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Castle, Carla

Page I of 1

From: Walsh, James

•

•

Sent: Wednesday, January 31,2007 9:24 AM

To: 'Denny Needham'

Cc: Ellis, Scott: Hope, Benjamin: Castle, Carla

Subject: Milford Lake Wetlands

Attachments: milford-wetland.pdf; Milford.ppt; Milford_aerial.PDF

Denny,

Attached, please find three documents pertaining to the COE lands crossed by the Cushing extension.
Milford Reservoir and the adjacent lands are owned by the COE and managed by the Kansas Dept. of Wildlife
and Parks as a State Park and Wildlife Area. I have attached PDF documents of the Cushing centerline on aeml
photographs at two resolutions, a coarser-scale GIS screenshot depicting the CL and boundaries of the COE
lands (Milford Reservoir in purple, park and wildlife area in blue), and a PDF showing the wetlands resloration
projects in the immediate vicinity of the current centerline.

Additional information on this area may be found at the COE website
(http://www.nI...KJJsace...!Jmy.millprojectslmilfordD
or from KDWP (b!!Q:/Iwww.kdwp.state.ks.uslkdwp infollocations/wildlife areaslregion Zimilford).

ENSR will be contacting the Kansas City District of the COE to discuss this current alignment. I will keep you
updated with any new information. If there are any questions in the meantime, please don't hesitate to contact me.

Randy

'j, 'Rpntfaff1Ua&h
Ecologist
ENSRIAECOM
1601 Prospect Parkway
Fort Collins, CO 80525
office: (970) 493-8878 ext. 180
jwals.!l@ensr.aecom.com

2!2/2007
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IFIDENTIAL

• Draft - U.S. Army Corps of Engineers; Oahe Project Office, Pierre, SD
February 21,2007.9:00-11:00 am

Attendees:

KeYstone Stalf

Mike Koski (Trow)
Dana Greene (Universal)
Scott Ellis (ENSR)
Randy Walsh (ENSR)

Meefing Objectives

Agency Staff:

Jeff Breckenridge, USACE
Steve Naylor, USACE
John Miller. SD Dept of Environment & Natural Resources
Albert LeBeau, Cheyenne River SIOUX Tribe (CRST)
Bob Walters, CRST Council
Paige Hoskinson, SD SHPO
Charlene Bessken, USFWS-Pierre
Leslie Petersen, SO Game & Fish
Sara Thompson, NRCS
Cindy Steele, NRCS
Dan Shurtliff, NRCS

•
Keystone (ENSR, Trow, and Universal) met with USACE and other agencies to discuss issues pertaining
to 404 permitting for the Project in South Dakota. The goals of this meeting were to discuss' 1) the overall
currenl status of the Keystone Pipeline Project; 2) 2006 wetlands/waters survey results; 3) the process
and components necessary to complete USACE Application filing in 2007; 4) other issues or concerns the
USACE or other agencies may have regarding the ProJect.

Project Overview

Keystone provided a brief overview of the Project including project purpose, technical specifications, in­
service date, and current status of the NEPA process.

Field Work and Coordination

Keystone discussed routing issues 10 the Hecla Sandhills area, A short history of route changes 10 the
area was presented and the "preferred alternatIVe" route was explained in-depth. USFWS
wetland/grassland easements, wetland abundance, minimizing crossing distances of shallow aqUifers,
and pump station logistics all influenced the routing of the preferred alternative.

The need to delineate protected wetlands located on USFWS easements in conjunction with USFWS
district stall in Spring 2007 was addressed.

Cultural and WeliandsNVaters of the U.S. survey methodologies were reviewed and a summary of 2006
survey progress was presented.

404 Permit Components and Process

The preliminary 404 application should include:

,. Wetland Tables - which IOclude
a Wetland

• 0 Type

- I "
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o Acreage
o Location (lat, long)
a Acreage
o Distance crossed
o Special requirements
a Rationale

2. Stream Tables, same basic components as wetlands
3. Procedures
4 Site Specific Figures - examples handed out

o 1:6000 aerial
o 1:6000 tapa
o Depicts CL, wetland boundaries, workspace easement
o Impact area discussion (temporary/permanent meanings defined)
o Can not discharge to a waterbody classified as a "lake" by the state of South Dakota (lakes

are not under Corps jurisdiction but are regulated by SD Dept. of Environment and Nat. Res.)
5. Site-specific construction plans

Prior to formally filing the 404 permit application, Keystone will submit a "preliminary" application to the
Corps for Informal review. The purpose of this draft application is to identify any issue or problems prior to
initiation of the formal application process This process will also provide the Corps opportunity to
evaluate the project prior to formal filing.

Agency Issues, Concerns, and Recommendations:

USDA-NRCS Easements - Sara Thompson, NRCS
NRCS wetland easements will be impacted in the Hecla area
Majority of wetland easements in SD are perpelual, though some are 30-year easements
GIS shapefiles of these easements can be provided to the Project, though some of the
easements in the area have never been formally delineated/mapped
Coordination of the NRCS wetland easement issues shoutd be discussed with the Federal
Level of NRCS:

Matthew Judy, Fl. Worth, (Western Regional) National Environmental Specialist
Andre Duvarnan (?), Wash. D.C., National Environmental Specialist

State of South Dakota - John Miller, SD Dept. of Environment & Natural Resources
Providing the State of SD signs-off on the 401, there will be no further permit process aside
Nationwide/IP
State of SD will need to approve hydrostatic testing
State of SD may also require stormwater permitting (talk with Kelly Busher)

Action Items:

Provide a preliminary draft application to USACE prior to final application [ENSR); time frame

Provide a Cultural Resources Report to Albert LeBeau, CRST HPO [ENSR); due In 2 weeks.

Coordinate With NRCS-SD to verify any easements crossed by the Hecla Alternative [ENSRj; time frame

Verify that no designated lakes (as defined by SD Environment and Nat. Resources) are crossed by the
Project [ENSRlTrow); time frame

Refer to SD DOT website to Identify waterbody crossing BMPs for streams in SD [ENSR/Trowj, time
frame

- 2 -
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Draft - U.S. Army Corps of Engineers; Bismarck Regulatory Office, Bismarck, NO
February 22,2007.10:00-11:30 am

Attendees:

Keystone Staff.

Mike Koski (Trow)
Dana Greene (Universal)
Scott Ellis (ENSR)
Randy Walsh (ENSR)

Meeting Objectives

Agency Staff:

Lloyd Jones, USFWS
Jeff Towner, USFWS
Doug VanDaalen, USDA-NRCS
Palsy Crooke, USACE
Dan Cimarosli, USACE
Sheri G. Lares, NDDOT
Kelly McPhillips, Bureau of Reclamation
John Schumacher, NO Game & Fish
Bruce Kreft, NO Game and Fish

•

•

Keystone (ENSR, Trow, and Universal) met with USACE and other agencies to discuss issues pertaining
to 404 permitting lor the Project in North Dakota. The goals of this meeting were to discuss: 1) the overall
current stalus of tI,e Keystone Pipeline Project; 2) 2006 wetlands/waters survey results; 3) the process
and components necessary to complete USACE Application filing in 2007; 4) other issues or concerns the
USACE or other agencies may have regarding the Project

Project Overview

Keystone proVided a brief overview of the Project including project purpose, technical specifications, In­

service date, and current status of the NEPA process.

Fie/d Work and Coordination

Keystone discussed routing issues in the Hecla Sandhills area. A short history of route changes in the
area was presented and the "preferred alternative" route was explained in-depth USFWS
wetland/grassland easements, wetland abundance, minimizing crossing distances of shallow aqUifers,
and pump station logistics all influenced the routing of the preferred alternative.

The need to delineate protected wetlands located on USFWS easements In conjunction with USFWS
district staff in Spring 2007 was addressed.

Cultural and WetlandslWaters of the U.S. survey methodologies were reviewed and a summary of 2006
survey progress was presented.

404 Permit Components and Process

The preliminary 404 application should include'

1. Wetland Tables - which include:
o Wettand 1.0.
o Type
o Acreage
o Location (Iat, long)

- I -



o Distance crossed
o Special reqUIrements/restrictions
o Rationale

2 Stream Tables. same basIc components as wetlands
3 Procedures
4 Site Specific Figures - examples handed ou

o 1'6000 aerial
o 1:6000 topo
o Depicts CL. wetland boundaries, workspace easement
o Impact area discussion (temporary/permanent meanings defined)
o Can not discharge to a waterbody classified as a "lake" by the state of South Dakota (lakes

are not under Corps jurisdiction but are regulated by SO Dept. of Environment and Nat. Res)
5. Site-specific construction plans

•
co FIDENTIAL

•

•

Prior to formally filing the 404 permit application. Keystone will submit a "preliminary" application to t e
Corps for Informal review. The purpose of this draft application is to identify any Issue or problems prior to
initiation of the formal application process. This process will also provide the Corps opportunity to
evaluate the project prior to formal filing.

Agency Issues. Concerns, and Recommendations:

USFWS - Lloyd Jones
• A Compatibility Determination for North and South Dakota will be made in Bismarck.
• The PrOject will require a ROW Permit to cross USFWS easements in North and South Dakota.

This application must be submitled fairly soon. as the process is often lengthy A special use
permit may be authorized to begin construction if the ROW permit is delayed.

NRCS - Doug VanDaalen
NRCS will need to issue a Federal Impact Rating Statement (FIRS)
NRCS in North Dakota has 3D-year wetland easements which may be affected
General seed mixes for the Project may be arranged through NO NRCS State Office

USACE - Dan Cimarosti
Tributary and adjacent wetlands are jurisdictional (whether containing water or not)
>180 days of temporary disturbance at a location triggers compensatory mitigation

USFWS - Jeff Towner
MBTS issues regarding the Project
Expecling John Cochnar in Nebraska to address this issue District-wide (Ellis)

Action Items:

Provide a preliminary draft application to USACE pflor to final application [ENSR]: time frame

NRCS-ND office Will prOVide seed mixes for Project in NO (contact Doug VanDaalen) IENSR): time frame

Coordinate with NRCS-ND to verify any easements crossed by the Hecla Alternative IENSR): time frame

NRCS needs to determine Internally if a FIRS (Federal Impact Rating Statement) needs to be prepared
by therr office for the Project [VanDaalen, NRCSI

- 2 -



TransCanada - Keystone Pipeline
Meeting Summary E-Mail Posting Form•

co f-IDENT!AL

Meeting Location: Tewaukon NWR. Cayuga ND

Date & Time: Tuesday, February 27, 2007; 9:00 am

Keystone Team Members: Walsh (ENSR). Greene (Universal)

Agency Contact Information:

I Name Organization Title Phone I E-mail address

Jack Lalor Tewaukon NWRlWMA Ass!. Refuge (701) 724-3598
Manager Jack !aicr:w\v5.. 9.)"

.-
Jeff King Tewaukon NWRlWMD Project Leader (701) 724-3598

leff kl.-'gf:i)rws f.RY
--- .- _._-- ._._-----

Doug Leschisin Waubay NWRIWMD (60S) 947-4521
, 19u·Jla~3sc!.l?J.ll(]'; ;L'- ~l.0~1-- - -_ .. - .- -. --_. • ___ - ___ 0 ____ - ___

j Larr~Mar=__.
Waubay NWRlWMD Project Leader (60S) 947-4521

l~LY..-i-!.......2!..!:!!J}J :'!.ii!.].;.Y
. -

Jarred Lee Waubay NWRIWMD (605) 947-4521
larred~fws cov

-•Meeting Purpose:

The purpose of this meeting was to discuss, in general terms, the current proposed alignment of the
Keystone Pipeline Project and associated temporary impacts on wetlands found on USFWS easements
in the Tewaukon and Waubay Wetland Management Districts (WMDs) in North and South Dakota.

L _

I

I
I

____J
Action Items:

Issue Description/Responsible Parties/Concern Level

- ----.- --;----;:-----;;---;-c~7;;-----;-;,----;---;;--;--
Prolecled wetland polygon maps (i.e. "exhibil A" maps) for each wetland easemenl crossed by Ihe
current alignment were provided by the FWS for both WMDs. These maps need to be scanned.
digitized and converted into shapefiles for use in GIS. Due Date March 30 [ENSRL .

Concern Level:
__--"M"'od.erate

•
J:\1 0000\1 0623-004-KEYSTONElMeetingslAgency Meetings 2007\FWS_Tewaukon_24 hr Flash_022707 (3).doc



CONFIDENTIAL
Issue Description/Responsible Parties/Concern Level

e, here was-concern by Ihe FWS that some 01 the information contained in the ConstructionlMi/tgation
Plan is outda/ed_ Universal and ENSR will follow-up with the Tewaukon and Waubay Districts to

__determine which information is of specific concern to FWS. ENSR (Walsh) to follow up two weeks

-----=----,-- .. -------
Concern Level:

_____________________________--"M=Oder.::.:al::ce --

Issue Description/Responsible Parties/Concern Level

Jack Lalor (FWS) provided a copy of the ROW permit application and instructions for filing to Randy
Walsh (ENSR). This application should be submitted as soon as possible /0 the Regional Office in
Denver. Part of easement acquisition-UEI/Lands .

Concern Level:
Moderate

--_._------- --~

I

I Follow-up Required I Requested

i. • If additional "exhibit A" maps are necessary for analysis of the proposed route, these can be provided by FWS
Districts

~dditional Comments
----- --- - ------ _._-

• Site visits to potentially impacted wetlands located within FWS easements will be required to delineate/I 0 these
features in conjunction with FWS

• Intenm special use permit(s) may be issued to commence construction if a formal ROW permit is not Issued by the
Regional Office a the time construction ,s set to begin

e
J:110000\10623-004-KEYSTONEIMeetingslAgency Meetings 2007IFWS_Tewaukon_24 hr Flash_022707 (3).doc ~



TransCanada - Keystone Pipeline
Meeting Summary E-Mail Posting Form•

co F!DE TIAl

Meeting Location: Huron WMD, Huron SO

Date & Time: Wednesday, February 28, 2007; 9:30 am

Keystone Team Members: Walsh (ENSR), Greene (Universal)

Agency Contact Information:

I Name Organization Tille Phone I E-mail address

Harris Hoistad USFWS - Huron WMD Project Leader (605) 352-5894
hams "OI?t3dl6):-I\~ gcv

Mark Heisinger USFWS - Lake Andes (605) 487-7603
WMDINWR m~~· re~!.r.!9...erf-·i·""·L:;Q~

-- ---
James Ward USFWS - Huron WMD (605) 352-5894

- -

Meeting Purpose:

IThe purpose of this meeting was to discuss, in general terms, the current proposed alignment of the l
,

'ystone Pipeline Project and associated temporary impacts on wetlands found on USFWS easements
.. the Huron and Lake Andes Wetland Management Districts (WMDs) in South Dakota. I

L I
Action Items:

Issue Description/Responsible Parties/Concern Level

Prolected wetland polygon maps (i.e. "exhibit A" maps) for each wetland easement crossed by the
current alignment were provided by the FWS for Lake Andes WMD. These maps need to be scanned,

.gigitized a.'!..q.C:_0'!.Yerted into shapefiles for use in GIS. Due March 30 [ENSRl-.- . .. __ _

Cuncern Level:
_____________________________________---"M:::.o"'de"'ra"'te'--_

Issue Description/Responsible Parties/Concern Level

Based on the current alignment, Huron WMD will be sending "exhibit A" maps to ENSR for
_proC!!ss~rIJ1.?nd integration into the geospatial database. Follow up befo!f!..fl1ar.c:.h. ~OjENSR).

