pei'kllll 364.4&4 364.519 0.035 187 50105 354'64 Ta rambles.f1null"I loam 0.00 0.00 0.00 0.00 0.04 0.00
httlns 364.S1i J64.677 0.159 &37 SOl05 !S4663 Sh LohIer-T,-embla com~1e1C 0.01 0.11 0.11 0.11 0.01 0.01 0.16 0.00
Perkins 364.677 365.0&7 0.410 2,164 SDIOS 354618 ShE: Biadc:hlll-Cabbartc:ornplex,,1Sto..opercentslopes 0,39 0.02 0.33 0.16 0.D4 0.20 0.23 D.3S
Perll,lns 365.087 365.175 0.088 463 SOlOS 354607 AaB Bullock-P.rchln loams, 0 to 9 pen:enulQl:leS 0.09 0.03 0.08 0.08 0.09
PerkInS 365.175 36S.2S4 0.019 41& SOlOS 3504608 AbC aullock--SUCksDotscomoin Oto 15 Def"Ol!!nl lIoDes 0.0& 0.00 0.01 0.00 0.07 0.07 0.07 0.01
Perkins 365.154 365,340 0.086 454 SOlOS 3S4607 Aa8 Bullock-P.rc:hln kMIms. 0 to9 aerc:c:nt slaob 0.051 0.03 O.oa 0.08 0.09
'erldns 36S.3oCQ HS."7 0.057 299 SOlOS 3S4608 AbC sulloct-SbcluotlU cotn I a to 15 rc:ent skIoes 0.01 0.00 0.00 0.00 0.05 0.05 0.06 C.ot
Perkins '365."7 365.600 0.203 1073 SOlOS SS4607 AaB ullock-Parchln loin, Oto 9 DCfc:ent sloPes 0.20 0.D6 0.19 0.19 0.20
Perldns )§s'600 365.612 0.012 61 SOlOS 35046C18 AbC BuUock-SIl Oto 15 _rc:entsloDe5 0.01 0.00 0.00 0.00 0.01 0.01 o.ot 0.00
PerkIns 365.612 365.633 0.021 112 SD10S 354607 AaB BulkJdt.Parc:hln IoamL Oto 9 Dereent5bles 0.02 0.01 0.02 0.02 0.02
Pett:lru 36S.633 365.929 0.297 1,566 5010S 1S4601 AbC Bulloc:k·S11dtsDgts cornDlex. 0 to 15 Der<ent slooes 0.30 0.01 0.02 0.01 0.25 0.26 o~ia 0.04

Keystone Xl Steele CJty-SO SOIls
Cefltcr1lne SUmmary
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Tab1e 1: Soil limitation. Along the Pipeline Centef1lne MII.posted by Soil Map Unit (continued)

r::","r":!' ,:' ; I' ',' !",':'"~T.": ," ,---'~·::-~~?·":rr~T:~f;~!,:_)~: , ," ~ " - ',I ," ,:
II2IlmIImmJlmmIlD:mI__Eim1IIDilIII:!!II~_~~ ~_~ .

P~r1t1nJi Trembles soils" chinnc&ecl 0.01 0.01 0.Q1
Perkins Shambo kNim O.1e

000

0.00

0.00

0.00

o.~-

o-:-~.

o.~_

t=
--

~-I­
0'0

0.1)3-- 0_00
-O~03- -­
D.13

0-:00

-I.;
_ .~.!X!

.- -0.00-
._ 0.3:3 0'-00-

0.00
031 0.00
iI.06 -
O.tO 0:00
"0:"12

0.06

0.02

0.01
il.07
ilO7

0.07

0.00
0:00

0.02

0.12

D:Of
'D.04
0.D1

!E.!.-
0.00
"D.01

Perkins ;i71.337 371.413 0.076 404 SOlOS 3S4607 Aile 8Ullock--p",chln Ioams. °to 9 _rcenulopes 0.08 0.02 0.07 0.07 0.08
Perkins 371.413 371.804 0.390 2.061 SOlOS 3504666 Tc:D TwaiahH~aNMrth'Patchtnassoclation,8entl'r'roltin 0.39 0.25 0.02 0.01 O.Ot 0.11 0.13 0.23

~~t~ :;~:~~~ ~:~~~ ~~~o ~~;: :~::: ~:: [=n~:W:r:::;~~::O:~ti~~r:~~s::::1 ~:~ 0.08 0.00 ~:~ 0.00 ~:: ~:~ ~:~~
;;erldn~ 3,72.261 3,72.572 0.312 1.646 SOl05 3S46S2 Rf8 Rednt·5ava e.slltvd~bams 2 to 6 I)il!rcent sloges 0.21 0.29 0.01 0.30 0.31
Perklm, 372571 372.635 o.~ 336 50105 35463-7 ~ba Marmanhl~2tD6 reents! 5 0.06 0.00 0.01 0.00 0.00 0.01 0.06'
Perkins 372.636 372.740 0.104 SS1 5010S 3SA6S2 RfB ftc nt-sa e ~lttvditY Icwwn$. :I to 6 De'f«l1t slopes 0.07 0.10 0.00 0.10 0.10
"e,klns j·l71.740 312.B!>1 0.117 616 SOlOS 3S4637 Mba M¥mar1tlloam. 2: to 6 pefQrnt stopr:s 0.12 0.01 0.01 0.00 0.00 O.Ot D.11

Perkins 166.700 ~".120 0.019 103 SD10S 3S4i66 TeD TwlliQht-M.rmal'th-farchinasSociatlon.lentlvrollinl 0.0"2 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0,01I P;rklns 366.120 367.155 0.436 2.301 SOlOS 354608 AbC Ik.dloek·Sltcbools compl~ Oto 15 percent mDes 0.44 0.01 0.03 0.02 0.37 0.39 0.4' 0.05
Perkins 367.155 367.273 0.118 621 SOlOS 354666 TeD Twlll.:hl-M"mal1h-'archln association, I~tly rollln& 0.12 0.08 0.00 0.00 0.00 0.03 0.04 0.07 0.04
Perkins . 361.273 367.586 0.313 1.650 SDI05 354608 AbC Bullock-SV otScomp!ellro 0 to 15 Itfc;l!nt 51 eli 0.31 0.01 0.03 0.01 0.27 0.28 0.29 0.04" -- # .. _- ._-

Perkins 367.586 361.856 0.270 1.425 SOlOS 354&66 TeD lwll.-ht-Marmarth.paf'Chln associatkln, lent!v rotting 0.27 0.18 0.01 0.01 0.01 0.08 0.09 0.16 0.08
Perkins 367.&56 367.891 0.031 1~~ 50105 )54601 AbC e",lIock·stlwDOts complex. 0 to 15 o~CI!nt slOPes 0.04 0.00 0.00 0.00 0.03 0.03 0.04 0.00

~t:rlti':lS 367.193 368.101 0.~08 1.097 5DIOS 354656 AnD Rhoacles-Rodcoutcrop col1'lplex. 6 to 20 _reent slopes 0.20 0.01 0.10 0.12 0.12 0.12 0.20
Perkins 368.101 368.135 0.034 177 SOlOS 354607 Aaa Bullock-farchln Icams. ato 9 Dercentslopes 0.03 0.01 0.03 0.03 0.03
Perkins 368.135 368.171 0.044 231 SOlOS 3S46OB AbC 8ullock-Sllc;ksoats complex. 0 to 15 perc;ent slOPM 0.04 0.00 0.00 0.00 0.04 0.04 0.04 0.01

-~ ::::~: :::~: ~:: l~~:O :~~: :::: =:~::~~:::;::;:;;:~:r;;::~'IDpes ~:: ~:~~ 0.02 0.01 ~:~ ~:~; ~:~ 0.02
PerkIns 361.463 368.545 O.QIl 432 SDI05 354656 RnD Rhoades·Roc.kollta'Op_~~lea.6to20perc¥n.~.slo~ _ __ _ 0.08 O.OQ. 0.04 0.05 0.05 0.05 0.08

Perkins 372.857 372.883 0.026 136 5DI05 354652 RfB - TRelent·siVuc slItvclay~v;6 cercent slopes 0.02 0.0'2 0.00 0.02 0.03
Meade 372.883 372,910 0.021 1.7 $0601 3550471 Tsl lanna-Savo comphrlC. 2 to 6 DerCf:nt sIopa 0.02 0.02 0.02 0.03
Mt:adt: 1n.910 37.3.00 0.132 699 S0601 35SA36 fl8 Eapa~r.allcDmplel(.2t06pelCl!fltslopes 0.03 0.12 0.12 0.13
~ r!p.043 373.233 0.190 1.003 S0601 3SS0416 Bp8 Eklllock-p.,chln fine san I08ms.Ot04 rcentsl0 S 0.19 0.08 0.00 0.1«1 0.17 0.15

Me_de 3H.~H 373.524 0.291 1.53S SD6Ql 3550473 TwC Twtlilht-Milrtnatth-hrd'dnflnesandylo.ams.4t09perc:entslopes 0.29 0.06 0.02 04 0.10 0.15

Mudc 373.524 373.762 0.238 1.2S8 50601 3554)4 EdB E.pa.()elrld.Joa~.2_!O§~rcenulopcs 0.08 0.11 0.18 0.24
-1 -----; ••- .------;-;:-.;.";". .. ....... , .._"

f-!!~klnS T:370.960 310.970 0.010 54 S0105 354618 BhE B1adth.lK;abbartcom tex"lS:to40pcteentll~ T T 0.01- T 0.00 T 0.01 T -To.coT 0.00 T i 0.01 T 0.01
Perkins 370.970 37l.1BSo 0.215 1.1'36 SOlOS 354666 TcD Twllillht-Marmarth·Parchinassoclation entl roIli 0.21 0.14 0.01 0.01 0.00 0.D6 0.07 I 0.12
Perkins 371165 371.272 0.087 459 SOlOS 354618 ShE, ~h.II·Cabbartcomplcx. 15 to 40 percent stOaM' 0.08 0.00 0.07 o.oa 0.01 0.04 0.05
Perldns 371.272 371.285 0.013 70 SOlOS 3504607 AlB Bullock-Parchln loams. 0 to g"'rcentslopes 0.01 0.00 0.01 0.01 0.01
Perkins .J371.28S 37).337 0.052 273 SOlOS 354666 l'!O lwfllpt-MiilrlTlifJ'th.-ParchlnassociatlCll'!dl:e'!tlvrollina i 1. 0.05 1 0.03 i 0.00 i 0.00 10.00 I 0.01 I I 0.02 I 0.03

Perkins 368.WS 369.044 0.499 2634 SOlOS iS4l.OlI ~k-Slic~CQm I. Oto ts---;;rc:entsbPeS 0.50 0.01 0.04 o.a~ 0.42 OM 0.46 0.06

.,_~ ~::..~ .:::;:~ ~:~;: ~~ ~~~::= ~~ e~~:~::r~~::::~:::ss:='c:~~~~ee~t~roIIIM ~:~ ~::: 0.00 0.00 0.00 ~.'~: ~:~ ~:: 0.04

Perkins _~?~40 13£9.361. 0.121 675 5010S S504608 AbC S",IIocIc-SlidlS ts complex. Oto 15percenhloDes 0.13 O.DO 0.01 0.01 0.11 0.11 0.12 0.02
Perkins 369.368 369.809 0.441 2.328 SOlOS 3504601 AilS 81l1lotk·Parchln Io&ms. 0 to 9 pertent stopes 0.44 0.13 0.42 0.42 0.....
Perkins 36~.109 169.9S3 a.l44 758 SOlOS 354618 &hE Blackhail-CAbtMirt complex" 15 to 40 percent,sJoPl!:S 0.14 0.01 0.11 0.06 0.01 0.07 0.08 0.12
Perkins J69.9!.3 37a.0~0 0.091 516 SOlOS 354608 AbC BulJcxk-SlicksDOtscompl... 0 1015 percent slOSMs 0.10 O.DO 0.01 0.00 0.08 0.09 0.09 0.01

I Perkins 370.D~ 310.237 0.187 986 SOl05 3S46ti6 TeD Twill ht-MarlNlrth-Parchrnassodation Hntlvrollln", 0.18 0.12 0.01 0.01 0.00 0.06 0.06 0.11 0.06
Perkins 370.237 370.509 0.272 1.436 SOlOS 354656 RnD Rha.des,Rockoutaop comalex. 6 to 20 ~rce:ntslopes 0.26 0.02 0.1. 0.16 0.16 0.16 0.26
Per""ns 370.~ 370.566 0.OS7 298 SOlOS 3>4607 Ail8 BuUodt-lal'Chln loarns 0 to 9 peroent doo.s 0.06 0.02 0.05 0.05 0.06
PerkIns 370.566 370.14-4 0.119 944 SOlOS 1546fi6 leO Twillatlt·MarrNIrth·Parthlnauodation. entlvrollinlr 0.18 0.12 0.01 0.01 0.00 0.05 0.015 0.10

~~rldns 370.744 310.960 0.215 1.-137 SOlOS 354607 "'B 8ullcck·parch~1~"",.!IU!9pl!r!f:nLstap.cs 0.22 0.06 0.20 0.20 0.22

Meade EitP.-Grall com ex 2 to' runt sl es 0.09
Me.cle Palchln-Bullodr fine san to.ms. 2 to 6 ercent slo 0_04

~;==: .i::;,s::acoC:~~~O~:=:I=s ~:~--··I t 0.12

Meilde e.~r.i1tom- eX-2tDI runt'slo - 0.30
Meade Gefdrum lOilm, a t04 IlUnt slo 0.D5 0.05
~ Ea -Dclrid loams.2Io' reentslOQ«s 0.2t
Meade P.rehln-8ullock fine Pfl~ Ioams, 2 to 6 percent ~ope:s 0.19

Mt~e 1375..2411375.5511 0.303 I 1.599 I 50601 13554561 PbS IP.rthln·Bullod:f1nesandvloim5,2to6p_ercentslo~s I 1 0.30-- I 0.18 1 -I--'ro.oil 0.28 I 1 027 I 0.21

0.02

I-~__,1_
0.21

--~*
lC.eyston.e Xl. Stet:Je CitY - SO Sot"
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Table 1: Soil umltatl~s Along the Pipeline Centerline Mileposted by SOil Map Unit (continued)

Meade............
~
~
"M;d..:
M;;de

375.SS1 375.579

375.579 375.610

375.610 376.150

376.1SO 376.397
37ti.397 3760412
376.422 376,,469
376.469 376.986

0.028

o.on
0"""
OW
D:OiS
o:tM8
o:5i6

,.,

'"2,8S0

t.dQ.3
132
ill
ms

.0601

Sii01
Sll601

Soiii1
SOiOi
50601
50601

355473

iSSii6
355473

i5S4ii
iSS45im:m
iSS45i

TwC

W
TwC

....!2!
PbB
0;0
Pbi

ITwtllJht~.rnlrth-Parchln fine tandyloams, 4 to 9 percent slopes

EkJUock.parchln fine Slnctf Ioams. 0 to 4 _~erc:en1 sioPeS

TwII!&ht-Milrrnartb-Part:hin fine Nfldy loarns. 4 to9 percent slopes

Bulb:k.parchln flne sandy Joams, 0 to 4 PeJOI!nt sIom
Iparchln-Bul5ock fine sandy Joams. 2 to 6 percent slop!!
Bul\ock-5lldcspots complex, 0 10 4 percent slop!$,

Parchln-8u11ock fine sandy 1oIms. 2 to 6 percent slo~

0.03

0.03
0."
D:i4
i.Oi
o:os
0:52

0.01

o:oi
0.11

om
o:D2
0:00
m

0.00

0.00

0.00

0.00

0.04

0.00

0.03

0.D1

o:ro
C.15

o:2i
0.02
0.04....

0.01

D:D3
0.19

m
0:02
o:D4
D.4i

0.01

'Q.03
0.28

0:23
o:D2
D:ii5
0Ai

D.O'

0.13

0.00

0.00

0.00

....de
~
M9de
Meade
M;;d;
M..de
M;id;

316.986 '3n.048
377.048 377.141
371.1.1 371.217
377.217 377.!7ti
377.376 371.479
377.479 377.715
377.715 377.794

0.063
o:D9i
Q.076
"Q.iS9
'O:iOi
0.236
D.079

332
'91
399
831
S44

1.246
lli

50601
Sii601
S0601
.0601
Sii01
.0601
So6Oi

355426
3SS4S6
lli4i6
iSS4S6
m426
355456
i5S4i6

B
PbB
~

PbB

B.B
PbB...

Bullock-f'ilrchln fine Ninety~~ 0 to:4 perunt slapes
Parch1n-8u11odt flne Mndy 101ltM,. 2 10 6 percent slopes
8UIIOCk..farchln fine sandy loam!, Ot04percent slopes
p.c:hIn-8u11odc fine sandy klams. 210 6 percent slopes
EkJlIock~archln fine sandy Ioams, 0 to 4 percent SIODeS
Parchln-Bullock fine sandy IoimJ. :2 to 6p!runt slope?
Bullock-Plf'Chln line sandy barns. 0 to 4 percent sloPeS

0.06
D:09om
"ii.1i
o.iO
0.2.

o:oa

0.02

D.ii6
i.Oi
'D.1O
D.03
0.14

'D.02

0.00

0.00

0.00

0.00

0.00

0.01

0.01

0.05
01i
o:oi
0.13
'Q.ii9
0.20
0.07

0.0$

D.Oi
o.D7
0:14
o:Di
0,2.

0:07

0.06
D:iiiom
ii1i
D:1O
0.21

o:D7

0.00

0.00

0.00

0:9£

... IBulloc!<-'Udcs)lOlt CDmol~ 0 to. percent slo~

TWC Twllilht~ ..tnlrth-Parct"n fine sandy Ie-ms." to 9 peroent slopes

PbS Pllchin-Bullock fine sandy Ioams. 2to 6 percent sIo~

0.00

0.00

0.00

0.02

0.03

0.06

~

0.'0

D:ii

0.04

iIT5
i1i

0.07

D:ii5

~

0.07

iJ.1i

o.os

D.05
0.03

ii4
0.14

P.:!?
o.OS

iJ.11

0.02

o:1i
01i

0.04

D:ii5
0.01

0.00

0.01

0.00

0.02

0.01

O.Ot

0.01

0.03

0:02
0.02

o:os
o:Di
~

0.04

o:Di

0.14

o:os
0.08

015
0.15

.2:.!!
0.19

on

Itwltlght·Marmarth-parthln fine sandyloams. 4 to9 percent slopes

aullock-Parchln fine sandy I(»ms, 0 to" ~n:ent slOPeS

\lsht-Marmlrth-hrchln fine SII\dy mms. 410 9 percent slopes

BpS lk.Inoc.PMchln frne H116f ro-ms, 0 to 4 percent es
Pb8 P;lrchln-8ullock Ane sandy loams. :l to 6 percent sIol)es

TwC

TwC

llilli.
355473

lli456

355473

35S4ii
iSS4S6

355473

i5S4i6
S0601

$Il601
S0601

~

Sl>601

SOiOi

S0601

SOiOi

1.B23

1,010

662

...
i2&
ii7

717

280
0.017

iiSi
o:us

0.136

iiOSi

0.345

0.191

illS

377.794 371.930

377.930 377.983

377.913 31&060

378.060 371.116
378.216 371.371
378.371 318.716

378.716 318.901

378.907 379.033

~

Me.de

~

.......
Meade
~

Meade

M;;d;

BPI ri"IIOcic.;P.chln tine sandy1oams. 0 to 4 percent slopes

PbS PMchJn·sullodc ftne sandy1Oims;.-ito 6" nfslo --
BpS Bultock-Parchin fine send., kNms. 0 to" percent slooes

TwC w1IIPt-Marrnarth"ilrchln flne sandv loarns. 4 to 9 percent slopes
-----_.._._--

GaA GerdNm loam. 0 10 4 pen:ent slopes

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00
0:00"

0.00

0.00

---I--

0.21

0.06 I 0.00

0.0'

0.03

0.13

0.03

0.19

0.06
i.01
D:i9
D.01
D.Oi
o:Di
o:i4
014
ii:44
~
'Q.07
0:54

0.01

'[10
o:u
o:z;

0.13
m
0.12
0.27
ii1i
o:oi
i.1i
o::i7
ffi
0.20

0.07

m

0.20
0.17

0.06

o:D4
~

0.06
0.07

0.'7
D.ii1
o:oi
0.06
i.1i
'D.ii
OM
o:8i
ii:OT
o:so

0.17

0.20
0.16

0.04

i.Oi
iJ.Oi

0.0.

0.09
W
ffi

o.os
o:1i
0.12
0:25
0.25
0:00
W
i.4i
i.12
0.18

0.04

().01

O.Cl

i.iio:u
022
0.19
0.16

0.03

~
D.03

0.13

0.06
D.Oi
ii17
D.Oi
'0:03
0.05o:u
0Ji
o::i2
0iT
G:07
o:so

0.25
0':2S

0.17

0.11
D.4i
'O,ii
0.18

0.03

0.01

D.Ot

0.00

0.00

0.00

0.01

o.ot
0.00

0.00

0.00

0.00

0.00

0.02
0.00

D.o.

0.0•
0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.01 10.D2
0.00
0.t2
0.01
W
0:00
iii
QOO
o.oe
0.01

0.14
0.06

0.02

m
0Ji2

0.01

D:Oi
o:oi
D:Oi

0.02
o:os
D.06
o.or
iOi
"[Q4
0:00
ii]4
D.29
Q.23
0.05

0.15

0.D3

0.06

0.03

QiO
o:i5
D:25

~
0.08
0.20
0.01
0.03
0.06
0.13
0.15
0.49
0.77
o:Oi
D.D5

.Qd!

.!?:!!
0.12

0.04
0,04

O.DB
0:D1

0.20

0.02
0Ji2
0.00

~....
D:Oiom
0.13

0:00

BuUoc::t"ilrchln flne sandy-ioams. 0to" perunt slopes
Pilrchln-8ulloc::k fine sandy loems, 2 to 6 percent 5Iopes
Bullodc-ParchJn tine SIIfIdy loams. Oto 4 percentslopes
Pilrchln-Bul1adc fine sandy 100ms. 2 to 6 percent slopes
8ulkKk-Pal'Chln fine SWIety loami, 0 'to 4 pen:ent slopes

',rc::hln-Sullock fine sandy IoiIms. 2 to 6 percent sJopes
Bullock-5l1cJcspots cornp!!Jl" 0 to 4 percen't slop!!
BuUodc-Parchln fine sandy 100ms, 0 to .. percent dopes
Parctlln-8ullock fine Mnd! blims. 2 to 6 percent slopes
BuUock-Parchln flne 5indy 1oIms, Oto 4percent~
Parddn-8\1llockftne sandy _ml, 2 to 6 percent sIol)eS
Gerdrum IoiIm, 0 to" percent sloPes
'Aslllnnlboine-TwlUpt1lne Slndv IOams. 6to9'percen't sklpes
Gerdrum 10IIm" 0 to 4 perc:ent !!opes
tulvre loam. channeled
'Gerdrum loam. 0 to'" peroent slopes
l.Dbum-GetilNm 1~1!!Sc 0 to 3 percent slopes
Aulnnlbolnt fine sandy loam. 2 to 6 perc;ent slopes
LoblJl'n-Gerdrum loams. 0 to 3 percent !lopes
ieullock-¥archln flna sandyloams. 0 to 4 p!tcent slODe$
Loburn-Gerdrum Ioams, Oto 3 percent s$opes
Gerdrum to-m. 0 to'" percent slopes

ITwDlsht-Marmarth-Pirchin nne saildV loatnS. .. to 9 percent slopes

BpS IBullocJc.flMChln",esandyloams,Ot04percentSIopes
Pb8 Pilrctdn-8ulloc::k fine sandv 1000rM. 2 to 6 percent .10DeS

TwC

LeA
G.A

Ate
GoA
'ik
G.ii
-g;
~
LeA

TwC TwUt,ht-M.lNlrth-Parchln flne sandytoams. 4 to 9 percent slopes

B Bullock-Parchln flne Sin Ioarns. 0 to 4 teent s
pbS Parchtn-8u1tock fine san kM:ms. 2to, percent slo
BpS Builoclf.Parchln fine sandy klams. 0 to 4 percent stolM!S

PbB...
PbS

...!f!..
Pba
0;0
iPB
PbS

..!f!
PbS

GoA

355426

355473

'i5Si26
35S456
'i5Si2i

35~26

35S4Si
3S~26......
3SSii6
'iSSiS6
iS54i7
3sS426
iSS4S6
lli4i6
lli456
lli43i

355456
355426

35SA73

m:ii6
iSSiSi

355420
'iS54ii
i5Siii
lli43i
35S4SO
lli41i
'iiS45O
iS54i6
3i5i5O
355438

""73

3SS4ii

'D601
5ll601

Sl>601

SOiOi
SD60i
'D601
S0601
So6Oi
Sii601
SD601
S060i
50601
50601
S060i
SD60i
'iOi01
So6Oi

S0601

.ll601

.0601
So6Oi
Sii01

5060'
SDiOi
S060i
SD601
i0601
SiiiOi"
iD601
.0601
SiiiOi"
5060.

'0601

Sii60i

~...
1.041..
,76
illro
1ai
W!
~....
2.ii7

196
914
62'

i9i
iii'

139

54a
8ii6
Uii

-762
64i

1,462
1.485
293
6ii7

2.630
ToO.....
67a

n
1.OS7

0.226
0.185

0.119

o:oi7
o:Dii
0.065
o.D1i
'D.i91
D.Oii
cum
D:06i
iii40
o:r.ii
Q.'iBi
Q.7ii
o:D8i
0.5"

0.026

0.104
0.153
i.2Si

0.2OS

D:i44
o:t2i
O.2n
iiii
o:oss
i130
"Wi
O':iii
030i

0.200

0.128

i.Oi4

319.510 379.796
379.796 379.981

319.981 380.099

380.099 380. 137
aBO.i]1 380.175

385.008 , 385.209

379.013 379.QS9

379.059 379.163
379.163 319.316
379.316 379.570

380.175 )80.240
380.240 380.316
380.316 380.5U
380.51. 380.526
380.526 310.559
380.559 380.624
380.624 380.764
380.764 380.912
310.912 381.401
381.401 382.182
382.182 342.264

382.264 382.818
312.118 383.023
383.023 383.168
313.168 363.290
383.290 383.567
i83.S67 HiJ.848
383.848 383.904
~3.904 384.034
384.034 384.532
384.532 384.664
384.664 384.166

384.866 384.995

384.995 385.QQB

~
Meade
MPCie
~
MOde
MUde
M;;d;
~
iiUde
~
Meade
~

Meade
Mude

Meade

Meade
~.

