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Executive summary:

TransCanada Pipelines Limited is proposing the Keystone Pipeline Project to transport a nominal
435,000 bpd (591,000 bpd maximum) of crude oil from facilities near Hardisty, Alberta, to the
vicinity of Patoka, lllinois, and to Cushing, Oklahoma.

DNV Consulting is assisting TransCanada with risk management and regulatory compliance for
the Keyslone Pipeline, specifically, assessing the U.S. partion of the Keystone Pipeline to quantify
oit spill risk. The outputs will enable refinement of the ecological assessment being conducted for
compliance with the National Environmental Policy Act. This report documents the frequency of
potential spilled volumes from the Keystone Pipeline. The current design of Keystone was
reviewed and the latest techniques in quantitative risk analysis were used to quantify the likelihood
of realistic maximum spill volumes.

The pipeline spill frequency was estimated by adjusting historical pipeline failure frequencies using
Keystone-specific modification factors. This study segmented the pipeline into lengths that each
pose virtually constant spl frequency based on causes of failure. The relevant failure
mechanisms specific to Keystone that could impact the frequency of leaks were identified.

The frequency of failure was estimated for three hole sizes for each cause of failure, for each
segment. Overall, the likelihood of a leak greater than 50 barrels anywhere along the pipeline is
estimated to be about 0.14 per year, or once every 7 years. The leak volume per mile for
Keystone is approximately 0,37 bbt per mile per year. For purposes of comparisen, pipelines in
the U.S. had a leak frequency of 0.49 bbl per pipeline mile per year during the period 1992 to 2003
{OPS, 2008).

Approximately 53.5% of the spills would be from small holes {pinholes), 32.5% would be from
medium sized holes (1 in), and 14% would be from large holes (10 in or greater). The most likely
cause of a leak is estimated to be corrosion.

Realistic maximum spill volumes were calculated based on estimated leakrates for each segment
and each hole size. Draindown procedures and line depressurization were not accounted for in
the spill volume estimates, resulting in conservative estimations of potential maximum spill
volumes.

Two throughput scenarios were evaluated, a 435,000 bpd throughput scenario (nominal case) and
a 657,000 bpd throughput scenario (best available data to represent the 591,000 bpd case).
Cumulative frequency-volume curves were developed, describing the likelihood of a spill of a given
volume occurring from the Keystone Pipeline in its current design phase. These curves provide a
visual illustration of the risk profile of Keystone.

These two scenarios bound this study of Keystone Pipeline. However, alone they do not provide
an accurate picture of potential spills from Keystone. Evaluation of risk requires assessing
frequency and consequence together rather than separately, because the worst risk scenaria is
often not the greatest volume release, because a large volume release often is associated with the
smaliest frequencies.
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To identify the worsl-case pairing on frequency and volume, the frequency and volume were
multiplied and summed per segment, providing a “risk" number with which to compare the
segments of Keysione. The segment with the largest frequency-volume pairing was at milepost
208, with an estimated volume of 3.6 bbifyr.

At the appropriate design phase, a consequence study should estimate the severity of potential
spills from Keystone (paired with their respective frequencies) and identify those segments posing
the greatest risk to the environment. Potential preventive measures could then be evaluated on a
cosl-benefit basis to determine which are the most effective in reducing environmental risk.
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1.0 Introduction

TransCanada is proposing the Keystone Pipeline Project, which wouild transport a nominal
435,000 bpd (591,000 bpd maximum) of crude oil from facilities near Hardisty, Alberta, to the
vicinity of Patoka, Illinois and Cushing, Oklahoma. The pipeline would interconnect with other
existing crude oil pipelines that supply refinery markets in the U.S.

In the United States, the Keystone Pipeline Project will require federal approvals from agencies
such as the U.S, Department of State and the U.S. Army Corps of Engineers. In Canada,
approvals from the National Energy Board (NEB) will be required. The project may also require
additional local, state, and regional approvals.

DNV Consulting is assisting TransCanada with risk management and regulatory compliance for
the Keystone Pipeline, specifically, assessing the U.S. portion of the Keystone Pipeline lo quantify
oil spili risk in terms of frequency and volume of potential spills. The outputs will enabie
refinement of the ecological assessment being conducted for compliance with the National
Environmental Policy Act.

This two-phase study focuses on quantifying the risk of a spill of crude oil, in terms of the
frequency related to a given volume of oil that may potentially be spilfed to the environment. This
report encompasses both phases: Phase | the frequency study; and Phase Il the volume study.
‘The study estimaled the frequency and volume of releases for each segment for three postulated
hole sizes, and developed a frequency-volume curve for the pipeline as a whole.

Two throughput scenarios were evaluated, a 435,000 bpd throughput scenario (nominal case) and
a 637,000 bpd throughput scenario (best available data to represent the 591,000 bpd case). A
detailed hydraulic profile is not yet available for the nominal and maximum throughput cases, but
will be developed when there is additional certainty regarding the locatlons of pump stations and
other design details.

The project background is described briefly in Section 2,0. A methodology overview is presented
in Section 3.0.

Section 4.0 describes the base leak frequencies and modification factors relevant far Keystone,
Section 5.0 describes the methodology used to calculate realistic maximum spill volumes

The final summary and conclusions are provided in Section 6.0.

This study Is a quantitative assessment of risks for the pipeline as a whole, and of individual
segments of the pipeline. Each segment was defined so that it would comprise: a virtually

consistent risk profile, using the best available quantification techniques to represent the risk
profile of the pipeline.
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2.0

The total length of the proposed
Keystone Pipeline is 1830 mi,
comprising about 760 mi in Canada
and 1073 mi in the U.S. The U.S.

Background
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The pipeline is expected to be designed and o

{Table 2-1) relevant to spill risk, which were provided by TransCanada:

Table 241 Kéy Study Input Parameters

Parameter

Valus

Diameter

30in; 24in

Above vs. below ground

Belowground mainiine; aboveground within
pump station batlary limits

Pipe wall thickness

0.375in; 0.343 in

Remote gate valves

58 (including 30 at Pump Stations)

Check valves

45 (each with two flanges), each associated
with a (powered) manual gate valve

Mainline location

In GIS

Pump station locations

In GIS; not aligned with current hydrautic
profile

Pump station eguipment

3 pumps per station; additional piping

Leak detection

Capable of detecting 1.5% leak in 138 mi angd
a 156% Ieak in 18 min
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Parameter Value
Surveillance Within U.S, DOT requirements

Base case 435,000 bpd;

high throughput case 657,000 bpd.

This study is being conducted prior to the
detailed hydraulic analysis,

Hydraullc profile

3.0 Methodology

All spills begin with an initiator, or cause, of an initial loss of crude oil from the pipeline. Once the
leak starts, the scenario unfolds In four phases: leak detection, mainline shutdown, leak isolation,
and stoppage of flow from the pipe (if possible). The duration of each phase ultimately determines
the quantity of crude spilled.

This study segmented the pipeline to allow estimation of leak frequency and realistic maximum
leak volume for portions of the pipeline aver which the frequency and volume were virtually
constant. The frequency of failure for three hole sizes (small, medium, and large} was estimated
for each segment by identifying the relevant failure mechanisms specific to Keystone that could
impact the frequency (or volume) of leaks. Historical base frequencies were adjusted using
Keystone-specific modification factors for each cause of failure.