Concern Level:•-----

J:11 000011 0623-004-KEYSTONEIMeelingslAgency Meetings 2007IFWS_Huron_24 hr Flash_022807.doc



Follow-up Required I Requested
------------------------ ------ --

CONFIDENTIAL
Issue Description/Responsible Parties/Concern Level•-----

-----------------------------,;:---
Concern Level :

-I
I
I
i

L---__~__~_I
Additional Comments

•

J

•

Site visits 10 polentially impacted wetlands located within FWS easements will be required to del,neatellD these
features in conjunction with FWS I

I--,

J:\10000\1 0623-004-KEYSTONEIMeelingslAgency Meetings 2007\FWS_Huron.24 hr Flash.022807 doc 2



TransCanada - Keystone Pipeline
Meeting Summary E-Mail Posting Form•

CONFIDE TIAl

Meeting Location: Madison WMD Office, Madison SO

Date & Time: Thursday, March 1, 2007; 9:00 am
-----------------_._-_ •.._ .. _. _._._-_.-

Keystone Team Members: Walsh (ENSR), Greene (Universal)

Agency Contact Information:

---_... _.1

!

addressName Organization Title Phone I E-mail

-_..
Tom Tornow USFWS - Madison Project Leader (605) 256-2974

WMD (hom_~--lPmov!. t":' f'!'l~Q.'

IBryan Schultz
.._--

USFWS - Madison Deputy Project (605) 256-2974
WMD Leader ~..D 3r.n;JllZflif·vs..Q.:.'1:~

- ----

Meeting Purpose:

The purpose of this meeting was to discuss, in general terms, the current proposed alignment of the
Keystone Pipeline Project and associated temporary impacts on wetlands found on USFWS easements
in the Madison Wetland Management District (WMD) in South Dakota.

----- -_._-- ----------_._----- ...

Action Items:

Issue Description/Responsible Parties/Concern Level

Based on the current alignment, Madison WMD will be completing (heir mapping efforts and sending
"exhibit A" maps to ENSR for processing and integration into (he geospatial database. {FWS-

-oM==a::.dl:..:·s:..:0c:.n"LJ.=-=-=C7::~.;-::-::""""_"""7" . __. _
Due date: ASAP, likely 2-3 weeks.

Concern Level:
Moderate-------------------- ._----_._ ...

Issue Description/Responsible Parties/Concern Level

-----------------_.--- . _. - _.- ._..

Concern Level:

•
J:11 000011 0623-004-KEYSTONElMeelingslAgency Meetings 2007IFWS_Madison_summary_030107.doc
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i
I_________________________________ 1

'------ ---

r-~olJow-up Required I Requested•--------

I
I

I Additional Comments
---------

• Most wetlands along the proposed route in this WMD will be shallow, depressional wetlands

• Site visits to potentially impacted wetlands located within FWS easements will be reqUIred to dellneate/ID these
features in conjunction with FWS

___J

•

• J:\1 0000110623-004-KEYSTON EIMeetingslAgency Meetings 2007\FWS.Madison.summary.030107.doc 2





• Castle, Carla

co F DE "TIAl Page I of I

From: Walsh, James

Sent: Tuesday, January 09, 2007 9:36 AM

To: edward_meendenng@fws.gov

Cc: Ellis, Scott; Castle, Carla; Swartzinski, Paul

SUbject: Keystone pipeline wetland mapping

Ed,

It was a pleasure meeting you last month at the Keystone Pipeline mee ing hosted by Jim Alonso in
Devil's Lake. Now that the holidays are behind us, I have been continuing to coordinate the wetlands
work for the Keystone Project. Using the paper maps and overlays provided to us by Scott Ralston, we
have successfully completed the digital mapping of FWS protected wetland basins within easements in
Nelson County. I was wondering if you might be able to provide me with similar maps applicable to
wetland easements impacted by the Project in Steele County? I remember that you had mentioned that
mapping efforts were not yet 100% complete for Steele County, but any information that you may be
able to provide for easements relevant to the Project in the next few weeks would be extremely helpful.
If I can be of any assistance, please do not hesitate to contact me.

Thanks very much,
Randy

• ? 'R,flnrlaff'JtJafsh
Ecologist
ENSRIAECOM
1601 Prospect Parkway
Fort Collins, CO 80525
office: (970) 493-8878 ext. 180
cell (970) 232-4058
jwalsh@ensr.aecom.com

•
2/2/2007
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-astle, Carla

"rom:
'ent:
(0:

Subject:

Walsh, James
Tuesday, January 23,20075:11 PM
Castle, Carla
FW: Keystone pipeline wetland mapping

Janie - For your files .. Thanks

-----Original Message-----
From: Edward_Meendering@fws. gOY [rna i 1 to: Edward_!'1eender ing@fws . gOY)
Sent: Monday, January 15, 2007 1:37 PM
To: walsh, James
Subject: Re: Keystone pipeline wetland mapping

James:

I enjoyed meeting you at Devils Lake and appreciate your Willingness in
working with the U.S. Fish and Wildlife Service and our wetland easements,
I mailed you a letter today with the maps that you requested which are
complete. I should be able to have the remaining maps to you be the end of
the month once they are completed. Please let me know if you have any
questions or comments.

Thank you,
Ed

•

•



United States Depaltment of the Interior

FISH AND WILDLIFE SERVICE
Mountain-Prairie Region

.,
PISll' .. WII.DUI'1:

~
.."~

\ • •1,'. .."..., ......... '"

LTl

VALLEY CIlY WMD
11515 River Road

Valley City, ND 58072-9619
January 15, 2007

cor F

•

Mr. James Walsh
160 I Prospect Parkway
Fon Collins, CO 80525

Barnes Easement #235X, 53X
Steele Easement #40X, I , 84X,1,2, 91X,1,2

Dear Mr. Walsh:

•

You requested that the U. S. Fish and Wildlife Servicc (Scrvice) provide you with a map for
protected wetlands located in section 17, NW1I4, SII2, section 6, SE1/4, section 7, NEl/4 ofT.
141 N., R. 57 W., Barnes County, North Dakota and section 21, Lots I and 2, E1I2SWI/4 ofT.
144 N., R. 57 W., section 9, N 112NWI/4 orT. 147 N., R. 57 W., section 28, NII2 ofT. 148 N.,
R. 57 W., Steele County, North Dakota.

The U. S. Fish and Wildlife Service has purchascd and owns perpetual rights which restrict or
prohibit the right to drain, burn, level, and fill any wetland basin on the ownership represented by
this map. This map represents the Service's effort to depict the approximate location of all
protected wetland basins based on information and maps available at the time this map was
prepared. However, because climatological and other natural conditions may cause the shape
and location of wetland basins to change over time and from time to time, this map mayor may
not show wetlands as they appear in any given year.

The water levels of these wetlands naturally increase and decrease depending on the natural
water cycle. Thc Scrvice has procedurcs which allow landowners to remove sheel waler Or water
from wetlands thaI are affecting roads and buildings. If issues arise concerning individual
wetland basins rcprcsented on the maps, each will be looked at on a case by case basis. It is the
landowner's responsibility to contact the Service if there are any questions concerning the
draining, burning, filling, andlor leveling of wetlands depicted on the easement wetland maps.

In Summary there are three points to remember about the wetland easement maps:

I. The maps do not and are not intended to providc the cxact size or configuration of the
wetlands protected by the provisions of the easement.

2. Any burning, draining, filling, or leveling of wetlands depicted on the wetland casement map
without a pcrmit issued by the Service is a violation of the provisions of the easement.

•
3. It is the landowner's responsibility to contact the Service if there are any questions
concerning mapped wetlands.

If you have any questions about this map or the easement contract, please contact this officc 701­
845-3466.



•
(~ c IAL

Sincercly,

~ --:7~~c::P'/ ---,
Ed Meendcring ~
Rcfuge Officer

•

•

Att: Maps (6), Barnes 235X, 53X
Steele 40X,l section 21, 84X.l,2 section 9, 9lX,I,2 section 28.

cc: WMD easement folder (w/o contract)



•
FIDENTIAL

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE

EXHIBIT "A" Map _2_ of _2__

TRACT CQ,X,I •.1.)
WATERFQ\.IL PRODUCTION AREA STERLE COUNTY, STATE OF NORTH DAKOTA

EASEMENT AUTHORIZED BY MIGRATORY BIRD HUNTING STAMP ACT OF MARCH 16, 1934,

AS AMENDED.

•

T. 148 N"
:;~c.lion 28,

"

,

R. ....2Z... W., 5th PRINCIPAL 11ERIDIAN
tl~ except pa-r-ce"1C"-o"'fC'71a- o- d'-conVeyed for cemetery and church site as
rec.orded in Bk. H Deeds, p. llb7 .

Scale: 4 Inches - 1 Mile

This map delineates the easement cor.vcyance dated

Apri 1?7 1977

Prepared by:• ¥1~l·11 I •
Rnbert S. 8i111ngs Date: 4/27/77

Cl'.GI'OI7.t-U"

. :-: '"
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UNITED STATES DEPAR!IMEN'1' OF THE INTERIOR
FISH AND UILDLlFE SERVICE•
co FIDENTIAL

ofTRACT _6:::...'-I-,-,X'-'L-1;..LJ,~"'--_ MAP --,----J_

WATERFOWL PROOUCTION AREA _S_1....:£.:...E.......::1..c..E.:-___:_-_:_- COUNTY, STATE OF =~N-'-:D=-===-__
EASEMENT AUTlrORlZED BY MIGR"TORY BIRD HUNTrNG STAMP ACT OF MARCH 16, 1934, AS AMENDED.
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-astle, Carla

.rom:
;ent:
To:
Subject:

Ed.

Walsh, James
Thursday, February 01, 20073:29 PM
Edward_Meenderin9@fws.gov
RE: Keystone pipeline wetland mapping

I just wanted to let you know that I received the wetland easement maps for Barnes and
Steele counties that you mailed-out to me earlier this week. I greatly appreciate your
help with Lhis project.

Thanks again,
Randy

J. Randall Walsh
Ecologist
ENSRIAECOM
1601 Prospect Parkway
Fort Collins, CO 80525
office: (970) 493-8878 ext. 180
jwalsh@ensr.aecom.com

-----Original Message-----
From: Edward Meendering@fws,gov [majlLo:Edward_Meendering@fws.gov)
~~nt: Monday, January 15, 2007 1:37 PM

•

: Walsh, James
~ubject: Re: Keystone pipeline wetland mapping

James:

I enjoyed meeting you at Devils Lake and appreciate your willingness in
working with the u.s. Fish and Wildlife Service and our wetland easementD.
I mailed you a letter today with the maps that you requested which are
complete. I should be able to have the remaining maps to you be the end of
the month once they are completed. Please let me know if you have any
questions or comments.

Thank you,
Ed

•
1



'astle, Carla

.rom:
..>ent:
To:
Subject:

Tom,

CONFIDE tTIAl

Walsh, James
Monday, March 12, 2007 2:45 PM
thomas_tornow@fws.gov; dana.greene@keyslone.lrow com
RE: Maps with centerline

Thanks for the note and reminder. I am finally back in the office and will be coordinating
the new map assembly over the next day or two. I am hopeful that I will have a new set of
maps ready for FedEx to you by Thursday, so you can expect the new map book by early next
week. I will e-mail you with an update once we complete the map production.

Randy

J. Randall Wal~h

Ecologist
ENSRIAECOM
1601 Prospect Parkway
Fort Collins, CO 80525
office, (970) 493-8878 ext. 180
jwalsh@ensr.aecom.com

-----Original Message-----
From: thomas_tornow@fws.gov [mailto:thomas tornow@fws.gov]
-~nt: Thursday, March 08, 2007 10:47 AM

•

. ,: dana. greene@keystone. trow. com
~c: Walsh, James
SUbject: Maps with cente~line

Randy and Dana,

I hope you made iL home OK. Noel from our Huron office didn't make it homp.
until Saturday afternoon. Colleen and Bryan a~e continuing with the
mapping of easements that we know will be sure crossings. Send us you
current map ASAP so we can meet your mapping needs. This will also be a
good test on e-mail contact.

Tom Tornow
Madison WMD
U.S. Fish & Wildlife Service
605 256-2974
Thomas_Tornow@fws.gov
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HOD Crossing Plan for the Missouri River at Yankton and NPS Meeting Minutes
March 2007

The Keystone pipeline proposes the HDD method of construction for crossing the Missouri River
at Yankton, South Dakota. The Yankton crossing schematic is provided in this filing.

Keystone Project team representatives met with the National Park Service at Yankton, South
Dakota on February 8th The project team provided a brief update and overview of the Project
and discussed the Missouri River HDD crossing plan at Yankton, SD. The meeting minutes are
provided in this filing .





•

•

•

CO IFIDENTI L

Final

National Park Service, Yankton, South Dakota
Wednesday, February 8, 9:30 - 11 :00 AM

Attendees:

Mike Koski (Trow)
Dana Green (UEI)
Scott Ellis (ENSR)
Tyler Cole (NPS, O'Neil NE)
Wayne Werkmeister (NPS, O'Neil NE)

Meeting Objectives

Keystone Project team representatives met with the National Park Service at Yankton, South
Dakota to provide NPS with project updates, distribute and discuss the HDD crossing plan, and
to discuss other issues or concerns that the NPS may have regarding the Project.

Meeting Overview/Summary

The project team provided a brief update and overview of the Project and began discussion on
the Yankton HDD crossing.

During discussion, NPS requested a frac-out contingency plan for the Missouri River crossing.
Mike Koski agreed to provide an example to NPS.

NPS asked whether geotechnical borehole information could be shared with USGS (is doing a
study in the area) and Kaneb pipeline (to encourage Kaneb to drill the Missouri to replace the
shallowly buried pipelines at the Yankton crossing). Separately, the City of Yankton directly
requested that Keystone share the drilling data because they want to drill additional
groundwater wells on the north side of the river. Mike Koski agreed to discuss sharing of
information with TransCanada and will contact NPS and the City of Yankton with
TransCanada's response.

The Dept. of State requested that the Coast Guard be contacted regarding the proposed
Missouri River crossing. There are no major issues expected that would concern the Coast
Guard because of the HDD crossing. NPS pointed out that there is a lot of boat recreational
activity on the Missouri near the crossing point around July 4 and during Riverboat Days in late
August. NPS (Wayne Werkmeister) will provide Mike Koski with the contact information for the
Coast Guard representative located in Kansas City.

NPS recommended that Keystone contact the group that maintains the osprey hack site at the
Yankton Paddlewheel Park to determine whether they intend to continue to use the hacking
platform. There are potential seasonal conflicts with summer construction at that location.