Meade
M;;d;
Meade
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M;;d;
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~
Meade
~
M;;d;
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Meade

.......
~

Meade
M;;(i

-"Me;;;
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Table 1: Soil Umltations Along the Pipeline Centerline Mi18pQ6ted by Soil Map Unit (oontlnued)

0.'"

0.02

000

o.~_

0.03

-I I I--+--

148 TwlHJht-MarlTMll'Ul-hJ"hln fine SII'ldy loolms, 410' percent slapes 0.01

f 231 IkIUodr·P.rchln finesandv Ioarns. Oto 4 reent slopes 0.04

Meade

MuISe I 385.395 I 385.486 I OMI "81 Twlliaht.M.rmarth·Pvchin fine sandy loams." to 9 perunt slopes Q.DS

~Ude 1385.4861315.560-1 0.074 -, 390 !'~c:!'ln·lkJllo~~n~~~~L~~~~n~~~~~_______ 0.01

~
UcW.ns.560 315.627 0.067 ~3 50&01 35SA27 &6 8lJllock-51tc*spotscornPe-lIC, Oto4pec"cenUk)Pft 0.06 0.00 0.00 0.06 0.06 0.07

Me.<W 385627 385.728 0.101 S34 SD601 lSS473i TwC TwUlrht-M..marth-Parchln flnuandylo;,ms,. tog percentsloprs alO 0.02 0.01 0.01 0.04 0.05

Meade 385.728 ~.8&6 0.138 117 SD601 35~J8 GaA Gft'dtumIOlM.Ot04PtfUntsIoPft 0.01 O.DO 0.13 0.13 0.13
Meade 185.B6i 3&S.949 0.Oa3 US 50601 155450 ~ Ldourn.Gerdrum IDims. 0 to 1llercent slopes 0.01 0.05 0.07 0.07 0.08

-Mf:~ 385.94' 315.994 0.045 239 $0601 3SS4l8 GaA ~n:Irum IlHO\ 0 to" ~rcrntslopn 0.00 0.00 0.04 0.04 0.04

0.02

Mude ·T38S.994-r3B6.053T O.OS! T 312 SDl501 3SS426 eDS 8uUock-P.,-d"nfinuancwmms Oto4De'rc.ents~ 0.06 0.02 0.00 0.05 0.05 0.08 T T ,. f -fO.DO
Mc~de 186.(153 386.114 0.081 426 S0601 lSS431 ~e E aloMn.lto6~centsioDH 0.00 0.08 0.08 0.06 0.08 ·0.00
Mude 386.134 386.257 0.123 641 SD601 3550426 Bp8 BuIJock-Pirchlnflnuandy!oam$ Oto4perc.entslopes 0.12 0.0.& 0.00 0.t1 0.11 0.12 • 000

3li 50601 35s.tn TwC TwIllsf\t·...armarth·Pard'dn fine sandy loams.• .flo 9 percent$lope1 0.06 0.01 0.00 0.02 0.02 0.03

1,090 SD601 35S450 LtA l,Obum-Gerd,um I~ms.Oto 3 percentslopes 0.01 0.12 0.18 0.18 0.21

Meade I 316.257 386.311 0.062

~t3i6.311 386.S1S 0.206

U ..",A.. I UIO r;~s 1 316.578 I 0.053 0.01

Meade 387.39. lwllllht-.Milt"nlil1ft-Perchln ,ine sandy loams. 4 ta9 pertent stopes 0.02

M....ck 1387.440 lobum-Gerdrumlolms.OtD30erantsltlPe, 0.0"

0.01

D.~!_

0.05

Meade- 1388.1U , )88.798' O.~

Me.ade I 387.•76-r187.5211- 0.047 1 249 S0601 355440 Gr GralhlltlOltm 0.00 0.05 0.05 0.05 T T T 0.05
Me..de 387.523 187.1129 0.306 \,616 $0601 3Ss,ASO leA lobum-Gtrdrumloams,Oto 3ptm:ent slopes 0.02 0.18 0.21 0.27 0.31 ~..!..-i'---
Meade 387.829 U&541 0.718 3,7&9 S0601 3SSA18 AsS Asslnnlbolne fine sandy klam" 2 to 6percentslopes 0.05 0.06 0.06 0.72 ~Q.O\

Meade ' 388.S41 !3B8.743I 0.197 J 1,038 50i0l 35SC73 TwC wllisht.Marmal'th·Pilrchlnflnesandyloams.4to!perWrtslopes 0.20 0.04 0.02 O.as 0.07 0.10 -

288 50601 35SOCSO ~ Lobum-Gerdrumloams.0\o3peruntslopes 0.00 0.03 0.05 0.05 0.05

~:~

0.75 f 0.01
0.14
026 t 0,00

012

O~Lj _

02'

0.12

0.11 0.00
·a:D4 -
0.04 0.000.07 _.
022 00((
0.36
'D.5i 0.0;-

-O~01 -
D:lii- ··oro
0.15 -

P·27
0.00

0.01

0.01

0.01

0.00

0.13 I 0.01

0.03

0.'"

0.22

0.00

~.:.09

0.00
o:or
0:00o:;s
D.'iio:v
D:22_·0-:11

0.02 I 0.09
0.02 0.2fI

0.12 0.02
0.01 0.11 0.17 ~
0.0, 0.00 -I-- --l- 0.02 -l 0.00 I
0.01 0.11
0.01 0.03
0.00 0.04
0.01 0.04
0.02 0.22
0.05 0.22
0.04 0.51
0.00 0.00
0.00 0.06
0.02 0.09
0.12 0.02
0.02 0.21
o.os 0.01

D.09
~OO·

o:D7
ii.01
0:15
0.02
D.2i
o:ii
D.11

0.02
o:D2o:oa
D.02
o:ti"
D:Oi
iOi'
O.Ot

0.l>2

0.01

0.Q3

0.00

0.10

0.01

0.00

0.02

0.01
0.10

0.05

0.01

0.02
iiOi
o:oT
0:01
D.1O
iUi1

0.06
0.01
'Q.02

0.02
0.02
0.01

0.02
'D.Oi
0:00
'ii:01
'Q.OO
o:ao
0:00
0.02
Q.03
D.ii4
0:00
0.00
DJi1

0.00
ii:Di'
Q.Qi
iiOi
i.Oi
D.01
D.Oi
0:01

0.02

0.12

0.11

0.01

0.11

0.05
i.iii
D.02

0.01

a.DS

~
0.02
0.19

0.01 ---1------­
0.0'
0.0'
D.Oi
0:00
0.0'
D.Oi
0I4
QiM
!U'!t
0.00

o:D6
0.1&
o:ii2
o:oi
ii:Oi
nDi
o:os
0.12

w
m
.9.&!
0.23
Mi

SD601 13'''73 I TWC IT..U;..t-M.....nbof'_ln"n...nd'I....... to ..._t~.""~~. I 0.0' I I I0.00 I 0.01 J__J__ 0.112 I 0.03

~

,.,o.ossM.ade I 3&8.798 I 3311.853

~eade

Meade

~_"de I 3as.aS3 f ~89.599 f 0.146 I 3,939 r S0601 f ~5S418 f As!S_ (AsWnnlbof~ fine sandyJ~-',~. ~ t9 6 per~!:ltslopes

Me.de 389.993 390.200 0.207 1,092 50601 3SS424 BmE 8Iackh.Jll-Twlll8:ht 'ine Mnd'l/loams, 9 to 40-Dli!ru-nt slODeS
Muck! 390.200 390.366 0.166 874 50601 3550418 Ne Aulnnlbolne fine sandy~m.. "to 6 percent~

I Mude _ .190 366 ~~.400 0.035 183 50601 3S5of24 8mE Btad:h.II-Twflldrt ftne s barns. 9 to.eo ereoent~
~ i~ 390.510 0.109 578 50601 35$0418 As8 Auinnl~neflnes.andvkMm.2to6pcrcentslopes

Me;,de 390.510 390.551 0.G041 224 50&01 3Ss.tl0 Ate Asllnnlboine-Twllllht fine siilndY' loams, 6 to 9 percent sloptl's
Me-ade 390.!lo51 3~'~'8 0.035 18& 50601 3S~18 ASB Asslnnlbofn. fine sandY loam .2 to 6 Dcreent slo~

~Me.~ 390. S88 l~.'S8 0.011 374 SD601 }5~20 Ate AulMlbo#ne·T.,.,UlItlt fine sandy~s. 6 to 9 percent slopa
Meade 390.651 J,90.B80 0.221 1,168 50601 3SSOC18 As8 Aulnnlboltle'flnl! un loam,l to 6 Pefcentslooes
Meade 390.880 391.140 0.360 1,903 50601 3s!»420 Ate A,ulnnlbolne-Twl!l.ht fine: S&ndy~.' tog JM!l'unt sloPeS

f Meade 39\.240 391.152 0.512 2.704 S06Ql 35S418 ,A,58 Aulnnlbolne fine san \oatn" 2 to 6 percent sk)pes

:::;._~. ::::~;: ~:= 33l~ =: :~::~~ : ::~~:::-f=sa~ft~~t::m~~~t9 r;ntdoPfs

~Zj;- -jiH~~ .~~··_·~:~~·-~~:'\-~i-·~~_:-~~~~i~:~~~~;:~Z~:~;;~~~::~,:::es
S[)601 3SS418 AsB AulnnlbGlne flne pndy I

- SD601 !!io'!>424 ernE Blackhall·twiUldatftnua
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Table 1: Soil Umltations Along Iha Pipelina Centartine Milepaal8d by Soil Map Un~ (conlinuad)

: ,'," >~~~7t-'·i·:i.'·~ ~:' /.
Mude 393.904 J!M.064 0.160 843 S0601 355428 (AD cabbartloam.9to40-aertentSi0M5 0.18

Mea~ 394.064 390&.201 0.137 724 50601 355469 TdB Tanna-Delrfn-rnmnl-· 2to6rworuntsltlne$ 0.12
Meade 3"'.201 394.444 0.243 l,28S $0601 355428 ~D c.bbart Jo.m, 9 to 40 tcentsl s 0.24 0.21
Meade 394.444 394.532 0.018 463 S0601 355430 DeC Delr&d.e-ClbblrtIOilms.6to15 t 0.09 0.00 0.00 I-- - -0.01 0.01
Meade 394.532 394.548 0.016 86 S06Dl 3SS428 cae QlbbM't loam, 9 to 40 DCrcent slopes 0.02 0.01
Meade 394.548 394.643 0.095 502 50601 355430 oec Delrirl•.....cabblrt loams 6 to 15 DHeent 5Iope$ 0.10 0.00 0.00 0.01 0.01
MAde 394.643 394.680 0.037 193 $0601 355418 CaD cab~ 101m, 9 to 40 percent sIor;;;- 0.04 0.03
Meade 394.680 394.818 0.138 730 SD601 355418 AsB AssInnlboineflnesan loa lto6 nt 0.01 0.01 0.01 0.14 i 0.14 I 0.00
Meade 394.818 394.879 0.061 323 SD601 355428 cao Clbbwt lcHm. 9 to 40 percent s10MS 0.06 0.05 0.08 0.06

~::: :::::: :::: ~:~:: 2~:2 :=~ :~~: ~ :~~~~t~~::~~~s.6togEWa!ntSkJDH :~: OA2 0.01 0.01 0.02:: ~: -L 0.12

Meilde 395.496 39S.661 0.166 876 S06Q1 355424 emf B1ackMll-TwIl Rnesand..-toa.""'.9to-40~reentslO(V5 0.15 0.09 0.01 0.08 0.10 0.01 0.11 0.01
Mltade 395.661 395.750 0.089 469 S06Ql 355423 8lE B1ackhall-Rodt outcr'OD comD!d. 15 to -40 ent es 0.09 0.08 0.05 0.05 0.08
Meade 39S.7S0 395.888 0.137 726 S06Q1 3550424 emf BlackMlJ·TwII tflnesand Ioams 9to4Q rcentsl 5 0.13 0.08 0.01 0.07 0.08 0.01 0.09 0.01
Meade 395.888 396.090 0.202 1,068 50601 3SS430 DeC Delrid_l!'-Cabb.rt I~ms. 6 to 15 Dereent s'ooes 0.20 0.01 0.01 0.02 0.03 0.20 0.19
Meade 396.090 396.244 0.154 814 SD601 355.433 EAC fap.loiIm 6to9Derc:entsl_s 0.01 0.15 0.15 0.15 0.15 I 0.15
Meade 396.244 396.709 0.465 2457 SDi01 355428 cae Clbbartloam 9to40~ntsfo- 0.047 0.40 0.47 0.47
Meade 396.709 396.767 0.058 306 $D601 355435 EdCEaDa-oelrid loams.6t09~ntslopes 0.01 0.04 0.D4 0.08 0.06
Meade 396.767 397.361 0.600 3.171 SD6Dl 35S428 CaD Clbbart loam, 9 to 40 oercentsloDl!s 0.60 0.51 0.60 0.60
MUdl' 397.368 397.390 0.022 117 S06Ql 355438 GaA Gerdruml0ilm.Oto4pefCentsJopes 0.00 0.00 0.02 0.02 0.02
Meade 397.390 391.419 0,029 151 SD601 3SS428 c.o Cabbart'oam 9to40-~tl60",""" 0.03 0.02 0.03 0.03
Meade 391.419 397.77S 0.356 1.882 $0601 35SU8 GaA Gerdrumloam,Oto4percentsiopes 0.03 0.01 0.32 0.32 0.35
Meade 397.nS 391.907 0.132 ti9S 5D601 3SS428 CaD Cibbirtktlm.9to40Del'CentslobM 0.13 0.11 0.13 0.13
Me.de 397,907 398.2!3 0.116 1.124 SD601 !SS438 GaA Gcrdrurnloam.Oto4Percent~es 0.03 0.01 0.30 0.30 0.32
Meade: !98.233 398.258 0.015 130 5D601 3S54S1 Ld Lohmllier sJltvda... IOIm 0.00 0.02 0.00 0.02 0.02 0.00 0.02 0.00
Melick 3Sa.N 398.287 0.019 156 SD601 3SS438 CHA GerdrumlOfm Oto4nercentdones 0.1)1) 0.00 0.03 0.03 0.03 ~

Meade ~9B.287 398.5~3 0.246 1.298 50601 355451 Ld 1.ohmI1ier dlvlOiom 0.01 0.22 0.01 0.23 0.23 0.01 0.25 ..- 0.00
Me.cte 398.533 398.913 0.380 2,005 S0601 355415 Ab8 Abor sfltvcl.v_ 2 to 6 nercent sloDe'S 0.36 0.36 0.02 0.36 0.38 0.02 0.38
Meade 398.913 399.012 0.159 141 S0601 355451 ld Lohmilltf$lltvdavlOim 0.00 0.14 0.00 0.15 0.15 0.00 0.16 0.00
MeAde: 399.072 399.419 0.357 1,883 S0601 355«1 Hb Havre l~m 0.38 0.36 0.36 0.36 0.00
Mead. 399.429 :199.586 0.157 830 SD601 355A42 He Hil\ftloam.chanMIed 0.18 0.16 0.16 0.00
Meade 399.586 400.054 OA68 2.469 50601 355448 uS Lawther silty cia.... 2 to 6 Deteent dories O.oa 0A3 0.04 OA3 0.47 0.03 0.47
Me.cJe 400.054 400.113 0.060 US 50601 355426 8nS Bullock-f'lrc:hlnflnesandYioams Olo4Mlcent,lopes 0.06 0.02 0.00 0.05 0.05 0.06 0.00
Meade 400.113 401U55 0.042 221 S0601 355430 DeC ~r~e--CabbartIOllms.6to15-eentsloOl!S 0.04 0.00 0.00 0.00 0.01 0.04 0.04
Melde 400.155 400.182 0.027 1"2 S0601 355426 BuIIock-Plrchlnllnesand¥kIIms.Oto4n;rcentslooes 0.03 . 0.01 0.00 0.02 0.02 0.03 0.00
Meade 400.182 400.409 0.227 1,,198 S0601 35542. caD Cabbartloam.9to40Dercentslollt:s 0.23 0.19 0,23 0.23 --
Meade 400.409 400.596 0.188 991 50601 3550430 oec Delrtd_e-Cabbartloarns.6totSDercentsiopes 0.19 0.01 0.01 0.02 0.03 0.19 0.18
Meade 400.596 400.658 0.062 326 50601 3S542. CaD cabbwtloam.9to40aercentsloDeS 0.06 0.05 0.08 0.011
Me.de 400.658 400,668 0.010 52 S0601 3SS43O DeC. DetrkWl'-CabblrtlCNlms 6to15D1'rcentsJopes O.ot 0.00 0.00 0.00 0.00 0.01 0.01
Mcade 400.66& 401.150 0.482 2.S43 50601 35S428 cae cabbart loam. 9 to 40 Dl'rcent slO_1 0.48 0.41 0.48 0.48
~ ~.~:~. 401.887 0.737__ }~3 S0601 355430 J2eC ~rkl--;;Jo3bb!ftICMIms.6tolSpercentsiopes 0.74 0.04 0.04 O.~! 0.11 .•_ 0.74 ._._ 0.70

Me.de 401.88' 401.895 O.ooa 40 SD601 3550432 b8 Ea Ioun.. 2. to 6"'~nts~ 0.00 0.01 0.01 0.01 0.01 T 0.00
Meade 401.895 403.352 1.458 7697 50601 355430 oec Deb e--Cabblrtloa 6tg, 1S cenc slopes 1.46 0.07 0.07 0.15 0.22 1M t.:JB
Meade 403.352 403.611 0.259 1~ 50601 35S436 &8 f.KIiHSrad como~ 2 to 6 oercent slooe:s 0.05 0.23 0.23 0.26 0.26
M.ad. 401.611 -4(13.&)1 0.028 150 $0601 3SS437 C Eapa-Gl'llihom In. 6 to ,-i»icent ,IDDft O.Ot 0.03 0.03 0.03 0.03 0.03
Meade 403.639 403.702 0.ll63 m 50601 35S43Q DeC Delridae-Cabb." looms, 6 to 15 ';;""1 slopes 0,05 0,00 0.00 0,01 0.01 005 0.05
Me.de 403.702. 403.993 0.291 1539 $D601 !5S437Eaoa-Gr.n I 6t09 ntsl I 0.00 0.26 0.26 G.a 0.29 0.29
Meade 403.993 404.732 0.719 3,900 50601 355436 B Ea~rall comol.x, 2 to6 oercent IOH 0.15 0.66 0,.58 0.74 0.l4
Meade 404.732 404.146 0.114 601 5D601 355437 C ~..:...GraliUlft\.al.. 6to9n.t"U!ntsllnH 0.02 0.10 0.10 0.11 0.11 0.11
Meade "04.846 404.882 0.016 190 5D601 355436 B EapA-GrallcnmolM:. 2to6pertentsl IDI"5 0.01 0.03 0.03 0.04 0.04
Meade 404.882 404.982 0.100 526 SD6Ql 35S4~7 rall~ex.6to9~nt es 0.02 0.0; 0.D9 0.10 0.10 o.U)
Meade 404.912 405J)46 0.D64 340 5D6Ql 355436 8 Eapa-Gr.n ex. 2 to 6 t 0.01 0.06 0.06 0.06 0.06
Meilde 405.046 405.264 0.218 1,152 50601 355437 E fa r.n com e.. 6 to 9~ leS 0.04 0.20 D,zO 0.22 0.22 0.22
Me.de 4OS.2£.t 0406,002 0.738 3,898 S0601 35~ DeC Delrkln·Cbblrtloams.6to151»l nhlopes 0.74 0.D4 0.04 0.07 0.11 0.74 0.70
Meade 406.002 406.010 0.008 43 50601 ~S5428 ~ tabbart lo.m 9 to 40 oercent sIo 0.01 0.01 0.01 0.01
Meade 406.010 406.037 0.026 140 S0601 355430 DeC oai~e-Cabbar't loems. 6 to 15 c.rcent slopes C.D3 0.00 c.ao 0.ClQ 0.00 0.03 0.03
Meade 406.037 -406.099 0.062 328 50601 35$0428 CaD Clbbartioam.9to40~sIo 0.06 0.05 0.08 0.06
Me.de 406.099 406.1)5 0.036 188 S0601 355430 DeC oeIi~-eabbart 1000ml 6 to 1S D;rcentslo~ 0.04 0.00 0.00 0.00 0.01 0.04 0.03
Mude 406.135 406.3)6 0.202 1,064 $0601 35S436 rail ex. z t06 «cent es 0.04 0.18 0.18 0.20 0.20
Meade 406.U6 -406.650 0.314 1,659 SD601 355430 0eC Del bartloams 6 to 15 ~rcentslor- - 0.31 0.02 0.02 0.Q3 0,05 0.31 0.30
Meade 405.650 4Q6.B40 0.190 1.001 $0601 35S436 B E.oa-Gr.rii::M\D1P, 2 to6perc:ent §lQDes 0.04 0.11 0.17 0.19 0.18
Me.... 406.840 407.032 0.192 1.012 SD601 35S430 DeC 0eIrl~-cabbMtlcWnr..6to15~centsloCles 0.1'1 0.01 0.01 0.02 0.03 0.11 0.18
MucSe 401.D32 407-055 0.024 124 5D601 355436 &:8 EllWIoGraD ~eJ(, 2 to 6 percent s&ooes 0.00 0.02 0.02 0.02 0.02
Me.de 407.os5 407.143 0.087 42 50601 3554!U 1Ea8 Eu.kMm.2ta6 n::entsl 0.00 O.ca 0.08 0.09 0.0'1 -to 0.00
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Table 1; ~I Umltations Along the Pipeline Centerline Mileposted' by Soil Map Unit (continued)

000

I--

0.19
0.29

_E!~OOO_
0.20

"'000-

1---0:3.

0,ll4
0,01

0,09

0.11

0.22

Mude £a raU com,Dlex. 2 to 6 l"CfInhlopC'$ 0.35

MNdll! tabbart~, 9 to 40 tslopfl 0. 17
Meade Gerdrum ICMm 0 to 4 ercent II 0.32
Meade ~rid&e-Clbb.rtloarNi. 610 1S percent ~oPtS 0.23

f', .',~' . .;. -~ '. ~ .. /;,,;-. -. ';.'~t~~l~~:~;~~;·:,~" ~>,. ' ,,' r ".' :,;
0.70 0.70 0.01

Muck Nll'InhUtcwan 4 to 20 cent s 0.01 0.01 0.02 0.00 O.OS 0.03 0.04 .-
Meade fd'um 'oam. 0 to. rQl!nt slOpes 0.01 0.1)6 0.06
Meade t{iI",e to.m. channeled 0.05
"'rade ~~ k!al!'._ _ _ ~___ _ 0.31
Meade COB.313 401!.510 0.197 1,041 SD601 355436 ~ E'I'la-6rail~x.2to6.oercentslo):les 0.04 0.18 0.18 0.20

~T 1~ :::~~i ~:: ~~: =~ :::: ~~ ~~c:=::~:al~:~~=tSk)Ph ~::~: ~:: ~:: :~:~:
Me.lde .as.'l2 408.799 0.187 989 50601 355471 TsS Tanna·Saw complew., lto 6 percentsloPe'S 0.13 O.H 0.11 0.19

~:~ ::: :::i: ~:~~ lS~~4 ::: ::~: :~_ ~;~~:~:~;~~~:~~~~C:~lopef ~ _ __~:~ _0.00 ~:: 0.01 ~:~~ ~::

."E.-j_
~!!-

0.',8

0.11
ii"09

0.01

Uwthtf sift .2 \0 6 percent slopes
A.borsll cI .2to6perc.entslo s 0.08

~:~~ ~2tol~06rce:~~~~;es Wtl
Lawther slltvdavo, 2 to 6percent ~pes 0.04

.-_Me.cte 410.908. 411.160_ 02S2 __+......!4~Q ~~. ~~.:"'+~_ lOelr(dt:e~blitloa~6to15~~ ~.. 0.25 0.01 __ 0.01 0.03 0.04 0.25 0.204
Me.oc: 411.160 411.213 0.113 ~98 SD6Q1 3SSU6 AbC Aborslit"cla~,-6109-M.-centsl;~ 0.11 0.10 0.10 0.11 0.11

~ Mude 411.271 411.365 0.092 486 SO!.Ol 3SS4U uS LawthefSriI,,-r~Ho 6" -teent slo..-s 0.01 0.09 0.01 0.09 0.09 0.01
... Meilde 411,3&5 411,56& 0.203 1.073 SQ601 3~S430 DeC Odrkj;-~ilbb.lrt. loams. 6 to lS-reent J,lo~s 0.20 0.01 0.01 0.02 0.03 0.20 0.19 jE

Meade 411.S68 411.626 0.058 306 5[)6Ql 3SSA1~ Abe AborsiltVda'l,2to6ptrccnulo..;;c. 0.05 0.05 0.00 0.05 0.06 0.00 0.06
~~ 411.626 411.144 0.111 622 S0601 3550448 laB LawtherllltvcUv. 2t06pefaents.toJ)es 0.01 0.11 0.01 0.11 0.12 0.01 0:12-

Meade 411.744 411.150 0.006 33 S0601 35~15_ Abe Aborsll~d~2~6pet~s1ope$ 0.01 0.01 0,00 0.01 0.01 0.00 -! J o.OJ _=.
0.01

f-
0.24

o,~

0.10
iii

0.00

Q.~-i=-... ,
O.~_ --,

033 I f---=-=0.01

Meade 4n.171 411.120 0.042 219 50601 355415 Ab8 ADor~:H06DCrCllint$lopes a.DC 0.04 0.00 0.04 0.04 0.00 OO4E
_~ 412.220 412.l46 0.126 (,68 50601 ~SS44a US lawthet sI1tv d.", 2to6 percentslopes 0.01 0.12 0.01 0.12 0.13 0.01 . ·O.~ _.:,

Meade 412.3-46 412.379 0.033 176 S0601 ]5S415 Ab8 Af)orsUtvdav.2to6cIerc:entsIoDe5 0.03 0.03 0.00 0.03 0.03 0.00 0.03

I ~:;~ :~~:~~~ :~::~:; ~:i~~ 4S~~3 =~ :~~~ ~ ~~j~::::t~=~t:~o~centslo f ~:~ 0.01 :~ 0.01 :::: ~:~~ ~:~~ 0.17-'-

~:::: :::.:: :::.::: ~:~= i~a :=~ ::~:: ~ ~:~~:.~:::r:=\~;centsIOPes :: 0.00 ~~ O.tMJ :~:~: • :.~~ --+-. __ - (120