Each segment was analyzed to estimate the maximum realistic volume of a leak for each hole size
from each fallure cause. For small and medium hole leaks, it was assumed tha! a trained
response crew would be able to plug or block the hofe and stop the leak within a certain
timeframe,

The remainder of this section discusses the potentlal causes of spilis, describe the methadology
used for the segmentation process, and presents relevant baseline frequencies and Keystone
maodification factors.

3.1 Causes of Spills

More than 17 factors (not necessarily independent) could influence pipeline spill initiation
(Table 3-1}. These factors were identified via literature review and DNV experience in assessing
this type of pipeline risk. it should be noted that the factors are similar but not identical to the U.S.
Department of Transportation Office of Pipeline Safety (OPS) categories of failure (e.g., third party
harm).
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Table 3-1_Factors Influencing Pipeline Spill Initiation

Factor

Descriptfon

Flange, seal, and fitting leak

A leak Irom a flange, seal, or fitting.

Mechanical defect

Failures due to flaws within the material structure of the pipe,
caused by material or manufacturing defects, improper welding,
or instaliation errors.

Corrosion {external or intemal)

Failures due to general and pitting type corrosion caused by
fivids inside the pipeline or cofrosive soils or conditions outside
of the pipe,

Corrosion assisted initiators

These are several rather than one, and include operational
transienls, error in pressure setpoint control, material property
devliations, etc.

Hydraulic (pressure surge) event

Overpressure caused by human or mechanical error, combined
with gverpressure protection failure.

Excavation damage

Excavation equipment damages underground piping; by
Keystone maintenance persannel or by third parties

Maintenance damage

A leak caused by crews conducling maintenance work on the
pipeline.

Third party harm

Accidental acts by a third party (such as a hunting accldent) that
cause a leak (vehicle, frain, and alrcraft operation were
evaluated separataly)

This study scope excludes strategic, intentional acts.

Hurman/operator error

Improper performance of maintenance or operating procedures
leading to a line failure.

Seisrnic avent

Earthquake or other vigorous displacement of the pipeline due
to selsmic activity or ground movement.

Settlemant

Thaw settlement or frost Jacking causes line to buckle.,

Slape instabitity

Avalanche damages plping or instability lead to loss of piping
support,

Washout/bridge failure

River bottom pipe exposed by heavy runoff, line may fioat and
buckle. Bridge supports may corrode and cause line failure (no
bridge crossings are planned for Keystone).

Vehicle impact

Line fallure due to large vehicles, typically transport trucks,
leaving the roadway and impacting the line.

Aircraft impact

Impact fractures underground piping

Train derallment

Impact fractures underground piping

External fire or explosion

Fire impinging on the pipe, or an explosion resulting in a leak.

From the above 17 factors that could influence pipeline spills, six distinct and practically
independent causes (from a frequency estimation point of view) were identified as applicable to
Keystons and evaluated in detail in this study (see Section 4.0).

1. Corrosion {(external or internaf)

Excavation damage
Mechanical defect

Hydraulic (pressure surge) event
Flange, seal, and fitting leak
Washout

@ ok LN
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Table 3-2 lists the eight factors fhat were ngtﬁqua-ntiﬁéd as _éeparate causes in this study, with
explanation.

Tabie 3-2 Factors not Individually Quantified in this Study
Factor Reason
This failure frequency Is incorporated into other historical causal
frequencies {such as hydraulic event and corroslon).
Maintanance damage This is inciuded in the excavation cause for belowground pipeline
Accidental harm to the pipeline was considered only credibie for
abave ground pipe. For Keystone, the only above ground pips is

Corrosion assisted iniliators

Third party harm within Pump Statlons, which are secured. As a rasull, this cause
was deemed nol relevant
Human/operator error After detalled deslgn and operaling procedures are drafted, this

cause can be evaluated in detail.

DNV was unabie to quantify this very low level of risk in the
timeframe required with the conceptual Jevel of design currently
avafftable for the pipeline, Itis unlikely that this risk factor would
contribute significantly to the pipeline risk picture.

Major setllement is often associated with thaw which causes a
deformation of the pipe and subseguent pipe failure.

DNV was unable to quantify this very low lavel of risk in the
timeframe required with the conceptual level of design currently
avaliable for the pipeline. It is unlikely that this risk factor would
contribute significantly to the pipeline risk picture, as less than 1%
of 1988-2001 recordet incidents were attributable to the OPS
calegory "subsidence”.

Substantial slope instabillity risk is not anticipated in the areas
Slope instability near the proposed Keystone Pipeline based on a preliminary
review of terrain near the pipeline.

A truck-pipe collision with sufficient momentum fo break the pipe.
The probability of a belowground portian of pipe baing affected by
a vehicle impact resulls in a frequency less than 1 x 1 07, which is
nat a credible scenario.

DNV was unable to quantify this very low level of risk in the
limeframe required with the conceptual level of design currently
available for the plpeline. it is unlikely that this risk factor would
contribute significantly to the pipeline risk picture.

Since the Kaystone mainline is belowground, alrcraft impact risk is
esfimated at less than 1 x 10%. This could be quantified based on
sizes of alrcraft and activity levels, if desirad: however, it is
unlikely to contribute to the pipeline risk picture.

Since the majority of the pipsline is belowground, this Is a credible
scanario only at the pump stations. The primary sources of
ignition might be station equipment fire, agricuttural burns, and
Fira or explosion wildfires. These can be evaluated in detail when exact pump
station locations have been determined and datailad equipment
descriptions are avallable, but are expacted not fo affect the
frequency or volume study outpuls for the pump station sagments,

Seismic Event

Selttlament

| Vehicle impact

Traln derailment

Alrcraft impact
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Distribution of Hole Sizes for Eéch Céuse

A specific distribution of small, medium and large sized holes was developed and applied for each
spill cause (described further in Section 4.0). Note that hole size is not the same as spill volume.
Some leaks from small holes could occur for a long period of time and result in a large spill volume
because they would not be delected as quickly as some leaks from larger holes.

The estimation of frequency for a given spill volume is linked to hole size, because for any failure
cause, one hole size is more or less likely than another. in assessing the distribution of hole sizes
for each cause, the failure mechanism and pipe material propetties were considered. The size of
the hole is a function of many factors including stress levels and material properlies such as
ductility. For instance, corrosion is characterized by a failure mechanism of slow removal of metal,
and therefore is generally prone to result in pinhole-type leaks rather than full bore failures. In
contrast, outside forces such as vehicle impact on aboveground pipeline are more likely to cause
larger holes,

Three sizes of leak were assessed for each cause:

¢ Small, equivalent to 0.1 inch diameter hole

+» Medium, equivalent to 1 inch diameter hole

= Large, equivalent to 10 inch diameter hole and larger

The representative hole sizes were chosen to allow use of the best statisticaily significant set of

data for pipelines. Further detail regarding the generic data sets used in this analysis is provided
in Appendix I..

3.2  Segmentation

The pipeline was segmented for this assessment based on an offset of factors, all related to the
physical and environmental characteristics that would create unique failure mechanisms for
various lengths of pipe. These segments were used as the basis for caleulating frequency of spill
volumes. DNV defined each segment as the length of pipe over which none of the risk
characterization parameters changes significantly.

An alternative approach would have been to define each segment by a static geographic distance;
however, the current approach was deemed more suitable for any future spiil risk studies
Incorperating consequence of a spiil.

Table 3-3 lists the characterization parameters used as inputs to segmentation.
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| .Téblé “3»3- é:agrriéﬁtai;ion Para“r-ﬁeters

Parameter Ralated cause

Diacuszsion

Above versus below Excavation damage
ground location of pipeline | Corrosion (external

of internal)

The majority of Keystone Pipsline is below
ground, with transitions to above ground only
within secure areas at pump stations.