- 1 -
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Action Items

Keystone will provide NPS with an example of a frac-out contingency plan for the Missouri River
crossing within 2 weeks

Keystone will contact TransCanada to discuss geotechnical borehole information sharing with
USGS and the Kaneb pipeline. Mike Koski will respond to NPS and City of Yankton within 30
days

NPS (Wayne Werkmeister) will provide the contact information for the Coast Guard
representative in Kansas City. Keystone will contact the Coast Guard regarding the proposed
Missouri River crossing

Keystone will contact the group that maintains the osprey hack site at the Yankton Paddlewheel
Park. ENSR will follow up within 30 days

·2·
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1.0 Project Overview

TransCanada Keystone Pipeline, L.P. (Keystone) proposes to construct and operate a crude oil pipeline and
related facilities from Hardisty, Alberta, Canada, to Patoka, Illinois, in the United States (U.S.). The project,
known as the Keystone Pipeline Project, initially will have the nominal capacity to deliver 435,000 barrels per
day (bpd) of crude oil from an oil supply hub near Hardisty to existing terminals in Wood River and Patoka,
Illinois. If market conditions warrant expansion in the future, additional pumping capacity could be added to
increase the nominal average throughput to 591,000 bpd. Based on shipper interest, Keystone also is
considering the construction of two pipeline extensions to take crude oil from terminals in Fort Saskatchewan,
Alberta, and deliver to Cushing, Oklahoma.

In total, the Keystone Pipeline Project will consist of approximately 1,845 miles of pipeline, including about
767 miles in Canada and 1,078 miles within the U.S. (Figure 1-1). These distances will increase if the potential
pipeline extension to Cushing, Oklahoma, is constructed as discussed below.

,,

•,--

,
.... - -.l

•

Figure 1-1 Overview Map of the Keystone Pipeline Project
(Potential Cushing Extension represented by the dotted line)

•

In the U.S., Keystone will construct and operate a new 1,078-mile pipeline (Keystone Mainline) that will
transport crude oil from the Canadian border to existing terminats in the Midwest. The proposed pipeline will
consist of 1,023 miles of 3D-inch pipe between the Canadian border and Wood River, Illinois and a 55-mile
segment of 24-inch pipeline between Wood River and Patoka, Illinois. Depending on the results of an
additional binding Open Season held in earty 2007, Keystone also may construct a 294-mile, 36-inch pipeline
extension to Cushing, Oklahoma (Cushing Extension). Thus, there will be 1,372 total miles of new pipeline in
the U.S. if the Cushing Extension is constructed. Unless specified, the remainder of this Risk Assessment
describes and evaluates the U.S. portion of the Keystone Pipeline Project, including both the Keystone
Mainline and Cushing Extension, and the additional facilities required to increase nominal capacity to
591,000 bpd.

10623-004 1-1 March 2007
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The Keystone Pipeline Project will require the issuance of a Presidential Permit by the U.S. Department of
State (DOS) to cross the U.SJCanadian border. Issuance or the Presidential Permit is considered a federal
action and is subject to environmental review pursuant to the National Environmental Policy Act (NEPA)
(42 United States Code § 4321 et seq.). In conjunction with the NEPA analysis, a preliminary evaluation of
spill risk, including the likelihood of an inadvertent release, the probable size of a release, and the potential
impacts of an accidental release was submitted to the DOS on July 1, 2006 and updated in this report. This
document represents the final spill, risk, and consequence evaluation for the NEPA analysis, based on
updated HCA information and new information on commodity composition .

10623-004 1-2 ""'" 2001
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2.0 Introduction

This document represents Keystone's final evaluation of the risk of a pipeline disruption and its potential
environmental consequences for NEPA analysis. This section focuses on the potential for spills during
operations and the subsequent potential effects on sensitive resources and humans associated with major
spills. Additional effects on public health and safety that could occur during project construction are discussed
under other resource sections (e.g., air quality, water resources, transportation, land use, and aesthetics)
within the Keystone Pipeline Project's Environmental Report (ER), which was submitted to the DOS on
April 19, 2006. An updated ER was submilled on November 17, 2006, and updated ER tables were submilled
January 26, 2007.

This report builds upon the baseline information presented in the July 10, 2006 submission to the DOS. The
report presents the results of a pipeline oil spill frequency and spill analysis based on Keystone's design and
operations criteria and applies the resulting risk probabilities to an environmental consequence analysis that
incorporates project-specific environmental data. Specifically, this report evaluates the risk of crude oil spills
during pipeline operations, including contribution of natural hazards to spill risk, and the subsequent potential
effects on humans and other sensitive resources, called high consequence areas (HCAs), that include
populated areas, drinking water areas, and/or ecologically sensitive areas.

10623-004 2-1 M.1rch 2007
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3.0 Spill Frequency-Volume Study

An updated project-specific oil spill frequency and volume study for the Keystone Pipeline Project was
conducted by DNV Consulting and is provided in Appendix A. DNV Consulting assessed the U.S. portion of
the Keystone Pipeline in terms of frequency and volume of potential spills to quantify the likelihood of realistic
maximum spill volumes. The study estimated the frequency and volume of releases for each defined pipeline
segment for three postulated hole sizes and six distinct and independent failure causes and developed a
frequency-volume curve for the pipeline as a whole.

The study is a quantitative assessment of spill potential for the entire pipeline system and of individual
segments of the pipeline utilizing publicly available historical spill data collected from incident reports
(Appendix A). The Keystone Pipeline system was partitioned into 1,720 segments (1,356 segments on the
Keystone Mainline and 364 segments on the Cushing Exlension) based on design, operational, terrain, and
other potential risk parameters. Spill frequency was estimated for each segment along with potential spill
volumes, based on small holes (0.06-inch diameter), medium holes (2-inch diameter), and large holes
(lO-inch-diameter). The study evaluated two throughput scenarios; a nominal throughput of 435,000 bpd and a
maximum nominal throughput of 591 ,000 bpd. The two product types that will be transported, synthetic crude
and diluted bitumen, were assessed. The simulation assumed the Cushing Extension would operate under
591,000 bpd and carry diluted bitumen.

3.1 Spill Frequency

Spill frequencies were estimated from publicly available historical data and modified by project-specific factors
for the Keystone Pipeline system. Based on the available information, the study produced frequencies for spills
ranging from 0.9 spills per 10 years (at a throughput of 435,000 bpd of synthetic crude oil over the Keystone
Mainline) to a maximum frequency for spills of 1.5 spills per 10 years (for a throughput of 591 ,000 bpd of
diluted bitumen over the entire pipeline system). These rates are equivalent to one spill every 11 or 7 years,
respectively. Table 3-1 shows the number of spills that might occur along the Keystone Pipeline system during
the 10 years of service.

Table 3-1 Spill Occurrence Interval Associated with the Proposed Keystone Project over 10 Years

•

Projected Number of Spills per 10 years 1

Diluted Diluted
Bitumen Bitumen Synthetic Synthetic

(350 cSt Crude) (350 cSt Crude) Crude Crude
435 bpd 591 bpd 435 bpd 591 bpd

Keystone Mainline (1,078 miles) 0.94 1.18 0.90 0.93
Cushinq Extension (294 miles) NA' 0.32 NA' NA'
Total Kevstone Project (1,372 miles) 0.94 1.51 0.90 0.93

'See AppendiX A.

While future events cannot be known with absolute certainty, spill frequencies can be used to estimate the
number of events that might occur. Actual frequency may differ from the predicted values of this analysis.
Notably, with the implementation of U.S. Department of Transportation's (USDOT) Integrity Management Rule,
the number of spilts is expected to decline from historical levels observed on other pipelines. Incident
frequencies have been steadily decreasing and are five times lower in recent years compared with thirty years
ago (EGIG 2005).

10623-004 3-1 Mard12007
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Estimated spill volumes were based on leak rate and time to Isolate for throughputs of 435,000 and
591,000 bpd along the Keystone Pipeline system. The study currently assumes draindown within the affected
segment. Actual incident data from the Hazardous Liquid Pipeline Risk Assessment (Califomia State Fire
Marshal [CSFM] 1993) indicate that spill volumes are significantly less than the potential draindown volume.
For example. in 50 percent of the cases, the actual spill volume represented less than 0.75 percent of the
maximum potential draindown volume. In 75 percent of the cases, the actual spill volume represented less
than 4.6 percent of the maximum draindown volume. Procedures to reduce spill volume, such as by reducing
draindown and depressurizing are not estimated or included in the analysis. If these procedures were included,
it may significantly reduce the predicted spill volumes estimated for the Keystone Pipeline, bringing the spill
volume distribution more in line with USDOT historical data.

Of the postulated maximum of 1.5 spills along the Keystone Pipeline system during a 1O-year period, the
project-specific spill and volume study's findings suggest that approximately 0.3 spills would be 50 barrels' or
less; 0.5 spills would consist of between 50 and 1,000 barrels; 0.5 spills would consist of between 1,000 and
10.000 barrels; and 0.2 spills would contain more than 10,000 barrels (AppendiX A).

This Pipeline Risk Assessment and Environmental Consequence Analysis report utilizes publicly available
historical spill data collected from incident reports over a number of decades. However, these data are
unsuitable to support a comparable risk analysis associated with spills smaller than 50 barrels, since the
historical threshold for reportable spills was 50 barrels. This threshold was only recently reduced from
50 barrels to 5 gallons, effective Febnuary 2002. The results of the study are incorporaled into the
environmental consequence analysis presented in Section 4.0.

The most extensive database of pipeline spills less than 50 barrels is maintained by the State of California
(CSFM 1993). Based on these historical data, the estimated occurrence intervals for a spill of 50 barrels or
less occurring anywhere along the entire pipeline system is once every 9 years, a spill between 50 and
1,000 barrels might occur once in 38 years; a spill of 1,000 and 10,000 barrels might occur once in 89 years;
and a spill containing more than 10,000 barrels might occur once in 625 years. Applying these statistics to a
1-mile section, the chances of a large spill (greater than 10,000 barrels) would be less than once every
857,000 years per mile.

Historically, large spills of 10,000 barrels or more are uncommon. In Califomia, approximately 1 percent of the
spills occurring between 1981 and 1990 resulted in 10.000 barrels or more, with the largest spill consisting of
31,000 barrels (CSMF 1993). These statistics are similar to nationwide incident rates. For cnude oil pipelines,
there were a total of 26 spills of greater than 10,000 barrels between 1986 to present, representing 1.3 percent
of all cnude oil spills. Table 3-2 provides a summary of cnude oil spills greater than 10,000 barrels. Since 1986,
the greatest volume of cnude oil spilled in the U.S. was 49,000 barrels.

Keystone has estimated the maximum spill volumes along the pipeline. The highest projected spill volume for
any single segment was 40,600 barrels, while the median maximum spill volume for all segments of the
Keystone Pipeline was 16,500 barrels. Again, the probability of a very large spill (>30,000 barrels) is under
0.1 percent. Consequently, this report grouped the risk of very large spills together with spills of over
20,000 barrels.

, A barrel of oil equals 42 gallons.
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Year Volume (barrels)
1986 10,020
1986 12,500
1986 14,000
1986 18,000
1988 20,554
1988 23,534
1988 10,000
1989 12,000
1989 31,300
1990 20,027
1990 12,000
1991 40,500
1991 28,200
1995 30,000
1997 11,206
1998 12,884
1998 17,806
1998 32,903
1999 10,500
1999 15,007
1999 10,205
2000 11,644
2005 25,435
2005 23,614
2005 10,380
2006 49,000
2006 15,000

Total Number ofRecorded Crude Oil Spills 1935

Spills >10,000 Barrels Crude Oil as Percent of Total Recorded Crude Oil Spills 1.4

lRepresents the largest spill reported in the California Slate Fire Marshal study (1993).

Note: Data represents mformahOn from the USOOT OPS Hazardous Uquid Acodenl Data databases (198610 January

2002 and January 2002 to Present) (USDOT 2007).
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4.0 Consequences of a Spill

4.1 Human Consequences

The risk associated with the Keystone Pipeline system can be compared with the general risk to the population
encountered in everyday life. Proposed actions that result in negligible additional risk from any cause are
generally acceptable. The National Center for Health Statistics (CDC 2003) overall average annual death rate
for the general population in the U.S. is approximately 830 per 100,000. The USDOT reports the historical
average risk to the general population per year associated with all hazardous liquids transmission pipelines,
such as Keystone, is 0.004 in100,000 (USDOT 2002). Therefore, the predicted risk of fatality to the public from
incidents associated with the Keystone Pipeline over and above the nonnal U.S. death rate is negligible
«1 percent).

4.2 Environmental Consequences

The environmental risk posed by a crude oil pipeline is a function of 1) the probability of an accidental release,
2} the probability of a release reaching an environmental receptor (e.g., waterbody, fish), 3) the concentration
of the contamination once it reaches the receptor, and 4) the hazard posed by that concentration of crude oil to
the receptor. Based on spill probabilities and estimated spill volumes, this environmental assessment
determines the probability of exposure to environmental receptors and the probable impacts based on a range
of potential concentrations.

4.2.1 Environmental Fate of Crude Oil Spills

4.2.1.1 Crude Oil C'omposition

The composition of crude oil varies widely, depending on the source and processing. Crude oils are complex
mixtures of hundreds of organic (and a few inorganic) compounds. These compounds differ in their solubility,
toxicity, persistence, and other properties that profoundly affect their impact on the environment. The effects of
a specific crude oil cannot be thoroughly understood without taking its composition into aocount.

Crude oil transported by the Keystone Pipeline Project is derived from the Alberta oil sands region. The oil
extracted from the sands is called bitumen, which is highly viscous. In order for the bitumen to be transported
by pipeline, it is either mixed with diluent and is transported as diluted bitumen or upgraded to synthetic crude
oil. The precise composition of synthetic crude will vary by shipper and is considered proprietary infonnation.
For the purposes of this analysis, two product types of crude oil will be transported; synthetic crude and diluted
bitumen. In general, the pipeline will contain batches of these two products and 10 percent of batches will be
synthetic crude and 90 percent of batches will be diluted bitumen.

The primary classes of compounds found in crude oil are alkanes (hydrocarbon chains), cycJoalkanes
(hydrocarbons containing saturated carbon rings), and aromatics (hydrocarbons with unsaturated carbon
rings). Most crude oils are more than 95 percent carbon and hydrogen, with small amounts of sutfur, nitrogen,
oxygen, and traces of other elements. Crude oils contain lightweight straight-<;hained alkanes (e.g., hexane,
heptane), cycloalkanes (e.g., cyclyohexane), aromatics (e.g.• benzene, toluene), cycloalkanes, and heavy
aromatic hydrocarbons (e.g., polycyclic aromatic hydrocarbons [PAHs), asphaltines). Straight-chained alkanes
are more easily degraded in the environment than branched alkanes. Cycloalkanes are extremely resistant to
biodegradation. Aromatics (i.e., benzene, toluene, ethylbenzene, xylenes [BTEX compounds]) pose the most
potential for environmental concem. Because of their lower molecular weight they are more soluble in water
than alkanes and cycloalkanes.
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4.2.1.2 Environmental Fate and Transport

Accidental releases of crude oil can occur during transport by pipeline. Once released into the terrestrial
environment, the crude oil will pool in low-lying areas. Some lighter volatile constituents of the crude oil will
evaporate into air, while other constituents will bind or leach into soils, or dissolve into water. Hydrocarbons
that volatilize into the atmosphere are broken down by sunlight into smaller compounds. This process, referred
to as photodegradation, occurs rapidly in air and the rate of photodegradation increases as molecular weight
increases. If released onto soil, a portion of the crude oil will penetrate the soil as a result of the effects of
gravity and capillary action. The rate of penetration will depend on the nature of the soil. Since crude oil is
more viscous than water, crude oils penetrate soils less quickly. When released into water, a portion of the
crude oil will tend to float to the surface where it can evaporate, other fractions will dissolve, and some material
may descend to the bottom as sedimentation.