......de _~ __U3.736 0.141 1212 S0601 ]5S416 AbC Aborslltvc~.,..'to9perce!"tslopes _ ~.2A 0.22 0.22 _~. 0.24
Me.de 413.736 413.139 0.103 5044 S0601 ]SS415 Abe "bOt slltyd~.2 to 6 percenttlopes 0.10 0.10 0.01 0.10 0.10 0.01

~~'de_ 'U3t~ "1~,~:~ C!.~ _~~ _._~ 355"'1& AbC Abor~slltyd ..... 6~9perCO"lhlopes 0,92 _ 0.83 0.83 0:92 -r -T 0.92
f_~.~~_!4t4:;S9t-41.c.887 f--O.1Z8 67S S0601 35500 DeC Oelrid e-Glbbanloams.6to15 et:ntslo es 0.13 0.01 0.01 0.01 0.02 0.13 0.12

Mea6e 414.881 41$.020 0.133 703 50601 3550448 La8 LawtncISIltyd• .,. 2t06 rcentsl oes 0.01 0.12 0.01 0.12 0.13 0.01
""!Ide 415.020 41S.1n 0.lS1 829 S0601 3SS430 DeC DelridRe-Gabbart 10000fnS. 6 to 15 percent sIooes 0.16 0.01 0.01 0.02 0.02 0.16 0.15

·Me.de 415.171 415.210 0.0"3 \76 S06O\ 3550416 AbC Aborsll 6ta9 etcentslopes 0.03 0.03 0.03 0.03 -L .J. 0.03
Me..de 41$,210 415.392 0.182 !Mil 50601 15S438 GoA G~drlJm loam. 0 to" ~n:entslOpn 0-02 fl01 0.11 0.17 niB

MeAde 41$.3~U 415.471 0.045 441 SD601 3S:>469 fda lanna-Dc-Irtdft c:om~e.. 2to 6 Pf'(t.ent IIoQes 0.06 0.06 0.06 0.08
Meade 415.477 41S.S12 0.036 189 50601 3SS4~ GilA Gerdrum loarn. Oto 4 percent slopM 0.00 0.00 0.03 0.03 0.03
~.. ~ii 415.526 0.013 71 50601 355412 TsC Tann....s..vocomDlex.6to9oe«.entsbpes 0.01 0.01 0.01 0.01
Me~e 415,516 415.566 0.040. 210 S0601 355438 GaA Gerdrum loam. a t04 D~centslopl!!s 0.00 0.00 Q-04 0.04 0.04
"Me.de 41So.566 415.197 0.312 1,752 50601 3$50472 T~ Tanna·S.w complex. 6to, percent slopes 0.23 0.20 020 0.33

-~:::: I:::~::.~ - - ~~~ -:: -:: ::::~ ~~ :~O:::~ex.62~~1;=r:;'~~::: ~~; 0.00 ~~ 0.01 ~.~: :.~~
~~ _-,~16.1So4 416.189 0.03S 184 50601 3SS469 TdB 'ann.-oelrldlecomplex.2t06percentslopes 0.03 0.02 0.02 0.03

Meade 416.189 416.411 0.289 1,524 50601 3SS415 Abe AbMslltVdaV,2to6 ntslolH!$ 0.27 0.21 0.01 0.27 0.29
Me.de 416.478 416.487 0009 49 50601 355462 sao 5IImsilcia .6to2Spetcentstopes 0.01 0.01 0.01 0.00 0.01 0.01
Meade 4Hi.•87 416.828 0.341 1.800 S0601 3$5415 Aba Abof siltY d ,2 to 6 pcr~t slopes 0.32 0.32 0.02 0.32 O.:M
Me-ade 416,828 416.91S 0.147 114 5D&Ol 3S5469 Id8 Tann.a-DelriQaecomple.. 2 to 6 pettent sIoDes 0.13 0.10 0.10 0.15
Meade 4U.g7S 411.147 0.172 909 50601 35S4SS NuB NunndaY 'o~ 2 to 6 percent s'opes 0.00 0.01 0.01 0.17
MeAde 411.141 417.Ja6 0.240 1.266 SD601 3$$4(,2 Sao ~nsllclav.6to25,Deruntsiopes ._ __ 0.22 0.21 0.21 0,01 0.21 0,23

M'
iOi
0:00
o:D1
Q.D1
0,02
0.01

0.00

0,'0 __j----

003
0-29_ --
0"34' _.­
i11f;-- -­
0.17 0.00

Mnde 411116 417.467 - O.Oal 427 S0501 TiIl'lna-OeIr team e:Il,2to6percents s 0.01 0.06 0.06 0.08
MeAlSe 411.461 411.650 0.162 963 50601 NUM d 101m. 2 to' cent slopes 0.00 0.01 0.01 0.18
Meade 417.650 411,021 Q.3n 1.963 S0601 I'Cen...5amsllda .6tolS rcentslopes 0.13 0_02 0.15 0.35

I M""d"C 416.021 '18,123 0.102 5)7 5QiOI HU~'p~~,2t06per~~sI0pc!S 0.00 0.01 0.01 0.10
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Table 1: SoU Umitations Along the P1poJine Centerline Milepoated by Soil Map Unit (continued)

0.00

0.00

0.00

0."

0.33

0.00

0.01

~:O!.

D.O.

0.07

0.32

0.17

0.10

0.29

f, . I ":' , ," "',~"'''', '. . ,'. "':;}:~~:~~.?""",:: " : ': ",
~mmJmmJ-m.IBDI~ImiIIIIl!W~_~ __Im__ .

Meade Samsll d .6 to 2S ef"Cfnt es 0.70 0.73 0.02
Mude 5letler d 0,04 0.04
Meade sa~. 6~~ce~ slqI~_ 0.32 0.34
Me.de 419.0Ci6 09.573 0.107 S64 50601 355463 $bE - samstl-Rockautcr c:ompl 151040 ~nt510 s 0.10 0.10 0.06 0.06
M~ilde ·419.513 419.904 0.331 t,749 SD601 3SS466 SI Stettet d 0.33 0.33
Meade - 419.904 420.223 0.320 1,688 SD601 355462 saD ~stl dl't. 6 to 2S percent slopes o~ 0.28 0..10 0.31
Mc* 410.223 420.314 0.0511 479 SD601 lSS466 SI Stetter d 0.09 O.DQ
Me~ 420.314 420.494 0.179 948 50601 3SS4i3 SbE 5amsil-RockouteropcomPleM.1S to40~ntslopes 0.10 0.11
Muda 5amI61d 6to2S reentsl 0.24
Me~ samlll-Rock ou com lex. 15 to 40 percent stapes 0.02
Me~ samslld .6to2S rcentsl 0.12
Mode Pierre-&mJII ell • 6 to 15 t slo 0.04
Meade s.nsdd~.6to2Spercentslopes 0.71

0,23

aoi
o:i1
G.04
o:ei

0.01
0.02
0.00
0.00

0:02
Mead. 4::11.611 421.760 0.083 44D S0601 355otS2 La Lohmiller slltY daY loam, channeled 0.08 Q.DS 0.08
Meide 421.760 421.152 0.093 48' 50601 355462 saD 5amslld ,6to25Den;entslopes 0.01 0.08 0.08 . O.DO 0.09 0.09
MeAde 421.852 42t.1M 0.251 1328 S0601 355451 /.g LohmIIIer cia channeled 0.25 0.25 0.25
Meade 422,104 422.267 0.163 859 SD6D1 35S451 Let Lohmfllerslttvc!!L~ 0.00 0.15 0.00 0.15 O.1~ _
Meade 42.2.267 422.658 0.392 .2 Oil 50601 355462 saD s.msIl dlW.' tg 2S Deteent slooes 0.36 0.34 0.35 0.02 0.36 0.38
Meade 422.658 422.750 0.092 48S S0601 355452 LohmIller slltv d.v INm chlnneled 0.09 O.Oi 0.0lif
Meolde 422, 750 422.952 0.202 067 50601 3SS4S1 Ld lAhmiliet IoMn 0.01 0.18 0.01 0.18 0.1$1
Meade 422.952 423.28) 0.331 1,7'" 50601 nS452 1.1 lohmlUetsl c loam.d\anneled 0.33 0.33 0.33
Me.de 423.283 423.329 0.046 245 50601 355462 $liD SImsfI day. 6 to 2S peteem SIODeS 0.04 0.04 0.04 0.00 0.04 0.05
Me.de 423.329 423.607 0.278 1.461 SD601 3SS452 lI: Lohmilier siltY day 101m. channeled 0.28 0.28 0.28
Mc.de 423.607 423.667 O.os, 313 SD601 355460 fisC Pierre·Samsil d.vs.' to 15 oercent pgDeS 0.05 0.02 0.00 0.02 0.06
Meade '23.667 423.878 0.211 116 SD601 355«5 ~A IMeday, 0 to 2 percent slopes 0.00 0.19 0.21 0.2'
Me.de 423.178 424.155 0.2n lA60 50601 3554'6 KyB Ky1ecllY,2to6pt!rcen!sJopes __ 0.01 0.03 0.25 0.28 0.28

0,00

0.00

0:00

~
0.00
'0.00

0.00

0.00

0.00

0,00
0,00

ClOO
0.00
0.00

0.00.
0.00
0:00

0.25
0.00

0.04

0.00

0.00

0.00

D:iii
0.00
0.00
-0.-00

0,07

0.'0

0.01

0.06

0.16

0.12
0.24

0,06
0.06

0.88

0.04

O,OS

0.13

0.13

0."

0.00

0.05

0.0'
0.00
0:00

0,00

0.00

0.01

0.12

0.01

0.0'

0.00

'ii02
D.ii1
0.00'
i02
0:0;

0.00

O.OT
'D.02

0'"

0.'"

0."

0.'"
0:00

0.00

o.os

0.01

0.01

0.21

0.01
D:2i
o.to
o:os
li24
0.01

0,00

0.00

0.12
li24

0.00

0.01

0.00

0.00. .

0.00

0.00

0.28

0,00

0:02
ill
d...

0.00
0.06
0.01
iii
G.1O
0.05

0.23
0.03
0.88

0.,'
0,04
0,06
0,23

0.20
o.OS
0:00
0.13
o.D9
0.13
o:D2
o:Di

0,00

o:Di

0,00

O,OS
o:ii

0.00
0.12
0.10
O:oi
iii
QJii
i.Oi

0...
G.ii5
0.00
0.13
0.08
0.13
0.02
0...

0,00

0:00

0,00

~
0.01

0.01
0.00
0,00

0.01
0:00a:oo
0.01
0,00

0.01
0:00

0,00

0.00
0:01
0:00
0.00
D.01

0.04

0.01

0.01

o:os
0.00

0.13
0.00
0.13
iiOO
G.04

0.00
iiOO
0.00
0.01

0.00

0.01

0.00
0.00
ii:01
iiOO
0.01
iiOO
0,00

0.0Il
0,0Il
0.00o:u
iUO
'Q.02
D:23
Ci03
'D.Oi

0,00

D:05
o:2i
0."
0.00
0:00
'D.Oi
ii.iii
0.01
i02
0:00

0.21

0,00

0.01
D.2i
o:w
Wi
D:24
0:07

0,12

D:24

0.28

0,00

0:01
0.00
0.00
0.01
iiii4

0.01

0.21
D...

0.D7
o:Di

0.00

0.12

0,20

~
0.26
D:1O
G:Oi
D:23
0:03

~
0.23

0.00

0,00

0,00

Haakon 426.048 426.056 0.008 42 SDDs:f- 354141 PkE PteITe-samsifdaw. 15 to:zS aerccnt SbGes
Haakon 426.0S6 425.340 0.285 S03 Soas5 354141 PkE Ptcrre-Samsll clavs. 15 to 2S I:lercent doI:les
Hukan 426.340 426.443 0.102 541 SOOSS 354155 Sbf Silmslld .25£060 rcentslo
Hukon 426.443 426.500 0.057 303 s0055 354141 PkE PJen-e-SIWnsA 15to25 ercent es
Hukon 426.500 426.746 0.246 1.296 SOOSS 354155 Sbf 5amstl cl-V. 25 to 60 n:entslopes
Haakon 426.746 426.'19 0.073 385 SDOSS 3$4162 StF SCh.mber~s.msd ex. 6to fiO percent slOfM!':Ii

Hukon 426.819 427.701 0.812 4,657 50055 3S4094 KeA IQrleYcia Ioam,OlDZ reentsl
Haakon 427.701 421,047 O.SOC7 1,830 SOOSS 354153 RkD Ree--VIvI~ <:omplcx" 6 to 15 percent $loges
Haakon .28.047 428.092 0.045 237 SDDSS 354148 ReA Rte loam.Oto 2 percent s!oDes
H..kon 421.092 "28.216 0.124. 653 SOOSS 354162 Stf SChamber-SIms" comPlex. 6 to 60 Dercent slopes
Haakon '21.216 421.466 0.251 1,324 S0D5S 354155 SbF ~msll dav, 25 to 60 percent slopes
Hulton , 15 to 25 cent es
HubM ~

Hulton PIcE 15 to 25 rcent slooes
""kon K d ,3tD6 tslo I

HMkon Lp L.ahmiller S11t_'ldW, Ch..neled
HNton 428.949 429.076 0.127 672 SD05S 3$04106 K: K d 3 to' sIo
" ..ken 429.D76 0429.101 O.D2S 130 SOOS5 3$04112 Lohmilier II neled
Huk.on 429.101 "29.141 0.040 210 SOOS5 354106 KyB K~day,J_to6percent~~

Meade 424.155 424.431 O.2n 1.461 50&01 355460 Pst Pierre-Samslld.vs.6to15-i.cantdopes 0.25 0.10 0.01 0.11 0.28
MNde 424.411 424.496 0.064 339 SD601 355457 PeB Pierre cl.v. Z to 6 oe:lU:nt sfo 5 O.De 0.00 O.DO 0.01 0.D8
Meade 424.4'5 424.655 0.160 844 SD601 355452 IJI lohmiJIersiltyd.Y~ch,"neled 0.18 0.16 0.18
MeAde 424.655 ..24.670 O.OlS 18 SD601 355451 LeI Lohmillerslltvdavklam 0.00 0.01 0.00 0.01 0.01
Mellde 424.670 "24.695 0.025 1).4 S0601 355467 'ilNA Swanbav day 0.00 0.02 O.DO 0.03 0.03
Meide 424.695 424.769 0.074 390 S0601 3SS4S1 L.cI Lohmllter sUtvday bam O.DO 0.07 0.00 0.D7 0.07
MeAde 424.769 0424.152 0.013 436 50601 355467 $itA S'«lInbov dav 0.00 0.08 0.D1 0.08 0.08
Meade 424.852 424.912 0.060 319 50601 35S451 Ld Lohmilier siltY dav loam 0.00 0.05 0.00 0.06 0.06
Meade 424.912 425.058 0.146 769 50601 355446 KyB KyledllY.2to6percentsiopn 0.01 0.01 0.13 0.16 0.16
Meade 42S;058 425.177 0.119 630 S0601 355451 Ld Lohmilierslltvdavloiam 0.00 O.H 0.00 D.H 0.11
Me~ 425.1n 425.422 0,244 1.291 50601 355439 Gc Glenbel'«f1nesancfv~rn 0.02 0.02 0.02 0.02
Meade 425.422 425.544 0.122 645 50601 355421 sa BanQrd loamvflne sand 0.11 0.01 0.01 0.01
Meade 425.544 425.597 0.053 279 50601 355422 8b 8;lnbrd • ...,.11y IIMmv sand 0.05
Mnde 425.597 425.605 0.008 C3 S0601 3554n W Water

Pl'nnll12ton 425.605 0425.629 0.024 128 S060S 356130 W Watet
Penni on 415.619 425.927 O..zg9 577 $D605 356101 Rv IUlfCrwash

Pennlrwton 425.921 425.987 0,059 312 SD6D5 3S6062 Lo Lohmnler 51ttv daY
Hukon "25.9'7 426.048 0.061 324 sooss 3S4111 Lo LDhmlUer sIlty c
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Table 1: SoIl limitations Along the P;peline Centerline Milepost8d by Soil Map Unit (contlnlJ8d)

0.01

000·
.~.~

0.00

000

0.00­
~
0.01

:fEL
0.00

O~Ol

0."

0,22

o.O!_

0.23

O'd 002-- 'iioT
~37' ~.02-

0.96

0.08

0.20

0.31

032

K~',T . , ':"~': ," ,.'"" '-; '.'' "'~~A~~:',ft~:;~>- ," . C ',: l' .-, :-,- - 'r" .:-~
tiM ... 41 • IEmW 50 S4 41 lelte- to 50 rcentosl 0.39 O,D2 0.41 0.18 0.01 0.01 0.01 0.18 0.39 0.41 0.03
Hwkon 429,562 429.707 O.US 767 SDOS5 3S41S7 SdF Samst'I.Rockouteltm CGmplcx.1Sto60pen:.enl1lope$ 0.13 0.01 0.15 0.08 0.08 0.09 0.15 0.06 --I-
:::~ :~::~:~ :::: ::::~ :~ ...~::: :::~:;- __'~~~~=~7Plex.6_b!60P!~ntsloPe' 0.07 ~:: .O.t~ ::: -O~03 l: ~:~~ . O~1.L-~! 1-----0.15 0,02

HaJkan 430.008 431.162 1.1S4 9,261 SDOSS 3S414S ReA P.ee loil'n.Oto2 percent slopes 1.67 0.04 0.05 0.05 1.75 1.75 - 002
HlII.ion 431.762 4n951 0.1&9 1.000 SODS!! 354151 Rte. Ree-cannlnRloams.6to911otrantsJopes 0.02 0.17 0.17 0.17 0.09 O.~~_ ~~- I

Hukor. 01,9S1 432.158 0.207 1.093 SDOS5 )54149 ReB R«toam.2to6D1'fccnUloprs 0.19 0.01 0.01 0.01 0.21 - - O.~L _0.011

-HaJkon 432.158 432.915 0.817 ... 315 50055 3504148 ReA Rctknm.Oto2"ercenhkce5 0.78 0.02 0.02 0.02 0.82 - 0.82 O~01 ~

Hnlion 02.975 ·US.UO 2.155 11,371 SOOSS 3504101 lme ICIrley-()ttumWlllcomplelt.2to6perc:entsloJ)fl 0.22 0.19 0.19 0.19 2.15 2_15 0.02-
Haakon . 435.130 435164 0.034 178 s00S5 '354155 Sbf .s..msilclav. 2Sto 6OpercentsioMol. 0.03 0.00 0.03 0.03 0.00 0.03 0.03 0.03 0.00 -

~akon 435.164 435.574 0.411 2,169 !DOSS 354101 KmB IClrlr'i-onumwacomplex.2to6netcemsloPts 0.04 0.04 0.04 0.04 0.41 .~
HaltOn 43S.S14 435.696 0.122 644 SDOSS 1S409S ld K1rle davloa 2t06 tUnulopes O.ot 0.00 0.00 0.00 0.12 0.12
Ha"ko/1 435.696 435.815 0.118 625 SDOS5 354133 OvA Ottun1Wa.Qpa compfe.. 0 to 3 pefcent~~ _ __ ~-.!'.OO _ __ _ 0.04 0.04 0. 12
Ha.kon 435.815 436.760 0.945 4,989 SDOS5 354101 lema IQr~umw.compleIlo2to6percen~d 0.09 0.09 0.09 0.09 0.94
Hukon 06.760 436.9)4 0.174 920 SOOSS 3S40n CbA ~Ulltloar1\Oto6percentslQD's 0.01 0.01 0.16 017 0.17
'Haakon 4*-934 07.152 0.218 1.151 SOOSS 354101 lema K1r~umw.tol'nolell,,2~06percentsloPes 0.02 0.02 0.02 0.02 0.22
Ii6akon 437.1S2 437.237 o.oBS 441 SooSS 35413:1 OVA Ottumwa-GIna CC1mplex. Ot,o 3morc:enuloOM 0.00 0.03 0.03 0.06
H;ukon 437.237 ,4)7.329 0.092 486 SOO:;'S 3541304 owe Ottumwa-ulcOlMsllty da'($,) to 6peu;ent sto.pes 0.03 0.00 0.00 0.00 0.09
Hu.on 437.329 437.595 0.266 1403 SOO55 3$4133 0"" Ottumw.-Gloa c:omplex,. Ota 3 reent slo....s 0.01 0.09 0.09 0.27
H~akon 437.S9S 437.121 0.227 1.197 SooSS :lS4132 OtB Ottumwa silty d..,., 3to 6 percent slopes 0.01 0.01 0.01 0.23
Ha"koo 437.821 "37.922 0.101 534 SOOSS 3S4133 OvA ouumwa-Caiu rDfN'llex. 0 to 3 percent slopes 0.00 0.04 0.04 0.10

~:: ::~~:: :::: ~:: 1:2 ~:;~ :~~~~ ~ :==:~sf~:d6~~~t~I;.1e"~slon..s ~:: 0.00 ::: ~:~~ ~::-1If---

I ~::~ :::::~: ::.::~ ::::: :::- =~ :~~~ ~~ =:I:V:~~~~O~~-::::~= :~ 0.01 0.01 ~:~; ~~~ ~:~;

l_ ~~;: ::::::: :~~:~~ ~:::~ ~':~ =~ :~~= ~ ::::::~=:~::~~:::::::~:=: ~:~ ~:: ~:: ~::~:
Haakon 440.256 440.611 0.355 1,875 SDOS5 JS4US owe Ottl.lmw.·~l(orMslltyc:I.ys.6to 9 percent sloPe'S 0.t2 0.02 0.04 0.04 0.36

013 --l I -f--:;-;_.
I 0:" - 1- _~~~'_

._~~

001.

o,-w.
o~oo

000
O~O*1

0.01'*
0.-00­
'0-'"00
000

027
"Q.Oi
0:11

0.46

0.05
1"51-

0.12

0.21

0.28

000

%.t!i
.15 T"oi'