Excavation damage

Pipe wall thickness Corrosion {external

ar internat)

Wall thickness is a risk factor for both excavation
{mechanical) damage and corrosion causad
leaks.

Excavation activity level Excavation damagas

This input factor characterizes segments by the
potantial for excavation activily. Road crossings
per mile was the best avallable data for
estimation of excavation activily (because of the
potential for impact to the pipe from activities
related fo roadside drainage ditches and
culverts). In the future, addiions! data may come
availzble concerning utility crossings and
crossings with other pipelines. The additional
data should ba incorporated into the frequency
study when It becames available.

Hydraulic event Hydraulic {pressure

The seclions of Keystone opsrafing closer to
MAQOP are assigned graater suscepiibility to

susceptibility surge) event hydraulic damage In the event of human or
mechanical arror.
The washout event susceptibility Is used 1o
Washout event .
susceptibility Washout identify segments that cross rivers wih a pofential

to remove sediments surrounding the pipe,

NA (related 1o leak

Pipslina patrol fraquency detaction tima)

The patrol frequency contributes to both the
likelihood of finding unauthorized excavation and
the timeliness of detection for small hole leaks.

A new segment was created at each point where a change in any of the risk characterization
parameters occurred. This approach minimized the number of segments necessary to analyze the
entire pipeline at the full resolution of the input data. Figure 3-1 provides a visual representation of

the segmentation process.

Pipeline diamater

Pump Siation :
¥
L
{salation Paint N
T

bt 1 1 1

A'Ad VY W A4

Pipefine Segmentation [ 773 R 5 0B g

Figure 3-1 Segmentation Process Dlagram
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Non-discrete {or nearly continuous} risk characterization parameters are not suitable inputs to a
segmentation process. These parameters have either a continuously varying value or a large
number of values along the length of the pipeline, and would result in a very large numbear of
segments. Instead of using these as inputs to the process, a single value for each parameter was
established for each segment after segmentation is complete. The segment value was assigned
by analyzing the range of values for a given parameter within a given segment, and assigning
gither the maximum, minimum, count, or average to the entire segment. This resulted in a
representative but conservative value being applied to each segment.

The values for such non-segmentation parameters were assigned as follows (Table 3-4):

Table 3-4 Non-Segmentation Parameter Values

Paramater Ralated cause Discussion

Depth of cover is currently asslgnad a constant value of
Excavation damage 4 ft for the entire pipeline. When additional detailed data

Washout are available, the minimum depth of cover batween the

Dapth of cover Vehicle impact start and end mileposts of each segment will be applied
Aircraft impact ta the entire segment, since this will provide the best
Train derallment reasonable conservative estimate as an input to

| excavation leak frequency.

The maximum pipeline internal pressure batween the
start and end mileposts of each segment will be applied
fo the entire segment, sinca this will give the most
conservative estimate of hefore isolation release rate.
The minimum pipeline elevation batween the start and
end mileposts of each segment will be applied to the
Pipeline slevation NA, (volume related) entire segment, since this wilt give the mast conservative
estimates of before isolation and after isolation release
rates,

The number of fitings between the start and end
mileposts of each segment will be counted and applied
to the segment,

Pipeline internal

prassure NA (volume related)

Flanrge, seal, and

Fittings count fitling leak

Rataronce to part of tils raparl which may (nad to rafaintorprolation i no! pamizable or
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4.0 Base Frequencies and Modiflcation Factors

The frequency of an event is the expected number of times per length of pipe that an event will
occur in a year. As an illustration, the excavation damage frequency for a given segment might be
1.4x10%. That frequency represents the number of times that a vehicle is expected to impact that
segment of the pipe in a year.

For each segment of the pipeline, the frequency of events (and thus possible leaks} was
determined by first assessing the frequency of each spill cause individually, distributed among the
three hole sizes. These were summed to give the total leak frequency.

f=totSotSoat Iyt Iat S 42) (a1
Where:
J = the total leak frequency for a section
f., = leak frequency from corrosion
Jw = leak frequency from excavation
Jwe = leak frequency from mechanical defect
7, = leak frequency from hydraulic event
Ju = leak frequency from flange(s)
o = leak frequency from washout event

The individual frequencies were determined by applying modification factors to a base leak
frequency for each spill cause. The specific modificatian factors and hole size distributions are
discussed for each of the relevant causes in the following subsections.

4.11 Corrosion

This event is defined as the fallure of mainline pipe to withstand internal pressure due to a
transient, at a location of external or internal corrosion-degraded (thinned) pipe. The refiability of
the pressure relief system is directly accounted for in the analysis.

Analysis by Taylor (1995) suggests a base frequency for corrosion leaks of 6.0x10% per mile of
pipeline per year. DNV considers that because of the expected frequency of intelligent pigging
(every three years) in the Keystone system, and the camprehensive use of active cathodic
protection along the pipeline, a reduction is warranted in the base frequency (also see generic
analyses in Appendix 1). A 50% reduction was applied, rasulting in a base frequency for corrosion
leaks of 3.0x10°° per mile of pipeline per year.

Madification factors were applied to the base frequency to represent the following Issues:
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» [nitial wall thickness of the segment

Jea s the leak frequency fram corrasion, was therefore calculated as follows:

-f::u = j:o (M Location M. T!rirkne.rs) . (4.3)
Where:

fc'r, = the base frequency of corrosion resulting in a leak (3%10°° per mile year)
M | uian = modification factor whether the segment was above or below ground

M phicunse = Modification factor for initial wall thickness (set to 1 for Keystone)

Above or Below Ground Location

The Keystone Plpeline is being designed to consist entirely of below ground pipe except within
Pump Station fence lines. Segments of the pipeline below ground were considered to be more
ikely to incur corrosion than above ground sections,

Based on proprietary analysis of CSFM (1993), CONCAWE (1998), and EGIG (1993) data for
external corrosion, DNV developed modification factors for betow ground versus above ground

piping. The modifying factors shown in Table 4-1 were used to account for the effect of the
lacation of the pipeline on corrosion leak frequencies.

Table 4-1 Corrosion Location Modifying Factor

Location Factor
Above Ground 0.2
Bslow Ground 1

Engineering judgment was used to develop the hole size distribution shown in Table 4-2, which
were applied to leaks resulting from corrosion.

Table 4.2 Hole Slze Distribution for Corrosion Leaks

Hole Size Distribution
Small 87%
Medium 10%
Large I%

4.1.2 Excavation Damage

This event is defined as a leak resulting from digging equipment striking the pipeline. The base
frequency of excavation resulting in a leak is 8.4x10% per mile of pipeline per year. This value
was based on DOT data for "external force™ type Incidents for natural gas transmission lines.
Natural gas pipeline data is appropriate for excavation damage because the product being carried
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In the pipe has almost no effect on whether excavation damage will occur, or how severe it will be.
The frequency is essentially the same for gas and for oil pipeiines.

Leaks caused by excavation damage are considered only for below ground sections of the
pipeline. Modification factors were applied to the base frequency to represent the following
features:

» Depth of cover — assigned as a nominai 4 ft.

= Wall thickness of the pipeline — assumed to be 0.375 in for the 30-in sections and 0.343 in for
the 24-In sections of pipe.

» Patrol frequency for the pipeline — assumed to be every two weeks.