The spread of crude oil across water increases with wind and current speed and increasing temperature. Most
crude oits spread across surface waters at a rate of 100 to 300 meters per hour. Surface ice will greaUy reduce
the spreading rate of oil across a waterbody. Spreading reduces the bulk quantity of crude oil present in the
vicinity of the spill but increases the spatial area within which adverse effects may occur. Thus crude oil in
flowing, as opposed to contained, waterbodies will be less concentrated in any given location, but may cause
impacts, albeit reduced in intensity, over a much larger area. Spreading and thinning of spilled crude oil also
increases the surface area of the slick, thus enhancing surface dependent fate processes such as
evaporation, degradation, and dissolution.

Dispersion of crude oil increases with increasing surface turbulence. The dispersion of crude oil into water may
serve to increase the surface area of crude oil susceptible to dissolution and degradation processes and
thereby limitlhe potential for physical impacts.

Evaporation will be the primary mechanism of loss for low molecular weight constituents and light oil products.
As lighter components evaporate, remaining crude oil becomes denser and more viscous. Evaporation thus
tends to reduce crude oil toxicity but enhances crude oil persistence. Bulk evaporation of Alberta erude oil
accounted for an almost 50 percent reduction in volume over a 12-day period (Shiu et al. 1988). Evaporation
increases with increased spreading of a slick, increased temperature, and increased wind and wave action.

Dissolution of crude oil in water is not a signmcant process controlling the crude oil's fate in the environment,
since most components of oils are relatively insoluble (Neff and Anderson 1981). Moreover, overall solubility of
crude oils tend to be less than their constituents since solubility is limited to the partitioning between oil and
water interface and individual compounds are often more soluble in oil than in water, thus they tend to remain
in the oil. Nevertheless, dissolution is one of the primary processes affecting the toxic effects of a spill,
especially in confined waterbodies. Dissolution increases with decreasing molecular weight, increasing
temperature, decreasing salinity, and increasing concentrations of dissolved organic matter. Greater
photodegradation also tends to enhance the solubility of crude oil in water.

Heavy molecular weight hydrocarbons will bind to suspended particulates, and this process can be significant
in highly turbid or eutrophic waters. Organic particles (e.g., biogenic material) tend to be more effective at
sorbing oils than inorganic partides (e.g., clays). Sorption processes and sedimentation reduce the quantity of
heavy hydrocarbons present in the water column and available to aquatic organisms. However, these
processes also render hydrocarbons less susceptible to degradation. Sedimented oil tends to be highly
persistent and can cause shoreline impacts.

Photodegradation of crude oil increases with greater solar intensity. It can be a significant factor controlling the
disappearance of a slick, especially of lighter oil constituents; but it will be less important during cloudy days
and winter months. Photodegraded crude oil constituents tend to be more soluble and more toxic than parent
compounds. Extensive photodegradation, like dissolution, may thus increase the biological impacts of a spill
event.
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In the immediate aftermath of a crude oil spill, natural biodegradation of crude oil will not tend to be a
significant process centrolling the fate of spilled crude oil in waterbodies previously unexposed to oil. Microbial
populations must beceme established before biodegradation can proceed at any appreciable rate. Also, prior
to weathering (i.e., evaporation and dissolution of light-end constituents), oils may be toxic to the very
organisms responsible for biodegradation and high molecular weight constituents tend to be resistant to
biodegradation. Biodegradation is nutrient and oxygen demanding and may be precluded in nutrient-poor
aquatic systems. It also may deplete oxygen reserves in closed waterbodies, causing adverse secondary
effects to aquatic organisms.

With time, however, microorganisms capable of consuming crude oil generally increase in number and the
biodegradation process naturally remediates the previously contaminated soil. The biodegradation process is
enhanced as the surface area of spilled oil increases (e.g., by dispersion or spreading). Biodegradation has
been shown to be an effective method of remediating soils and sediments contaminated by crude oil.

Overall, the environmental fate of released crude oil is centrolled by many cenfounding factors and persistence
is difficullto predict with great accuracy. Major factors affecting the environmental fate include spill volume,
type of crude oil, dispersal rate of the crude oil, terrain, receiving media, and weather. Once released, the
physical environment largely dictates the environmental persistence of the spilled material. Along the Keystone
Pipeline route, the primary habitats of concem include low gradient streams, rivers, and small intermillent
ponds. Wellands also occur along the proposed pipeline route. Estimates of the length of time materials could
persist at potentially acute cencentrations vary depending on the size of spill and environmental conditions. In
warm summer months, the acutely toxic volatile component of crude oil will evaporate quickly, and a relatively
small release into a high gradienl stream would be expected to rapidly dissipate. In contrast, crude oil released
into a small stream in winler could become trapped under pockets of ice and, lhus persist longer.

4.2.2 Environmental Impacts

An evaluation of the potential impacts resulting from the accidental release of crude oil into the environment is
discussed by environmental resource below.

4.2.2.1 Soils

Because pipelines are buried, soil absorption of spilled crude oil ceuld oocur, thus impacting the soils.
Subsurface releases to soil tend to disperse slowly and are generally located within a centiguous and discrete
area. Effects to soils can be quite slow to develop, allowing time for emergency response and cleanup actions
to mitigate effects to potential receptors.

In the event of a spill, a portion of the released materials would enter the surrounding soil and disperse both
vertically and horizontally in the soil. The extent of dispersal would depend on a number of factors, including
size and rate of release, topography of the release site, vegetative cover, soil moisture, bulk density and soil
porosity. High rates of release from the buried pipeline would result in a greater likelihood that released
materials would reach the ground surface.

The majority of crude oil from an underground pipeline spill would likely reside in the less censolidated soil
(lower soil bulk density) williin the pipeline trench. If a release were to occur in sandy soils found throughout
the Keystone pipeline or badland areas, it is likely that the horizontal and vertical extent of the centamination
would be greater than in areas centaining more organic soils. Crude oil released into sandy or badland soils
would likely beceme visible to aerial surveillance due to product on the soils surface or disceloration of
vegetation. If present, soil moisture and moisture from precipitation would increase the dispersion and
migration of crude oil.

The vast majority of the Keystone pipeline is located in relatively flat terrain. In these flat locations, the oil
would disperse horizontally within the pipeline trench with a smaller portion of the spilled oil moving into the
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surrounding, more consolidated soil. If the spill were to occur on a steep slope, crude oil would likely pool
primarily within the trench behind any trench breakers. If sufficient volume existed, the crude oil would breach
the soil's surface as it extended over the top of the trench breaker. Once on the soil's surface, the release
would be more apparent to teak surveillance patrols.

Both on the surface and in the subsurface, rapid attenuation of light, volatile constituents (due to volatilization)
would quickly reduce the total volume of product, while heavier constituents would be more persistent. Except
in cases of high rate and high total volume releases, and environmental settings characterized by steep
topography or karst terrain, soil impacts would be confined to a relatively small, contiguous, and easily defined
area. This would facilitate cleanup and remediation. Within a relatively short time, lateral migration would
generally stabilize and downward vertical migration could begin to occur.

Keystone would be responsible for cleanup of contaminated soils. Once remedial cleanup levels were
achieved in the soils, no adverse or long-term impacts would be expected.

The maximum volume of soil that would need to be removed was estimated for a conservative spill volume of
2,000 barrels (over 80 percent of historical spills from modern pipelines are smaller than this volume lOPS
2007]). The volume of soil requiring removal ranged from 2,100 to 2,000,000 cubic yards. Soil cleanup levels
for benzene from petroleum releases vary by state (Nebraska: 3.63 parts per million [ppm]; Illinois: 1.6 ppm;
South Dakota: 17 ppm; Kansas 9.8 ppm). The highest volume was calculated assuming uniform distribution of
oil and removal to achieve the most stringent state recommended soil cleanup level (RCL) for benzene
(1.6 ppm). The lowest volume estimated assumes the same 2,000 barrel release but calculates the volume of
soil based on an estimated 30 percent soil porosity and a 10 percent soil moisture content. The actual
remediation soil volume would likely be intermediate to these values, though closer to the lowest volume
estimate.

These estimates are gross estimations. Release dynamics such as leak rate, leak duration, and effects of
isolation controls would result in different surface spreading and infiltration rates, which in turn, affect the final
volume of affected soil to be remediated.

4.2.2.2 Vegetation and Soil Ecosystems

Crude oil released to the soil's surface could potentially produce localized effects on plant populations.
Terrestrial plants are much less sensitive to crude oil than aquatic species. The lowest toxicity threshold for
terrestrial plants found in the USEPA ECOTOX database (USEPA 2001) was 18.2 ppm for benzene, higher
than the 7.4 ppm threshold for aquatic species and the 0.005 ppm threshold for human drinking water.
Similarly, available data from the USEPA database indicate that earthworms also are less sensitive than
aquatic species (toxicity threshold was greater than 1,000 ppm). If concentrations were sufficiently high, crude
oil in the root zone could harm individual plants and organisms.

Release of crude oil could result in the contamination of soils (see Soils, Section 4.2.2.1 above). Keystone
would be responsible for cleanup of contaminated soils. Once remedial cleanup levels were achieved in the
soils, no adverse or long-term impacts to vegetation would be expected.

4.2.2.3 Wildlife

Spilled crude oil can affect organisms directly and indirectly. Direct effects include physical processes, such as
oiling of feathers and fur, and toxicological effects, which can cause sickness or death. Indirect effects are less
conspicuous and include habitat impacts, nutrient cycling disruptions, and alterations in ecosystem
relationships. The magnitude of effects varies with multiple factors, the most significant of which include the
amount of material released, the size of the spill dispersal area, the type of crude oil spilled, the species
assemblage present, climate, and the spill response tactics employed.
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Wildlife, especially birds and shoreline mammals, are typically among the most visibly affected organisms in
any crude oil spill. Effects of crude oil can be differentiated into physical (mechanical) and toxicological
(chemical) effects. Physical effects resull from the actual coating of animals with crude oil, causing reductions
in thermal insulative capacity and buoyancy of plumage (feathers) and pelage (fur).

Crude oil released to the environment may cause adverse biological effects on birds and mammals via
inhalation or ingestion exposure. Ingestion of crude oil may occur when animals consume oil-contaminated
food, drink oil-contaminated waler, or orally consume crude oil during preening and grooming behaviors.

Potential adverse effecls could result [rom direct acute exposure. Acule toxic effects include drying of the skin,
irritation of mucous membranes, diarrhea, narcotic effects, and possible death. While releases of crude oil may
have an immediate and direct effect on wildlife populations, the potential for physical and toxicological effects
attenuates with time as the volume of material diminishes, leaving behind more persistent, less volatile, and
less water-soluble compounds. Although many of these remaining compounds are toxic and potentially
carcinogenic, they do not readily disperse in the environment and their bioavailability is low, and therefore, the
potential for impacts is low.

Unlike aquatic organisms that frequently cannot avoid spills in their habitats, the behavioral responses of
terrestrial wildlife may help reduce potential adverse effects. Many birds and mammals are mobile and
generally will avoid oil-impacted areas and contaminated food (Sharp 1990; Stubblefield et al. 1995). In a few
cases, such as cave-dwelling species, organisms that are obligate users of contaminated habitat may be
exposed. However, most terrestrial species have altemative, unimpacted habitat available, as will often be the
case with localized spills (in contrast to large-scale oil spills in marine systems), therefore, mortalily of these
species would be limited (Stubblefietd et al. 1995).

Indirect environmental effects of spills can include reduction of suitable habitat or food supply. Primary
producers (e.g., algae and plants) may experience an initial decrease in primary productivity due to physical
effects and acute toxicity of the spill. However, these effects tend to be short-lived and a decreased food
supply is not considered to be a major chronic stressor to herbivorous organisms after a spill. If mortality
occurs to local invertebrate and wildlife populations, Ihe ability of the population to recover will depend upon
the size of the impact area and the ability of surrounding populations to repopulate the area.

4.2.2.4 Water Resources

Crude oil could be released to water resources if the pipeline is breached or leaks occur. As part of project
planning and in recognition of the environmental sensitivity of waterbodies, the Keystone Pipeline routing
process attempted to minimize the number waterbcdies crossed, including groundwater aquifers. Furthermore,
valves have been strategically located along the Keystone Pipeline to help reduce the amount of crude oil that
could potentially spill into waterbodies, if such an event were to occur. The location of valves, spill containment
measures, and implementing actions in the Keystone Emergency Response Plan would mitigate adverse
effects to both surface and groundwater.

Groundwater

Mulliple groundwater aquifers underlie the proposed Keystone Pipeline system. Vulnerabitity of these aquifers
is a function of the depth to groundwater and the permeability of the overlying soils. While routine operation of
the Keystone Pipeline would not affect groundwater, there is the possibility that a release could migrate
through the overlying surface materials and enter a groundwater system.

In general, the potential for groundwater contamination following a spill would be more probable in locations
where a release into or on the surface of soils has occurred;
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• Where a relatively shallow water table is present (as opposed to locations where a deeper, confined
aquifer system is present);

• Where relatively perous soil conditions are present throughout the unsaturated zone; and

• Where, in cooperation with federal and state agencies, the USDOT has identified groundwater
resources that are particularly vulnerable to contamination. These resources are designated as HCAs
(Section 4.3.2).

Depending on soil properties, the depth to groundwater, and the amount of crude oil in the unsaturated zone,
groundwater contamination can result from the migration of dissolved constituents and free crude oil.
Movement in the dissolved phase typically extends for greater distances than movement of pure crude oil in
the subsurface. Crude oil is less dense than water and initially would tend to form a floating pool after reaching
the groundwater surface. This peol would tend to migrate laterally in the direction of groundwater flow, and the
oil flow velocity would be a function of the soil properties and groundwater flow rate. Those compounds in the
crude oil that are soluble in water will fonm a larger, dissolved "plume." This plume also would tend to migrate
laterally in the direction of groundwater flow. The flow velocity of dissolved constituents also would be a
function of the groundwater now rate and would tend to migrate at a faster rate than free crude oil itself.

The extent to which groundwater may be contaminated by a release of crude oil depends upen the rate of
contaminant transport in the subsurface. The rate of contaminant movement depends, in turn, on the rate of
groundwater movement and the attenuation mechanisms that act to retard contaminant movement. In shallow
aquifer systems where impacts from released crude oil are most likely, the rate of groundwater movement
depends upon the hydraulic gradient, aquifer permeability and porosity, and the geometry of the aquifer
system. Groundwater flow rates typically move less than 1 foot per year, though there can be much more rapid
movement in individual locations (Wilson 1986). Individual constituents tend to move faster than the
groundwater itself; however, contamination often takes years to decades to disperse one mile from the point of
origin (Wilson 1986).