0:0..- o~oo

'0.49 -=.'!:~*

0."-4

0.00
O.OZ ·0:00

0.00-

f
~-w~~

0.01
. 0.21 ~Ei

0.01

+----1

0.02

0.41

0.11
'D.1i

0.43

0.08

O.o~

0.07

0....
D.2i

tiwluln 440.611 440.876 0.266 1.401 SOOSS 354131 0tA Ottumwa s1t~d~-ota> 3pe(ee11t sIoDl!s 0.02 0.02 0.21
Haakon 440.176 440.906 0.030 156 500SS 3504134 0w9 Ottumw.-Latornasll~d~-3to6percent:s)oDK 0.01 0.00 0.00 0.00 0.03

~~~ ::~:: ::~:~~: ::~~ ~~ ~:~~ :~~~~ ~ ~~=~~ad:r::=:::~:::nt:lo~es 0.00 ~:~ ~:~~ _~:~
Hll...kon 441.0S6 441.149 0.092 438 SDQ55 3S4166 Wd WendtHierdGlm";- siltv da~, channeled 0.04 0.00 0.04 0.09
HNkDn 441.149 441.181 0,032 167 SOQ5S 3501133 OvA. OCt:umw.~pa comPIeJC, 0 to 3 rccnt si~"es 0.00 0.01 0.01 0.03
HwkDn 441.181 0441.230 0.049 2S9 50055 3S4132 OtB Ottumwa silty day, 3 to 6 percent slopes; 0.00 0.00 0.00 0.05
t'b,alum 441.Z30 442.739 1.510 7.972 SOOSS 35.4134 owe Ottum...1.3ltomulflVd~ 3to6~rcentslo0P5 0.45 0.03 0.06 0.06 1.51
Haakon 442.ng .....2.800 0.060 319 SOOSS 3.54104 Ko ~Isctay 0.01 0.01 0.06
Hukon 442.800 "43.255 0.455 2,404 SOOS5 3501134 Owl Ottumw.·t.akoma silty clays, ! 10_6 ~rcent slopes 0.14 0.01 0.Q2 0.02 0.46

~;~~'1l::~~} :::::~ ~~::: ~: ~::~ ~:~~ C::O
C

~~"7:~6sJ~\~a::e::I=entsloDeS ~:: 0.01 ~:~~ ~:~~ ::~~ ~:~:
H;t»i!on .4,n.582 443.694 0.112 593 SDOSS 3504166 Wd tweodtC!'-HercfamDsiltvc~vs.ch~"neled 0.04 0.01 0.04 o. n
H.....on 4U.694 443.805 0.111 S86 50055 354141 PIlE Pierre·Samsll daY!. lS to 2S Del"centslo~ 0.10 0.00 0.11 0.05 0.00 0.00 0.00 O.oS 0.10
Haakon 44).aoS '"3.99' 0.1~ 1,025 SOO5S .iS41OS LaC Ukom. sUt .6 to 9 rcent 3010 5 0.16 0.00 0.00 Q.Ql 0.01 0. 19

Haakon 443.999 444.019 0.020 105 SDQSS 3.54132 OlB Ottumwa sUrvday, 3 to 6 percent slopes O.DO aoo 0.00 0.02
H••koo 444.019 ......OJS 0.020 105 SOO5S 354108 UC ukOlna sur: d ,6 to 9 percentr;~ 0.02 0.00 0.00 0.00 0.00 0.02
H~~ 4.....039 444153 0.31-4 1.659 SDOS5 3S4132 018 Otturnwulltvdav, 3to 6 percent slopes 0.02 0.02 0.02 0.31
H~kon 444.353 444.781 0.428 2.258 50055 354108 L.aC Ukornasl ,6to9 IU:ntslo~ 0.39 0.01 0.01 0.01 0.02 0.43

fc;:~+:1~~ ~.-::~~~~._... ~:~: :~:~: : :=:Il:'d~;~~t;::=;:I::es ___~:~_ _ 0.00 O.oo~: ~: ~:~~ ·,·-----r-·-·-O·.09
Haakon 445.091 446.243 1.152 6,011 --SeaS5 354132 0t8 Otwmw-i sihyclaV,'3to 6 - tCl:ntslo~ 0.06 0.06 -- --0:0& -1.15
HUlkOO 44£.243 446.282 0.040 210 SODS5 354131 OtA OttUmwa 5l1t"i dav,DtG! cent slopes a.co 0.00 0.04

~..:-~~~: :::~:: ~::~~ ~::~ :: :~~~ ~ =:::::~-~~~~:e:::~:ertent$~pes ~:: 0.05 ~:: ::: ::::
Hukon 441.229 447.348 0.119 i30 SOOSS 354132 Ot8 Ottumwufltvcl•."3 to 6 cent slopes 0.01 0.01 0.01 0.12
H"akon 4-47.3" .eel.U? 0.069 36S 5DDSS 354135 owe Ottumwa-UikcmaslltvdlM 6tD9pel'untsiooes 0.02 0.00 0.01 0.01 0.01
H"akon 447.417 447.628 0.111 1.112 SOOS5 35-4134 0wS Ottumw.·Ukoma slttydavs. 3 to 6 percent slo"es 0.06 0.00 0.01 0.01 0.21
H.....koti 441.618 447.881 0.253 1.335 50055 354109 laD Liikomulftvdav.6tolSpet~ntslopes 0.22 O.Ot 0.01 0.01 0.02 0.25

~1~~:~ :"'~:~: ~:~~: ;~6 ::~ ~:~: ~ ~~::::d~~6~:;:;1~~;e:tslooes ::: 0.01 0.01 ::: ~:~~ ~::
HaakDn .....8.206 448.271 0.065 345 SDOSS 35.coas a Ca -W"ndte chann.ted, com~lex 0.00 0.00 0.04 0.001 0.01
~~ '-4!1..271 .48.344__ J).073 387___ SDQSS 35--4109 lAD_ ~s1ttvd.av.6to15Perctntsktpes 0.07 0.00 0.00 0.00 0.01 0.07
~!wn ent sIo 0.08 0.01 0.28

~:::: - :: ~:: -~

k~lOo~ Xl 51~ele City· so SoIls
ClEnterline SUf'l'\n\M'y
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Table 1: SoIl Umltationa Along the Pipe/ina Cente~ine Mil.posted by Soli Map Un~ (continued)

0,00
0,02
'i.OO
o.oi""
0:01
0.00

0.00

0.99
0:18"
0':'i0
D:2o

0.09

OA2

I I ~.:= I I I 0.01 I I ~'~ I I ~'~~ I ~.:: I I I I~:'

!,"',!' ", .,,' '( ""," : "': ,,'-c ." .:~~~~f.i,~;J~;:,';:,:'~ "',' : ", ,:,
Hukon 44&783 448 861 0.078 41 SD05S 54109 LI .... to ercent 0..00. 0.00 0.01 O.Da 0.07 0.00
Hpllon .tca.161 449.136 0.215 1455 .SOOS§ lS4U4 owe Ottumw..ukomasfltvdavs.3to6Dercentslooes 0.08 0.01 0.01 0.01 0.28 0,28 0.00
Hwkon 449.136 449.241 0.110 583 SOOSS 354109 LIO lIkomaslltvdiW.6tolSpeteentslopes 0.10 0.00 0.00 0.00 0.01 0.11 0.10 -0."00'
Haalcon 4049247 44!U2S 0.179 943 SOO55 354134 OwB OttumwH.lkomasllNd s.3te6 rcentsJODl!S 0.05 0.00 0.01 0.01 0.18 0.18 0.00
Hllillkon 449.425 449.5n 0.104 SSG SOOSS 354109 uD takomuUty d • &to 15 nt slopes 0.09 0.00 0.00 0.00 0.01 0.10 0.10 0.00

'-ii;akon 449.529 449.701 0.172 gog SDOS5 354134 Owl Ottumwa-Lakomaslltvd 3to 6 percent 0.05 0.00 0.01 0.01 0.17 0.17 0.00

::: :::= ::i~:' -::~: ~~8 -~:: ::::: ~ =:::v~ .::~S rce;:.=::s ~:~ :~: ~::~: ~::~: ~:~.._ __ ~:~
Hiakon 449.963 450.451 0.411 1.1573 SDOSS 3~1~ 0t8 OtWmwaslltyday.3to'pereent~pes 0.02 0,02 0.02 ~~ 0..49 D.Ol
HAkon 450A51 4SO.692 a,l4i . 1 i76 50015 3S4ii4 --owe OttUmwa-Lakomasntv davs, 3 to'~ sIooes 0.01 0.00 0.01 - 0.01 0.24---' - 0.24 0.00

:::: ::;:~ ::~~ ~:: 23;~ ::: :~~~ =::::~::::~~:::=:: -' ~:~ ~::-. ~:: ::~~~: 0.05 0.43 0.00

Hukon 451.187 451.565 0,379 1,999 SDD5S 354101 Km8 KlrINCttumwacom IU2to6DetlZntdoaes 0.04 0.03 0.03 0.03 0.38 0,38 0.00-
Haakon 451.S6S 451.619 0.053 210 SDOSS 354132 et& Ottumwa sllty daY. 3 to 6 Detc;ent ,lODeS 0,00 0,00 0.00 0.05 0.05 0.00
Haakm 451.619 451.760 0.142 747 5DOSS 3S4US awe Otturnwa-Lakomasll\vd 6to9 antslo s 0,05 0.01 0.01 0.01 0.14 0.13
Hailkon 451,760 452.046 0.286 1.509 SOOSS 3541:M 0w8 Ottumw~LakDmisiltYd~ 3 to 6 prerc.ent slopes
Haakon "52,0.16 452.499 0,453 2,393 SDD55 3S4132 018 Ottumwa siltYdaY. 3 to 6 aercentsloDeS _. _. _..
Hukan 452A!! 452,591 0.Q92 487 SDOSS 3S4109 LAD ~slltu:lav.6to15~,CItntslopes 0.08 0.00 0.00 0.00 0.01 0.09
Haalean 4U5U 451.S78- 0,987 5,210 SDOSS 354101 Km& Klr1ty.Otturnwa complex" 2 to 6 percent dopes 0,10 0.09 0.09 0,09 0.99
Haakon 453.578 4S3.7s.t 0,175 926 5DQS5 354131 etA Ottumw.S1!!X...~!'y:010 3 aerCltntsloDft 0.01 _~ 0.18
Hukon 4S3.754 453.857 0.103 S46 SOOSS a.s4101 Km8 Klrl-ottumwacom lex.2to6raeIWntslOOM 0.01 0.01 0.01 0.01 0.10
Hum 453.857 454.055 0.198 045 SDOSS 354134 owe Ottumw...lalr.oml silty claw. 3 to 6 ts 0.06 0.00 0.01 0.01 0.20
H.akon 4S4.o55 4504.520 OA6S 2,4S5 SDQ55 SS4135 owe OttlllTlwa-ukom.slltycl~6togPf1'Ct'ntslope:s 0.16 0.02 0.05 0.05 0.46

0.10 I 0.00
0.08 0.00

--o~

Haakon 454.520 454.690 0.170 at9 SOOSS 3~107 laB LakOmas~3to6nVlZnt-sIDPes 0,15 0.01 0.01 0.11
H.akon 454.690 454.957 0.261 1,.(11 50055 354135 awe Ottumw...ukom.slltvdav$,6to9oeruntsIoDes, 0.09 O.Ot 0,03 0.03 0,27
Haalcon 454,957 .t5S.131 0.173 916 50055 3S4109 laD La!(omuUtyday.6tolSpercentslooes 0.15 0.D1 0.01 0,01 0.01 0.17
Hakon 45S.131 455,247 0.116 612 SOOS5 3S408S a CADa-Wendte channeled_ Mfftnlex 0.01 0.01 0.Q6 0.07 0.12
Hukon 45S.247 455.2as 0.039 204 SOOSS 354109 laO LaI«ml5i.....d.w.6to15~tsiMes 0.03 0,00 0.00 0.00 0,00 0.04
Hpllon 45.5.285 455.370 0.Q85 447 SOOS5 354135 owe Ottumwit-Ukomuf d. s.6to9 ercentslo 0.03 0.00 0,01 0.01 0.08
Haalcon 455.370 45$.700 0.330 1.742 50055 3S4109 laD lakoma slftvdw. 6to 15 a«c:ent slOOflS 0.29 0.01 0.01 0.01 0.02 0.33
Hplcon 455.700 455.803 0.103 542 SOOSS 354134 owe Ottumwa-talutmulltyd~-!IO_ 3 to 6nercentsionH 0.03 0.00 0.00 0.00 0,10
Haakon 455.803 456.026 0.214 1,181 SOOSS 354135 owe Ottumwa-t.iikomaslltvcllvs.6to9pe.roentslopes 0.08 0,01 0.02 0.02 0.22
Haallon 0,12
Hullon 0.10
Haalcon ~

Hukon 0.18

0,24
Fii

0.04
o:oi
i31

0.'"

0,10

0.01
0:01
Mil

0.01
0.00

H.akon Ottumw.-lakom. slit d 6iO 9- rant slOpes 0.05
Haakon lAkomasl cD 3106 rcentslo S 0.06
Haalcon ~lJm~~_sllt.'L~s.._6to_!Jpe~nt.!!o~ 0.22

0.05

0.20
Hakon 456.850 451.073 0223 1.177 SOOS5 354101 LIB LIkofM slJty dav. S to 6 Dercent $Ioors 0.20 0.01 0.01 0.22
HaakDn 457.073 457.317 0314 1,659 SODSS 354109 lAD lakomasflt d ,6tolSPllfcentslopes 0.28 0.01 0.01 0,01 0.02 0.31
Haakon 457.387 457.536 0.150 790 SOOS5 354135 0wC Ottumw...l.aIkomasl s 6t09 rcentslra 0.05 0.01 0.01 0,01 0.15
Haakon 457536 457.663 0.116 668 $CI05S 3504132 0t8 OUumWIl5"c cl 3to' tcentsla I 0.01 0.01 0.01 0.13
Hakon 457,663 457.718 0.055 292 50055 354135 owe OttUmwa-Lakomul/tvda1 6to9Dertentsioraes O.D2 0,00 0.01 0.01 0.0&
Haakon 457.711 457.946 0.228 1,104 50055 354134 owe OItum~si 3to' rc:entdo 0.07 0.00 0.01 0.01 0.23
Hiikon 457.946 457,'" 0.00 225 50055 354135 owe Ottumwa-Lakomaslltvd 6tD9pertentsloDe5 0,01 0,00 0.00 0.00 0.04
Haakon ..57.989 458.237 0.248 1.309 SDOSS 354134 Owl Ottumwa-Lakoma sUtydavs, 3 to 6 percent s\opel 0.07 0.00 0.01 0.01 0.25

0.00

0,00

0.00

0.01

0.01

0.01

0.00

0.00

0.00

O.Of
0:00

-O,Ot
QjjO
0:02

O.OS

0.13

0,25

0.23

0.04

0.10

0.03

0.50
031

0.0'

0.02

0.04

0.02

0.05

0.13

o.os
D:3O

0.29
~

0.29

0.35

0.03

0.22

0.05

0,30
010
D:ii
D.5O
E'i
0.03
Q.06
o:2i
Q.03
ii:ii5

0.02
0:00
0:02
o:oi
o:oi

~
0,02

0:00

0.01
QjjO
o:oram
O:oi

0.ll3
0:02
0:00

0.01
0:00
0,01
ilO1
i02

0.00
o:or
QjjO

0.01

0.01

0.00

0.00

0.27
Q.03
0,33
m
0.02
0.00
i.Oi
o:or
0:03

H..1con 458.237 458.380 0.144 759 50055 3541'35 owe Ottumwa-l..IIcclmaslltvdlVS. 6 to 9 pettent sIooes 0.05 0,01 0.01 -0.01 0.14
Haakon 458.380 458,462 0.082 433 SDOSS 354134 OwB ottumwa-t.aIc«na slltvdiIVS. S to 6 Dll'fcetJt stoOd 0.02 0.00 0.00 0.00 0.08
Haakon 458.462 4S8A8S 0.022 116 SOOSS 354135 owe Ottumwa-LakornuUtv cliIvI. 6 to 9 oercent sioraes 0.01 0.00 0.00 O.DO 0.02
H..kon 458.415 4S1.527 0.043 226 5DQSS 3S4U4 OwB Ottumwa-Lakom. siltv daw, 3 to 6 Dercent s10Des 0,01 0,00 0.00 0.00 0.0(
H..1ean 458.527 458.580 0.053 278 5DOSS 354135 owe Otturnwa-Lakoma si d 6 to 9 percent sIo s 0,02 0.00 0,01 0.01 0.06
H..kon 458,sao 459.000 0.420 1,219 SOOSS 354109 LID Lakomul d 6 to 15 n:cnt sJopes 0,37 0.02 0.01 0.02 0.03 0.42
H.akon 459.000 459.016 0.016 86 SOOSS 3SU70 W Water
Haakon 459.01& 459.321 0..304 1 f/J7 50055 354109 LAD Lakoma slit day, 6 to 15 DC'rcent sIoDes
H...kDn 459.321 459,425 0.104 S51 50055 354134 owe otlumwa-Lakom. slttvdlWS. 3 to 6 oercent s1OC1es
Hilikon 459.425 459.789 0.364 921 SD05S 354101 LaC. LIIcoma sUtv cDV', 6 to 9 oeroent .loDes
H..leon 459.789 460.185 0.496 2620 SOOS5 3~134 owe Ottumwa-lAlcom.S1ft d 3to6 entslooes
Haakon 460.1'S 460.660 0.374 1,976 SOOS5 354094 KeA Klrtey day 10fim. 0 to 2 percent slClges
Hiukon 35AID3 K"O KI VivIan 6 to 15 rcent.1 l!S

HlIIIkon 35408S a capa-Wen channeled. l~)(

....kan 35413$ awe Ottumwa-Lakorna III da 'to9 nt
HaHon 354134 owe Ottumw..ukoma sift: d 3 to 6 t.1
H..llon 354103 KnD IQrley-vtYlan c:ompln. ~ to 15 oerunt JIoDes

Keystone )Q. Stet:'e Otv - SD Soils
CenterUnc Summ..ry
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Table 1: Soil Umltatlons AJong the Plpefine Centenine Milepoeted by Soil Map Unit (continued)

0.01

0.00

0.04

0.01

0.01

0.00
it![

fo:oo
0:02

o.oT·
-0.12

0.21

0.21

0.14
0.09
0.09

0.50

0.78
D.07

0.13

0.14
Fi4

0.04_ .. ~ _.
0...
W

0.07

0.02

0.03

0.04

0.06

0.01
G.iO
0:00
on

0.22
0.15
0.21
0.06

0.24

0.03

Hukon 03.774 47).928 O.lS4 814 SOOSS 354138 pee Pktned"iY,"6te9'Cierc.nts4opcs 0,15 0.01 0.02 - - 0.tJ2-- 1--0:15
Haalcon 473.928 414.150 0.222 1114 SDOSS 3$4109 LaO Lalcontunrvdw.6w1Saerc:entslaMS 0.20 0.01 0.01 0.01 0.02 0.22
Hukon 474.150 <474.207 0.057 302 SOO5S 354110 LbE Lakom..VlYIan comolex" 9 to 2S pcrunt s/oces 0.05 0.00 0.02 0.04
Haakon 414,207 474.414 0.207 1.091 SOOSS 3S.c095 Ke8 KJ~-dl~~- 2 to 6 rw-tcent slOMS 0.01 0.01 0.01 0.01 0.21
HAilkon 474.414 474.677 0.263 388 SOOS5 354122 abE Obton-Llkomasll eta ,1Sto40 rcentsloMS 0.24 0,24 0.01 0.01 0.01 0.25
HNkDn 474.6n 474.889 0.212 1,122 SOO5S 354091 K$ IClt'e","~nnln.comDle~:2to 6 n~cent sIooes 0.01 0.08 0.20
HNleon 474.889 0t.922 0.033 115 SDOSS 3$4122 abE OUton-Lakomls4llvdaW. 15 to 40 Mrcent sloDH 0.03 0.03 0.00 0.00 0.00 0.03
H..ken 474.922 41S.4lQ OA97 2 626 SOOSS 3S4097 KfB Klr nnl c:om;.i.,,_ .2 to' treent es 0.02 0.20 0.47
Hukon 475.420 416.205 0.785 4,144 SOO5S 3SAOM Kc!A Klrilwdlvto-n.Oto2Df:rcent5lo~ 0.04 0.04 0.04 0.78
Haakon .76.205 476.219 0.074 __ .ID._ SOOSS .~j4Q9.1.~_ ~~nnJ~~~J.2to6percentsJopes .p.OO 0.03 0.07
Haakon 416.279 416.421 0.143 753 SD055 3S4094 teA ~~0 to zn;-n:enisJoNoS 0.01 0.01 0,01 0.14
Haakon 476.44:1 476.5iS 0.094 495 SD05S 3S4097 Kf8 IICII'W-Clnnln2compk:x" 2to6oercentsl0De5 0.00 0.04 0.09
Hulton 476515 476.606 0.090 477 SDOS5 3S4O!M KeA. K1r~ clav loam. 0 to 2 a.rr.ent s1OOl!s 0.00 0.00 0.00 0.(»

~::: :~~: .:~:: ::~: 1;~~ =.i~ :: :=::::~l;~:~::~:S:=s 0.01 0.06 0.08 0.11 0.11~:
Haakon 471.028 .n.169 0.142 749 SOO5S 3S4OM Ke:A KlrIr(l»Vio~m.Ot02-rcentsloft;s 0.01 0.01 0.01 0.14

H.-Icon 477.169 471.347 0.178 939 SDOS5 354115 Mo Mosherilltioarn 0.15 0.16 0.16 0.18
H..1con 477.347 471"'78 0.131 690 SOOS5 3S4094 KeA K1r1evet.vloam,Oto2Derccntslooes 0.01 0.01 0,01 0.13
H..1con 477.47. 471.613 0.135 711 SOO5S 3S4093 Hv Hoven silt loam o.n 0.13 0.13

f" r .', " :,-;,:Y~t,: -', ,', ' ' , l .

i' ,i ,> ~'~,,-,>" t; ~ t ~ , J J ' j.

. "'''-' - .. .0.02 0.28 0.01
o.OS

O.DD 0.00 0.08"
0.D2 0.02 0.041

0.16

Hu.kor1 471.613 478.012 0.400 -,ill1 SOOSS 354094 KeA ~toAm Oto2-De-rcentsloD:M'" 0.02 0.02 0.02 0.40

Hdkon 478.012 47•.324 0.312 1,645 SOOS5 354103 KnD Kl""""\ll'Mn col'Mlles. 6 tD 1S nerc:ent dnnes 0.14 0.02 0.22
HNkon 478,324 471.621 0.297 1 SiS SOOSS 354110 LbE Lakom.Vlvi8n CM'I 9 to 25 oer-cent II es 0.26 0.02 0.11 0.21
H.akon 47•.621 47•.198 0.171 935 500ss ~109 LJO 1.M«lm8s1ttvdalf_6to150M1:1!ntsl~ 0.18 0.01 0.01 0.01 0.01 0.18
H..1con 478.798 478.908 0.110 579 SDOSS 354133 OvA. DttlJmw.-ClttaoMftVllex" Oto 3-~~ 0.00 0.04 0.04 0.11
Haakon 478.908 479.091 0.183 968 SDOSS 354117 He Nlmbro s cia loam.. channeled 0.01 0.01 0.01 0.18
Haakon 479,091 419.126 0.036 181 SOOSS 354116 Nb NlmbrosltwdavlOlm 0.00 0,00 0.04

0.22
030
i>.1i

0...
'Q.09

0.40

0.04

0.02

0.01
aoo
0:00
"D.iii"

H..kon PI'Ol"nbe .Jto6 n:entslopes 0.13
t-l~~kon Obtol1'-taltorna slI •15 to 40 rcem slo 0.29
Hiakon Uk«Iv-VMln~ 9 to 2S percent slopes 0.10

0.27
~

0.01

D:04

0.13 0.00

HaMon 0.26
H.akon 0.10
Hukon es 0.43
HMIcon 0.05
HMkon 480.156 480.aSB 0.102 539 SDOSS 354117 Hc NimbrosIItYc:Mvloam.thanneled 0.01 0.00 0.01 0.10
Hpkon 480.lsa 411,289 0.430 2 213 SD055 U4116 Nb Nlmbro sIltv dIY 1000m 0.03 0.03 0.43
Haakon 481.289 -411.348 0.0$9 -- - 311 5DOiS 354117 He Himbroslltvc:UlvlOllnLthlnneled 0.00 0.00 0.00 0,06
Hukon 481.J.d 481·544 0.1" 1,037 SDOS5 354077 By Bulkrcekc: .Oto&: rcentll 0.19 0.17 0.20 0.20
Hukon 481.544 482.009 0.46S 2.453 SDOSS 354158 SoE sanute-Coal clws. 9 to 40 D«Cent sloPes OAZ 0.42 0.14 0.03 0.1& 0.48
Hukon 482.009 482.316 0.371 1 993 SD055 35412.2 ObE Olwton·Lakorna lilt\' days. 15 to 40 DltrC:lInt stOOl'S 0.35 0.36 0.02 0.02 0.02 0.37
Hiikon 482.386 482.4. 0.100 526 SDOSS~] _KfB KlrJeot-Clnnln&cornpl~2.t06perc.entsloPes 0.00 0.04 0.09

0.26
02f
D:3i

0.42
0.35

0.11
D.12

0.01

D:04

0...

0.10

OJ)1
o:os
0.00

e0.00
0.00
MT
01ii

O'~-L~oo

H.1akDn 482..486 48.2.604 0.118 623 SOOSS 354122 abE Olcaton·La.lcomuiitvclaW.1S1040~rcentsI00H 0.11 0.11 0.00 0.00 0.00 0.11
Hukon 412.604 482.6iO 0.086 455 5005S 354109 ....D Lakornaslltydav 6tolSPe:~ntslopes 0.08 0.00 0.00 0.00 0.01 0.09
Hula:ln 482.690 412.701 0.011 60 50055 3S412.2 ObE OIcaton--Ukoma 511 c 15to 40 runtslo 0.01 0.01 0.00 0.00 0.00 0.01
Haakon 48l.701 48.2.797 0.096 S07 SooSS 3S41S8 SoE s.nsaro<tpal c1avs. 910 40 percent sloPes 0.01 am 0.03 0.01 0.03 0.10
Hukon 412.797 0483.033 0.2:16 245 500sS 354122 abE Okatol1'-lakomasiltydl\lS" 1Sto4QgercentslQPeS 0.22 0.22 0.01 0.01 0.01 0.23·
Haakon 413.033 483.3% 0.363 1.916 s005S 354107 La8 LabxnJ s1tty dav. 3 til 6 percent slopes 0.33 0.02 0.02 0.38
HNkon 483.396 483.427 0.030 160 50055 354122 abE Okaton-~komaslltv~Y'S.15 to 40 IIercent 510DeS 0.03 0.03 0.00 0.00 0.00 0.03
Haakon 41J.427 484.135 0.709 3.743 SOOSS 354107 LaB L.-~s1ttvd8V.3to6Pl1rcentsaopes 0.64 0.04 0.04 0.71
H..kon 4&4.135 484.245 0.110 579 SOOSS 354110 LbE lMtom~VlYllin comol~ 9 to 2S Derc:ent s10Des 0.10 0.01 0.04 0.08
Hukon 4&4.245 484.JOO o.05S 293 SOOSS 35409S Ke8 1CIrlft'daV'mm. 2to 6 rcnt 0.00 0.00 0.00 0.00 0.08
tt..kon 484.300 484.353 0.052 276 SOOSS 3S4096 KeD 10 loam. 6 to lS oerce:nt sloOH 0.00 0.00 0.00 0.00 0.05
H..1con 4&4.35' 414.484 0.131 693 SOOSS 3S41DS tenD I(IrteY-VM.n Q)mPiex. 6 to 15 OefUnt slopes 0.08 0.01 o.og
Hulcon 484.484 484.797 0.313 L6S4 50055 U409S KeB K~toam 2to'llIercentsioDeS 0.02 0.01 0.01 0.01 0.31
Hulron 4"'.797 414.874 0.076 403 SOOS5 1S4096 KeD Klfieydav~6to15C11!rcentsloPlS 0.00 0.00 0.00 0.00 0.08
HMkon 4M.874 4&'-931 0.057 301 SOO5S 354103 KnD 1CI .vlvllnl;Q I 6tolS erc;entslooes 0.03 0.00 0.04
Jones 414.931 .....953 0.023 119 s007S 353640 tenD t3 VI¥lan 1:0 9 to 25 oercent slopes 0.01 0.01 0.02
)ones 484.953 4&5.092 0.139 732 $D07S 353637 KmB tr:itiey-Mosher aOto6Pl!f'cent~ 0.04 o.os 0.05 0.'"
Jone5 415.091 "'15.132 0.040 214 SOQ75 353657 abE Okaton-Lakoma silty days, 15 to 40 Elli!rceot sloPeS. 0.04 0.04 0.00 0.00 0.00 0.04

0.11
0.08
0.01
'G.Oi
D:22

0.03

0.11

0."
o:oi

0.07
o:Oi
0.02

0."

0.00

~

no,
0.00

0.03

0."

0.02
"D.iii

0.00

0.31

0.00

~,

--

0.00

0.01
0.00
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Table 1: Soil Umilatlons Along lhe Plpein. C.nterline Mileposlod by Soil Map Un" <-uodJ
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D.01
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FOO
0:-01
0:00
0.01
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FOO
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0:00­
0:00
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0.00.
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0.00
0:01
(loG
D.iii'
0:00
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Diii
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0.01
0:00
0.01
0:-00
QOO
0:00­
0:00
0.00
O~O1
0:00
0:00
0.00
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'MT
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0.00­
FOO
D.03
~oO
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D:"OO
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o:iiO
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o:ii
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D:29
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o:D5
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0:Di
o:IT
0.10
0.04
0:00
o:os
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o:oi
011
D:D7
Q.iii
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D:ii7
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)0'" S01.61O S01.816 0,202 'OiS 50075 3S9605· "....,- ~;u.;;-d_.to'5o,;;;~n~.. T T 0.18 T T T o.02T T 0.0' T T 0.02 T 0.10
Jones SOl.816 SOl.91' 0.163 859 $0075 353670 Prt Promise 6to9 ra!ntsl s 0.00 0.00 0.15 0.01 0.18 , 0.16
Jones 501.978 502.061 0.089 470 s007S 353669 PrB Promlw:'daY. 3to6 Dtrcentsl s 0.08 0.01 0.09 0.09