= Level of excavation activity — estimated based on the number of road crossings in a given
segment, with the numbers of crossings summed for each mile. The values were then
compared to the criteria in Table 4-4 to assign an excavation aclivity level for the segment. A
new sSegment was crealed at each milepost where the excavation activity level changed,
resulting in a constant activity level for each segment.

[.. « the leak frequency from excavation activity, was therefore calculated as follows:

fa = f(—‘! (Matcrh-ingDeprh MThhimm MPmruI) (4'4)
Where:

J. = the base frequency of excavation resulting in a leak (8.4x10°° / mile year)
M ..., = modification factor for activity level

M p.s = modification factor for depth of cover

M ieiness = Modification factor for wall thickness

M,... = modification factor for patrol frequency

The hole size distribution shown in Table 4-3 was applied for excavation damage leaks. The
distribution was based on EGIG (1993) data, details of which can be found in Appendix [

Table 4-3 Hole Size Distribution for Excavation Damage Leaks

Hole Size Distribution
Smail 25%
Medium 55%
Large 20%
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Activity Leve]

Data for the activity levels along the pipeline were assessed using a system suggested by
Muhlbauer (1992). This presented three levels of activity: high, medium and low. DNV also
identified areas of no expected activity (none).

Table 4-4 Excavation Activity Categorization
Leve! One or more of the following
High Frequent construction activities
High volume of on-call or reconnalssance reports (> 2 / week)
Significant roadway culvert risk — summed road crossing value greater than 30 per mile
Many other buried utilities nearby
Medium No rouline construction activities that could pose a threat
Moderate roadway culvert risk — summed road crossing value greater than 10 to 30 per
mile
Few on-call or reconnaissance reports (> 2 / week)
Few other buried utilities nearby
Low Virtually no activity reports (< 10 / year)
No routine harmless activities in area. Agricultural activities that cannot pensetrate to
within 1 ft of the pipeline depth may be considerad harmless.
Very low roadway culver risk — summed road crossing value greater than 0 to 10 per
mils
Very Low | No expected excavation activity, except from maintenance aclivities
Trivial roadway culvert risk ~ summed road crossing value of 0

When available, utility line crossings can be identified along the Keystone route. The utility
crossing areas will be designated as medium activity, with the remainder of the pipeline assigned
a lower activity level.

The modifying factors shown in Table 4-5 were used for excavation activity level,

Tahie 4-5 Excavation Activity Level Modifying Factor

Level of Activity Factor
High 1.5
Medium 1
Low 0.5
None 0.01

Depth of Cover

Detailed data for the depth of cover of below ground sections of the pipeline is currently not
available for Keystone. The modifying factors shown in Table 4-6 were used for depth of caver,
and can be applied in a comprehensive manner when detailed data is available. The modifying
factors in the table were based on detailed analysis of the UK Heaith & Safety Executive (HSE)
data (ADL, 1999) and DNV engineering judgment for interpolation. They are discussed further in
Appendix .
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Téble 4-_6_Depth of Cover Modlfylr;g Factor

Depth of Cover Factor
0-3 ft 1
36 ft 0.7
6-9 f 0.5
>9ft 0.01

4.1.3 Mechanical Defect

This event was defined as a break in the mainline pipe caused by material or manufacturing
defects, improper welding, or installation errors. Empirical data was used to quantify this value.

For the period 1988-2000, DOT data shows the base frequency of mechanical or material defects
causing leak as 3.81x10° leaks per mile of pipeline per year (DOT, 2001). This is based upon 34
reported leaks for 893,061 miles of pipeline, utilizing a poputation of pipelines constructed over a
wide range of years. Pipelines built more recently will have been designed and built using more
modern codes and standards, and inspected using more advanced techniques. These pipelines,
such as Keystone, are less likely to suffer leaks as a result of mechanical or material defecis in the
pipeline,

Data provided by Kiefner and Trench (2001) supports the conclusion that pipelines constructed
after 1970 have a reduced likelihood of construction related defects than those bullt prior to 1970.
This decrease is most significant for longitudinal welds, which are typically performed during
manufacturing, A lesser decrease is seen for girth welds, which are typically performed during
instailation. The following are key Inputs to the assessment of mechanical defects:

A 50% reduction in the DOT leak frequency was applied to the entire pipeline because the U.S.
portion of Keystone will consist of entirely new materials and be constructed to meet current
standards and requirements,

Mechanical defects were considered equally likely to occur anywhere along the pipeline, and no
madification factors were applied based on location.

The hole size distribution is based on European Gas Pipeline Incident Data Group (EGIG) (1993)
data, details of which can be found in Appendix 1. DNV's analysis of the data resulted in the a hole
size distribution (Table 4-7) appiicable to leaks caused by mechanical defects.

Table 4-7 Hole Size Distribution for Mechanical Defect Leaks

Hole Size Distribution
Small 65%
Medium 25%
Large 10%
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Wall Thickness

Additional wall thickness beyond that required for the pipeline operating pressure could protect the
pipe from external damage. Dala concerning the minimum wall thickness was provided to DNV by
TransCanada.

The modifying factors shown in Tabie 4-8 are used for wall thickness. These factors are based an
a baseline wall thickness of approximately 0.3 in, and the calculation of the modifying factor for
thickness relative to the baseline value from EGIG (1993} data, as detailed in Appendix |,

Table 4-8 Wall Thickness Modifying Factor

Keystona Minimum Wall
Pipeline Dlamater Thickness Factor
30 In 0.375in 05
241n 0.343 in 1

Patrol Freguency

Regular patrols of the pipeline result in earlier identification of excavation activities and improved
advance management of such activities. Patrols reduce the likelihood of excavation damage {o
. the pipeline. Patrol frequency is expected to be every two weeks for Keystone, with a resultant
medifying factor of 1.3.

Patrol frequency is required by pipeline safety regulations as at least 26 times a year (averaging at
two week intervals), but not exceeding intervals of three weeks (49 CFR 195.412). The madifying
factors shown in Table 4-@ were used for patrol frequency. The more frequent the patrols, the
more likely the patrol is to observe excavation and assure it is being conducted in a appropriate
manner, and the greater benefit the patrolling has in reducing spilf risk from excavation.

Table 4-9 Patrol Frequency Modifying Factor

Frequency Factor
Monthly — Weekly 1.3
Weakly 1
2 times per weak 0.8
4 times per weak 0.65
Dally 0.5

4.1.4 Hydraulic Event

This event is defined as an overpressure of the pipeline severe enough to cause a leak or rupture
of the line. This scenario involves a series of concurrent hardware or human errors and can occur
at a limited number of locations.

Overpressure pipe failures can oceur through two distinctly different mears. Fipe can fall due to
overpressurization if the internal pressure surpasses the designed bursting strength of the
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pipeline; however, corroded or fati'guéd pi;;e will have a reduced bursting strength and may fall at
lower pressures. The following scenarios could result in overpressurization:

« Failure of pressure relief system
Uncommanded closure of battery limit or gate valves

+ Failure of RGVs downstream of high elevation areas to fully close during line shutdown.
Hydraulic head will create a high pressure at first sealed valve

+ Weakening of pipeline at point where slack and tight line mest, due to the impact of pigs, will
reduce bursting strength

 Corrosion damage may reduce the bursting strength of the pipeline

The base frequency for hydraulic event leaks is 9.3%x10% per mile of pipeline per year, based on
analysis by Taylor (1995). A modification factor was applied to the base frequency to represent

susceptibility to hydraulic events. J the leak frequency from hydraulic events, was therefore
calculated as follows:

i = fcuM Hyd : {4.5)
Where:

f,,'y = the base frequency of hydraulic events resulting in a leak (9.3x10°° per mile year)

M ., = maodification factor for susceptibility to hydraulic events

The hole size distribution shown in Table 4-10 was applied for hydraulic event leaks. This is
based on engineering judgment concerning the types of leaks represented.