If exposure to humans or other important resources would be possible from a release into groundwater, then
regulatory standards, such as drinking water criteria (maximum contaminant levels [MCL)) would mandate the
scope of remedial actions, timeframe for remediation activities, and cleanup levels. The promulgated drinking
water standards for humans vary by several orders of magnitude for crude oil constituents. For human health
protection, the national MCL is an enforceable standard established by the U.S. Environmental Protection
Agency (USEPA) and is designed to protect long-tenm human health. Of the various crude oil constituents,
benzene has the lowest national MCL at 0.005 ppm' and, therefore, it was used to evaluate impacts on
drinking water supplies, whether from surface waters or groundwaters.

However, response and remediation efforts have the potential for appreciable adverse effects from
construction/cleanup equipment. If no active remediation activities were undertaken, natural biodegradation
and attenuation would ultimately allow a return to preexisting conditions in both soil and groundwater.
Depending on the amount of crude oil reaching the groundwater and natural attenuation rates, this would likely
require up to tens of years. Keystone will utilize the most appropriate cleanup procedure as detenmined in
cooperation with the applicable federal and state agencies.

Attenuation mechanisms that retard the movement of contaminants include dispersion, sorption, volatilization,
abiotic chemical degrada~on, and biological degrada~on. The extent to which any of these mechanisms would
retard contaminant movement at a given location depends upon site-specific condi~ons. In general, crude oil in
groundwater tends to biodegrade as described for soil releases. Even in the case of large released volumes
and floating free crude oil, dispersive forces become balanced with biodegradation and attenuation

2All affected slales along the Keystone Plpehne route use the natIonal Mel value of 0.005 ppm.

10623-004 4-6 March 2007



mechanisms, establishing degradation equilibrium. The typical result is a relatively limited zone of impact,
typically 200 meters or less downgradient (USGS 1998). Over time, these natural degradation mechanisms,
along with other natural attenuation mechanisms, including dispersion, resull in the removal and/or destruction
of crude oil materials; both in groundwater, and in overlying impacted soils. Observed degradation rates
indicate this process would typically occur in timeframes measured in tens of years, depending on the
concentration of crude oil in the groundwater.
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Flowing Surface Waters

The USDOT, in cooperation with federal and state agencies, has identified surface water resources that are
particularly vulnerable to contamination. These surface water resources are designated as HCAs
(Section 4.3.2). Broadly, this report evaluated impacts to downstream drinking water sources by comparing
projected surface water benzene concentrations with the national MCL for benzene. Rather than evaluate the
risk to each waterbody crossed by the Keystone Pipeline, this risk assessment evaluated categories of
streams, based on the magnitude of streamflow and stream width. Table 4-1 summarizes the stream
categories used for the assessment and identifies several representative streams within these categories.

Table 4-1 Stream Categories

•

•

Streamflow
(cubic feet per Stream Width
second; cfs) (feet) Representative Streams

Low Flow Stream 10-100 <50 Shell Creek, Mill Creek
Lower Moderate Flow Stream 100-1,000 50 -500 Pembina Creek, James River,

Shevenne River, Cuivre River
Upper Moderate Flow Stream 1,000-10,000 500 -1,000 Platte River, Chariton River,

Missouri River
HiQh Flow Stream >10,000 1,000 - 2,500 Mississippi River

It was conservatively assumed that the entire volume of a spill was released directly into a waterbody and that
complete, instantaneous mixing occurred. A 1-hour release period for the entire spill volume was assumed in
order to maximize the product concentration in water. The estimated benzene concentrations were then
compared with the human health drinking water MCL for benzene (Tables 4-2 through 4-5). Resulls suggest
that most spills that enter a waterbody could result in exceedenee of the national MCL for benzene. Although
the assumptions used are highly conservative and, thus, overestimate potential benzene water concentrations,
the resulls emphasize the need for rapid notification of managers of municipal water intakes downstream of a
spill so that any potentially affected drinking water intakes oould be dosed to bypass river water containing
crude oil.

In addition to evaluating a spill to generic 1I0wing waler, the polential for impacts to any specific waterbody
were also evaluated. To do this, the occurrence interval for a spill at anyone representative stream within one
of the four stream categories was calculated based on spill probabilities generated from the USDOT database.
To be conservative, a 500-foot buffer on either side of the river was added to the crossing widths identified in
Table 4-1. The occurrence intervals shown on Tabtes 4-2 through 4-5 indicate the chance of a spill occurring
at any specific waterbody is very tow. Depending on throughput and transported material, oocurrence intervals
for a spill at any representative stream within any of the stream categories ranged from about 250,000 years
for a large waterbody to over 6,800,000 years for a small waterbody (less likely to occur in any single small
waterbody than any single large waterbody). If any release did occur, it is likely that the total
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Table 4-2 Comparison of Estimated Benzene Concentrations from 435,000 bpd Throughput Diluted Bitumen (350c5t Crude Oil) Release
with the Benzene MCl

Product Released

Small spill: Moderate spill: large spill: Very large spill:
Stream 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels

Benzene Flow Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence
Throughput Mel Rate Cone. Interval Cone. Interval Cone. Interval Cone. Interval
435,000 bpd (ppm) (cfs) (ppm) (years) (ppm) (years) (ppm) (vearsl (ppm) (vears)

Low Flow Stream 0.005 10 11 5,905,509 217 1,344,412 2175 1,877,913 4349 5,218,915

Lower Moderate Flow 0.005 1 4,133,856 22 941,089 217 1,314,539 435 3,653,240
Stream 100
Upper Moderate Flow 0.005 0.1 3,100,392 2.2 705,816 22 985,904 43 2,739,930
Stream 1,000

HiQh Flow Stream 0.005 10,000 0.01 1,771,623 0.2 403,324 2.2 563,374 4.3 1,565,674

Notes:

·H1sloncal data IndIcate that the most probable spIll volume would be less than 50 barrels. However, this analysis is based on the spill frequencies and volumes calculated from complete

draindown (Appendix A), which overestimates the proportIon of larger spills. Consequently, the assessment is conservative in its evaluation on the magnitude of environmental

consequences

-The Keystone pIpeline IS estImated to transport diluted bitumen (350 cSt crude all) 90% of the time for the purposes of this analysIs,

-Estimated concentrntlon IS based on release of benzene rnto water over a 1-hour penod With uniform mlxmg conditions.

-Concentrations are based on a 0.15 percent by weight benzene can lent of the transported malenal.

-Shadmg indicates estimated benzene concentrations that could exceed the benzene Mel of 0.005 ppm.

-Occurrence Intervals are based on an overall predicted madent frequency of 0.094 spills/year for 435,000 bpd along the Keystone Pipeline Mainline (Appendix A), projected frequencies of

each spill volume, and estimated stream WIdths. Widths of higher flow streams are greater than widths of lower flow streams, with more distance where an inCIdent might occur. This results

in a greater predicted frequency for high flow streams and a correspondmg lower occurrence interval.
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Table 4-3 Comparison of Estimated Benzene Concentrations from 435,000 bpd Throughput Synthetic Crude Release with the Benzene
MCl

Product Released

Small spill: Moderale spill: Large spill: Very Large spill:

Stream 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels

Benzene Flow Benzene Occurrence Benzene Occurrence Bonzene Occurrence Benzene Occurrence
Throu9hpul- 435,000 MeL Rate Cone. Interval Cone. Interval Cone. Interval Cone. Interval

bpd (ppm) (cfs) Ippml Ivears) Ippm) lvears) (ppm) (years) (ppm) (years)

Low Flow Stream 0.005 10 1 6,842,909 27 1,403,496 269 2,089507 538 6,648,130
Lower Moderate Flow 0.005 0.1 4,790,037 2.7 982,447 27 1,462,655 54 4,653,691

Stream 100
Upper Moderate Flow 0.005 0.01 3,592,527 0.3 736,835 3 1,096,991 5.4 3,490,268
Stream 1.000
Hioh Flow Stream 0.005 10,000 0.001 2.052,873 0.03 421,049 0.3 626,852 0.5 1,994,439

Noles.

·H starical dala Indicate that the most probable spill volume would be less than 50 barrels. However, this analysis is based on the spill frequencies and volumes calculated from complete

dralndown (AppendiX A), which overesltmales the proportion of larger spills Consequently. me assessment is conservalJve In its evaluation on the magnitude of envIronmental

consequences

-The Keystone p pellne is estimated to transport synthetic crude oil 10% of the time for the purposes of this analysIs.

·Estlmated concentration IS based on release of benzene Inlo water over a l·hour period wIth un,form miXing condItions.

-ConcentraliOns are based on a 0,02 percent by weight benzene content of the transported material.

-Shading indicates estimated benzene concentrations that could exceed the MCl of 0.005 ppm.

-Occurrence intervals are based on an overall predicted InCIdent frequency of 0.090 spills/year for 435,000 bpd along the Keystone Pipeline MalnUne (Appendix A), projected frequencies of

each spill volume, and estimated stream widths. Widths of higher flow streams are greater than widths of lower flow streams, with more distance where an Incident might occur. This results

n a greater predlCled frequency for hIgh flow streams and a corresponding lower occurrence interval.
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Table 4-4 Comparison of Estimated Benzene Concentrations from 591,000 bpd Throughput Diluted Bitumen (350c5t Crude Oil) Release
with the Benzene MCL

Product Released
Small spill: Moderate spill: large spill: Very large spill:

Stream 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels
Benzene Flow Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence

Throughput - 591,000 Mel Rate Cone. Interval Cone. Interval Cone. Interval Cone. Interval
bpd (ppm) (cfs) (ppm) (vears) (ppm) (vears) (ppm) (years) (ppm) (years)

Low Flow Stream 0.005 10 11 1,494,147 217 857,465 2175 954,506 4349 2,402,322
Lower Moderate Flow 0.005 1 1,045,903 22 600,226 217 668,154 435 1,681,625
Stream 100
Upper Moderate Flow 0.005 0.1 784,427 2.2 450,169 22 501,116 43 1,261,217
Stream 1,000
Hiqh Flow Stream 0.005 10,000 0.01 448,244 0.2 257,240 2.2 286,352 4.3 720,697

Noles:

-Historical dala indicate thallhe most probable spill volume would be less than 50 barrels. However. this analysis is based on the spill frequencies and volumes calculated from complete

dramdown (AppendiX A), which overestimates the proportion of larger spills. Consequenlly, the assessment is conservative In its evaluation on the magnitude of envIronmental

consequences.

-The Keystone pipeline IS estimated to transport diluted bitumen (350 cSt crude oil) 90% of the time for tne purposes of this analysis.

-Estimated concentratIon is based on release of benzene inlo water over a 1-hour penod with uniform mixing conditIOns.

-Concentrations are based on a 0.15 percent by weight benzene content of the transported material.

-Shadmg indicates estimated benzene concentrations that could exceed the MCl of 0.005 ppm.

-Occurrence intervals are based on an overall predicted InCIdent frequency of 0.151 spills/year for 591,000 bpel along the entire Keystone Pipeline (Appendix A), projected frequencies of each

spill volume, and estimated stream widths. Widths of higher flow streams are greater than widths of lower flow streams, with more distance where an Incident might occur. This results In a

greater predicted frequency for high flow streams and a corresponding lower occurrence interval.
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Table 4-5 Comparison of Estimated Benzene Concentrations from 591,000 bpd Throughput Synthetic Crude Release with the Benzene
MCl (the Occurrence Interval

Product Released

Small spill: Moderate spill: Large spill: Very large spill:

Stream
50 barrels 1,000 barrels 10,000 barrels 20,000 barrels

Benzene Flow Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence
Throughput- 591,000 MCl Rate Cone. Interval Cone. Interval Cone. Interval Cone. Interval

bpd (ppm) (cfs) (ppm) (years) (ppm) (years) (ppm) (years) (ppm) (years)

Low Flow Stream 0.005 10 1 6,094,152 27 1,358,541 269 1,927,825 538 5,442,000

Lower Moderate Flow 0.005 0.1 4,265,906 2.7 950,979 27 1,349,478 54 3,809,400
Stream 100

Upper Moderate Flow 0.005 0.01 3,199,430 0.3 713,234 2.7 1,012,108 5 2,857,050
Stream 1,000

High Flow Stream 0.005 10,000 0.001 1,828,246 0.03 417,562 0.3 578,348 0.5 1,632,600

Noles:

-Hlsloncal dala indicate that the most probable spill volume would be less than 50 barrels. However, thiS analySIS IS based on the spill frequenoBs and volumes calculated from complete

dralndown (Aopendlx A), which overestimates the proportion of larger spIlls Consequently. the assessment 5 conservative In Its evaluation on Ihe magnitude of environmental

consequences.

-The Keyslone pipeline IS esllmated to transport synthetIC crude 01110% of the lime for the purposes of ths analysis

·Estlmaled concentration IS based on release of benzene into water over a 1·hour panod with uniform mixing conditIOns.

·Concenlrat ons are based on a 0.02 percenl by weight benzene content of the transported matena!.

-Shading Inalcates estimated benzene concentrations thaI could exceed the MeL of 0.005 ppm.

-Occurrence Inlerva,s are based on an overall predlcled Incident frequency of 0.093 sp;,ls/year for 591,000 bpd along the Keystone Pipeline Mainline (AppendIX A), projected frequenCIes of

each spill volume, and estimated stream Widths. Widths of higher flow streams are greater than widths of lower flow streams, With more distance where an Incident might occur. This results

in a greater predicted frequency for high flow slreams and a corresponding lower occurrence interval.
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release volume of a spill likely would be 50 barrels or less based on historical spill volumes, or less than
10,000 barrels based on the spill volume study (Appendix A).

In summary, while a release of crude oil directly into any given waterbody would likely cause an exceedance of
drinking water standards, the frequency of such an event would be low. Nevertheless, streams and rivers with
downstream drinking water intakes represent sensitive environmental resources and could be temporarily
impacted by a crude oil release. The Emergency Response Plan contains provisions for protecting and
mitigating potential impacts to drinking water.

Aquatic Organisms

The concentration of crude oil constituents in an actual spill would vary both temporally and spatially in surface
water, however, localized toxicity could occur from virtually any size of crude oil spill. Table 4-6 summarizes
the acute toxicity values (USEPA AQUIRE database 2000) of various crude oil hydrocarbons to a broad range
of freshwater species. Acute toxicity refers to the death or complete immobility of an organism within a short
period of exposure. The LC50 is the concentration of a compound necessary to cause 50 percent mortality in
laboratory test organisms. For aquatic biota, most acute LCsoS for mcnoaromatics range between 10 and
100 ppm. LC50s for the polyaromatic naphthalene were generally between 1 and 10 ppm, while LC50 values for
anthracene were generally less than 1 ppm.

Table 4-6 shows fish are among the most sensitive aquatic biota, while aquatic invertebrates generally have
intermediate sensitivities, and algae and bacteria tend to be the least sensitive. Nevertheless, even when
major fish kills have occurred as a result of oil spills, population recovery has been observed, and long-term
changes in fish abundance have not been reported. Benthic (bottom-dwelling) aquatic invertebrates tend to be
more sensitive than algae, but arc equally or less sensitive than fish. Planktonic (floating) species tend to be
more sensitive than most benthic insects, crustaceans, and molluscs.