Jones 502.067 502.,62 0,095 50' SOO75 353618 ........."-OO.,da..... to.O""'Ce,t~ope. J. .l O.09 .l .l O.09 .l0.04.l .l O,O'.l J. 0.04 -I- 0.09
Jones 502.162 502.194 0.032 169 SQ07S 353681 W Wilttr
Jones S02.194 502.241 0.046 245 SD01S 353678 SClE SlnM~o()p.1 d.w. 9 to 40 Del'CIent slopes
Jon. SO:L241 502.306 0.065 34S SOO7S 353668 PrA P1'omIs4-..a- Oto3n.re.ntslo"- --
Jones 502306 S02,7ZS OA19 2.214 50015 353669 PrB Pr~ 3to6-~rcentsio~

Jones. S02.n5 SOl.799 0.074 390 SD075 353665 ODD ODa! d ..... 6 to 15 Dtn;ent !loot!>
Jones 50;1.799 503.905 1.106 5839 SD07S 3S3645 laO Lakornulftvd_. 6to 15 rcentsiODM
jones 501.905 504.024 0.U9 621 50015 35J644 LlC I.alorna sl day. 6 to 9 IJI& rcent siopes
Jones $04.024 S04.sao 0.856 4.521 SOO75 353645 laD bkoma sl 6 to 15 nt Sol

Jones 5Of.aao SOt.9S3 0.012 3IJ SD07S 353665 OIJO Opal dI , 6 to 15 Dercrnt IIooH
Jones S04.953 505.127 0.174 918 50015 353645 aD lMomuJltvdaY,6to15 ~nUkJpts

Jones sos.121 SOS.397 0.271 1.0\29 soens 353665 ODD iiGal day. 6 to 15 nl!'l'CIent slopes
JQRti 505.197 $05.422 0.024 127 50015 353664 0 Id .' to 9 rcent 110-----;;;;;-
JOA" 505.422 $05.686 0.264 1,396 SD075 353644 laC Lakamulltvd~,6to9Detcentslopes

Jones 505.616 505.183 0.097 513 50015 35366$ OpO ntllald__ 6to1Saetcent.slOOH
Jones 505.783 506.138 0.355 1,.73 s007S 353664 0 ~d 6to9 M centsiopes
Jol"Ies 506.138 506.18$ 0.047 2SO s007S 3S366S 000 iODal dlllf. 6to 15 Dercent slopes
Jone-s 506.185 506.221 0.036 189 SOQ7S 35a64S LID Lakomaslttvdav.6to15DefQ!ntslooes
Jones 506.231 50&.245 0.014 126 SOO7S 3~ 0pD ON! day. 6 to 15 percent slOPeS
.tones 506.245 S06AO!1 0.164 867 5OO75!Sa&4S a.D t.akam.stl da 6tolsae,ce"tsiooes
Jones S06.409 506.574 0.165 813 SOO7S 35360 Pr& Promise d.v. 3 to 6 Dercent slooes.
Janes SD6.574 505.628 0.0504 284 SOO7S 3S36B3 Wd Wendteslltvc&.v.c:hanneled
Jonti 506.628 506.618 0.050 2&5 soens 353665 000 IoaaI dav. 6 to 15 DM:ent~
Jones S06.678 506.8IZ 0.201 1011 50075 3S3664 0 ld 6to9 .:entskloes
Jones 506.8&1 507.171 0.296 1.S61 50015 353669 pre PromkedaY: 3to6Dl!rCltntsl~

Jones 507.177 501.274 0.097 513 50075 353663 Id 3to6 Q:f\tslo

Jona S07.274 S07.381 0.106 S60 50015 35.3665 00 Id-V.6to15otrcentslQC)et
.IOf1es 507.381 507.504 0.124 653 5OD75 35364-5 laD' Lakoma511 d .6to15 eretntslo,
Jon.s. 507.504 501.606 0.102 540 50075 353663 Id .3to6 slop"
j~~i-- 501.&06" S01.6.Q 0.043 126 50075 353657 Obe Obton-Lalcoma sll d ,15 to 40 ~rcent II,

Jones 507.649 SC11.700 0.051 269 5D015 353621 Hb tterdca BtJlkreekc:om ex
,ones 507.700 507,152 0.052 273 50075 35HS OPO ~l ct.v. 6to lSPefC(lflt sIoDes
jona 507.752 501.&22 0.070 370 - 5D075 35)663 ----opQ o,)aI d __ 3to'-ae(Cef'l1: slopes
Jones S07.822 507.929 0.1C7 564 SD07S 3SJ6E,S 0 0 al d 6 to 15 ercMt Sol es
Sana 507.929 501.104 0.175 924 5D015 353664 OPe Oual dav~ 6 to 9 "runt s.lopes
Jana SOI.I04 508.177 0.074 388 s007S 353644 LaC I.akorniIllltvd.... 6to9perotntdopes
'ones soa.l77 508.276 0.099 521 S0075 353664 ooc: iODaldav.6to911Cr«ntskmes
Jonn 50&.216 soe.452 0.176 930 50075 353663 ODe Ooaldav.3to6DCn:entslopa
Jones SOI.452 508.521 0.075 394 SD07S 353664 0 Id 6 to 9 Derccnt slaoes
Jones 501.527 SOI.8S6 0.329 1.737 SOO7S 353665 0 0 Iday 6 to 15 aertlnt s10aes
Jones 501.156 509.911 0.476 2.512 SD07S 353645 taO tMorna sIlty d..,.. 6 ta 15 pc,,"nt slOPes

r; ,i -' :, :' - - --, ~>:;: f;~;'t:'-~; :~-" " ,- : , : .
~mmJlmJ1!I~~Im:.mJIImDIm'JI~ m:l_~ " .

Jon.. '97_7~ .911.290 0.595 2,827 50075 959669 PtB P",m..d... 3106 ..rtent~_s 0.51 0.09 0.52 -t-o.60 0.501 0.01
)one~ 4!MI.290 49BAS4 0.165 870 50015 3S36C5 lAO LIkomaslltvdav.6to 15 Pef'Qtnlsloou 0-15 0.02 0.01 0.0", 0.16 0.1-4 0.01 O.ot
Jones "9lAS4 498.595 0.140 141 SOD'S 353634 Ce6 Klrievdavloiilfl\,2to6DtrtentslDCM!s D.DO 0.00 0.00 0.14 -1- ..,J. 0.14 -k 0.oo
Jones 49&,595 4H.771 0.176 ~ SOD7S 353670 Pre PromisedaV 6t:D9ocrccnUiopes 0.01 0.01 0.16 0.01 0.17 0.18 ~ -l- 0.16
Jonn 498.711 491.111 0.040 212 SD075 353675 ReB Rftlotm. 2to6Del'CentsloDft 0.00 D.DO 0.00 0.04
Jones 498.811 499.044 0.233 1.231 50075 353652 Mo ~rslltlc»m 0.21 0.22 0.22 0.23
Jones 499.044 499.132 O.0a8 463 SD075 353669 Pr8 Promise • 3 to 6 n:mt II s 0.0& 0,01 a.De D.OQ
Jon.. "99.132 4990414 0.282 1.489 50075 353663 OP8 0J>a1 clay, 3to6 percent slopa 0.27 0.28 0.01 0.28 0.28
Jonts 499A14 499.141 0.327 1726 50015 353634 Ke8 Kir~da\tloam 2to6Dfrcentslooe5 0.01 0.01 0.01 0.33
Jones 499.141 499.838· 0.091 512 50075 353684 Wt W1ttenslkyday 0.10 0.00 0.10 0.10
.)ones 499.13& 500.241 0.405 2,,136 5D07S 353669 PrB Proml5ed .3ta6 en:entsJ es 0.38 0.02 0."0 0.40
Jones 500.242 500~ 0.106 .561 50075 353645 LaO L.akornasl dav,6tolSPI!rcentslooes 0.10 0.01 0.01 0.01 0.10
Jones 500.348 500."99 0.151 797 50075 '53669 PrB Promised 3to6gercentslooes 0.14 0.01 0.15 0.15
Jone$ 500.499 SOO.939 0.419 2.320 50015 35364S LaD ~ sl .6 to 15 ae«:ent doo~ 0.40 0.04 0.02 0.04 0...2
Jones 500.939 sm..QS2 0.113 S9fi 50075 153669 PrB Promise d • 3 to 6 Dtrcent slOPeS 0.11 0,01 0,11 0.11
Jones 501.os2 501.238 0.186 982 s007S 35366S PtA PromtRd Oto3oercentslDC:les 0.10 0.01 0.16 0.19
Jones 501.U8 ~1.3I6' 0.149 785 SOO75 353665 OpO O.,.ld.... 6to1SPelCllntsiopes 0.13 0.00 0.1~ 0.01 0.14 0.15
Jones 501.386 501.414 O.osa 517 s007S 353669 PtB Promise dav.3 to6 percentslOPts 0.09 0.01 0.10 0.10
Jann 501...... 501.614 0.130 GIS s007S:!53S58 otf Okatan-W'endte--8ul~compku'.Oto4SpercenhbpCs 0.07 0.08 0.04 0.03 0.04 0.13
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Table 1: Soil Umitatic'Jns A1cog the Pipeline Centerline Mileposted by Soil Map Unit (continued)

I-'-~:'r 1'-." . T :.~ ...,:-....'.'.~. "'-?' ''''_~,;~:~~~~r:'':'//~;'~/ " - ;'.: ...
n " 028 0.28 0.28 0.00

Jonel 509.613 509.165 0.252 I,J29 50075 353660& ODC lOoIldav, 6to 9 Dt!l'tent sloDM 0.24 0.00 0.25 0.01 025 0.25 0.24 0.00
Jones 509.165 509.925 0.D60 317 S0015 353663 008 0,;..1 c 3 to 6 pcr«ntslo s 0.015 0.06 0.00 O.oe 0.08 0.06 0.00
Jonel 509.925 510.33-6 0.409 2,]59 SOlnS 353665 OPO Optldily.6tolSpen:ent5lopes 0,36 0.01 0.38 0.03 0.40 0.41 0.38 -O~02

Jones S10.H4 510.433 0.099 525 50e'75 3536104 Ope ~ldilY: 6tol rcentsletPt'J O.tO 0.00 0.10 0.00 0.10 0.10 0.10 000
I ~el StO.ln 510.8~~ 0.'18 ~l~ SOO7~ 3~~§ 000 OJaldav 'tolS~era:~t5Iopes 0.37 0.01 0.39 0.03 0.11 0,42 0.37 0,02-

,l!:!!.=f*.0'01.0.01
0:08' 0.00-

0.00

M-lllbOtOdtY--------.-O~-slo ----.- -- -- 0.28

·~-j--"';:""A,-!:~~:~~ade::I:'m.,Oto 3~t slopes ~:~

Jonel 514.299 515.328 1.029 5,,02 5OC75 35!645 laO Lakoma sflt"da". 6 to 15 ~rcent)1-, 0.93 0.10 O.OS 0.10 0.98 0,87 0.05 0.05

:::: - f~ :::~~r7i~i·· 1;':.3 ~~Ji ~:: ~C::~I::er=ts'~ :':~~. ::: ~~: ~:~~. - :~~ 0.00 0.35 ~ ..:i-
~;;;-- 5t5.789 501'.0&6 0.2n 1,461 50075 353663 OpB Ooalda'f,3 to' oereent slopes 0.28 0.27 0.01 0,28 0.28 0.28 0.00
)0/';;, 516.066 516.]21 0.055 192 50075 353668 PtA Promise c1aV, 010 3 De(tfnt s100e' 0.05 0.00 0.05 0.06 0.06 0.00
}Ones 516.122 516.176 0.055 289 50075 .l5l6A4 UC Lakomasll d 6to9 Ctcenulopes D.OS 0.00 0.00 0.01 nos 0.05 0.00
.Kw\es 516.176516.313 0.147 775 5D07S 353663 Ope OpaldiW. 3to 6 oercent tIopes 0.14 0.14 0.00 0.15 0.15 0.15 0.00·
Jones 516.323 516.402 0.019 418 SD07S 353668 PtA Promise d.v, Oto 3 Dt'tcent,loI)es 0,08 0.00 0.08 0.08 0.08 0.00
Jones 5]6.401 516.523 0.120 636 5D075 353&63 Ops Oluldav. 3to 6 oercent ,loMs 0.11 0.12 0.00 0.12 0.12 0.12 o.cxf
Jones -S16.523 516.726 0.203 1,074 50075 353643 LiB UkomulltYda lto6 rcents!opes 0.19 0.01 0.01 0.01 0.20 0.20 ~'

J---fc;nes 516.726 516,983 0.2S7 1,358 5OC7S 35~ L..C "'komulltyd~,6t09PCtcentslopes 0.23 0.02 0.01 0.03 0.215 0.23 0.1>1
- JoneS 516.983 511.233 0.250 1.319 50075 353663 OpS OPAIclav,3to6DCrcenhiogn 0.24 0.204 0.00 0.25 0.25 0.25 0.00

1000es 517.233 !l>17.217 0.045 235 SD075 353627 Hb Herdcamp-8u1lcreekcomplex 0.00 0.04 0.02 0.04 0.04 0.00 ·0.03
Jones 511.177 517.361 0.090 473 5OD75 353645 ~ LakomilSlltvd~.6to15petcent es 0.08 0.01 am 0.01 0.09 0.08 0.00 0.00
Jonn__r~ 517513 0.146 773 soens 353664 ope Opiild..,., 6to9 pen:entslo06!s 0.14 0.00 0.14 0.00 0.15 0.15 0.14 _0,00-
JOnes 517.5]3 5017.914 0.470 2,483 S007S 353663 opS Ooaldav.3to6percentslopes 0.45 0.16 0.01 OAl 0.47 0.47 000

_..~5.~7.~~~?~ _~ ~~~~~. 353669 p.~~._ Pf'Omiseda'f"!to6~.centsiopes 0.10 0.01 0.10 0,10 0.10 _~_
Jones 518.088 5118.181 0.094 495 s007S 353663 B Opald. ,3to6 ~ntslo s 0.09 0.09 0.00 0.09 0.09 0.09 0,00
Jone, StL181 518.270 0.088 467 $0075 lS364C L...c l.alornasl d ,6109 reentsioPe' a.OB 0.01 0.01 0.01 Q.D9 o.aa -~~-
~; 518.270 518.874 0.6001 3,191 S0075 353&45 taD tatomasi d ,6101Spetcentslopes 0.54 0.06 0.03 0.06 0.51 0.51 0.03- '0,00-

Jones 51S"74 518.898 0.024 US SOQ7S 353643 LaB utcoma sl d ,31 to 6 ~r(;l:f't tklpel 0.02 0.00 0.00 0.00 0.02 0.02 0.00
lones 518.198 519.378 0.480 2,535 5D07S 35~S LaO Utomasitt d ,61D15percentilooes 0.43 0,05 0.02 0.05 0.46 0.41 0.02 - 0.02
Jonet 519.378 519.~ 0.226 1,192 s0075 353661 010 0 Ic;la 101 6to 15 rccnu10pu 0.20 0.21 0.01 0.21 0.23 0.20 O.Ot

__~ ~~:~:: ~:~~~ ~:: 15~~7 ~:~~ ~:~ ~C ~:~~ek:~~~:69=;:;:io::s ~:~ ~::: 0.09 ~:~ ~:~ 0.32 0.34 ~..-t
I Jones 520.041 520.135 0.093 4'3 s0075 353668 PrA PromIse cia, 0 to 3 roent slopes 0.09 0.01 0,09 0.09 0.09 o.oo:~

~ 520.135 520.307 0.173 911 S0015 351660 ole 0DaId_INm.6to9C1fleentsIDl:ll!s 0.16 0.17 0.17 0.17 0.18 o.tr=~:01·l

:::: :~~::~~ :~~::~~ ~::~ ::2 ::~: ::~~ :: :;::::.:::~:~tert&ntslq)es 0.01 ~:: ~:: ~:: ~:: O~ 0.02 ~~
Joneto 520.422 52D.706 0.284 1.499 s0075 353661 P,A Promise clay, 0 to 3 peN::lentslopes 0.27 0.02 0.28 0.28 0.28 -'().01-~

J~nes 520.706 520.807 0.101 531 SOD75 353622 Bu sullcreetl:c;la 0106 rcentsl s 0.00 0.09 0.10 0.10 0.10 . -1
~eto 520.807 521:198 0.391 2,066 S007S !53668 PrA Promltoe day, Ot03 percentslopes 0.37 0.02 0.38 0.39 0.39 ii'01~
JafllrS 521.198- 521.429 O.nl 1.220 S0075 353650 MIS Millboro silty dW Iown. 3to6perceotslopcs 0.23 0.00 023 0.23 - O.2·t- -o~oo.

-:: :~~:;~: :~~::: ~:~~ ~~~ ::;~ :::~ ~ ~=:.:~e:~I=Ot03pemeotsJopes n01 ~~ = ~: ~:~ n01 0.36 ~i
Jones 522.003 522.085 0.08J 436 SOO7S 353643 LaB LakomaslltvdiIV, 3 to 6 ~ntslo0e5 n08 0.00 0.00 0.00 0.08 0.08 0.00'

I !ont's SoU085 So21.305 0.219 l,lS8 SOD75 353622 au Bullcreckda",OtQ6~oUntsiopet 0.00 0.20 0.21 0.21 0.22
~ 511.305 522.539 0.235 1211 SD07S 353668 PrA PtOt'l'llM:d&v.Otcil:Wi"CZ'ftUIoDl!s 0.22 0.01 0.23 0.23 0.23 0.00

Jones 521.539 522.S93 0.053 282 5D07S 353622 Bu ~creekd.v.0't06petcentsJQpe, 0.00 0.06 0.05 O.OS 0.05

K!l'Y)tone Xl iteele City SO Sol\s

Centerline Surnmwy
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T.b1. 1: Soil Umltatlon. Along tho Plpelin. C.nt.rlin. Mileposted by SOil Map Un~ (cantinuad)

0.00

..•_.Q.02
0.00

o'-~

0."

0.14

f' - r ' . "' - ., . 0 , - .' . "''''~''',;'0r k '":."" \, " ,-" - ,. '. , ,
t, ,,1 ;, r~~~:~-':~~~ f~;'~:'~~ ~I~?' ~ t f . :,

o es .. mil rc:en 0 •. 0.00 0.01 0.11 O. U 0.00
Jones 523.203 523.371 0.168 885 SD07S 353650 MIB MiBboro$ltNdavlOlM 3to6nercenisIorr.es 0.16 0.00 0.16 0.17 0.11 0.00

~~__~.~~~ 523.311 523.392 0.D21 109 SOO7S 353M! MIA Mnlboro I $ loam. Ota 3 pen::cnt slopes 0.02 0.00 0.02 0.02 0.02 0.00
Jones S23.3!U 523.769 0.378 1.193 soon 353684 Wt Witt_ns' d 0.37 0.01 0.37 0.38 -'- --- "0.38- -0.00·
Jones 523,769 523.887 0.118 ~2.~ s007S )536SO h!!!._ MllIboroslltydayloam.3to6Perce,:!ts~es 0.12 0.00 0.12 0.12 0.12 0.00
Jon... S23.P7 52".126 0.219 1.261 5D07S aS36S1 MIC MlllborcalltvdaYloam,,&ta9penantAoDes o.Ot 0.23 0.01 0.23 - O.2A - _...- 0.22 .
Jones 524.126 524.605 0.480 2531 50075 353650 MiS MillboroslltvdaVl0illTh.!to6percentslope! 0.47 .Q.Ql _ _ 0.41 0.48 0.48 0.01
Jones 524.605 525.017 QA12 176 SD075 353668 PtA PromtM dOlo 3 oe(Cent,\ooes 0.39 0.02 0.40 0.41 0.41 0.01
1Nmaf'l 525.017 525.662 0.645 3,406 SOO85 355i01 PoA PramlH'd 0103 .-cents s 0.02 0.63 0.()4 0.65 0.156 0.05 0.01
L: man S25.662 525.711 0.OS6 296 sooas 355591 Mm8 Millboro sli da 3 to 6 e:rc:ent $1 s 0.00 0.05 0.00 0.05 O.De 0.06 0.00
L man 525.711 526.245 0.527 2784 500&5 355590 MmA MlUboraSiI cia Ot03pe:rcentsl 0.02 0.49 0.02 0.51 0.53 0.63 0.02

m¥l 526.245 526.3(1) 0.054 287 SDOIS 35SS91 MmB Mlllbotostl 'dn'.3t06,percents 0.00 0.05 0.00 0.05 0.05 0.06 0.00
r'niI' 526.300 526.380 0.080 421 sooas asSS90 MmA Millboro," clw.Ot03 reentsl s 0.00 0.07 am O.Da 0.08 0.08 0.00

L man 526.)80 526.487 0.101 569 50085 355591 MmB Miliboroslida .3to6percenul s 0.00 0.10 0.00 0.10 0.11 0.11 0.00
man 526.487 526.488 0.000 2 sooas 355626 Wt WItten sit bY 0.00 0.00 0.00 0.00 0.00 0.00 0.00

L: man 526.4a1 526.600 0.113 595 500as 355574 Ko KoIlssJ1 d& 0.01 0.01 0.01 0.11 0.11
L man 526.&00 516.714 0.114 S99 sooas 355S91 MmB Mlllbotosil dlv.3t<l6percents!Obe:S 0.00 D.1t 0.00 0.11 0.11 0.11 0.00
l man 526.714 527.QlJ1 0.294 I.S5ot SOO8S 355626 wt ~!ne:nsll:Yday 0.01 0.2& 0.02 029 0.29 0.29 O.Ot
llTloln 527.008 521.250 D.2U 1279 SOO8S 3SSS91 MmB MlllborosltvdaY.3to6oercentsloon 0.01 0.23 0.01 0.23 0,2A 0.24 O.ot
Lyman 527.250 527.525 0.274 1449 SOO8S 3SS626 wt Wltterull d 0.01 0.26 0.02 0.27 0~27 027 0.01
LINn 521.525 521.156 0.631 3310 SOO85 355591 MmB Mlnborosll fC:CaY.3to6Percentsl 0.03 0.59 0.03 0.8t 0.63 0.63 0.02
l man 52a.156 521.234 0.079 "16 SDD8S 3556D8 PoA Prombedl .Oto3percentslo.bes 0.00 0.08 0.00 0.08 0.08 0.08 0.00
L man 51"234 $28.245 0.011 57 SOO8S 355616 Wt Witten sli clav O.DO 0.01 0.00 0.01 O.Ot 0.01 0.00
L man 518.245 52&.644 0.399 2,101 SOO8S 355591 MmB MlllboroslttVdaV.3to6oerce:nts!opes 0.02 0.37 0.02 0.39 0..40 0.40 0.01
L man 511.644 528.196 D.1S1 7" SOO85 355593 Moe Mntbclro-8ol"oslltvdavs.6to9DercentsJODes 0.02 0.08 0.08 0.15 0.15
L\II1WI 528.796 529.691 0.901 • 758 SOO8S 3SS591 Mm8 Millboro slttV da'f. 310 6percenulo 0.04 0.84 0.04 0.87 0.90
LvlNln 529.07 529.832 0.115 713 SOO8S 355593 Moe Mtllboro-8on:t 51 dil 6 to 9 Den::ent slopes 0.02 0.07 0.07 0.14
Lvman 519.132 S2g.M8 0.116 614 SD085 355$U SUA Bullcftekdav. Ota 6 Dercetltdooes 0.01 0.11 0.10 O.t1 0.12
I.yman 529.948 530.611 0.662 3,498 sooas 355591 MmB MI.l!borO silty Ny, 3 to 6pe~.!L.02!s 0.03 0.82 0.03 0.154 O.lI&

0.03
0.57
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~
ir.ii
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0.06 0.00

0:00
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0.01
0.00
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Table 1: SoIl Umllatlons Along the Plpe'ine Centerline Milo_1B<l by SoIl Mip Unft (continued)

•.00

----+-!!~
•.00

•.D9

•.0,

0.15
0:00
o:D1

0.01
0.16
D.Oi
'Q.iO

..... ....... ....... "... • ........ ..... 0.09

"Q.OO
0:03
i100

Tripp TS38.7'7"TS38.926T 0.1S9 T IU9 T 50123 T1S4459· . WeE W'estaY.doam.9to2.s~centlioDes 0.01 0.1S 0.15 0.001 T T T 0.00 T 0.01
TrIPI:! 538.926 5]1.965 D.Ol' 207 50123 lS«lg 0&£ OblOn-LaltomussodfUon,15to40Dercentslopes 0.04 0.00 0.04 0.00 0.00 0.Q.4
TrlDe 538.965 539.067 0.102 5;8 50123 3S444S SA£ SlinAfC..Opalassoctation. 15 to 40 oerr:tnt sIoCl8 0.09 0.01 0.10 0.00 0,00 0.09
Trloo 519.067 539.184 0.117 616 S0123 354450 Sw Bullaeekc:Wi 0.12 0.10 0.12 0.12
Tripp I 539.~~ I 539.999 L _0.806 I _~,_2~~_1 SD1ZL...L3S444~ _ ~~---.JSlnwrc-Qptl.assodltton._1Sto40pcrtcntslopes _ _ ~.~ -.!I.06 _ o.n_ _0·9!J.......l .l.. i 0.02 _I 0.75 I I 0.7& I 0.06

__lnEL. M\,In nne 511
n '~d~

triPP Hilmoe d • 0 to 2 ent slopes
TrIpp 0 ....San~cJ- .9te1lS centslo s 0.204 0.24 0.:i4--
_~ S-nrc-O a1associatlon.1StoADp.,centslopes 0.13 0.01 0.1-' 0.1. 0.01

,,1 Wntoverloam.9to25 r«nt,lo s 0.00 0.02 0.02 0.02 0.02 --- ••
1rl LoW' sdttoam.Oto4 flfCC!nl I!' 0.00 0.00 nnt ._~

--Ttl Wrt$lat/«lo.m.9to25 l'C«:nt,lo I _.__ .... _ ........

.!!!eL.. ReI! 10im. 3 to 'percent slopes 0.01 0.00 0.00 0.00 0.16
Tripp WeslCIYeI'loam 9 to 25 rcent slo s 0.00 0.03 0.03 0.00 0.00 0.00
~_ RM IDim. 3 to ij percent slopes 0.00 0.00 0.00 0.00 0.04

T,t $IltJoam,Oto4 lcenh 0.00 0.00 0.00 0.02
Trip£! R~I_~m.3to~~~~n!1lopes _0.02 0.01 0.01 0.01 0.304

irlDD -- - 539.990 540.226 0.216 1.247 50123 154419 OBE Oklton-l.lkomItHOdatlon. 15 to 40 percents~s 0.21 0.00 0.21 0.01 0.01 0.23 0.23 0.00 _ ---t-E:~
Tripp 540.226 540.307 0.081 426 50123 3S4Cl17 ShE Schamber-MurdocomDlcx.15to.Opercentslopes 0.01 0.07 0.07 0.04 0.08 0.07
1rlop S40.307 540.345 0.038 203 S01Z3 354459 WeE ~estcwedolm.9102Spercentslooes 0.00 0.04 0.04 O.DO 0.00 0.00 0.04 O.04-·~ - 0.00'
Tr1fL- 540.3"'5 !.41.045 0.700 3,694 50123 354432 RIA Reel0lm.Oto3oercenl:5loPfl 0.02 0.02 0.02 0.70 0.707ti"
TriPp 541.045 5-41.091 0.DA6 242 S0123 35445' WeE WestO\'ef lotm,' to 25 Mr<:ent slopes 0.00 0.04 0.04 0.00 0.00 0.00 0.06 0.04 .:..- "0'.00"
TripP 541.091 5"'1.6)0 0.540 2,849 S0123 )54419 OBE Okaton-takoma MSOCltllon, 15 to 40 peroenulopes 0.49 0.01 0.49 0.02 0.02 0.63 0.53 0.01 . 0.0'
TrlQD 5"'1.1;30 $42.136 0.5OS 2,"8 S0121 ]SU4.5 SAl Stnurc..o_ association, 1S to 40 percent slopes 0.45 0.04 0....9 0.02 0.02 0....7 0.049 0.04
"IP.~_ 54'2.116 S42.188 0.052 276 5OU3 3504450 Sw Bullaeelr.c1av 0.05 0.05 0.05 0.05 _ 0.00
TriPP ~1,118 ~ 0,146 .!7~ ~ $.912]_}~4S ~~rc-9~latsoe:l.tlon,~~40DerCcntslo,," 0.13 0.01 0.14 0.00 ~ClO__ _0.14 0.14 0.01 -~

•.co

•.00
'0,00

-0:00'

0.020.21

•. D9

Trigo S4D'4 542.397 0.063 331 50123 3S4450 5w 8"Kaeekc:l~ - - 0.06 0.06 0.06 0.06
.!!!.ef 542.397 541.&71 0.275 1,4SO SD123 3S","S SA£ Stnsarc...()pilllauocUdon.1Sto40~cntsklp" 0.25 0.02 0.26 0.01 0.01 0.26
Trioo 542,671 542.970 0.299 1.519 50123 354450 5w Bulkreekdw 0.30 0.27 0.30 0.30
Tripp 542.970 543.060 0.090 475 50123 3S4413 0pC O~, day. 310 9 De1c:ent sIopeJ. 0.09 0.00 0.00 0.01 0.09
'rlpa 54),060 543,191 0131 721 50123 3S44SO 5w BuUcreek$v 0.14 0.12 0.14 0.14

~:::: ~:::~ ::im-~ ~:: :~~: ~;: ==::2::=:~'o~~;:::=~~:~s ::~ ~:~~ -:.~~ :~~ ~~ ~~ ...~;: ~..~_.. 0.00 t
~ S43,916 544.0&7 0.151 aoo SOU3 354434 R.ilC RHl0iIm.6to9percentslopes 0.00 0.00 0.00 0.00 0.00 0.15 0.14 0.00 0.15 0,0'
~ s.44.D67 S44.211 0.144 759 50123 354419 OBE Okalon-LalcQft\taHO(iatlon.1Sto~DerCl!ntsloPts 0.13 0.00 0.13 0.01 0.01 0.14 0.1' 0.00 _o.~·

.!!!ep S-44.211 S4'1.7S8 0.se1 2,889 50113 354...06 t,D0 l..iIkoc'na<*atPn sUbfdtw. 9 to 15 Der(ent sklDeS 0.47 0.02 0.03 0.03 0.53 0.152 0.02 O.O!.
Tripp 544.758 544.863 0.105 5S4 S0123 l!.4434 ~C I\te I~m,&to' oercent SIDOeS O.DO 0.00 0,00 0.00 0.00 0.10 0.09 0.00 0.10 0.00
Tripp 5....863 544.923 0.060 317 50123 354406 lAD Lilkolf\ll-olq;tonslltrda 9to15 l'Ut'Iul 0.05 0.00 0.00 0.00 0.06 0.06 0.00 0.00
Ttl P - 544.923 5"'5.100 0.177 915 50123 350'419 aBE OIcaton-ukomttssodati 15to4Dperc:enulopes 0.18 0.00 0.16 0.01 0.01 0.17 0.18 0.00 0.00
~~~5.100 5045.209 0.109 577 50123 350'406 LoO Lakoma-ok.atonsIltvdtvs,9to15 percent5l0Pe1 0.09 0.00 0.01 0.01 0.10 0.10 0.00 a.OCr