. Table 4-10 Hole Size Distribution for Hydraulic Event Leaks

Hole Size Distribution
S SR o
Medium 50%
Large 30% )

Hvdraulic Event Susceptibility

The modifying factors shown In Table 4-11 were used for Hydraulic Event Susceptibility. Given
the current design phase of the pipeline and the design criteria, It appears that the pipeline
warrants a hydraulic susceptibitity level of “low”, resulting in a modifylng factor of 1. Should
additional detailed information be developed, the hydraulic event susceptibility should be re-
assessed,
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Table 4;11 -Hydraullc Evént Susceptibliity ModIfying Factor

Suscaptibility Factor
High Expecled operating pressure >1390 psi 3
Medium Expected operaling pressure between 1000 psi and 1380 psi 1
Low Expected operating pressure between 500 psi and 1000 psi 0.1
Nons Expectad operating pressura <500 ps| 0

415 Flange or Seal Leak

A flange is a rim at the end of a section of pipe. For Keystone, bolted flange connections will be
installed at checkvalve connections along the pipeline. A section of pipe ending in a flange will be
bolted to a checkvalve with a flange. They will compress a gasket at a specified load and form a
seal.

The base frequency for flange and seal leaks is 1.0x10™ per fitting per year and is taken from
Taylor (1995). This value Is In line with other flange leak data such as that discussed in Lees
(1996). No modification factars were applied to this base frequency. It was assumed that each
checkvalve has two flanges. A segment break was introduced at each check valve, resulting in
cne flange being counted in each of the adjacent segments.

The hole size distribution shown in Table 4-12 was applied for flange leaks. This is based on
engineering judgment concerning the types of leaks represented.

Table 4-12 Hole Size Distribution for Flange Leaks

Hole Size Distribution
Small 100%
Madiumn 0%
l.arge 0%

4.1.6 Washout

This event is defined as failure of the mainiine pipe below a river bottom due to severe water
erosion. Under severe runoff conditions, pipelines have been known to leak due to the forces
applied during pipe displacement. The base frequency of failure (Table 4-13) was estimated using
proprietary pipeline washout data and engineering judgment.

Table 4-13 Frequency Estimate for Washout Failures
Basis Source
0.1 pipe exposures / yr assuming 1000 propriatary data
river crossings
0.1 failure probability on exposure engineering judgment

= 1 x 10" failures { per crossing
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The total pipeline frequency was applied to a stream crossing segment by ratioing the number of
stream crossings for the segment to the number for the entire system (806). Each mile of pipeline
was assigned a river crossing "value" based on the river type (Table 4-14), This was used to
segment the pipeline where the density of river crossing varied. Each segment's frequency was
then calculated by applying two modification factors to the base frequency:

» River type - National Hydrologicat Dataset (2006} (F Code) in Table 4-14.
« Depth of cover in Table 4-15

Table 4-14 River Crossing Modification Factors

Modilcation
River Type Factor
River 1
Intermittent/ephemeral stream 05
Canal/ditch 0.2
Artificial path or none ¢]

Table 4-15 Depth of Cover Modifying Factor for Washout Leaks

- Depth - Factor
0101t 1
>10 ft .5

Engineering judgment was used to develop the hole size distribution shown In Table 4-16, which
were applied to leaks resulting from washout.

Table 4-16 Hole Size Distribution for Washout Leaks

Haole Size Distribution
Small 80%
Medium 9.9%
Large 0.1%
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5.0 Realistic Maximum Spill Volume

The second phase of this assessment calculated the quantity of crude oil that could be lost from
each segment of the pipeline. The quantity of material released during a spill is dependent upen
the following parameters:

1. Time until leak is detected, verified and pipeline isolated
2. Initial leak rate, under pipeline pressure
3. Quantity of material in isolated section of pipeline

4. Leak rate after isolation, driven by hydrostatic head in the pipeline

And, depending on whether containment of the leak source is being considered:
5. Time to effectively contain the leak source (via clamping or some other method)

Detection time is the time required for a potential leak to be identified as such. Verification time is
the time required for an operator to confirm that a leak Is occurring and decide to take action.
Isolation time is the time required from completed leak verification to closure of the remote gate
valve(s) (RGV)and a relevant downstream check valve, if applicable. Effective valve closure limits
the spill volume to the amount trapped between the valves.

A remote gate valve is a block valve that stops oil flow in both directions when given a command
from a remote location, such as an operations center {or locally if such an option is provided in the
design). RGV are located at every pump station and at every major river crossing.

A check valve allows one-way flow only and prevents the reverse flow of ail. Check valves are
designed to be held open by flowing oil and to drop closed automatically and nearly effective
immediately when ofl flow stops or is reversed. Check valves are located on the downstream side
of major river crossing along the pipeline. Co-located with each check valve, there is also a
manual valve.

Prior to valve closure, the leak rate from the pipe (initial leak rate"} is estimated fo be the rate that
oil would flow out of the hole size being evaluated assuming that the mainline pumps continue to
ocperate. After valve closure, the volume trapped between the upstream RGV and the downstream
checkvalve (“isolated section volume") is the maximum that could practically be released. For
every potential leak location, the relevant RGVY are identified and valve closure times applied
based on the values in the tables presented in following subsections. '

Actual spill volumes are expected to be significantly less than the potential drain down volume.
Accounting for procedures to reduce spilt volume, such as depressurization and drain down, may
significantly reduce the predicted spill volumes estimated for the Keystone Pipeline.

5.1 Detection, Verification, and Isolation

The time required to detect and verify a spill is dependent on the leak detection mechanism that
would alert an operator, related to leak rate. The type of cause affects the estimate of times to
detect and verify. If the spill cause is such that an individual would be expected to be present and
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report the leak immediately, the-détrecticil-'i!vériﬁcaﬁo'n times would be ditferent than if the lsak
detection system was the only means of identifying a spill.

For the purpose of discussion, a cause is called, ‘reported” if & person is expected to be present at
the scene, and very likely ta observe the leak and called it in within a short timeframe (regardless
of whether the leak is detectable by the leak detection system). An example is excavation
damage. Such an event would likely be cbserved at the time of the incident, and a phone call
would be placed to repart that a pipeline had been hit during excavation activities. The two
reported causes are:

» Excavation damage
» Hydraulic (pressure surge) event

For reported causes, it is assumed that the lsak is observed, reported, verified, and valves
instructed to close in the times indicated in Table 5-1.

Tabie 5-1 Time from Leak Start to Closure of RGVs for Reported Causes

Hole size Detection Vaive closure
Small 30 min 2.5 min

Medium 15 min 2.5 min
Large 8 min 2.5 min

Non-reported causes are expected to occur without any person present to witness and report the
event; thus, the (eak detection system and surveillance is assumed to be the anly means of leak
deteclion for these causes. For example, a corrosion leak is not normally related to the presence
of people who might observe it, and would have to be detected via the Keystane systems
designed for that purpose. The non-reported causes are:

* Mechanical defect

» Corrosion (external or intermal)
s Flange, seal, and fitting leak

s  Washout

The estimated times to detect, verify, initiate valve closure, and complete vaive closure (isolation)
for non-reported causes are provided in Table 5-2. For large teaks, the time for detection system
response Is independent of whether the leak is above or below ground. Smali leaks below ground
(necessarily detected by surveillance) may take significantly longer to detect than small leaks
above ground.