In aquatic environments, toxicity is a function of the concentration of a compound necessary to cause toxic
effects combined with the compound's water solubility. For example, a compound may be highly toxic, but if it
is not very soluble in water then its toxicity to aquatic biota is relatively low. The toxicity of crude oil is
dependent of the toxicity of its constituents. As an example, Table 4-7 summarizes the toxicity of various crude
oil hydrocarbons to the zooplankton, Daphnia magna. The relative toxicity of decane is much lower than for
benzene or ethylbenzene because of the comparatively low solubility of decane. Most investigators have
concluded that the acute toxicity of crude oil is related to the concentrations of relatively lightweight aromatic
constituents, particularly benzene.

While lightweight aromatics such as benzene tend to be water soluble and relatively toxic, they also are highly
volalile. Thus, most or all of the lightweight hydrocarbons accidentally released into the environment
evaporate, and the environmental persistence of crude oil tends to be low. High molecular weight aromatic
compounds, including PAHs, are not very water-soluble and have a high affinity for organic material.
Consequently, these compounds, if present, have limited bioavailability, which render them substantially less
toxic than more water-soluble compounds (Neff 1979). Additionally, these compounds generally do not
accumulate to any great extent because these compounds are rapidly metabolized (Lawrence and Weber
1984; West et aI.1984). There are some indications, however, that prolonged exposure to elevated
concentrations of these compounds may result in a higher incidence of growth abnormalities and hyperplastic
diseases in aquatic organisms (Couch and Harshbarger 1985).

Significantly, some constituents in crude oil may have greater environmental persistence than lightweight
compounds (e.g., benzene), but their limited bioavailability renders them substantially less toxic than other
more soluble compounds. For example, aromatics with four or more rings are not acutely toxic at their limits of
solubility (Muller 1987). Based on the combination of toxicity, solubility, and bioavailability, benzene was
determined to drive toxicity associated with potential crude oil spills.
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Toxicity Values (ppm)
Species Benzene Toluene Xylene Naphthalene Anthracene

Carp (Cyorinus carpio) 40.4 -- 780 --- --
Channel catfish (Kctalurusl --- 240 - --- -

Clarias catfish (Clarias sp.) 425 26 - - ---
Coho salmon (Oncorhyncus 100 -- -- 2.6 --
kisutch)
Fathead minnow (Pimeoha/esl - 36 25 4.9 25
Goldfish (Carassius auratus) 34.4 23 24 - -
Guppy (Poecilia reticulate) 56.8 41 - -- --
Laraemouth bass (Microoterus) - - - 0.59 ---
Medaka (Orvzias so.) 82.3 54 --- -- --
Mosauitofish (Gambusia affinisl --- 1,200 -- 150 --
Rainbow traut (Oncorhyncus 7.4 8.9 8.2 3.4 -
mykis)
Zebrafish (Theraoon iarbua) - 25 20 --- ---
Rotifer (Brachionus calycifforus) >1,000 110 250 --- ---
Midae (Chironomus attenuatusJ -- --- --- 15 -
Midae (Chironomus tentansJ --- --- --- 28 ---
Zooplankton (Daphnia magna) 30 41 -- 6.3 0.43
Zooplankton (Daphnia pulex) 111 --- --- 9.2 ---
Zooolanton (Diaplomus forbes/) --- 450 100 68 ---
Amohiood (Gammarus lacustris) --- -- 0.35 --- ---

Amohiood (Gammarus minus) --- --- --- 3.9 ---
Snail (Phvsa QvrinaJ --- --- -- 5.0 ---
Insect (Somatochloa cingulata) --- --- -- 1.0 --
Chlorella vulqaris --- 230 --- 25 ---
Microcystis aeruainosa --- --- -- 0.85 ---
Nitzschia oa/ea -- -- -- 2.8 -
Scenedesmus subsoicatus -- 130 - - -
Selenastrum capricomutum 70 25 72 7.5 -

llndlCates no value was available In the database

Note: Data summarize conventional acute tOXICIty endpoints from USCPA's ECOTOX database. When several results were available

for a given species, the geometric mean of the reported LeSO values was calculated.
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Table 4·7 Acute Toxicity of Crude Oil Hydrocarbons to Daphnia magna

•

48-hr LCso Optimum Solubility
Compound (oom) (pom) Relative Toxicitv

Hexane 3.9 9.5 2.4
Octane 0.37 0.66 1.8
Decane 0.028 0.052 1.9
Cvclohexane 3.8 55 14.5
methvl cvclohexane 1.5 14 9.3
Benzene 9.2 1,800 195.6
Toluene 11.5 515 44.8
Elhvlbenzene 2.1 152 72.4
D-xvlene 8.5 185 21.8
m-xylene 9.6 162 16.9
o-xylene 3.2 175 54.7
1,2,4-trimelhylbenzene 3.6 57 15.8
1,3,5-trimethYlbenzene 6 97 16.2
Cumene 0.6 50 83.3
1,2.4,5-tetramethylbenzene 0.47 35 7.4
1-methylnaphthalene 1.4 28 20.0
2-methylnaphthalene 1.8 32 17.8
Biohenyl 3.1 21 6.8
Phenanthrene 1.2 6.6 5.5
Anlhracene 3 5.9 2.0
9-methylanthracene 0.44 0.88 2.0
pyrene 18 2.8 1.6

Nole: The lCsa is the concentration of a compound necessary to cause 50 percent mortality in laboratory lest orgamsms Within a

predetermined time penod (e.g.. 48 hours) (USEPA 2000).

RelatIVe toxicity =optimum solublhty/LCso_

Table 4-8 summarizes chronic toxicity values (most frequently measured as reduced reproduction, growth, or
weight) of benzene to freshwater biota. Chronic loxicity from other oil constituents may occur, however, if
sufficient quantities of crude oil are continually released into the water to maintain elevated concenlrations.

Table 4-8 Chronic Toxicity of Benzene to Freshwater Biota

•
10623-004

Chronic
Value

Taxa Test soecies (oom)
Fish Fathead minnow (PimeDhales Drome/as) 17.2 •

Guoov (Poecilia re/icu/a/al 63
Coho salmon (Oncomynchus kitsutch) 1.4

Amphibian Leopard frOll (Rana Dipens) 3.7
Invertebrate Zooplankton !DaDhnia SOD.) >98
Alaae Green alaae (Se/enastrum capricomutum) 4.8 •

Nole: Test endpoint was mortahty unless denoted with an asterisk (*). The test endpomt for

these studies was growth
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The potential impacts to aquatic organisms of various-sized spills to waterbodies were modeled assuming the
benzene content within each type of crude oil completely dissolved in the water. The benzene concentration
was predicted based on amount of crude oil spilled and streamflow. The estimated benzene concentrations
were compared to conservative acute and chronic toxicity values for protection of aquatic organisms. For
aquatic biota, the lowest acute and chronic toxicity thresholds for benzene are 7.4 ppm and 1.4 ppm,
respectively, based on standardized trout toxicity tests (USEPA 2000). These toxicity threshold values are
considered protective of acute and chronic effects to aquatic biota. Although trout are not found in many of the
habitats crossed by the project, trout are among the most sensitive aquatic species and reliable acute and
chronic trout toxicity data are available.

Tables 4-9 to 4-16 summarize the predicted acute and chronic toxicity to aquatic resources. Broadly, acute
toxicity could potentially occur if substantial amounts of crude oil were to enter most rivers and streams, as
demonstrated by the Moderate and Large Spill Scenarios. If such an event were to occur within a small
stream, aquatic species in the immediate vicinity and downstream of the rupture could be killed or injured.
Chronic toxicity also could potentially occur in small and moderate sized streams and rivers. However,
emergency response, containment, and cleanup efforts would help reduce the concentrations and minimize
the potential for chronic toxicity. In comparison, relatively small spills (less than 50 barrels) into moderate and
large rivers would not pose a major toxicological threat. In small to moderate sized streams and rivers, some
toxicity might occur in localized areas, such as backwaters where concentrations would likely be higher than in
the mainstream of the river.

The likelihood of a release into any single waterbody is low, with an occurrence interval of once every 250,000
to 6,800,000 years (Tables 4-9 to 4-16). If any release did occur, it is likely that the total release volume of a
spill likely would be 50 barrels or less based on historical spill volumes, or less than 10,000 barrels based on
the spill volume study (Appendix A). Maximum spill volumes for these rivers would be approximately
20,000 barrels.

Table 4-17 shows the likelihood of spills in selected river systems, as well as average flow of water available
to dilute any potentially spilled material. Higher stream volumes correlate with more rapid dilution of any
potentially spilled material and therefore lower toxicity.
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Comparison of Estimated Diluted Bitumen (350cSt Crude Oil) Concentrations Following a Spill to the Acute Toxicity Thresholds
for Aquatic Life (7.4 ppm) for Streams Crossed by the Proposed Action (435,000 bpd Throughput - Diluted Bitumen)

Product Released
Small spill: Moderate spill: Large spill: Very Large spill:

Stream Acute 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels
Flow Toxicity Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence

Throughput Rate Threshold Cone. Interval Cone. Interval Cone. Interval Cone. Interval

435,000 bpd (cfs) (ppm) (ppm) (years) (ppm) (years) (ppm) (years) (ppml (vearsl

Low Flow Stream 10 7.4 11 5,905,509 217 1,344,412 2175 1,877,913 4349 5,218,915
Lower Moderate Flow 1 4,133,856 22 941,089 217 1,314,539 435 3,653,240
Stream 100 7.4

Upper Moderate Flow 0.1 3,100,392 2.2 705,816 22 985,904 43 2,739,930
Stream 1,000 7.4
High Flow Stream 10,000 7.4 0.01 1,771,623 0.2 403.324 2.2 563,374 4.3 1,565,674

NOles

-Hisloncal dala mdlcate that the most probable spIll volume would be less than 50 barrels However, InlS analySIS IS based on the spill frequencIes and vOlumes calcutaled from complele

draindown (Appendix A), which overestimates the proportion of larger spills. Consequenl y, the assessment IS conservative in ItS evalual on on the magnitude of environmental consequences

-The Keystone pipeline IS estimated to transport diluted bitumen (350 cSt crude oil) 90% of the time lor the purposes of thiS analySIS.

-Estimated proportion of benzene In the transported material is 0.15 percent, and is assumed to be entirely water solubilized In the event of a spill. The resulting concentration was calculated

by multIplying 0 15 percent of the lotal amount of material released divided by 1 hour of stream flow volume. The model assumes uniform miXing conditions.

-Benzene concentratIons are compared against the acute toxicity threshold for benzene.

-Shading mdlcates concentrations that could potentially cause acute toxiCity to aquatic species. The darkest shading represents high probability of acute tOXICity (>10 times the tOXICity

threshold): lighter shading represents moderate probabtlity of acute toxJcity (lto 10 limes the toxicity threshold); and unshaded areas represent low probability of acute tOXICity «toxlcty

threshold)

-Occurrence Intervals are based on an overall predrcted incident frequency of 0.094 spil'slyear along Ihe Keystone Pipeline Mamltne (AppendIX A), projected frequencIes of each spill volume,

and estImated stream widths. Widths of higher flow streams are greater than Widths of lower flow streams, WIth more distance where an incident might occur. ThIS results in a greater

predicted frequency for high flow slreams and a corresponding lower occurrence mterval
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Table 4-10 Comparison of Estimated Synthetic Crude Oil Concentrations Following a Spill to the Acute Toxicity Thresholds for Aquatic Life

(7.4 ppm) for Streams Crossed by the Proposed Action (435,000 bpd Throughput- Synthetic Crude)

Product Released

Small spill: Moderate spill: Large spill: Very Large spill:
Stream Acute 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels

Flow Toxlclly Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence
Throughpul Rale Threshold Cone. Interval Cone. Interval Cone. Interval Cone. Interval
435,000 bpd (cis) (ppm) (ppm) Ivears) (ppm) (years) (ppm) (vears) (ppm) (years)

Low Flow Stream 10 7.4 1 6,842,909 27 1,403,496 269 2,089,507 536 6,646,130
Lower Moderate Flow 0.1 4,790,037 2.7 982,447 27 1,462,655 54 4,653,691
Stream 100 7.4
Upper Moderate Flow 0.01 3,592,527 0.3 736,635 3 1,096,991 5.4 3,490,268
Stream 1,000 7.4
Hioh Flow Stream 10,000 7.4 0.001 2,052,873 0.03 421,049 0.3 626,852 0.5 1,994,439

Notes:

-Hisloncal data mdlcate that the mosl probable spIll volume \you!d be less than 50 barrels However, lhs analysis is based on the spill frequencies and volumes calculated from complete

draindown (AppendIX A), which overestImates the proportion of larger spills. Consequently, the assessment IS conservative in its evaluation on the magnitude of environmental consequences.

·The Keystone pipeline IS estimated to transport synthetiC crude oil 10% of the lime for the purposes of thiS analysis.

-EstJmated proportion of benzene In the transported material is 0.02 percent, and is assumed to be entirely water solubilized In the event of a spill. The resulling concentration was calculated by

mUltiplying 0.02 percent of the tolal amounl of material released divided by 1 hour of stream flow volume The model assumes Uniform mixing condilions.

·Benzene concentrations are compared against the acute toxiCity threshold for benzene.

-Shading Indicates concentrations that could potenlJaUy cause acule toxicity to aquallc species. The darkest shading represents high probability of acute toxiCity (>10 times the toxiCity threshold);

lighter shading represents moderate probability of acute toxiCIty (1 to 10 times the toxiCity threshold): and unshaded areas represent low probab:,lty of aeute tOXICity «tOXICity threshold)

-Occurrence inlervals are based on an overall predicted incident frequency of 0.090 spills/year along the Keystone Pipeline Mainline (AppendiX A), projected frequenCIes of each sp.1I volume.

and eslJmaled stream 'Nidths. Widths of higher flow streams are greater than Widths of lower flow streams, WIth more distance where an incident mght occur Th:s results In a greater predicted

frequency for high flow streams and a corresponding lower occurrence intervaL
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Table 4-11 Comparison of Estimated Diluted Bitumen (350 cSt Crude Oil) Concentrations Following a Spill to the Acute Toxicity Thresholds

for Aquatic Life for Streams Crossed by the Proposed Action (591,000 bpd Throughput - Diluted Bitumen)

Product Released
Small spill: Moderate spill: Large spill: Very Large spill:

Stream Acute 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels
Flow Toxicity Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence

Throughput Rate Threshold Cone. Interval Cone. Interval Cone. Interval Cone. Interval
591,000 bpd (cts) (ppm) (ppm) (years) (ppm) (years) (ppm) (years) (ppm) (years)

Low Flow Stream 10 7.4 11 1,494,147 217 857,465 2175 954,506 4349 2,402,322

Lower Moderete Flow 1 1,045,903 22 600,226 217 668,154 435 1,681,625
Stream 100 7.4

Upper Moderate Flow 0.1 784.427 2.2 450,169 22 501,116 43 1,261,217
Stream 1,000 7.4

HiQh Flow Stream 10,000 7.4 0.01 448,244 0.2 257,240 2.2 286,352 4.3 720,697

Notes:

·Historical data indicate that the most probable spill volume would be less than 50 barrels. However, this analysis is based on the spill frequencies and volumes calculated from complete

draindown (Appendix A), which overestimates the proportion of larger spills. Consequently, the assessment is conservative in its evaluatIOn on the magnitude of environmenlal consequences

-The Keystone pipeline is estImated to transport diluted bitumen (350 cSt crude oil) 90% of the lime for the purposes of thiS analysIs.