.!.!!e.e.- S<'5.209 546.009 0.79'3' 4 221 SOU3 354419 oBE Ob'tOn~lAkoma .ntodatlo 151040 pereentsloDts 0.72 0.02 0.72 0.03 0.03 0.78 0.79 0.02 • «tOt
~: ~::: ~~::~ ~:: 2~4 ~:;: ;:: ~~ ~:=:;~tJ~,;;ot:4;;;::;:1=pes ~:: O.DO 0.00 ~:: 0.00 ~.: ::: ~:: 0.00 . ~:~~

TrlDP 546.050 546.619 O.S69 3,D01 50123 35440S lkC lIokoma·Millboto lilt cl 5 to 9 perC8'lt slopes 0.29 0.22 0.01 0.23 0.157 O.5t 0.01
.!!iEP S4i.619 546.811 0.191 1.011 50123 354413 MoB MI"boro sUtvcr.V. 3 to 6oen:e-nUloPes 0.01 0.00 0.17 0.02 0.1& 0.19 0.00 0.111 0.Q(i·
Trloo SC6.aU S46.961 0.1SO 793 5D123 35441S M1 Mosher silt loam 0.'4 0.14 O. t4 0.15 0.00
TrlDD 5-46."1 541.088 0.127 669 50123 3504412 MoA hMIboroslltyda'l,Oto3aercentsiDPes 0.13 0.01 0.13 0.13 0.13 0.00
Tripp ~..Ll)aa S"'7.~Q4_~116 ~~__~D!f:-L ~~~5 _~M~_e~sI.!!.I~~ ~ 9·1.1 __ l.-....- 0.1~ __ 0.12 ----. - 0.00

_----.!!.lee ~47.2lJ.' S41.4...2 0.239 1,259 S0123 35«12 MoA MRlbcHosiltydtv.Oto30ercentsJocles 0.24 0.02 0.24 - -0.24 - -- -~ 0..24 O,~

~~ ~~:;:~ :::::: ~:= ~~ ~~~~~ :~;;~ =:I=~ 3to6 Sto~nt~::IIOi2rI ~~ 0.00 ~: 0.01 ~:: g:~~ 0.09 OM ~:~~ ~
-.!!!.ef- 547.6"'6 S-48.17' 0.$33 2,812 SD123 354411 Moe MilQ)ofoillr..da, 3106 nl es 0.02 0.01 0.48 0.04 0.60 o.sa 0.01 0.53 - ~!

Tripp ,~~~,!,271 0.092 41& 50123 354465 Wn WiUmsll da 0.09 0.00 0.09 0.09 _.O.O~_ 0.00
Tripp ~.~~ 0.129 682 S0123 350''''13 MoB Millborosilh'da, 3to6percznts es 0.00 0.00 0.12 0.01 0.12 0.13 0.00 0.13 0.02.

...J:!I ~~:400 543.411 0.011 89 50123 354372 8mC Bo~il1t:wxosl cltvs,5to9perun~~Q~s 0.00 0.01 0.01 0.02 0.01 aDZ 0:90
Trl 548.417 S48.-420 0.003 17 50123 354433 Ro18 Ree1oarn.3to6 rc:.ents s 0.00 0.00 0.00 0.00 0.00 0.00 o~_ 0.02
Trl 541.420 5-48.598 O.ln 937 50123 354312 erne Boro-MllIboro'lll y c1tvs, S toS percent lIoDeI 0.02 0.07 0.07 0.18 0.15 0.18 0.00
TI1 548.598 548.6304 0.036 189 50143 3SA.433 RaB Rae loam. 3to 6 taint slopes 0.00 0.00 0.00 0.00 0.04 0.00 0.04~·- O.o<r
Tn p S48.634 548.816 0.182 963 SOl23 354437 ReB ReUancufltvdll 1aarn.3to6DelUnts\oQes 0.00 0.01 0.01 0.00 0.01 0.18 0.01 0.18 ·0.01

-J!! I!..- 5-4&.116 5-49.399 0.583 3,.081 S0123 354-438 ~c. Rellancl!s~tvcl loam. 6to9pen:entslOPes 0.01 0.01 0.02 0.01 0.03 0.58 0.56 o.O!. ~-,-J-~-~~.
Trl S49.399 S49.660 0.260 1,375 S0123 354437 Rd P.diancuJltv dl 1oIm..3 to 6 percent sloPes 0.01 0.01 0.01 0.01 0.02 0.25 0.01 0.28 O.ot
Trpf 549.660 549.807 0.148 719 50123 354421 On Onlla~ltl~m 0.00 0.00 O.DO 0.00 0.16 0.1S 0.00
Tripp ~...!.A07 550.186 0.379 2.001 50123 354437 b8 Reliance silty day Loam. 3 to 6 percent slopes 0.01 . 0.01 0.0'2 0.01 0.03 0.37 0,01 0.38 O.o:z

Key-storte Xl. StHk! CJIy • SD sonl
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r
T.bl.1: SoIl Umltationo Along tho Pipelin. centtl1ine Milepool8d by Soil Mop Unk (continued)

0.00
0:00
0:00
0:00
0.00
0:00
0.00
0.00
'Q.OO

0.00

0.00
0,00
0.00
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0:00
o:D1
if.OO
0:00
0.00

0,00
0.01
0.00
0.-00
0:00
0:00
0:0;
0:00

0.00

o.Ot
o:1i
Q.'ii
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0.06
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0.04
o:1i
O:Oii
"D.4O

0.82 0.0.
0.35 O.ot
0.33 0.0.-'
0.05 0.00

0.00

0.00

!!3 (0.00.
0.17 0.00

0.00
0.31 0:00

0.00
0.15 0:00

0.30
D:ii7
0.00
Q.fi
0.01
0,36
W

0,00

0.00

0.00

0.00

0.00

0.01

0.02

0.12

0.00

0.01

0.00

0,00

0.00

0.11

0.35

0.1.

0.13
o:'iio:oa
D:ai
DE

0.11

Erdcl 0.11
10 Erd-GJi com ex. 0.20
Trl MHlbotosll ell Ito' ercentsl 0.00 0.31
Tn Clrtersl d loam 0.08
TripP Mlllbotoslltvc.1ay.3to6PeUntskoes 0.15

TiiOP "5'.7 '56.'" 0.12' I 4.'54 50123 ,544131 M08IM"bor• .;;;;;;;;;-3t.~-;;;;;;-.. - I i 0,02 7 0,01 7 10,7.7 l' 0,07 i i 0.77 '-0.82
TrlllQ S~.311 556.659 0.348 1838 I 5012) 354465 W(I WlUenslltud- 0.34 0.02 0.34 0.35
TriDD 5S6.6S9 556.985 0.326 l,nl SOl2) 3S44U MeA MlllborosU cia 010 3 rcentslo 0.32 0.02 0.32 0.33
Trloo , ....OS '57.013 0.... 254 50113 354465 Wn J.._.ltyd.., .1 J.. I I Io,05..J.-..J.- 0,00..J.- -.I- 0,05 .1 0.05
TnDO 557.033 557.142 0.109-, .. ,... _- ....... ~... ..~.....

Tri 557.875 558.003 O.1U 678 50123 3SUOS t.kC ~IJbof'oliitvda\lS.5t09-unt-siDoM-- - - (l07 --- -0.05 0.00 ~ -- 0.65 0.13

1ri 5S1.OO3 551,300 0.197 1570 S0123 3544U MOrA- Mqlborosll da Ot03 nt es 0.29 0.02 0.29 0.30
Trt SS8.300 558.367 0.066 '350 50113 354413 MoB Milboto silty d,y. '3 to 6 Percent tIoDes 0.00 0.00 0.06 0.01 0.06 0.07
Tn S5U67 551.460 0.09'J 491 SDl23 35446S Wn lWttten sElt:v daY 0.09 0.00 0.D9 0.00
Trf 551.460 558.649 0.189 996 S0123 354C12 tAoA MillbotosVtvdav.Oto5percenU1DH5 o.1g om 0.19 0.19
Trl 558.649 558.716 0.D68 357 5D123 354465 Wn Wlttensll cl 0.07 0.00 0.01 0.07
Tri 558.716 5S9.D80 0.'64 1,52.2 5Dl23 354412 MoA Mlllbcwosl cia .Ot03 l"l»ntslo 0.38 0.03 0.31 0.38
Tripp 559.080 559.229 0.148 784 5012'3 ~46S Wn lMt!ensiltvd-r 0.15 0.01 0.15 0.15

f I I', ,~';: ' 'J ~,-' , " ,
, '
I ': , '-, r",," :,

r • 81. SO Ko s 0.00 0.01 0.01 0.01 0.10 0.09
TriOD 550.288 SSO.aS2 D.SS 2915 50123 3S4437 ReB PellanctsBtvclav~rn.3to6oercentsloDcs 0.01 0.02 0.03 0.01 0.04 0.55 0.02 0.56 ..1 0.03

~.~ _~_S.C?~~ O.l63_~ SD123 354414 MoC MlUbotosl1 daY,6to9Dercentsfopes 0.01 0.00 0.1. 0.00 0.14 O.llS 0.15 0.00 0.16

~~:: ~~~::~: ~~~:~= ::~ :::3 ~~i: :~~~: MC:8 ~:r::~:V~to'Percentskloe5 ~:~ 0.00 ::~ ::~ :~~: + J. 0.00 -!- 01)6
Trioo 551.196 551.355 O.osa )08 50123 354412 MoA MRlborosil 'dav.Oto3041rcentslooes 0.06 0.00 0.06 0.06
Ttl 551.355 551.512 0.157 129 S0123 354379 ce carterifltydalt'loIm 0.01 0.15 0.13 0.18 0.16
Tripp 551.512 551.602 0.090 .77 S0123 354413 MoB MlUboro s1lrvdall'. 3 to 6 (cent es 0.00 0.00 0.08 0.01 0.08 0.09
Tripp 551,602 551.783 0.181 953 $D123 354412 MoA toClIIborosUtvd. Ot03 rccntslo es 0.18 0.01 0.18 0.18
TrIDD 551.783 551.961 0.180 948 50123 354413 M08 Mutboro slltvda.... 3 to 6 DelUntslODU 0.01 0.00 0.16 0.01 0.17 0.18
Tnao SSU62 552.160 0.198 1,043 SOl23 354412 MeA fMmborosUtvdav. Oto 3 percentslal)tS 0.20 0.01 0.20 0.20
TrIPP 551.160 5SlACM 0.245 1.291 50123 354413 MoB MUlbOfoslltv daY. 3 tD 6 percentslOJ)rS 0.01 0.00 0.22 0.01 0.23 0.24
TI1DP SS2.404 552.441 0.038 200 50123 JS446S Wn Witten~dJN 0.04 0.00 0.04 0.Q4
Trigg 552.4-42 552.573 0.131 692 SOl1:3 354312 &me 8o(o-Mlllboro .5lo9 1QI'It" 0.02 0.06 0.08 0.13
TrfDo 552.513 55l.629 0.056 196 5DI23 354413 M08 MlUborosMtvdav.3t06aercentslooes: 0.00 0.00 0.05 0.00 0.05 0.08
Tri SS2.629 553.029 0.399 :1.109 SOUl 354372 BcnC eorO-....Ulboro5l1t~dav!I:.5to9D(1Orcentsl~s 0.05 0.17 0.17 0.40
TrieD 553.029 553.107 0.071 412 50123 3S4379 ce Cial1erSPNd"'-loam 0.00 0.07 0.07 0.08 0.08
~. 553.107 ~~.369 1.~62 6,665 S0123 354413 MoB Mlllborosllt:vclav,3to6perc:entslooes 0.04 0.01 1.1. 0.10 1.17 1.25
Tri S~.369 5504.588 0.119 1,156 50123 354405 ULC ~MiI'bcl'oslttv~w.5to9D@runtslClDft 0.11 0.09 0.00 0.09 0.22
Trl 554588 5S4.649 0.061 123 $D123 3544-13 Mo8 MlUboroslltvdav, 3 to 6percl!:nt dories 0.00 0.00 o.ae 0.00 0.Q6 0.06
Tri 554.649 SS4.800 0.151 795 50123 35440S LkC Lakom..MlIlboros St09PCrcentsh:;nM- 0.08 0.06 0.00 0.06 0.15
Trt 554.&00 5S4..9M 0.134 710 50123 35071 CbD urdoloarns 6to15Dl!fcentsl~s 0.12 o.n
Tn 55...9,. 555.024 0.090 474 $D123 354'OS LkC Lakama-MlllborosJlt.... d;ws.Sto9cercentsJooes 0.05 0.04 0.00 0.G4 0.09
Tri 555.024 555.042 0.018 95 S0123 354378 CbD l:annlrW.Murdo 100mI, 6 to 1S _cent sIoDK 0.Q2 0.02
TAPO 555.042 555.191 0.149 786 SD12! 354405 LkC ~lIlborodtVdiUll~Sto9..;.....,nlSlnnft 0.08 0.06 0.00 0.06 0.16

----!!!.ee..- 555.191 555.'320 0.130 685 50123 354413 Mo8 Mllllboroslltvdav.1to6perc:entslooes 0.00 0.00 0.12 n.Ol 0.12 0.13
Tripp 555.320 555.487 0.166 879 S0123 354465 Wn WittensUtvd.., 0.18 0.01 0.18 0.17

0.00

0,00
0:00

0.89 0.02
0.00

jl,~ 10,00
0.00
'i.01
0.00

0.48

0.34

0.60
Q.09
o:Ti

0.01

0.01

0.00
0.00
0.0'

0.17
o:zo
o:1i
D.i1
ii:iii
'D.43

fri;) 559.229 560.120 0."1 4,.704 $Dl23 )54412 MDA Mlllboto~'tOipefcent~ 0.88 0.06 - - 0.88 0..
Tripp 56D.I1O 560.250 0.131 689 50123 3S439:Z Es Erd-Capacomolex 0.10 0.04 0.13 0.13
TrieD S60.2SO 560.341 0.091 481 S0123 354412 MeA Millboro "ltv dI"'-Oto 3 nul 0.09 0.01 O.ot 0.09

~~:: ::::~ ::~ -~~ --!.~7 :~~: ;:~ M~ :~Z~~Oto3 ~ntsioPes :.: ~:: ~~: ~::
Tripp 560.938 561.033 0.094 498 50123 3544U MoB MIUbofoslltvdav.3to6 )efe»ntsloDes 0.00 0.00 0.08 0.01 0.09 0.09
TriaD 561.033 561.213 0.180 9SO 50123 35441.4 MaC Mmboroslltvdav.6lo9 :teR:entsloCles 0.01 0.00 0.15 0.00 0.15 0.18
Tripo 561.213 561.424 0.211 1.115 SOl23 354406 LoD ~koma-outDnslltYda't .!Ito1SpercentsIOPt'S 0.18 0.01 0.01 0.01 0.20
TrieD 561.424 S61.6Z8 O.ZOS 1080 SOl23 'S4405 LkC Lakom.Mlllboro silty cia 5 to 9 Dercent siDOti 0.10 0.08 0..00 0.08 0.20
Trloo 56:1.628 561.970 0.342 1,804 50123 354414 MoC MIHbDro slttv d&'t'. 6 to 9 rcent s\opes 0.Q2 0.01 0.29 0,01 0.29 0.33
TrllXf 561.970 562.041 0.071 '175 SOl23 3S4405 lkC La~M11IbofosntvcM .5ta9Hf"Cefttsbpfl 0.04 0.03 0.00 0.03 0.07
Tripp 562.041 562.503 0.462 2,442 S0123 354414 MoC Mlllbotosiltyda"-,6to9PefCent'I~_ 0.03 0.01 0.39 0.01 0.40 0.45

0.00

0,00
0:00
0:00
0:00-
0.00
0,00

0.12
0.21
o:ii
Q.Oi
0.15

0.00

0.20

0.100.110.040.000,040,00

TrtPD 562.5QJ 562.624 0.121 637 -- 50123 354465- Wn Wittensll d 0.12 0.01 0.12 - 0.12
Tri S62.624 562.813 0.209 1103 $Dl23 3504413 MoB Mitlboroslltvdav,3to6PerC1nts!ooer 0.01 0.00 0.19 0,02 0.19 0.21
Tri 562.133 563.021 0.181 995 50123 3S4412 MeA Mlliborosli Ota3 cent 0.18 0.01 0.t8 0.18
Trl 56'.021 563.105 0.0&4 443 50123 354465 Wn Wlttenslltvdav 0.08 0.00 0.08 0.08
Tri 563.105 563.260 0;155 811 50123 354412 MeA MfllbDro sfitY claY, QtQ3PeKentslopcs 0.15 0.01 0.15 0.15
Trk:l 563.260 SiS.4&3 0.223 176 50123 3S44DS LkC ~MllJbGrn)slltVdars.5to9DC'n:ent:rlo9ft 0.11 0.09 0.00 0.09 0.22
Trip 56aAa3 S63.S37 O.DS4 286 $0123 354467 W Water
Tripp 563.537 563.649 0.112 592 5OU3 3S4405 LkC Ukoma-M1l1borosfitYdavs. 5t09 percentsiOPel
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Table 1: Soli Umitations Along the Pipeline Centerline Mileposted by Soil Map Unit (continued)

TrIp" 563.6ot9 563.778 0.1'29 .., SOU3 3504406 IDO ~t:onsiltY c:t-ys, 9to 15 Percent slOPt~ 0.11 0.01
-~ -

-0.01
- ~---- -

0.01 0.12 0.12 GG, 0.00
Trio.tl S63.718 ~63.'79 0.101 '" 50123 354378 ebO Cannln..Murdo bams. 6 to 15 Ptrctnt sloae1 0.09 0.09 6.09 6.09

~.,- 563.'79 563.954 0.015 ~~~- ~
354377 Call Cannln, ~n\ 1.~!Jpercent s10pes

'-
0.07 0.07 n07 0.01 O.DO

Tripp ~3.95o" s,63.;ii ..- " 500123 35.4378 COG cannlntMUtdo l(MIms, 6 to 15 per«nt sl , 0.01 0.01 0.01 6.0'
Tripp 563.'6' 563.983 0.021 ". 50123 )5077 Call canning loam. 2 to 5 percent slopes 0.02 0.02 0.02 0.02 O.DO
7... 56J.983 S64.051 0.068 '" 50123 3504378 COD Cannlntr:.Murdo loams. 6 to 15 Dtr«!nt slopes 0." D~06 O~.. 0."
Tripp 5064.0501 ~.303 0.252 1.321 50123 ...... IDO Llkorn.Outon $llhI daYS. 9 to 15 DClUnt slopes 0.21 0.0' •.02 0.02 0." 0." 0.01 O.DO
TrioD 564.:sD3 50604.535 0.132 1,224 50123 ...... lke Ukoma'Minboro $Iltv claYS,S to 9 De((ftlt lIODes 0.12 0.09 •.00 0.09 0.23 0.21 0,00

~ 564.535 "".567 0.033 172 50123 ...... "'" L.aIcom...olcaton Mltv d.vs. 9 to 1S oel'Cltnt slopes 0.03 O.DO O.DO 0.00 0~03 0.03 0.00 _.0.00-
TrlPD 564.547 5604.619 0.051 '71 50123 35-137& COO Cannlnl·Murdo loam 6 to 15 percent "~pe$ .~04 0... n04 0.04

!~'- 56A.619 5M.7S9 0.140 741 50113 ...... toO l.Ikom.-Okaton Illto1 days, g 10 IS percent slOgeS 0.12 0.01 0.01 0.01 0.13 0.13 0.01 ...
Tno 5+64.159 S64.'sa 0.... >20 S0123 .~ lkC Lakomll-MlltbQto sillv dlY'. 5 to 9 percent slOCles 0." 0.04 •.00 0.04 0.10 •.09

~
T" 5&U18 S65.~9 0.191 D09 S0113 354413 Mo. Mlnboro slttv day. 3 to 6 Dercent slooes 0.01 0.00 0.17 0.02 0.18 0.19 0.0. 0.19 O,OO~

T" 565.049 565.299 0.250 1,322 S0123 '14'" lkC ~korn.·t.1mbofo silty cUY\. 50 Ie 9 permnl Ii ei 0.13 O.tO 0.00 0.10 0.25 6.22 0.0'
T. 5650.299 565o.39S 009. S06 Wln 3504413 Mo' MillbO'o slltY day, 3 to 'Pltrcentsl~es O.DO 6.00 009 0.01 0." n .. 6.DO 0.'. GOO
Trip 56S.!J95 565.452 0.058 ... SOU3 3S44U MoA Millboro silty claY. 0 to 3 Dercent slopes 0." 0.00 0 .. 0.06 0.06 0."
Tripp 5065.452 S6S.S504 0.101 533 scm 354413 M•• MiUboto silrv day. 31e 6 percent s;!opH 0.00 0.00 0.09 0.01 •.09 0'0 0.00 O.to 000
T,lpp

~:{~~~~
.. _.B.Ol0 ... 50113

:~~~::z~:Z::;5to 9 per~nl "'ODes - - 0.04 0,03 0.00 0.03 0.07 - D." ~:~-
Trloa 565.721 009B 517'-' S0123 Ie O.OS 0.01 O.OS o~_

Tripo 5650.721 166."" 0.36J 1.911 S0123 3S431S 6D BriOpport~eJ( O.ot O.tO 0.05 ••00 0.10 •.35 0.38

T,ioo 566.013 566.108 0.025 ,>2 S0123 3S4370 AvA An.elrno-Yt'tIl nne sandv Ioams 0103 percenl sIoQel 0.00 0.02 0.00 0.00 •.DO 0.00 •.DO 0.03 -0.00'

f---!:!loP 566:108 566,245 0.136 "0 50123 354315 •• 8tldlcPort c.omohloX 0.00 0.04 6.02 •. DO 0.04 0.'3 0.14

T,lpp 566.245 566,SM 0.189 1.526 50123 354370 AvA AnMJmo-Yetal fine Pnclv foams Oto 3 percent dancs 6.0' 0.19 O.ot 0.01 0.01 O.Ot 6.0' 0.29 o.oi:
TrlPD ~6.534 566.659 0.126 66. 50123 35075 " BrldHoort complex 0.00 0.04 0.02 0.00 0.04 6.'2 0.13

Trlpo 5".&59 56&.965 O.lDS 1.612 50123 3504465 Wn WJttcn slltvdav •.30 6.0' 0.30 0.31 n31 0.01

Tripp 5".965 5~7.171 0.206 '.0il9 S0123 354412 "oA MiIlborroslltV dav. Ote 3 Pere:tnt slopes 0.20 Q.O' 0.20 6.2' 02' -~.~
Trl p 567.171 567.255 0.'" "5 50123 3..... Wn Wittendl dow O.OS 0.00 0.08 O.OS 008 0.00

Tr"'l1 567.255 567.418 0.163 .,. 50123 354412 MoA MI1Iboro5l1 dav, Dto 3 lcent slo~es 6.1. 6.0' D.1e 6.10 0.16 .,00

~D 567.418 567.689 0.271 1.413 S0123 3504413 Mo' Millborosil d. ,31D6 rcent slopu 0.01 0.00 .... 0.02 .2' 0.27 •.00 0.27 ....
Tti p !J61.~89 561.841 0.1S7 8>, $0123 354412 MoA Millbotosil idlY. Oto 3 rcentllo 0.16 0.01 0.16 0.16 0.16 0.00

_.-!!.!ell 567.....' 567.860 0.013 .. S0123 354411 Mo. MiUt!olo pi c1rt.1t06 ..,-cent slopes •.00 0.00 0.01 0.00 0.01 0.01 0.00 O.o!._ O~
T" S67.160 S67.930 0.071 >7, SO'23 lSC40S lkC l.akotr\I-MillbDfO 101' dIo •S to 9 geromt slopes 0.04 0.03 0.00 0.03 0.07 .... ....
Ttl p ~7.930 568.619 0.... 3.639 50123 354406 LoD lMotnao-Okaton SfiIy cili ,9 to 15 ~rcent sloges: 0." 0.0$ 0.04 0.04 0." .... 0.03 0.01
TrIgo S611.619 5068.894 0.274 1.448 50113 '14'34 .oe Ree 101m 6 to' oercent "lopes 0.01 0.01 0.01 0.01 0.01 0.27 0.25 0.01 .2' 0.01

,-~ 568.894 568.913 0.020 '04 50123 3$4414 Moe Millborosil da • '10 9percenlsfopes 0.00 0.00 0.02 0.00 0.02 0.02 • .02 0.00 O.O~_

TrltJP 5U.913 569.279 0.36S 1919 50123 354434 RoC Ree lOilm, 6to 9 ercent.J Itl O.ot G.O' 0.01 0.01 0.01 0.37 •.33 0.01 0.37 _. ¥
~ 569.279 569.361 O.oaz ,.. SOl23 3S44OS lke takoma-Millboro stfty clayS. 5 tD 9 percent sloPeS 0.04 6.03 0.00 0.03 0~06 O.OT 0."