Table §-2 Time from Leak Start to Ciosure of RGVs for Non-Reported Causes

Detection and Verification isolation
Leak Rate Below Ground Plpe Above Ground Plpe Time é?;;GV te
Less than 1.5% 90 days 14 days 2.5 min
1.5% 138 min 138 min . 25min
15% 18 min 18 min 2.5 min
50% 8min 9 min ' 2.5 min

Haferonco 1o prrt of this rupart whleh may load 10 misitepeintion is nol permissise
Documant ic.1 1958659

App_A - Rapon 700150858 Phase Il Rav § (2].doc MANAGING RISK [=3737]



01 May 2006
Frequency-Volume Study of Keystone Pipeline 70015849-2 (rev 1) Pape 20
TransCanada PipeLines Limited e e e DNV CONSULTING

For leak rates between those presented In the above tables, times were interpolated using a
logarithmic straight line fit. This gave the profile in Figure 5-1 for detection time versus laak rate.
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Figure 5-1 Leak Detection & Verification Times

This study assumes that all vaives close an demand (0% failure rate). Valve failure concurrent
with a leak could result in spill volumes greater than estimated in this study; any failure resulting in
a delay in leak isolation would increase the spill volume, Such possible complications in leak
isolation are:

¢ RGV fails to close on command
Checkvalve fails to drop on loss of flow
o Contraller for pump station isolation valves is damaged

52 initial Leak Rate

Standard orifice discharge rates were used based on the representative hole size and the
operating pressure of the given segment of the pipeline. This formula is given by:

Qp =C,4 g"éﬂ
P
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where:

0, = liquid discharge rate {m®/s)

c, = discharge coefficient, set to 0.61

A = hole cross-sectional area (m?)

AP = driving pressure for the leak (Pa)

P = density (kg/m®), 938 kg/m* for Keystone

During the initial phase of the leak before the valves close, the driving pressure is based on line
pressure at the point of the leak,

5.3 Isolated Section Volumes

Once flow through the pipeline is stopped by shut down of purnp stations and closure of RGY,
material can still leak from the pipeline via gravitational effects. RGV will stop material flowing in
from sections upstream and downstream of the isolation valves, and check valves will slop
rnaterial flowing back from sections downstream. However, material upstream will be able to flow
through check valves, since this is the normal direction of fiow.

It was assumed that gravitational effects were the sole mechanism for release after isolation.
Siphoning effects, draindown procedures, and line depressurization were neglected. Therefore,
the sections of the pipeline that were able to contribute to the spill quantity were those satisfying
the foliowing criteria (Figure 5-2):

1. Located between the same two remote gate valves as the leak point

2. No further downstream of the leak point than the first downstream check valve

3. Ata higher elevation than the leak point

4. At a higher elevation than any other point located on the same side of the leak, and closer the
leak point

RGV 1 Check vaive 2, RGV 2

Check valve 1
y

AN
Direction of flow \/ /\/ ~— Inciuded in spill volume
B i TSP

— Not Included
Leak loeation

Figure 5-2 Isolated Section Volumes
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54 Leak Rate After Isélat}on

In the static phase of the leak, the driving pressure is based on the highest point above the leak,
as in isolated volumes, accounting for a closed valve or a peak in the line. For the static phase,
the height differential was used to calculate the discharge rate. This formula is given by:

Qs = C, A 2gAh
where:
G - discharge coefficient, set to 0.61
4 = hole cross-sectional area (m2)
g = gravitational constant 9.81 (m/s2)
Ah = differential height of crude in line (m)

5.5 Source Control Time

it is assumed that following leak detection, the pipeline will be shut down by means of stopping the
pumps and closing the RGV. For small leaks it is also possible to limit the draininage by various
source control measures {clamping, ge! block). These means have been assumed to be in place
within four hours throughout the pipeline. Therefore the maximum gravity assisted leak is limited to
fours hours for medium and smali hole sizes.

5.6  Calculation of Spill Volumes

Spill volumes were calculated based on the leak rate and time to isolate, [t is important to note
that this assessment adopts a conservative approach to estimating spill volumes. The method
does not take credit for any reduction in spill volume due to additional actions to control the source
aside from shutdown, RGV closure, and piugging. Thus, procedures {o reduce spill volume
involving depressurization and draindown are not estimated or included. Such procedures would
likely be effective for only small and perhaps medium holes. This level of detail could be
incorporated into a future study.
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6.0 Summary and Conclusions
6.1  Calculated Likelihood of Leaks

The risk analysis of Keystone focused on the likelihood of leaks over the entire pipeline, caused by
a variety of factors. Overall, the likelihood of a leak greater than 50 barrels anywhere along the
pipeline is estimated to be about 0.14 per year, or once every 7 years.

The calculated likelihood of spills less than 50 bbl is considerably less than practical experience
would dictate. This is primarily the result of historical reporting requirements, as 50 bb! spills were
not required to be reported lo the DOT within the historical data set.

The overall contribution of various causes to leaks along the pipeline is shown in Table 6-1 and

Figure 6-1. For each cause, the percent contribution is the total frequency for that cause divided
by the total leak frequency for all causes.

Table 6-1 Predicted Pipeline Leak Frequency by Cause

435K bpd Case 657K bpd Cass
Cause Percent Frequency Percent Frequency
Contribution {per year) Contribution {per year}
Corrasion 28.6% 0.041 22.0% 0.041
Excavation 27.3% 0.038 21.1% 0.039
Hydraulic Event 19.6% 0.028 30.0% 0.071
Mechanical Defect 18.1% 0.026 14.0% 0.026
Flanges 3.3% 0.005 2.6% 0.005
Washout 3.0% 0.004 2.3% 0.004
Total 160.0% 0.143 100.0% 0.186
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Flgure 6-1 Distribution of Pipeline Leak Causes

For the 435,000 bpd case, the greatest contributing cause is corrosion, followed by excavation and
hydraulic events. For the 657,000 bpd case, the greatest contributing cause is hydraulic event,
followed by corrosion and excavation. However, this is more an artifact of the available hydraulic
profile and the methad used to differentiate higher risk segments regarding hydraulic risk.

Approximately 53.5% of the spills would be from small holes (pinholes), 32.5% would be from
rmedium sized holes (1 in), and 14% would be from large holes {10 in or greater).

6.2  Summary of Frequency-Volume Results

in general, reported incidents over decades provide a good basis for estimating spill volumes and
frequencies for new pipslines. However, there are some key weaknesses in this use of such data;

1. Small volume spills are significantly underreparted, particularly those less than the reportable
quantity (50 bbi).

2. Extremely infrequent events may not have occurred during the period of data collection of
incidents.

Figure 6-2 and Figure 6-3 provide a view of the total frequency of spill volumes.