-Estimated proportion of benzene In the transported material is 0.15 percent, and IS assumed to be entIrely water solubihzed in the event of a spill. The resulting concentration was calculated by

multiplying 0.15 percent of the total amount of material released divided by 1 hour of stream flow volume. The model assumes unrform mixing conditions.

-Shading indicates concentrations that could potentially cause acute tOXicity 10 aquatic species. The darkest shading represents high probability of acute toxiCity (>1 0 times the loxiclly

threshold); llghter shading represents moderate probability of acute toxiCIty (1 to 10 times the toxiCity threshold); and unshaded areas represent low probability of acute toxiCity «toxicity

threshold).

-Occurrence intervals are based on an overall predicted mCldent frequency of 0.151 spills/year along the entire Keystone Pipeline (Appendix A), projected frequencies of each spill volume. and

estimated stream widths. Widths of higher flow streams are greater than widths of lower flow streams, with more distance where an inCident might occur. This results in a grealer predicted

frequency for high flow streams and a correspondmg lower occurrence Interval.
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Table 4-12 Comparison of Estimated Synthetic Crude Oil Concentrations Following a Spill to the Acute Toxicity Thresholds for Aquatic Life

for Streams Crossed by the Proposed Action (591,000 bpd Throughput - Synthetic Crude)

Product Released

Small spill: Moderate spill: Large spill: Very Large spill:
Stream Acute 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels
Flow Toxiclly Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence

Throughput Rate Threshold Cone. Interval Cone. Interval Cone. Interval Cone. Interval

591,000 bpd (cfs) (ppm) Ippm)) Ivears) Ippm) Ivearsl Ippml (vears) Ippm) (yearsl
Low Flow Stream 10 7.4 1 6,094,152 27 1,358,541 269 1,927,825 538 5,442,000

Lower Moderate Flow 0.1 4,265,906 2.7 950,979 27 1,349,478 54 3,809,400
Stream 100 7.4

Upper Moderate Flow 0.01 3,199,430 0.3 713,234 2.7 1,012,108 5 2,857,050
Stream 1,000 7.4

Hioh Flow Stream 10,000 7.4 0.001 1,828,246 0.03 417,562 0.3 578,348 0.5 1,632,600

Noles:

·Hisloncal data Indicale that the most probable splfl volume would be less than 50 barrels. However, thiS analysis IS based on the spill frequencies and volumes calculated from complete

draindown (Appendix A), which overestimates the proportion of larger spills. Consequently, the assessment is conservative in Its evaluahon on the magnitude of environmental consequences.

·The Keystone pipeline IS estimated to transport synthetic crude oil 10% of the time for the purposes of thiS analysis.

·Estimated proportion of benzene In the transported material is 0.02 percent, and IS assumed to be enuely water solubilized in the event of a spill. The resultmg concentrallOn was calculated by

multiplying 0.02 percent of the total amount of material released divided by 1 hour of stream flow volume. The model assumes unIform mixing conditions.

·Benzene concentrations are compared against the acute toxIcity threshold for benzene.

·Shading indicates concentrations that could potentially cause acute toxicity to aquatic species. The dar1<:est shading represents high probability of acute tOXIcity (>10 times the tOXICity threshold):

lighter shading represents moderate probability of acute toxicity (1 to 10 times the toxicity threshold); and unshaded areas represent low probability of acute toxiCity «toxicity threshold).

·OcQ,Jrrence intervals are based on an overall predicted incident frequency of 0.093 spills/year along the Keystone Pipeline Mainline (Appendix A), projected frequencies of each spill volume,

and estimated stream widths. Widths of higher flow streams are greater than widths of lower flow streams, \vith more distance where an inCident might occur. This results in a greater predicted

frequency for high flow streams and a corresponding lower occurrence interval.
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Table 4-13 Comparison of Estimated Diluted Bitumen (350 cSt Crude Oil) Concentrations Following a Spill to the Chronic Toxicity

Thresholds for Aquatic Life for Streams Crossed by the Proposed Action (435,000 bpd Throughput- Diluted Bitumen)

Product Released
Small spill: Moderate spill: Large spill: Very Largo spill:

Stream Chronic 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels
Flow Toxicity Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence

Throughput Rate Threshold Cone. Interval Cone. Interval Cone. Interval Cone. Interval
435,000 bpd (cIs) (ppm) (ppm) (years) (ppm) (years) (ppm) (years) (ppm) (years)

Low Flow Stream 10 1.4 0.1 5,905,509 1.3 1,344,412 13 1,877,913 26 5,218,915
Lower Moderate Flow 100 1.4 0.01 4,133,856 0.1 941,089 1.3 1,314,539 2.6 3,653,240
Stream

Upper Moderate Flow 1,000 1.4 0.001 3,100,392 0.01 705,816 0.1 985,904 0.3 2,739,930
Stream
Hioh Flow Stream 10,000 1.4 0.0001 1,771,623 0.001 403,324 0.01 563,374 0.03 1,565,674

Noles:

·Hlsloncal data indicate thallhe most probable spill volume would be less Ihan 50 barre's. However, thiS analysis is based on the spill frequenoes and volumes calculated from complete

dralOdown (Appendix A). which overestimates the proportion of larger sp"ls. Consequenlly, the assessment is conservative In lIs evaluation on the magnitude of enVironmental consequences.

-The Keystone pipeline Is estimated to transport diluled bitumen (350 cSt crude oil) 90% of the time for the purposes of this analysis

-Estimated proportion of benzene in lhe transported material is 0.15 percent, and IS assumed to be entirely water solubilized in the event of a spill. The resulting concentration was calcu'ated by

mUltiplying 0.15 percent of Ihe total amount of malenal released diVided by 7 days of stream flow volume. The model assumes uniform mIxing condlUons.

-The chronic toxicity value for benzene is based on a 7-clay toxiCity value of 1.4 ppm for troul.

-Exposure concentrations were estimated over a 7-clay paned since Ihe chronic tOlCJC11y value was based on a 7-day exposure.

-Shading indicates concentrations that could potenllally cause chronic toxlcily 10 aquatIc species. The darkest shading represents high probability of chrome toxiCity (> 1a limes the tOXICity

threshold); lighter shading represents moderate probability of chrome toxicity (1 10 10 times lhe toxiCity threshold); and unshaded areas represenllow probability of chroniC tOXicity «toxiCity

threshold).

-Occurrence intervals are based on an overall predicted Inodent frequency of 0.094 spells/year along the Keystone Plpelne Mainline (Append x A), projected frequenc es of each spIll volume,

and estimated stream widths. Widths of higher now streams are greater than widths of lower flow streams, With more distance where an Incident might occur ThiS results In a grealer predicted

frequency for high flow streams and a corresponding lower occurrence Interval.
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Table 4-14 Comparison of Estimated Synthetic Crude Oil Concentrations Following a Spill to the Chronic Toxicity Thresholds for Aquatic

Life for Streams Crossed by the Proposed Action (435,000 bpd Throughput - Synthetic Crude)

Product Released
Small spill: Moderate spill: Large spill: Very Large spill:

Stream Chronic 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels
Flow Toxicity Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence

Throughput Rate Threshold Cone. Interval Cone. Interval Cone. Interval Cone. Interval
435,000 bpd (cfs) (ppm) (oom) (vears) (oom) (vearsl Ippml Ivearsl (ppm) (years)

Low Flow Stream 10 1.4 0.01 6,842,909 0.2 1.403,496 1,6 2,089,507 3,2 6,648,130

Lower Moderate Flow 100 1.4 0.001 4,790,037 0.02 982,447 0.2 1,462,655 0.3 4,653,691
Stream
Upper Moderate Flow 1,000 1.4 0.0001 3,592,527 0.002 736,835 0.02 1,096,991 0.03 3,490,268
Stream

HIQh Flow Stream 10,000 1.4 0.00001 2,052,873 0.0002 421,049 0.002 626,852 0.003 1,994,439

Noles:

·Historical data indicate thallhe most probable spill volume would be less than 50 barrels. However, this analySIS IS based on the spill frequencIes and volumes calculated from complete

dramdown (AppendiX A). which overestImates the proportion of larger spills. Consequently, the assessment is conservatJVe in its evaluation on the magnllude of enVIronmental consequences.

-The Keystone pipeline is estimated to transport synthetic crude oil 10% of the time for the purposes of this analySIS.

-Estimated proportion of benzene In the transponed material Is 0.02 percent, and IS assumed to be entirely water solubilized In the event of a spill. The resulting concentration was calculated

by muillplying 0.02 percenl of Ihe total amount of matenal released diVided by 7 days of stream flow volume. The model assumes uniform miXing cond I,ons

-The chroniC tOXicity value for benzene Is based on a 7-day toxiCity value of 1.4 ppm for trout.

-Exposure concentrations were estimated over a 7-day period since the chroniC tOXICIty value was based on a 7-day exposure.

-Shadmg indicates concentrat1ons that could potentially cause chroniC 10XlCity to aquatic species. The darKest shading represents h'gh probablhty of chroniC toxiCIty (> 10 times the tOXICity

threshold): hghter shading represents moderate probability of chronic toxicity (1 to 10 times the tOXICity threshold): and unshaded areas represenllow prabablhly of chromc tOXICity «taxlC'ty

threshold).

-Occurrence mtervals are based on an overall predicted Incident frequency of 0.090 spills/year along the Keystone P petine Mainline (Append XA), projected frequencies of eadl spill volume.

and estimated stream Widths. Widths of higher now streams are greater than widths of lower flow streams, wIlh more distance where an Incident might occur Th s results n a greater

predicted frequency for high now streams and a corresponding lower occurrence interval.

10623·004 4-21 March 2007



• CONF~.JENTIAL

ENSR

•
Table 4-15 Estimated Diluted Bitumen (350cSt Crude Oil) Concentrations Compared to the Chronic Toxicity Threshold for Aquatic Life for

Streams Crossed by the Proposed Action (591,000 bpd Throughput - Diluted Bitumen)

Product Released

Small spill: Moderate spill: Large spill: Very large spill:
Stream Chronic 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels

Flow Toxicity Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence
Throughput Rate Threshold Cone. Interval Cone. Interval Cone. Interval Cone. Interval
591,000 bpd (ets) (ppm) (ppm) (years) (ppm) (years) (ppm) (years) (ppm) (years)

Low Flow Stream 10 1.4 0.1 1,494,147 1.3 857,465 13 954,506 26 2,402,322

Lower Moderate Flow 100 1.4 0.01 1,045,903 0.1 600,226 1.3 668,154 2.6 1,681,625
Stream

Upper Moderate Flow 1,000 1.4 0.001 784,427 0.01 450,169 0.1 501,116 0.3 1,261,217
Stream

High Flow Stream 10,000 1.4 0.0001 448,244 0.001 257,240 0.01 286,352 0.03 720,697

Notes:

-Historical data indicate Ihat the most probable spill volume would be less than 50 barrels. However, this analysis is based on Ihe spill frequencies and volumes calculated from complete

dralOdown (Appendix A), which overestimates the proportion of larger spills. Consequently, tne assessment IS conservatIVe In Its evaluation on the magnitude of enVlronmental consequences.

-The Keystone pipeline is estimated to transport diluted bitumen (350 cSt crude all) 90% of tne time for the purposes of this analySIS

-Estimated proportion of benzene in the transported material is 0.15 percent, and IS assumed to be enlJrely water solubilized in the event of a spill. The resulting concentration was calculated

by multiplying 0.15 percent of the total amount of material released divided by 7 days of stream flow volume. The model assumes uniform mixing condilions.

-The chronic toxiCIty value for benzene IS based on a 7-day tOXICity value of 1.4 ppm for trouL

-Exposure concentrations were estImated over a 7-<:1ay pened since the chronic toxicity value was based on a 7-<:1ay exposure.

-Shading indicates concentrations that could potentially cause chronic toxicity to aquatic species. The darkest shading represents high probability of chroniC tOXicity (>10 times the toxicity

threshold); tighter shading represents moderate probability of chroniC tOXIcity (1 to 10 lImes the tOXicity threshold); and unshaded areas represent low probability of chrOniC tOXICity «tOXICity

threshold).

-Occurrence intervals are based on an overall predicted incident frequency of 0.151 spills/year along the entire Keystone Pipeline (AppendIX A), projected frequenaes of each spill volume. and

estimated stream widths. Widths of higher flow streams are greater than widths of lower flow streams, With more distance where an incident might occur. ThIS results In a grealer predicted

frequency for high flow streams and a corresponding lower occurrence interval.
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Table 4-16 Estimated Synthetic Crude Oil Concentrations Compared to the Chronic Toxicity Threshold for Aquatic Life for Streams

Crossed by the Proposed Action (591,000 bpd Throughput - Synthetic Crude)

Product Released
Small spill: Moderate spill: Large spill: Very Large spill:

Stream Chronic 50 barrels 1,000 barrels 10,000 barrels 20,000 barrels
Flow TOXicity Benzene Occurrence Benzene Occurrence Benzene Occurrence Benzene Occurrence

Throughput Rate Threshold Cone. Interval Cone. Interval Cone. Interval Cone. Interval
591,000 bpd (cts) (ppm) (ppm) (years) (ppm) (years) (ppm) (years) (ppm) (years)

Low Flow Stream 10 1.4 0,01 6,094,152 0.2 1,358,541 1.6 1,927,825 3.2 5,442,000

Lower Moderate Flow 100 1.4 0.001 4,265,906 0.02 950,979 0.2 1,349,478 0.3 3,809,400
Stream

Upper Moderate Flow 1,000 1.4 0.0001 3,199,430 0.002 713,234 0.02 1,012,108 0.03 2,857,050
Stream

High Flow Stream 10,000 1.4 0.0001 1,828,246 00002 417,562 0.002 578,348 0.003 1,632,600

Noles:

·Historical dala Indicate thai the most probable spIll volume would be less lhan 50 barrels. However. thiS analySIS IS based on the spill frequencies and volumes calculated from complete

dralndown (AppendiX Al, which overeslJmates the proportIon of larger spills. Consequently. the assessment is conservative In lis evalualiOn on the magnitude of environmental consequences

-The Keystone pipeline IS estimated to transport synthetIC crude 01110% of the time for the purposes of thiS analysis.

·Eslimatod proportion of benzene in the transported material is 0.02 percent, and is assumed to be enlirely water solubilized In the event of a spill. The resulting concentration was calculated

by multJplylng 0.02 percenl of the total amount of material released divided by 7 days of stream flow volume. The model assumes uniform mIxing conditions.