TrlDo 569.1&1 569.546 0.11S 975 50123 354434 RoC Ree loam.' to 9 ptf'CC!:nt sIoc:Ies 0.01 0.01 0.01 0.01 O.ot 0.18 0.17 no' 0.18 O.O:t
Tripp 569.546 SeJ.647 0.101 .., 50123 ...... ..0 Rce loa...... 9 to 15 gcrcent l!ooe's 0.01 0.01 0.01 .... .. 0.10 O.ot 0.00-
TrlpD 5069.641 569.801 0.154 .,1 S0123 3""34 RoC Ret' 101m. 6 to 9 percent sIopel 0.00 D.DO 0.00 •.00 O.DO 0.15 0.14 •.00 0.15 0.01
Tripp 56g.101 569.944 O.UI3 ,5> S0123 ....'" P,C Proml. cay. 'to 9 percenl st , •.DO 0.13 0.00 0.14 0.14

.~-

0.14 ....
Tnpp 569.944 570.016 0.073 ... $0123 354414 Moe MI11boto slitii' dlv, 6 to 9 perc;ent eo D.DO 0.00 0.06 0.00 0.06 0.07 0.07 D~OO 0.01
7ri.. 510.016 570.301 0.0&4 ". 50US ...... AtD Anselmo' Inlt ftne iNN towN 10 to 20 'cent $I es .~DO 0.03 0.0' O.DO 0.01 0.07 0.02

~~~ 570.101 510.518 0.418 2.205 5Dl23 3....34 Rae Ret' I~m. 6 to 9 percent dopes 0.01 0.01 0.01 0.0' 0.01 0.42 D." 0.01 0.42
~~-

Tnpo 510.518 570.641 0.123 ..7 50121 ...."" M•• Manter ftne Mnd 10_"", a to 9 ts~ s 0.01 0.12 0.00 •.DO ..00 0.12 0.00
Tripp 570.641 570.732 0.092 ,.. 5..0123 3S4408 MaA t..t.ntl!f fine sandv loam. 0 to 3 percent slopes 0.09 0.00

~~

O.DO .... 0.00

W'--- 510,732 510.882 0.1SO 792 50123 '544<l9 M•• MVlter ftne Yhdv lo~m. 310 9 DM:ent s10Dd 0.01 0.t4 0.00 •.00 ..00 0.15 0.00
Tripp 570.882 571.093 0~21l 1,112 50123 3~36S Ab. Anlelmo fCne sandy 10!.m. 3 to 6 percent$~ 0.01 02' 0.0' 0.21 ~.:~
TtIPQ~ .. 571.093 571.197 "-0.104 S48 S0123 354370 AYA AnMlmo-Yeul fine I.ncfv Ioams 0 to 3 oeree"t sloaes no, 0.07 0.00 0.110 O.DO 0.00 0.00 0.10·- ....
Trlgp 571.191 571.316 0.129 .00 scm 354385 0g8 Doter loAmy fine sand. 0 10 6 pert:ent slopes 0.00 O.DO C.t2 0.00 0.00 0.00 •.00 0.00 0.'2 •.00
Trlgp 571.326 571.329 0.00. TO som 354388 Due Dundtv-ooaer loamv fin. unds. 3 to, I:Iet'cent sloPes D.DO 0.00 •.DO
TrlW 571.329 571.390 0.062 325 S0123 354385 .... OOaer loam fine sand. 0 to 6 pen:eot sJopes •.00 0.00 0." 0.00 0.00 0.00 0.00 0.00 0." •.00
Trlgp 571.390 Sn.439 0.049 2" S0123 354388 OuC Dundav+Doler ICMm¥ fine nnds, 3 to 9 percent SiD •.05 •.05 0:00-
TrIpp 571.439 571.609 O.no "5 SOI23 354364 Aa82 Anselmo lo.mv ftne Nnd. 0 to 9 pe"(ent slopti;, eroded 0.15 0.15 O~OO
Ttlpp 511.609 572.1'2 0.573 3.025 S0121 354454 Vde Valenllne·OuncUy complell. 310' tc.ent $!opes 0.01 0.02 0.58 .... 0.02 o.or

~_~eL-~~a] 572.241 ...... ... 50123 3504)86 DrnA Oopr-Ehmere complex. 0 to 3 pen::w:nt slopes 0.00 0.03 ..00 0.00 ••DD D." 0.00 0.03 -ii-oo .
f--~r~PJ? 572.241 S72.3S4 0.113 59. som 354454 VIIC Valentlne-Ounct. In 3tD9 teenllio , •.DO •.00 0.11 0.t1 0." 0.00-

Tripp 57.2.3504 5on.542 0.187 ••• 50121 354386 DrnA OOIer-£hmere oamplc(. 0 to 1 pelUnlsl~ 0.00 0.10 ••DO 0.00 0.00 O.DO 0.01 O.to OO,L
Trl~ 572.S42 571.657 0.116 611 50123 3504405 lke LM:ome-Minboro $lIty daoY£. 5 to' Pl!:'ClMt s10pet 0.06 0.05 0.00 0.05 0.12 0.10 0."
Tflpo" 572.657 573.013 0.416 2.248 5D123 154462 W" WrMela fine Andv loarn. 3 to 6 pe«ll!nl~ 0.3. 0.02 0.00 0.00 0.00 •.00 .~.. 0.00 0.00-
Tri 573.083 573.238 0.155 .20 5D123 354JB7 OnC:Z "",d. lo_mv fine sand. 3 1£1 J percentsI~ eroded 0.00 •.00 0.15 0.15 •.00

~-¥'Pf 571.2]8 573.837 0.599 3.161 50123 3504386 lImA -Elsmuc com Ie 0 to 3 r«nl .. 0.01 0.32 0.01 0.01 0.01 0.01 0.02 0.32

---I:riPP S1Un 513.935 0.098 51. S0123 354387 DoC' Dund ~my fine Hnd. 3 to 9 percent "lopes" eroded 0.00 noo 0.10 n,o -~~ ~

'" Sn..935 574.070 O.l~S 7" 50123 ...... Em Elsmeore fines., loam 0.01 0.01 0.01 0.01 0.01 0.01 0.01 - 0.13- 0.01'

lte!v:lotD"e Xl Steele City - SO SOIls
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Table 1: SClI Umltatlona Along the Pipellna C.nte~in. Mil_posted by SOlI Map Unit (continued)

TrlDD 57•.010 57•.175 0,105 5SS S0123 ...387 Onc Ol.lndoW klamyflne sand 3 to 9 Percent sJoMs.. eroded 0,00 0,00 0.10
-,

0.10 0,00 0,00
T,1Do 574.175 574.2:.... 0,060 .65 $0123 ...... VdC VaientlnH>unda" COt'nD&ex. 3 to 9 _retnt slaDe' 0.00 0,00 0.07 0.07 0.00 0,00
Tn"" 51•.~ 574.315 0.071 374 50123 3..386 DInA ocwer-ea&mere CQmDlu. 0 to 3 rcents~ 0.00 0,04 0.00 0.00 0.00 0.00 0.00 0.04 0,00
Tripp 574.315 574.387 0.071 37' 50123 ...387 DnC2 Oun Iownvflne NOd,.1 tog rcentsJo wxlod 0.00 0.00 0.07 0.07 0.00 '0:00
Tripp 514.187 574.547 0.160 847 S0123 ...... Em Elsmere fine Slind loam 0.01 0.01 •.01 0.01 0.01 0.01 0.01 0.16 0.01
TIIDD 574.547 574.613 0,066 ... SO'23 "'387 0nC2 Oundw Ioamvflne MOd. 3 to 9 J»ercentsioPes.. eroded 0.00 •.00 0.0& 0,00 0.00 0.00
Tn"" 514.613 574.686 0.013 ... 5D123 '''386 DmA 10000r-£15mere comPiea. 0 to 3 Dertent slQl)e$ 0.00 0." 0,00 0.00 0.00 0.00 0.00 0." 0.00
Tri 574.686 515.191 0.5OS 2,... SDla3 ....55 VnO ValentJnlH.Dn Ine c:omDleJt. 6 to 1S Dercent slooes 0.01 0.11 0.60 0.39 0.11
Tripp 575.1.1 575.195 0.004 22 50123 ...... VdC Vaentlne-D itbl" tomolu,. 3 to 9 rcant slopes 0.00 0,00 0.00 0,00 0.00 0.00
Tn"" 575.195 575.748 0.553 2.921 SOl23 354387 0nC2 "'dav_ tiM sW. 3 to 9 Dll'Cent stooes.. eroded 0.01 0.01 0." .... 0.01 0.01
Tripp 575.748 575.953 0.205 1,000 SOl23 354441 Roll _Lont ne fine sandv Ioams. 0 to 6 Dl!!rcent slooes 0.16 0.10 0,00 0.00 0.00 0.00 0.00 0.01 0.07 0,00

T" S75.tS3 576.110 0.157 829 SO,23 .54455 VnO VaJentlnt-lo lne comDI«, 6 to 15 a.rcent s100es 0.00 0.03 0.15 0.12 0.03
Tri 576.110 57'.224 0.114 600 50123 ......7 0nC2 Dundwloam fine SInd 3 to 9 DCrc:ent slODeS. eroded 0.00 0.00 0.11 0." 0.00 0,00
Tn 516.124 576A06 0.182 962 50123 .54386 DInA Ooftr-Elsmere c:omdex. ,0 to 3 Dercent stoots 0.00 0.10 •.00 0.00 0.00 0.00 0.01 0.10 0.01
Tn 576.406 576.444 0.038 201 SOl23 354389 Em Elsmere fine sandv loam 0.00 0.00 0.00 0.00 0.00 0.00 •.00 0."

-~T,I 576.44' 576.541 0._ 519 S0123 354386 ll<nl r-Elsmerecom Ota] ercent os 0.00 0.05 0.00 0.00 0.00 0,00 0.00 0.05 0.00
Tn 576.542 576.619 0.071 ... SOl23 ...... Em EI5ml!re fine sandY IQfm 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0." 0.00
Tri 576.619 576.778 0.159 837 S0123 ...." IlonA IDoKer-Elsmere com'" 0 to 3 Dertent dobes 0.00 0.00 0.00 •.00 0.00 0.00 0.00 .... 0.00
Tn 576.178 576.882 0.104 ... 50123 354387 OnC oundav Ioilmv nn. sand. 3 to 9 Ol!rcent slODl!5" eroded 0.00 0.00 0.10 0,10 0,00 0:00
Tn 576.182 577.017 O.US 712 SOI23 .54440 RfA Ronson flne sandvJoam., 0 to"~ $loDeS 0.12 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
T 517.017 577.194 0.177 .37 SOl23 3S4368 AhC Anseimo-Holt fine san ,.. 'to' rc;entslooes 0... 0,11 0.01 0... 0,00
Tn 577.194 577.287 0.092 ... SOl23 3S4385 0.8 OQIer IofroYflne sand. 0 to 6 Plra:nt slopes 0.00 0.00 0.00 0.00 0.00 • .00 0.00 0,00 0.09 0.00
Tn 577.187 577.375 0,009 ••• SOl23 354365 All8 Anselmoflnt sand.., loam 3 to 6 Dercent slooes 0.00 0.00 0.00 0,00 0.00
Tnp 577.375 571.592 0.117 1.146 SOl23 354389 Em Elsmere fine $ll\dy loam 0.0' 0.01 0.01 0.01 0.01 0.01 0.01 0.22 O.Q!..
Tti 5n.592 571.634 0.041 218 SOl23 354315 ""8 OoarbamvtIM sand.Oto 6 Dl:ttents~s 0.00 0.00 .... 0.00 0.00 0.00 •.00 0.00 0.04 •.00
Tripp 571..634 5n.874 0.240 1,267 SOI23 ...... MC AnsttJno..HoltftneMndYloams. lto 9 Del'centsloDes 0." • .23 0.01 0,2A

-~
T,"'n 517.874 5n.917 0.043 220 50123 354456 Vt Veta! ftnesan "'m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0." 0.00
TtiJlS) 577.917 578.044 0.127 ." SOl23 ...... lld IDoaer loamv fine SInd, 0 to 6 Dercent sloges 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0,00 0.12 0.00

TrlDD 578.044 578.114 0.070 .67 50123 ...387 0nC2 ... fine sand. 3 to 9 oercent. slaDe&' eroded 0.00 0.00 0.07 0.07 0.00 0.00

TrIDD 578.114 578.166 0.253 135 50123 ...... AhC A.nstImc>HoIt fine sandy ktams, 3 to 9 Dertent slopes 0." .24 0.01 .,25 0.00

Tnpp 51•.366 578.417 0.050 265 5012. 354.95 HbA Holt·An$elmo fine sandy 1oIms. 0 to 3 petcll!nt slopes 0.03 0.05 0.00 0.00
Tn", 578.417 578.791 0.375 1979 S0123 ''''87 0nC2 Dundwloamvflnesand 3to9a«centsloces eroded 0.00 0.00 0.311 0.311 0.00 • .00

Tn"" 571.791 570.... 0.00' 489 50123 'S4OU Wh Whitelake fine WldvI~m 0.01 0.00 O.os 0.08 •.08 0.08 0.08 0.00 0,00

Tnon 578.884 579.007 0.122 64. S0123 '54'85 Cd IDoier 1oIm.,f1nt SInd 0 to 6 Den:ent slo~ 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 o.n 0.00

Tripp 579.007 579.119 0.182 ... 50123 ...... Wh Whltelake flM sandy loam 0.01 0.00 0.16 0.17 0.17 0.17 0.17 0.01 0.00'-

T" 579.189 579.335 0.146 7.. SOl23 ...... Od :Dolr:er Io¥nllfine sand Oto 6 Dtrtent slDDl!S 0.00 0.00 0.14 0.00. 0,00 0.00 0.00 0.00 0.13 0.00
Tn 579.3135 579.403 0.... .64 50123 ...... Wk WhItieWcc-lute ftne Dndv Ioams 0.01 0.02 0.03 .... 0.Q6 0.00 0.00 0.01 0.00

nl $79,A03 579.776 0.312 ,... S0123 354'95 HbA ~-Anselmo fln.... ~ms,Oto3 nt' 0.2. 0." 0.01 0.00

Tn • 579.776 579.993 0.217 1.1'. S012' ....62 W" Wewc~ fine sandy loem. 3 to , pertent slopes 0.20 0.01 0.00 0.00 0.00 0.00 0.20 0.00 0.00

nl 579.993 580.QSl O.oso 307 50123 '3S4370 A'A Ansel~Vetalfine sandY IClams. 0 to 3 Dtrtent sloPes 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tn 5aD.051 580.294 0.243 -, ~,.. 50123 .54462 W.. Weweta fine sandY mm, 3 to 6 Deftent sk)PeS 0.22 0.01 0.00 0.00 0.00 0.00 0.22 0.00 0.00
T,I 580.294 580.447 0.153 ... SD123 354461 WoA W....,.taflne sanetvll»m Oto 3 Df:(Q!:nt sIooes D.n 0.01 0.00 0.00 0.01 0.01 0.0' 0.14 0.00
Tn 580.447 580..419 0.032 166 SOl23 ....62 W.. Wrwelai ftne san 'to6 eroe-nt5la 0.0. 0.00 0.00 0,00 0.00 0.00 0.01 0.00 0,00

T sao..79 580.531 0.053 277 50123 354452 TIf It..on.IDIne--Rock Qutaop complex, 15 to cO percent slopes 0.02 0.04 0.0' 0.05 0.00 0.05 0.04

T" 580.511 580.642 0.111 ... SOln ...385 0.8 :OClftrlolnwflne sand Oto 6 DtlUntstClDtS 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.10 0.00

Tri ~8D.642 ~8D.a28 0.186 983 50123 3S4463 Wh Whltelilkt fine sandv loam 0.01 0.00 0.17 0.17 0.17 0.17 0.17 0.01 0.00

T,' '00_ 580.972 0.144 75' 50123 ...... WI< Whltellke-lute fine AndY 10llns 0." 0." 0.07 0.12 0.12 0.12 0.1' O.Dt 0.00

T<l 580.972 581.009 0.037 194 50123 ...463 Wh Whlc.lakeflne sandy loam 0.00 0.00 0.03 0.03 0.0. 0.03 0.03 0.00 0.00

T.' 581.009 581.035 0.026 13. S012' ...... WI< WNtelaklN..ute h sandv IroMns 0.0' 0.0, 0.01 0.02 0.02 0.02 0.02 0.00 0:00

T,I 581.035 S81.237 0.202 ~067 S0123 ....63 Wh Whltelilke flne sandy loam 0.01 0.00 0.18 0.18 0.18 0.18 0.18 0.01 0.00

TrlDD 581.237 S81.13O 0.093 .., 50123 3~3&S ,loom flnesand Oto6 rcent siD 0.00 0.00 0... 0.00 0.00 0.00 0.00 0.00 0." 0.00
TrlDQ ~l.)]O sal.476 0.145 7.. S0123 354388 DuC Dund r l08my fine sends. 3 to 9 percent $lODeS 0.14 0.14 ...- --~!"'.
TrI"" 581.476 581.853 0.378 L094 S0123 ....55 VnO a1entinMo ,.. .tolS tsl , 0.01 0.00 0.37 0.29 0,08

~. 581.19 Sll.938 0._ ... S0121 .54385 OrB r firM! SM1<J. Ota 'oelURt $lQpe$ 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trloo 581.938 581.982 0.045 2•• S0123 ....55 VnO V.lenUne- necom Iell" ,to 15 teentsl , •.00 0.01 0." 0,01 0.0'
Tn"" 581.982 S&2.097 0.114 602 SOl23 354385 0.8 lOcKer Ioatny fine sand 0 to 6 Dertents1o~ 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.10 •.00

0,00-T" 582.097 5&2.215 - "0.119 .27 S0123 354387 DnC2 Dund~ loamy fine sand 3 to 9 Percent slopes" erOded 0.00 0,00 0." 0.1. 0.00
Tn 582.21S SI2.267 0.052 272 50123 3S4~S6 OmA 'DoI:er-£lsrnere complex. 0 to 3l:1ercent sIooes 0.00 0.03 0.00 •.00 0.00 0.00 0.00 0.03 •.00
Tn 582.267 582,189 0.122 ..5 S0123 ''''55 VnO a1entln~1na QMI\*x. ito 15 aercent slooes 0.00 0.03 0.12 0.10 0.03
HI $82.389 582.600 0.211 "' SOl23 ...... VdC ValenUne--Dundav comDleX. 3 to 9 Del'Cent .000S 0.00 0.01 0.21 0.20 0.01 0.00
Tn 582.600 582.... 0.... 2" SOl23 354387 DnC ounda'lloamy fine Nnd. 3 to 9Pt:rCltnt5lope5l, .roded 0,00 0.00 0." 0." 0.00 0.00
Tn 58L'" 512.681 o.o:n ". SOl23 :154186 0"'" Dclar-£:IStMI'ti COfTIDlex. 0 to 3 DetCtnt sIoDes 0.00 0.02 ••00 0.00 0.00 •.00 0.00 0.02 0.00
T,I 5&2.681 S82.164 0.083 .,8 SOl23 354387 0nC2 Dundw IoImvftne sand 3 to 9 ae:rcen.t slOPe$. eroded 0.00 0.00 0.00 •.00 0.00 • .00
Tn SSZ.764 582.852 0.'" ... 50123 "'386 OmA 'Ootler-£Isrnere comdex. 0 to 3 ,oem • .00 o.OS 0.00 0.00 0.00 •.00 0.00 0.05 0.00

Keystone Xl Steele ctty • SO Soils
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Tabla 1: SoIl Umltationo Along tho Pipeline Centerline Mileposl8d by Soil Map Unit <oontinued)

Tn 591.799 592.819 d•..., '13 SOl23 354452 TIf ........- """ 1Sto040 rccntsl,

Tn 592.839 592.921 o.oal dO SOla 3507. 800 - 9 to 25 «aent .
T,' 592.921 593.009 0.088 ... 50123 .544S2 TIf Lon ne-Aockouta """ x. 15 to 40 percent s 0.03 0.07 0.00 0.011 0.00 0.08 0.01
T 5....... 593.113 0.104 550 50123 ....66 AbC Anse4mo fine And 1oIim. 6to 9 _to 0.00 0.10 0.00 0.00 0.10 0ii0'
HI 591.113 $93.221 0.114 605 50123 .54410 WE Manter-Ansdmo fine sand (Oil 15 to 30 elUnt sklpa 0.01 0.10 0.11 0.01 0.11 0.1)1 0.00
Tn 'S9i.227 S9U29 0:-10i- 5'5 SOlD .54.66 AbC Anselmo fine And 101m,' to 9 rotnt slo 0.00 0.10 0:00- --0.09 0.10 0.00
Tn 593,329 593.451 0.121 ... 50123 3$4410 MIE M."ter-Anse'lftoflne sand 10IIrns,. 15 to 30 percent os 0.0, 0.11 0.11 0.01 0.12 0.01 0.00
Tn 593.451 593.490 0.0" ,06 SOlD .54.66 AbC Anselmo fine NnCl loa 6109 I 0.00 0'" 0.00 0.04 0.04 0.00
Tn 593,490 $93.646 0.156 '" 501~3 .54410 MIE Milnter-Anselmoflne sand 10IItn\ 15 to JO percent slopes 0.02 0.14 0.14 0.02 0.'5 0.01 0.00
Tri 593.646 594.197 D.SSt 2.907 S0123 .54369 AtD Anselm IN! fine Sind k)a,ms. 10 to 20 rcentsl . 0.02 0,17 0'" 0.02 0.05 0.... 0.13 -
Trl SM.191 594.43' 0.236 1,2.7 50113 .54410 MIE M.ntcr-Anse'moflne sand 101m" 15 to 30 percent aIope$ 0.03 0.21 0.22 0.03 0.23 0.02 0.00--"rl ,...... 594.531 0.101 '31 50123 ...... "B .... 100 3to' ercent 0.01 0.00 0.00 0.00 0.10 000 0.10 0.00
Tn 09453. 094.649 0.116 612 SOlD .54-<08 ...... Minter fine Sind loam 0 to 3 .... sID 0.11 0.00 0.01 0.12 0.00
T.I 594"" 594.6S5 0.005 '7 50123 154433 Ro& Reel.. 1 to 6 ercent s 0.00 0.00 0.00 D.OO 0.01 0.00 0.01 D.OO
Tn 594.655 094.619 0.024 127 SOU3 .54-<08 M.. M&ntetflne5ln 10 Oto' c:entskt 0.02 O.llO D.110 0.02 O.DO
Trl 594.619 594.715 0.0'7 195 50123 .54410 MIE Manter-Anselmofint A toams. 15 to 30 treent .. 0.00 0.03 0.03 D.OO 0.04 D.DO 0.00
Tn SM.115 '95.1" 0.428 225. 50123 154174 800 ........ 9\025 erc:entsl It$ 0.36 0.03 0.38 0.00 0.00 0.40 0.39 O.DO
Tn 595.143 59S.286 0.143 754 SOlD ....10 MfE Manter-Anselmo fine Silndy 10IIfnS, 15 to JO Pf:I'Clent II D.02 0.13 0.13 0.02 0.14 O.ot D.OO
Tn 595.286 595.511 0.225 1188 50123 354!l7' BOD tan ~~t1on.9 to 2S treent II es 0.19 0.0' 0.19 O.DO O.DO 0.21 0.21 O.DO
Tn 5515.511 59S588 0.078 409 SDl23 3544'7 PrB Promise d • 3 to 6 rcent slo s 0.08 0.08 0.08 0.08 O.DO
Tn -5'955&8 595.712 -o:ii, 70. 5D123 '5.07' Bt Ilri ortcom ex.chilnneled 0.01 0.02 0.01 0.02 0.11 0.01 0.00
Tn 595.722 595.860 0.138 730 50123 354!l75 B Brl CD ex O.DO 0.04 0.02 0.00 0'" 0.14 0.1'
Tn 595.160 595.923 D.D63 ,., SOI23 354427 PrB Pfomlse cia 3 to' rcentslo D.08 D.D6 0.011 0.06 O.DO
1rl P 595,923 596-079 0.156 82' 50123 354'" DbD DbtlOlt..9to1a~tsloPH 0.15 0.15 0.14
Tn 596.01!l 596.2.02 0.114 6S4 50123 354.70 AvA Anselmo-Vetal fine Sin Ioafnl.,OtoJ ntsl es D.OI 0.08 0.00 O.DO 0.00 D.OO 0.00 0.12 000

_._.J~!p'@" 596.202 596.lS% 0.029 >S, 50123 .54384 DIlo Olasolls.9toll tsID 0.03 D.03 0.03
Tn 596.212 596.4to 0.258 a04 SOl23 354.70 AvA Anselmo-V~I fine An kMIms. 0 to:l ercent .. D.Ol 0.17 0.01 0.01 0.01 0.01 0.01 0.26 -0:0..-
T,I 596A90 596-610 0.120 ,,< 50123 '54410 MfE Manter-Anselmo fine Sind ktfms. 15 to 30 rcentsl 0.02 0.11 0.11 O.Ot 0.12 0.01 D.DO
lrlpD 596.610 596_.&45 O.OlS 186 50123 354314 BOD 8OYd-0kat0n a5$Ol;la~on---,-9 to 25 per,entsl~. _____ 0.0! __ D.DO 0.03 O.~ 0.00 _ _O~~ 0.03 0.00

Keystone XL StM!e CIty. SO SOIls
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Table 1; Sol' LImitations AlOng the Pipeline C.nterline M~apos(edby $off Map Unit (continued)