The necessary assumptions and the current design phase of the pipeling required conservative
assumptions to be applied, with the result no identifled spill volumes between 50 bbl and 200 bbl.
The spill valume risk analysis shows the highest frequency for the 200 to 1000 bbl categary of spil!
volumes, Spill volumes in this category are driven by small leaks that take g tong time to detect,
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as well as medium leaks. épili vdlumes _bwéimf;en 1"00_0 Nénd 3"6,000 bbl consist entirely of medium
hole leaks, and spills greater than 10,000 bbl consist of large hole size leaks.
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Figure 6-2 Frequency of Spill Volumes by Category (435,000 bpd)
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Figure 6-3 Freguency of Spili Volumes by Category (637,000 bpd)
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Figure 6-4 provides a view of the spill size distribution. It can be seen that 10% of leaks resuit in
spills greater than 20,000 barrels and only 5% of the leaks evaluated in this study result in spills
greater than 30,000 barrels. Note that less than 2 percent of historical hazardous liquid spills
released more than 5,000 barrels of product to the environment, Figure 6-4 could he modified to
include this estimate; however, the portion of interest {larger spilis) would be minimal in
perspective.
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o : {
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Figure 6-4 Cumulative Spill Volume

These two scenarios bound this study of Keystone Pipeline. However, alone they do not provide
an accurate picture of potential spills from Keystone. Evaluation of rsk requires assessing
frequency and consequence together rather than separately, because the worst risl scenario is
often not the greatest volume release, because & large volume release often is associated with the
smaliest frequencies. '

To identify the worst-case pairing on frequency and volume, the frequency and volume were
multiplied and summed per segment, providing a ‘risk” number with which to compare the
segments of Keystone. The segment with the largest frequency-volume pairing was at milepost
208, with an estimated volume of 3.6 bbifyr,
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Table 6-2 The Largest Spill Volume Segments

Saction of Milepost Segment Annual % of Total % of Total
Pipefine Begin Length [mi] | Volume [hbi] Length Annual Volume
Main line 208,0 6.0 36 0.4% 0.7%
Main line 20.0 3.0 3.4 0.2% 0.7%
Main line 732.0 2.0 2.8 0.1% 0.6%
Main line 786.1 3.0 27 0.2% 0.5%
Cushing 186.0 4.0 2.6 0.3% 0.5%
Main line 904.0 3.0 25 0.2% 0.5%
Main line 168.0 29 25 0.2% 0.5%
Main line 204.0 20 23 0.1% 0.4%
Main line 871.0 3.0 241 0.2% 0.4%
Main lina 200.0 6.0 2.1 0.4% 0.4%

At the appropriate design phase, a consequence study should estimate the severity of potential
spills from Keystone (paired with their respective frequencies) and identify those segments posing
the greatest risk to the environment. Potential preventive measures could then be evaluated on a
cost-benefit basis to determine which are the most effective in reducing environmental risk.

This frequency-volume study provides TransCanada with a detailed database of failure causes,
corresponding likelihaod, and consequence (in terms of volume released)} for the Keystone
Pipeline, divided into the smallest relevant subdivisions. The associated database can be used to
identify pipeline segments posing the greatest risk (in terms of frequency and volume). This
information, taken with fate and transport modeling, can be used to determine where and which
additional mitigation measures are appropriate.

6.3  Comparison with Generic Pipeline Leak Frequency

The leak volume per mile for Keystone is approximately 0.37 bbl per mile per year. For purposes
of comparison, pipelines in the U.S. had a leak frequency of 0.49 bbl per pipeline mile per year
during the period 1992 to 2003 (OPS, 2006).
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1.0 Project Overview

TransCanada Keystane Pipeline, LP (Keystone) proposes to construct and operate a crude oll pipeline and
related facllities from Hardisty, Alberta, Canada, to Patoka, lllinois, in the United States (U.S.). The project,
known as the Keystone Pipeline Project or Keystone, initially will have the capacity to deliver 435,000 barrels
per day (bpd) of crude oll from an ofl supply hub near Hardisty to existing terminais in Salisbury, Missouni, and
Waod River and Patoka, lilinols. If market conditions warrant expansion in the future, additional pumping
capacity could be added fo increase the average throughput to 591,000 bpd. Based on shipper interest,
Keystone also is consldering the construction of two pipeline extensions to take crude oil from terminals in Fort
Saskatchewan, Alberta, and deliver to Cushing, Oklahoma.

In tolal, the Keystone Pipeline Project will consist of approximately 1,833 miles of pipeline, including about
760 miles In Canada and 1,073 miles within the U.S. {Figure 1-1). These distances will increase if either or
both of two potential pipeline extensions fo Fort Saskatchewan, Alberta, or Cushing, Oklahoma, are
constructed as discussed below.

N DTy

[ Keystone Pipetine Project| -

g Qb TransCanada

5 dtelhats I piniletr

Figure 1-1 Overview Map of the Keystone Pipelina Project
{Potential expansions represented by the dotted line)

In the U.S., Keystone will construct and operate a new 1,073-mile pipeline (Keystone Mainline} that will
transport crude ofl from the Canadian border to existing terminals in the Midwest. The proposed pipeline will
consist of 1,018 miles of 30-inch pipe between the Canadian border and Wood River, ilinois and a 55-mile
segment of 24-inch plpeline between Wood River and Patoka, Ilfincis. Depending on the results of an
additional binding Open Season to be held later In 2008, Keystone also may construct a 291-mile 30-inch
pipeline extension to Cushing, Oklahoma {Cushing Extansion). Thus, there will be 1,365 total miles of new
pipeling in the U.S. if the Cushing Extension is constructed. Unless specified, the remainder of this
Supplemental Filing describes and evaluates the U.S. portion of the Keystone Pipeline Project, including both
the Keystone Malnline and Cushing Extension, and the additional faciities required to increase capacity to
591,000 bpd.

10623-004 1-1 Jure 2008
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The Keystone Pipeline Project will require the Issuance of a Presldentlal Permit by the U.S. Departiment of
State lo cross the U.S./Canadian border. Issuance of the Presidential Permit is considered a federal action
and |s subject to environmental review pursuant to the National Environmental Palicy Act {(NEPA) (42 United
States Code § 4321 et seq.). Keystone filed a Presidential Permit Application and Environmental Report (ER)
on April 18, 2006. The ER was intended to provide the Department of State and other involved agencies with
adequate information to commence review of the Keystone Pipeline Project under NEPA. The ER inciudes an
objective disclosure of beneficial and adverse environmental impacts resulting from the Keystane Pipeline
Project, as well as a set of reasonable alternatives. Keystone has stated that it will supplement the
environmental information provided in the ER with the resuits of Its field studies and pipeline risk assessment
as they are completed.

10823004 -2 June 2006



2.0 introduction

This portion of the supplemental filing represents Keystone's initial evaluation of the risk of a pipeline disruption
and its potential environmental consequences. This section focuses on the potential for spllls during aperations
and the subsequent potential effects on sensilive resources and humans associated with majar 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 ER, which was submitted to the Department of State on April 18, 2008,

General infarmation an pipeiine safety and historical spills as documented in the U.S. Department of
Transportation (USDOT) incldent database were previously presented in Section 3.12 of the ER. Section 3.12
of the ER also summarized the location and extent of natural hazards and sensitive natural and human
resources near the Keystone Fipeline Project.

This report builds upon the baseline Information presented in the ER. The report presents the results of a
pipeline ol! spill frequiency and spill analysis based on Keystone's current project-specific design and
operations criteria and applies the resulting risk probabilities ta an environmental cansequence analysis that
Incorporates project-specific environmental data. Specifically, this report evaluates the risk of crude oil sphis
during pipeline operations, including contribution of natural hazards to spllt risk, and the subsequent potential
effects an humans and other sensitive resources, called high conseqguence areas {HCAs), that include
populated areas, drinking water areas, and/or ecologically sensitive areas.