-The chroniC toxicity value for benzene is based on a 7-day toxicity value of 1.4 ppm for trout.

-Exposure concentralJons were estimated over a 7-day period SlOce the chroniC toxidty value was based on a 7-day exposure

-Shading Indicates concentrations that could potentially cause chroniC toxidty to aquatic specIes. The darkest shading represents high probability of chronIC tOXICity (>10 umes Iha toxiCity

threshold); lighter shading represents moderate probability of chromc toxIcity (1 to 10 times the tOXicity threshold); and unshaded areas represent low probability of chroniC tOXIClly «tOXICity

threshold).

-Occurrence intervals are based on an overall prediCted incident frequency of 0.093 spills/year along the Keystone Pipeline Mamline (Appendix A), projected frequenCies of each SPIll volume,

and estimated stream WIdths. Widths of higher now streams are greater than WIdths of lower flow streams, with more distance where an Inodent might occur. ThiS results in a greater

predicted frequency for high flow streams and a corresponchng lower occurrence Interval.
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Table 4-17 Large River Systems Crossed by the Proposed Keystone Pipeline'

Annual Failure Median Stream Flow
Major River/Major Lake Frequency (cfs) ,

Missouri River (SD/NE Border) 5.83 x 10" 20,100
Platte River 2.33 x 10" 18,00
Missouri River lKS/MO Border) 5.02 x 10" 45,700
Mississippi River 7.24 x 10" 146,200
Kaskaskia River/Carlyle Lake 1.60x 10" 1,900

'Due 10 Homeland Secunty Issues, the preCIse maximum spill volume for speCIfic locatJon is conSidered highly senSllrve

and confldenllal, and IS therefore not provided In thiS document

2USGS 2007 average stream flow 199().1995

While a release of crude oil into any given waterbody might cause immediate localized toxicity to aquatic biota.
particularly in smaller streams and rivers, the frequency of such an event would be low. Nevertheless, streams
and rivers with aquatic biota represent the sensitive environmental resources that could be temporarily
impacted by a crude oil release.

•

•

Wetlands/Prairie Potholes/Playa Lakes

Allhough planning and routing efforts have reduced the overall number of wetlands (including prairie potholes
and playa lake environments) and static waterbody environments crossed by the Keystone Pipeline, wetlands
and waterbodies with persistently saturated soils are present along and adjacent to the Keystone Pipeline
route. The effects of crude oil released into a wetland environment will depend not only upon the quantity of oil
released, but also on the physical conditions of the wetland at the time of the release. Wetlands include a wide
range of environmental conditions. Wetlands can consist of many acres of standing water dissected with
ponds and channels, or they may simply be areas of saturated soil with no open water. A single wetland can
even vary between these two extremes as seasonal precipitation varies. Wetland surfaces are generally low
gradient with very slow unidirectional flow or no discernable flow. The presence of vegetation or narrow spits of
dry land protruding into wetlands also may isolate parts of the wetland. Given these conditions, spilled
materials may remain in restricted areas for longer periods than in river environments.

Crude oil released from a subsurface pipe within a weiland could reach the soil surface. If the water table
reaches the surface, the release would manifest as floating crude oil. The general lack of surface flow within a
weiland would restrict crude oil movement. Where surface water is present within a weiland, the spill wouid
spread laterally across the water's surface and be readily visible during routine right-of-way (ROW)
surveillance. The depth of soil impacts likely would be minimal, due to shallow (or emergent) groundwater
conditions. Conversely, groundwater impacts within the weiland are likety to be confined to the near-surface,
enhancing the potential for biodegradation. If humans or other important resource exposures were to occur in
proximity to the weiland, then regulatory drivers would mandate the scope of remedial actions, timeframe for
remediation activities, and cleanup levels. However, response and remediation efforts in a weiland have the
potential for appreciable adverse effects from construction/cleanup equipment. If no active remediation
activities were undertaken, natural biodegradation and attenuation would ultimately allow a return to
preexisting conditions in both soil and groundwater. This would likely require a timeframe on the order of tens
of years. Keystone will utilize the most appropriate cleanup procedures as detemnined in coordination with the
applicable federal and state agencies.

The chance of a spill occurring at any specific weiland along the pipeline is very low. Based on survey data
and aerial interpretation, wellands comprise 69.4 miles of the entire Keystone Pipeline system (Table 3.5-8 of
the revised Keystone Environmental Report tables filed January 2007). Of the estimated maximum of 1.5 spills
postulated to occur during a 1a-year period within the entire pipeline system, about 0.08 spills would be
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expected to occur within wetland areas (equivalent to one spill every 130 years). If any release did occur, it is
likely that the total release volume of a spill likely would be 50 barrels or less based on historical spill volumes,
or less than 10,000 barrels based on the spill volume study (Appendix A).

The predicted effects of a spill reaching standing water (e.g., reservoirs, prairie potholes) would depend largely
upen the volume of crude oil entering the water1:>ody and the volume of water within the waterbody.

Table 4-18 summarizes the amount of water necessary to dilute spill volumes below aquatic toxicity and
drinking water thresholds. While this preliminary approach does not account for fate and transport
mechanisms, mixing zones, environmental factors, and emergency respense capabilities, it does provide an
initial benchmark for identifying areas of potential concem.

Table 4-18 Amount of Water Required to Dilute Crude Oil Spills Below Threshold Values

Volume of Water Required to Dilute Crude Oil Below Threshold (acre-feet)'
Acute Toxicity

Threshold
Barrels of (7.4 milligrams per liter Chronic Toxicity Drinking Water MCl
Crude Oil fmatU) Threshold 11.4 matU W.005 mgtl)

Diluted Bitumen 1350 cSt Crudel
50 4.6 24.3 6,807
150 13.8 72.9 20,420
1,000 92.0 486 136,136

10,000 920 4,862 1,361,358
Synthetic Crude Oil

50 0.57 30 841
150 1.7 9.3 2.524
1,000 11.4 60.1 16,826

10,000 114 601 168,258

lThresholds based on aquatic toxicity and dnnking water thresholds established for benzene. The estImated benzene content of

me diluted bitumen (350 cSt crude ad) is 0.15 percent by weight. The synthetic crude oi is estimated to have a benzene

conlent of 0.02 percent by weight.

Based on a review of publicly available toxicity literature for wetland plant groups (i.e., algae, annual
macrophytes, and perennial macrophytes), crude oil is toxic to aquatic plants but at higher concentrations than
observed for fish and invertebrates. Therefore, spill concentrations that are less than toxic effect levels for fish
and invertebrates (see Aquatic Organisms, above) also would be protective for wetland plant species.

In summary, while a release of crude oil into wetland and static waterbodies has the potential to cause
temperary environmental impacts, the frequency of such an event would be low. Nevertheless, wetlands and
static waterbodies represent sensitive environmental resources.

4.3 Risk to Populated and High Consequence Areas (HCAs)

Consequences of inadvertent releases from pipelines can vary greatly, depending on where the release
occurs. Pipeline safety regulations use the concept of HCAs to identify specific locales and areas where a
release could have the mest significant adverse consequences. HCAs include pepulated areas, drinking water,
and unusually sensitive ecologically resource areas (USAs) that could be damaged by a hazardous liquid
pipeline release. Table 4-19 identifies the types and lengths of HCAs crossed by the Keystone Pipeline
Project. HCAs are subject to higher levels of inspection, per 49 CFR Part 195. These data are compiled from a
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variety of data sources, including federal and state agencies (e.g., state drinking water agencies, the
Environmental Protection Agency). The USDOT acknowledges that spills within a sensitive area might not
actually impact the sensitive resource and encourages operators to conduct detailed analysis, as needed.
Keystone has conducted a preliminary evaluation of HCAs crossed or located downstream of the pipeline
(Appendix B). These HCAs will be subject to higher levels of inspection, as per 49 CFR Part 195.
Furthermore, Keystone has subsequenlly evaluated the location of valves as a measure to reduce potential
risk to HCAs. As a result of the preliminary HCA evaluation, some proposed valve locations were moved and
additional valves were added to protect HCAs (see Keystone's March 2007 filing with the DOS).

Assuming that 1.5 spills occurred atong the Keystone Pipeline system in a 10-year period, it is estimated that
approximately 0.25 of these spills would occur in HCAs (Table 4-19). Although the number of predicted spills
in HCAs is relatively small, the potential impacts of these individual spills are expected to be greater than in
other areas due to the environmental sensitivity within these areas. Table 4-20 also shows the number of spills
and their predicted sizes.

4.3.1 Populated Areas

OPS-defined high population areas occur along 3.9 miles of the Keystone Pipeline system. These high
population areas have been identified as HCAs by the USDOT based on U.S. Census data (Table 4-19). More
than 99 percent of these miles are near SI. Louis, Illinois. Keystone has reviewed and identified approximately
39 miles of other populated areas as HCAs in accordance with USDOT.

4.3.2 Drinking Water

USDOT defines identifies both surface water and groundwater as for drinking water USAs as defined in
49 CFR Part 195. Surface water USAs include intakes for community water systems and non-transient non­
community water systems that do not have an adequate alternative drinking water source. Groundwater USAs
include the source water protection area for community water systems and non-transient non-community water
systems that obtain their water supply from a Class I or Class IIA aquifer and do not have an adequate
alternative drinking water source. If the source water protection area is not available, the wellhead protection
area (WHPA) becomes the USA.

Surface water USAs identified for their potential as a drinking water resource have a 5-mile buffer placed
around their intake location. The groundwater USAs have buffers that vary in size. These buffers are
designated by the state's source water protection program or their wellhead protection program and the buffer
sizes vary from state to state.

Isolated segments of the Keystone Pipeline Project cross areas that are considered HCAs by the USDOT due
to potential risks to sensitive drinking water resources (Table 4-19). These areas are scattered throughout
both the Keystone Mainline and Cushing Extension Pipefine routes. Keystone has conducted a more thorough
evaluation to identify HCAs associated with sensitive drinking water resources (Appendix B). Segments of the
pipeline that could potentially affect HCAs will be subject to higher levels of inspection, as per 49 CFR
Part 195. Based on Keystone's preliminary assessment, some valve locations have been moved and
additional valves have been added to protect drinking water USAs. These updated locations have been
submitted to the DOS in the March 2007 filing.
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Table 4-19 Mileage Summary of USDOT-Defined HCAs Identified Along the Keystone Pipeline
Project, Based on Centerline Filed December 2006
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North Dakota 0.0 2.1 2.0 4.1 NA 0.002
(4,300 yrs)

0.002
(4,550 yrs)

0.005

South Dakota 1.0 9.2 22.4 29.2 0.001
(9,100 yrs)

0.010
(990 yrs)

0.025
(405 yrs)

0.03

Nebraska

Kansas

0.0

0.0

0.0

8.9

10.5

18.6

6.5

27.5

NA

NA

NA

0.010
(1,020 yrs)

0.011
(865 yrs)

0.020
(490 yrs)

0.007

0.03

•
Missouri

Illinois

Keystone
Mainline

subtotal

2.1

4.7

7.8

3.8

12.0

36.1

59.4

7.5

120.4

69.5

21.9

158.8

0.002
(4,300 vrs)

0.005
(1,900 vrs)

0.008
(1,200 yrs)

0.004
(2,300 vrs)

0.013
(760 vrs)

0.040
(250 yrs)

0.065
(155 vrs)

0.008
(1,200 vrs)

0.13
(75 yrs)

0.08

0.02

0.17

Nebraska 0.0 0.0 0.0 0.0 NA 0.0 0.0 0.00
Kansas 0.0 35.9 47.8 67.0 NA 0.039

(250 vrs)
0.053

(19Ovrs)
0.07

Oklahoma 0.8 11.4 7.5 16.1 0.001
(11,400 yrs)

0.012
(800 vrs)

0.008
(1,200 vrs)

0.02

Cushing
Extension
Subtotal

0.8 47.8 55.3 83.1 0.001
(11,400 yrs)

0.053
(190 yrs)

0.061
(165 yrs)

0.09

Project Total 8.6 83.5 175.7 241.9 0.009
(1,100 yrs)

0.092
(110vrs)

0.19
(52 vrs)

0.27
(37 yrs)

'Numbers are not addlbve because some mIles ovenap In the different types of HCAs.

Note' NA Indicates no USDOT-defined populated area wrthln the segment.

Projected number of spills in 10 years and occurrence interval were conservatively estimated based on the maximum probability of

spills (1.5 spills in 10 years dunng operatIOn at 591,000 bpd and transportmg diluted bitumen). nus estimates the maximum posSIble

risk, and assumes nsk IS evenly disturbed along Ihe enttre proposed pipeline and Cushing ExIension

•
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Table 4-20 Release and Spill Volume Occurrence Interval Associated with the Keystone Pipeline
Project

•

•

Total
Number

of <50 1,000 to
Miles of Predicted barrels 50 to >10,000 >10,000

Pioe' Spills (bbls) 1,000 bbls bbls bbls
KEYSTONE MAINLINE
Populated Areas 7.8 0.008 0.002 0.003 0.003 0.001

(1,200 (5,750 (3,300 (3,650 (9,250
years) years) years) years) years)

Drinking Water Areas 36.1 0.040 0.008 0.014 0.012 0.005
(250 years) (1,250 (710 years) (190 years) (2,000

years) years)
Ecologically Sensitive Areas 120.4 0.13 0.027 0.046 0.042 0.017

(75 years) (370 years) (210 years) (240 years) (600 years)
CUSHING EXTENSION
Populated Areas' 0.8 0.001 0.0002 0.0003 0.0003 0.0001

(11,400 yrs) (60,000 yrs) (32,100 yrs) (35,800 yrs) (90,000 vrs)
Drinking Water Areas 47.8 0.053 0.011 0.019 0.017 0.007

(190 years) (940 years) (540 years) (600 years) (1,500
vears)

Ecologically Sensitive Areas 55.3 0.061 0.012 0.022 0.019 0.007
(165 years) (810 years) (460 years) (520 years) (1,300

years)

'The amount of pipe located withm HCAs was quanllfied by geographlc31 information system (GIS) and was based on the intersection of a

1,ODO-foot-wlde corndOf (centered on the plpebne route) and USDOT-defined HCAs Probablhty of a spill was based on the highest

Protected splll frequency rate on the Keystone pIpeline of O. 151 spills per year (AppendIX A)

4.3.3 Ecologically Sensitive Areas

Portions of Lhe Keystone PipeLine Project cross areas that are considered HCAs by the USDOT due to
potential risks to ecologically sensitive resources (Table 4-19). These areas focus on the characteristics of
rarity, imperilment, or the poLenLial for loss of large segments of an abundant population during periods of
migratory concentration. These include;

• Critically imperiled and imperiled species and/or ecological communities,

• Threatened and endangered (T&E) species (or multi-species assemblages where three or more
different candidate resources co-occur),

• Migratory waterbird concentrations.

• Areas containing candidate species or ecological oommunities identified as excellent or good quality,
and

• Areas containing aquatic or terrestrial candidate species and ecological communities that are limited in
range.

Portions of the Keystone Pipeline Project cross areas that are oonsidered HCAs by the USDOT due to
potential risks La eoologically sensitive areas (Table 4-19). These ecologically sensitive areas are frequently
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