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.C4A~1 a.coo 0.066 O.ON ~ SOO63 355781 fthamH-m"ln fine sa 0.02 0,03 0.02
CA11441 0.066 0.210 0.144 761 5D063 355743 GI.nd1__Ardllnflntsa o.OS 0.13 0.1.
CAA~l 0.210 0.&40 0.230 1.Z13 5D06! 155711 Rh.;!m....'t'dlln fine WI 101 :lito6 0.08 0.10 0.08
CAA-D41 0.440 0.469 0.0)0 lS7 50061 355729 cabblrt-Aock~ compj&'c.1S to 40 0.01 0.00 0.00 0.02
(AA-041 0.469 0.509 0-039 207 50063 355111 Rhame-fllrcl1ln fine sa loam.. 2 to 6 0.01 0.00 0.01 0.02 0.01

_~·041 0.509 0.657 0.14' 7'2 5DQU 35572' ca~rt-RockovtP" com Iell. 15 to 40 0.04 0.01 0.01 0.09
CAA-041 0.651 1.417 0.810 4:n soou 155712 Pird!1n-8ulb::kftneWi loa~.lto9 Q..43 0.03 0.157 0.71 0.7S

---..fAR-041 1.477 1.672 o.ns 1,029 50063 15$751 ItQn:hc, 101m, ch.nnrIl!d 0.02 0.01 0.03 0.19
CAA-041 1.672 l.150 0.078 1Il11 5006~ 355722 BoD 8I.Illock-Cabban com lex. 'to 2S percenUlopes 0.07 0.03 0.00 O.DoC ·o"1M.'- 0.08 0.07

._.?A~L 1.750 ._!:!",l 0.093 ~~l?_. 50063 355712 AkA ~!:!!!I!!!.Clcflne", loarns,Ot04 rc:tntsto es 0.01 0.01 0.01 0.08 0.09-
CARoOo'l 1.'42 1.'7il1 o.on 194 SOOU 355722 BoO aullock-Clbb:trtcompl 6to 25 percent fI 0.()3 0.01 0.00 0.02 0.02 0.04
CAA-041 1.879 2.084 0.205 1 1 SOO63 355712 ,t,lcA Ard11n-Bultoe:kftnu. loem,Ot04 ercentslo 0.03 0.02 0.15 0.1& 0.19
CAR-041 2.084 2.218 0.114 7GB SOO63 355729 c.e C,bbirt-Ifockol.ltel'<l com 15co4Q totntslo , 0.03 0.1' 0.10 0.01 0.01 0.09
CAR·OU 1.118 2.ll1 0.063 331 $OOl53 355717 SlA e loam 0.06 0.00 0.06 0.06
CARo041 1.181 2.453 0.172 908 soon 3SS818 laD Zeorwtoa f1nuand,9lolS e~ent, 1 0.03 0.16 0.15 0.02 0.02 0.02
CAR·On U53 1.S39 0.086 453 SDOU 355742 Ge Glendill'eftnesan Io~m 0.08 0.01 0.09 0.09
CNl.-041 2,5U 2.664 0.125 661 soon 35S7SZ Hh H.vre-ttilr1iu tOm 0.11 0.01 0.12 0.12

CAR-O";J8 0,000 0.020 O.OlO 104 SOO63 155770 MtD al1Mrth-TwII t ftnu'nd kMms, 9 to 15 runtsl , 0.02 0.01 0.00 0.00 0.00 0.00 0.01
CN!:-0438 --0.020 0.876 D,IS7 4 23 SOO61 355772 PbI P.~hIn-lullockfinc.. Ioaml-Zto! etu:ntslo 0.16 0.45 0.03 0.03 0.70 0.14 0.80

-"'7''-If-~~=.=.:::sj: ::::i ~:~~ :::~; :: :; :~~: ~~ ~~~h~=~~f:uanloam~~~69~rte:::S= ::~~ ~:: ~:~ ::~ ::~~ ~.~~ ~:~~
CAA.0438 1.114 1.J05 O.llJl 1.009 50063 35576'J MtC M'rmarth-Tw. Mflnesand lDilms,6tD9 rcentllo s 0.19 0.07 0.01 0.01 0.02 0.03 0.12
CAR-G438 1.lOS 1.6)4 0.329 1,737 soon J5!l771 PbS P,rchtn-lulloctfinllA 101lmS.2to9~rcentsloel 0.:13 0.17 0.01 0.01 0.21 0.28 0.31
CAA·0418 1.6M 1.184 0.150 793 SOO53 355712 AkA Arr:l1ln-8u\loqlln... IoIml,Ot04 IUUAtslo 0.02 0.02 0.11 0.13 0.14

CAR·G08 1.714 1.191 0.013 70 SOO51 3S5711 80D 6U1odc-~rtcom \ell. ti to 2S ent. es 0.01 0.00 0.00 Om. 0.01 0.01
""'~ 0.000 0.323 0.323 1.701 SOO&! 355711 Mma r.atnit-hrd'llnflnesa IoImt,lto6 rOfftttkl 0.32 0.08 0.03 0.D3 0.11 0.t5 0.11
CAA.-Q4S 0.000 0.243 0.l43 1,.285 SClO63 355761 B t.t.nnarth-ParchlnflMA \cN;ms,.2to6 til 0.14 0.07 0.01 0.01 0.07 OM 0.21

'''-4--''~=~ :~: ::: :~: ~94 ::: :~:: ~:; M;rmlt=l~nllU8.::'m:.t:~~IIO=tl :~~ :.~ 0.00 (teN):: :~~:~
CAA:~5 D.4J2 0.496 0.074 390 soon 355712 Pb8 Pa,chln-Bullockflneu bam" 2tD' rceftt~ s 0.01 0.D4 0.00 0.00 0.08 0.06 0.07
00---..0.5 0.4" 0.562 0.066 S50 50063 355769 MtC M'm\OIIrth-Twl t fine san blms, 6 to' plrant~ 0.07 O.oZ 0.00 0.00 0.01 0.01 0.04-
0Jt-045 0562 0.&69 0.106 Si2 Sb061 355772 PbS Pa,dl!n-Bulloctftnllu IoIIm,,2to9 rcentsto lI'I 0.11 0.06 0.00 0.00 0.09 0.09 0.10
tM-04S 0.60 0....7 0.1711 94l 50063 355723 8 BlIlloCk-hn:hln-S1i~co ,ltg9 r«fltsio es 0.16 0.01 0.14 0.14 0.10
CAR.()45 0.147 1.101 0.260 1.374 50063 355712 NitA ArdIl,..lloI1loddincsa ICNrns.Oto4 rantsJo s 0.03 0.03 0.20 0.23 0.2.
(Aft-D45 1.101 1.150 0.143 753 SOO§3 __355772 PbS PUchln-8u\k)d(ftneSlndykl'''!'.~to_9~_~~$Io~' ~ __ __ ~-,1~ ~.Q! __0.01 0.01 0.12 0.12 0.13

Hardin taA.069 O.DOD 0.019 0.019 101 5(1)6:3 355804 be TwiltIht·81,df't.11 fille SI~ blms., 9 fa 15 percent slopes O,Ol 0.01 0.00 0.00 0.00 0.01 0.00
Hlrdltl' CAR-069 0.Q19 0.076 0.057 302 SD063 3055768 M B Molrmlnh-P,rdllnflnesa IoIrns.lto6 $10 0.06 O.oZ 0.00 0.00 0.02 0.02 0.05
Hifdlnl: CAA-0&9 0.016 O.13l 0.056 2'5 SD063 355804 TaE Twill t-liackhtllfinu,ndvlolms tto15 rcentsl , 0.05 0.04 0.01 0.01 0.01 0.02 om
HiI'dln tAR.Q69 0.132 0.441 0.)08 16Z1 SOO6J JS5772 Pba Parchln·Bullockfllle"nd aoams,ltolJ rcentsID I 0.31 0.16 0.01 0.01 0.25 0.27 0.29
~ CAfI-069 0.441 0.5S6 0.116 611 SOO63 355761 M I Marmarth·'archlnftney IOImt,2to6 ts 0.11 0.03 0.01 0.01 0.03 0.04 0.10
~ CAR-D69 0.556 0.657 0.101 534 50063 :155801 TtC euloa ~eUlrwts.2to1S en:.nt 0.10 0.D9 0.02 0.02 0.02

t1,lIrdiil,,- CAA-069 0.657 0.767 0.109 517 SDOIi3 3S5772 pbB P'n:hIn-B~lockflnesl aDa ltot rcenuSo 0.11 0.06 0.00 0.00 O.OQ 0.D9 O.tO
Hlrdl CAR.069 0.751 O.lst 0.0Sl2 485 50061 :lS57SS Kef KI bb.rt-Aodcoutet comole..,1S to 60 Den:entskxMl$ 0.02 0.06 0.01 0.07 0.01 0.01 0.04
~ CAR-069 0.859 0.113 0.024 127 SOO63 3S5729 ee£ Clbbart·Rodcout 15to40 rcent 0.01 O.Q2 0.02 0.00 0.00 0.02:

_ft;~:::- ~= - i:ci: :::; g:~;: ~~~ :: :~: ~ ~u.~c:..:::::~=·::1:~~c.ntltI\t;'pes 0.00 :~~ ~:: ~:~ 0.01:: ::~:

~~:~,._ ~:: ~~~~ ::~~~ ~:~ ~~ :: :::: ~ r~~-=~:::: ~'~l~~:r:nt:~pes 0.02~:~::: 0.00 ~= :::~ ::~
HardIn CAR-D6!li l.1S5 1.195 0.040 211 $D065 35S712 PbB P,rchln·aulloctflnuand klams.2to9 ranulo s 0.04 0.01 0.00 0.00 0.03 0.0) 0.00'

~~;:- ~= ~~:: ~:~~ ~:~~ ;;~ ::: :~:;~ :: ;lrcl1l~:U~:C;~~sa klac:.~~5tor:u:e;:" 0.01 ::; ~:::: O.oo~: ::::
. Hlrdl~. CAI\-o69 U26 1.U. 0.062 32& SDOGl 355755 Kef KIrby.C; bbart-Rodtout tornplp, 151060 rccnulo , 0.01 0.04 O.Ot 0.05 0.01 O.Ot 0.02
. Hlfdi-;'.- CAR-069 1.311 1.459 0.011 373 $0061 355772 Pb& Parchln-8I.IlIDcll:ftnellnd loarm..ll09 rcentslo 0.(1'1 0.04 O.OD 0.00 0.06 0.00 0.07
- !"I,dln CAl'I.-o6!l 1.459 1.633 0.175 922 SOO63 3S57S5 ICd' Kirb¥-Obbart·Aodtoute cornD,"-15to60oercentslolWS 0.03 0.12 0.02 0.13 0.02 0.02 0.07
~nll,!. tAI\-<)69 1,633 1.942 0.308 1.611 $0063 355723 18 'hdlodc·Pard!In-SllcQpc:!Uc n.2to9 runhl s 0.211 0.12 0.15 025 0.27

Hlrdlll CM.069 1.941 1.965 0.023 123 $0063 355755 Kc:f K1rby-Cabbart·""dtOlJkroPcorn~ 15t060 n:;entslo e, 0.00 0.02 0.00 0.02 0.00 0.00 0.01
Hardl". CAfI-069 1.965 1.'11 0.'53 LIl6' SD06J 3SS71' B 8 ....llodt.PIrd'tIn·51lckulots cDl'TlOift.l to 9 percentslcoet D.32 D,14 0.2& 0.28 0.31

m"""L. . c:AA-G90 - 0.000 0.395 0.19S 2,015 .S0061 3S5772 PbB Parchln-Bvllockflnew mms,ltot c,entslopes 0.39 0.21 0.02 0.02 0.32 0.34 0.31
Hardlll CAR-<J90 o.ns 0.47. 0.079 415 50063 3SS804 Tn. Twl t·8tlcIch..11fine nn kJaIN.ttolS tt.enuio 0.07 0.05 0.02 0.02 0.01 0.03 0.02

- Hlrdl:,!, .~ CAR~_ 0.474 __ .' ~~14 0.041 :116__. ~3 3557S5 Ks:f K1rtl -toIliINn:ofIOCtOlltO'D c.omgtex,lSto60Derccnts60oes 0.01 0.03 0.00 0.03 0.00 0.00 0.02
. Hlrdln. ~J 0,514 a.•n 0.357 1,887 SOO63 35S.0lIl Tllf TwI t·elIcIlhlllftnu.n kM 'tD2S' fUnhto 0.34 0.23 0.08 0.00 0.04 0.13 0.01

'::::-r-~= ~:~~ ~:~~ :: :: ::::: : ~~ CI:a;'"'::eo=~ms.6tol~to60cen=~ D.02 ::~ :: :::~ 0.01 ::~ :: ~::
r Hardllll_ CM.otO 1.072 1.113 0.101 535 50063 3505155 Kg KIrb bbm-RocXoutCfW)~ 15 to 6l)Dt-tt.ent$lollel 0.02 0.07 0.01 o.oe 0.01 0.01 O.DoC

~rcIl CAfl-()90 1.173 1.281 0.108 S68 SOO6.3 3SS77l PbS Parch'n·aullockftnua 1cHnu,2to9 erant, $ 0.11 0.08 0.00 0.00 0.09 0.09 0.10
H.rdlna CAR-090 1.2'1 1.429 0.148 782 5D063 355755 I(c:F IC bblrt..aockoutet 15to&O trenUIo , 0.03 0.10 0.01 0." 0.01 0.01 0.08
_.~ CAA.Q90 1.419 1.608 0.179 ""7 50063 35oS7U BPI aullock-P'.n:bln-S1kf1spoucompld,2tD9~ntIIOPts 0.16 0.07 0.14 0.14 0.18
. Harcl.-n;- CAR.Q90 1.501 1.618 0.080 410 50063 3505772 pbe P.rchirt-lklilock ftne lind 1oarN. 2 to' t'lo, 0.08 0.04 0.00 0.00 0.07 0.0'7" 0.07
-!!!~l.", .CAR-090 1.~. 1.810 0.U2 ~ ._~" 35oS1Z3 Bulloct-P'rd11n-SllcQ c lto9 nt,1 0.11 0.05 0.10 0.,0_ 0.11

Kel'tor>ll )(l5tee\e CIty - 50 Soil'
Aaoeu Road SumlTVCY

Arndt TBStimony, Attachmant 2, Page 29
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reble 1: SoIl Umll8lioos Along !he P1pefin. C.ntertine MU.posted by SoIl Map Unit (continued)

CAA-<JMJ O.SaI a.SlI O.OMI ... SOOOS 15SS71 LbO kcHna-Obton. ;:;;;;;-6 to 15~ftt sl-s 0.07 0.01 0.01 0.00

''''''. ()\R_ O.Sal 0.000 0.OS8 301 SO<Ill5 3S'S601 rlU. rtwl 0.00 0.00 0·00 0.00 0.00
lyrrnln <JIR_ 0.... 1032 0.393 1»15 SOOOS 355611 SbE 5enM~-o at ..... .....,. 0.38 0.37 0.18 0.01 0.18 0.3'

..!t!".tll CAA.ll1D 10n 1.1.3 0.210 uoo SOOOS 3SSS63 .... 1kl11l:~c1a .Ota& ..... '10 0.01 0.20 0.,• 0.20 0.21

;;~.;- ~~~IO
12·U UBI 0 ..0 '" $001, 3SS619 SbE Saomt.()Nl~ 9 to 40 pcramtJlopn 0.00 0.00 0.02 0.00 0.0. 0.00 0.00 0.00

~R-oeo 1.288 1.402 0.114 .." SOO8$ !SSS63 .... IWIkreft; clay, 0 to IS percent stopes 0.01 0.11 0.10 0.11 0.11
Lvn an CAR"" 1.402 1.479 0.017 ... SDOOS 35_ P.... Promise .alai ",,", 0.00 0.07 0.00 0... 0.00 -. 0.00
l"'" an <JIR_ 1.479 1.500 0.025 '" SDOll' 35559S M' MUfi rtlne$ltld k!;lm 0.02 0.00 0.00 0.00 Q.~ -l :.~:lYfl an <JIR.... 1500 ..... O.lS" '1< SDOll5 3!1.SS70 Hoi HilmOetHl ell" 0.01 0.14 0.14 0.15

T.r.' CAA-(l81 ooס.ס 0.," nn.. 1.141 50123 3.5-4431 ... "eeJNm. Q to 3 Nrcent sloges 0.0' 0.0' 0.0' 0.33 J. 0.33
HI P CAR.o81 0.330 0.)99 0.010 '" 50123 3~S9 W.E estow,lo:Im 'tD2SDefceftts~s 0.00 0.07 0.07 000 0.00 0.01 0.07 0.01
Tr!2P_ CAR.Qll 0.399 1.131 0.738 , .. 50113 354419 OlE OUton.y1lon'll nsodatfOn. 15 to 40 otrcent slo~s 0.66 0.01 0." D.D3 0.0. 0.72 0.13 0.01
Trlgg <JIR"', 1.138 1.443 0.... 1,614 50123 ,""... 5RE 5anMrc-op.l.ssocl.ltlon. 15 to "0 teemslo III 0.20 0.02 0.20 0.0' 0.01 0.20 0.30 0.02
TrID.b CAR.oI1 1.443 1.692 0.149 1.311 S0123 ''''SO 5w BUlk::retkdl 0.25 0.22 025 025 0.00

.!.~ CAR.o81 1.692 1.004 0.312 OSO 50123 3$444S SR' San"rcoO Ianoclltlon. 1S to 40 '110 0.20 0.02 0.30 0.01 0.01 D2tI 0.30 0.02
Trio" CNt.o81 1.000 1.... 0.095 ... SOU3 3$4419 0" ton-LlIu:m. n5CJda1Ion.15to 40gerunt.kMM'. 0.09 0.00 0.09 0.00 0.00 0.09 0.09 0.00 0.00
Trt" CA"-oll • GOO 1.141 0.043 Z15 50121 ,..... W.. "tow, loam 9 to 15 .rcllnt I 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trlpo ()\ft"" 0.000 0.D45 0.045 m 50123 3S44U ... Ret loam ato 3 Drrtent IIogn 0.00 0.00 0.00 0.00 0.00 O.DO
Trigg CAft.o81 0,045 0.116 0.131 ... S0123 ...... W" WIIstovtr loam' lID 2S OtlUnt siDN' 0.01 0.12 0.13 0.00 0.00 0.01 0.13 0.12 O.OD
Trt CAO"" 0.175 0.2:0 o.OS7 ,., 50lH 354043:1: ... Rn loam, 0 to 31 C\efUnt dop" 0.00 0.00 0.00 0.06 D." OOD
Trt CNt-091 0.000 0.256 0.156 1.352 SOU! ...... ..C RH 101m. 6 to, t , 0.0' 0.01 0.01 0.0' ODl D." D.Z3 O.Ot 025 0]"1'

~~,- ~:i' -~ 0.579 ~._. 1.703 50123 ' ...06 "'" ~oc:'-J!tYdIys. 9 to 15 pelUnt Ilopts 0.'17 0.01 0.02 0.02 0.31 0.>' 0.0' 0.0l1
TrIpp 0.579 O.~S 0.266 1.~OS 50ui - -35403 ... AN 101m. 3 to It cent"CIpft 0.02 0.0' 0.01 0.01 0.27- 0.01 021 0.01
lrlllo CAA.Q91 0.1-45 0,9n O.Q!' 411 50123 ....06 ~LoO ~ ~~"".olgjton,~d_~9~.nl SIOMl 0.07 0.00 0.00 D.DO 0.07 0.07 0.00 '--'- 0.00

lC.eys.tone X\.. Steele Ofy - SO Solk.

AGeeu fto6d 51.1mrt\lry
Amdl Testimony. Atlachrnent 2. pag.e 31
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Tlble 1: Soil Umitations I.Iong the Pipeline Cenletllne Millposllld by Soil Mlp Unll(continuod)

; , '- , !.', .' ,Y,q; .'-;. ".;'. :..... , ,
r . . 3.Ei8 8.78 7.84 8.78 0.18

ce Winner rrf 80.042 11.454 50123 3~lZ MoA Millboro sl clav. 0 to 3 ~rcentslDtll!s 11.34 0.80 11.34 11.A5 11.45 0.23
CC Winner Trlgl 80.042 1.763 S0123 1S4412 MeA Milibor01At cSa¥.Oto3ptrcentsloges 1.75 0.12 1.75 1.76 1.76 D.04
CC Winner Trl 80.042 3.274 S0123 354412 MoA Mmbot'osl wdaY,O to3 DtteentsloPei 3.24 0.23 3.24 3.27 3.21 0.07
CC WInner Trl 10.042 SA.170 $DIU ~U Moe MlllborosRtvdav.3to6Dl!reentslooes 1.64 0.55 49.29 ".M 50.$4 50&.22 0.55 54.77 0.55
Cf BUFFAlD Hardl 30.097 11.652 SOO63 355783 Rn9 Rhoades- um leams, 2to 9 percent slopes 11.30 6.41 10.25 10.25 11.30 10.60
CY BUFfALO Hint 30.091 10.151 SOO63 355772 Pbe Parchln-aul1odcftnuandYloarns. 2to 9 J),trccnt $lODeS 10.15 5.38 0.41 0.41 8.32 8.73 9.44 1.52
CY BUffALO Hardl 30.097 0.570 SOOG3 355817 ZI8 leaM Joi,myflnc wnd.. 2 to 9 Dl!n:llnt slODes 0.09 O.sS 0.05 0.05 0.05 0.51 0.05
CY BUFFALO ttardi 30.097 7.724 50063 355723 8D8 e",llock-Parchln-$IldcsDDu COft'lD!ex. 2 to 9 percent slaDes 7.03 3.0t 6.18 6.18 6.80 0.23

'" f""li ...... 30348 ,.3" S0601 I 35S425 r 80E fBulloct-LardeU..81lCkhall f\ne sandy Ioamt, 2 to 40 percent SIopIK 6,56 1.87 1.'" I 8.66 2.81 7." 7.02 2.34 0.047

turdkW. 29.99i 2.028 Stx:l6a
Hardlna 29.992 0.033 51)063
Hardina 29.992 13.242 SOO63
Hardlf1:6 29.992' 1.139 SOO63
Hard£nJ 29."2 15.578 SOO63
Hard! 19.992 0.006 50063
HOinSl 2.9.992 ...018 50063
Hilrdln. 29.992 1.740 5D063
Hudlna 29.992 5.101 SOO63

Me_ I 30.:"'8' 12.7)6 I $0601~--_.~..
CV PHIUP
CV PHIUP
CV PHIUP
CY MURDO
tv MURDO
ev MURDO
ev fAIRFAX
Ci FAIRFAX
CY FAIRFAX
tv FAIRfAX
CY FAIRFAX

MLV MlV·15
MLV CK-MlV-16
MlV MLV..t7
htLV MLY·1&
MlV CK·MLV-19

tk.1on 30.122 21.922 SOOSS
H»ken 30.122 7.306 SOOSS
Hukon 30.122 0.895 SOOSS
Jones 30.097 13.857 SOO75
»nes 30.097 0.Q43 SOD75
Jones ~.097 16.197 $D07S

Gre ON 10.0&4 1.30 SOOS3
GreftltV 30.0&4 2.209 SOO53

"'eso<V 3ll.O64 1.590 SOOS'
Greaorv 30.064 0.443 SD053
GruolY 30.064 17.479 SD053
Hardin&: 0.028 0.028 SOO63
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Table 1: SolI Umitations AJong the Pipeline Centerline Milepastsd by SolI Map Unit (continued)
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Data Request:

Provide definitions of the soil limitations discussed in the application. The definitions
should identify the soil properties and ranges in properties used to place soils within a
certain limitation category (e.g., slight, moderate, and severe limitations due to slope,
ranges in electrical conductivity for salinity, and Sodium Adsorption Ratio for sodicity).

Response:

The soil assessment for the proposed project is based on SSURGO database review and
analyses. As noted in DR 3-23, a table generated from GIS for the updated centerline
(2/15/09) provided soil limitation information. The following soil limitation categories
provided in the application are:

Severe Wind Erodible Soils - Includes all soils in WEG of 1,2,3.

Severe Water Erodible Soils - Slopes >8% with a Kw>0.24 and all slope greater than
15%

Low Reclamation Potential Soils -pH less than 3.5 (very acidic) greater than 8.5 (very
alkaline)

Criteria Saline Sodie Saline-Sodie

EC (mmhos/em) >4 <4 >4

SAR <13 >13 >13

Prime Farmland - Includes land listed by the NRCS (2007) as potential prime farmland
if adequate protection from flooding and adequate drainage are provided.

Hydric Soils - As designated by the NRCS (yes/no)

Compaction Prone Soils- Includes soils that have clay loam or fmer textures

Response prepared by: Scott Patti, AECOM
Amdl Testimony, Atlachmenl3, Page 1
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3~24 (Continued)

StonylRocky Soils - Includes soils that have either: 1) a cobbly, stony, bouldery,
gravelly, channery, flaggy, or shaly modifier to the textural class, or 2) have >five
percent (weight basis) ofstones larger than three inches in the surface layer.

Shallow Bedrock - Includes soils that have lithic bedrock within 60 inches of the soil
surface.

Droughty Soils - Includes coarse-textured soils (sandy loams and coarser) that are well
drained or excessively drained.

These interpretations were based on data available within the SSURGO database.
SSURGO data were downloaded for each county crossed and run in GIS for the proposed
project locations. Soil characteristics, identified above, for each soil component within a
map unit were then identified within the Access database. The Soil Data Viewer
extension for SSURGO only allows limited analysis and can get as specific as the Access
data base (not able to pull out information on minor components), and therefore was not
used for this in-depth analysis.

Response prepared by: Scott Patti, AEeOM
Arndt Testimony, Attachment 3. Page 2