As Keystone colfects additional information to support the risk assessment through ongelng design work and
environmental feld surveys, this risk assessment and its supporling reference documeants will continue to
evalve. The risk assessment process is an iterative procedure in which information is continually updated and
refined in an effort to improve the specificity of the assessment. Keystone anticipates submitting an updated
consequence analysis in November 2006 that incorporates the additional design and environmental data into
the assessment.

10623.004 2-1 Jupg 2008
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3.0 Spill Frequency-Volume Study

A project-specific oll spill frequency and volume study for the Keystone Plpeline Project was conducted by
DNV Consulting and is provided in Appendix A. DNV Consulling assessed the U.S. portion of the Keystone
Fipeline in terms of frequency and volume of potential spills to quantlfy the likelihood of realistic maximum spilt
volumes. The study estimated ihe frequency and volume of releaseas for each defined pipeline segment for
three postulated hole sizes and six distinct and independent failure causes, and developed a
frequency-volume cuive for the pipsline as a whole.

The study is a quantitative assessment of splii polential for the entire pipeline system and of individual
segments of the plpeline. The Keystone Pipeline system was partitioned into 1,317 segments based on
similar design, operational, terrain, and other potential risk parameters, each with a virtually consistent risk
profile. Spill frequency was estimated for each segment along with potential spill volumes, based on small
holes (<0.1-inch diameter), medium holes (1-inch diameter), and large holes {>10-Inch diameter).

Two throughput scenarios were evaluated, a 435,000 bpd and a 581,000 bpd throughput tase (nominat and
maximum throughput). For the assessment, a leak detection capability of 1.5 percent in 138 minutes and a

15 percent ieak detected within 18 minutes was assumed. Becauss Keystone is currently engineering the
pipeline system, a detailed hydraulic profile and leak detection systems are not currently available. As the
engineering and design progresses, the infarmation will be integrated into the study and revised spill frequency
and spill volumes will be estimated.

3.1 Spill Frequency

Splilf frequencles were estimated from historical data and modified by project-specific factors to estimate spill
frequencies for the Keystone Pipeline system. Based on the avallahie information, the study produced an
overall frequency for spills or leaks greater than 50 barrels of 0.14 splits per year for a throughput of
435,000 bpd over the entire pipeline system, equivalent to one spill every 7 years. Table 3-1 shows the
number of spills that might ocour along the Keystone Pipeline systemn during the next 10 years.

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

Spills®
| Keystone Mainline (1,073 miles) 1.1
Cushing Extension (291 miles) 0.3
Total Keystone Project (1,365 miles) 1.4

*Calculated based an peajact-specific analysis of spill probabliitles for 435,000 bpd {(Appendix A).

While future events cannot be known with absalute certainty, spill frequencles can be used to estimate the
number of events that might ocour. Actual frequency may differ from the predicted values of this analysis.
Notably, with the Implementation of USDOT's integrity Management Rule, the number of spills is expecied to
decline from histarical levels abserved on other pipelines. Incident frequancies have baan steadily decreasing
and are five times lower in recent years compared with thirly years ago (EGIG 2005).

10623-004 3-1 Juna 2006
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3.2 Spill Volume

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 complete drain down within
the affected segment, recognizing that actual spill volumes are expected to be significantly less. Actual
incident data from the Hazardous Liquid Pipeline Risk Assessment (California State Fire Marshat 1993)
indicate that spill volumes are significantly less than the potential drain down volume. For exampte, in

50 percent of the cases, the actual spifl volume represented less than 0,75 percent of the maximum potantial
drain down volume. In 75 percent of the cases, the aclual spill volume represented less than 4.6 percent of the
maximum drain down volume. Procedures to reduce spill volume, such as depressurization and drain down,
may significantly reduce the predicled spill valumes estimated for the Keystone Pipeline, bringing the spill
valume distribution mare in line with USDOT historical data. Spill volume estimates, revised to account for
drain down and depressurization, will be included In Keystone's November 2006 Supplemental filing.

Of the postulated 1.4 spills along the Keystone Pipeline system during a 10-year period, the study’s findings
suggest that approximately 0.2 would be 50 barrels or less; 0.8 would consist of between 50 and 1,000 barrals;
0.3 would consist of between 1,000 and 10,000 barrels; and 0.2 would contaln more than 10,000 barrels'
{Appendix A). The spill volume fraquency distribution likely underestimates the proportion of spill velumes
under 50 batrels due to reliance upon the greater than 50 barral reporting criteria within the USDOT incident
database. The curent analysis tends to overemphasize farger spills and underreport the small spills, making
the assessment conservative,

Based on probabilities generated from the study, the estimated occurrence intervals for a spill of 50 barrels or
less occurring anywhere along the entire pipeline syslem is once every 65 years, a spifi between 50 and
1,000 barrels might acour once in 12 years; a spill of 1,000 and 10,000 barrels might occur once in 38 years;
and a spilt contalning more than 10,000 barrels might occur once in 50 years, Applying these stalistics to a
1-mile section, the chances of a large spill (greater than 10,000 bamels) would be less than once every
67,000 years. The resulls of the study are incorporated into the environmental consequence analysis
prasented in Section 4.0 below.

3.3 Contribution of Natural Hazards to Spill Potential

As part of its National Pipeline Mapping System (NPMS) program, the USDOT has compiled data from a
variety of sources to identify areas of high geologic hazard potential for pipefines (USDOT-NPMS 2005). The
Integrity Management Rule (2002) states that segments of plpeline with a high geologic risk and the potential
to impact HCAs must implement protective measures. HCAs are specific locales and areas where a release
could have the most significant adverse consequences. Examples of protective measures may include:
enhanced damage prevention programs, reduced inspection intervals, comosion control program
improvemants, leak detection system enhancements, installation of Emergency Flow Restricting Devices
(EFRDs), and emergency preparedness improvernents. Table 3-2 provides a sumimary of the geologic
hazards and pipeline miles identified with HCAs.

" Tatal doss not sur to 1.4 spills dus to rounding.
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Tahle 3-2 Summary of Geological Hazard HCAs Identified Along the Keystons
Pipeline Project

Potential Geological Hazards
{miles of pipeline)
Earthquake Flood Landslide
Keystone Mainline
North Dakota 0.0 3.0 0.0
South Dakata 0.0 21.9 7.7
MNebraska 0.0 219 13.1
Kansas 0.0 10.9 0.0
Missouri 0.0 899.5 30.1
lllinols 0.0 12.8 6.9
Keystone Mainline subtotal 0.0 170.1 57.8
Cushing Extension
Nebraska 0.0 2.5 2.5
Kansas 0.0 107.2 7.0
Cklahoma 0.0 278 0.0
Cushing Extension Sublotal 0.0 137.4 9.5
Preject Total 0.0 3075 67.3

Seismicity and Faults, Seismic damage ta buried pipelines Is due to the combination of seismic wave
propagation and permanent ground displacement. Strong ground shaking also can cause water-safurated soils
to become liquified {liquifaction). Earthquakes tend lo cause moare damage to segmented pipelines than to
corilinuous pipelines that have joints consisting of full penetration welded steel. The Keystone Pipeline will be
a conlinuous pipeline. Buckiing and pinhole leaks (typically at previously weakened areas of corrosion) are the
most common types of pipeline damage caused by seismic events,

Naticnwide, earthquakes {and other natural hazards) are responsible for less than 3 percent of all pipeline
Incidents each year. Moreover, O'Rourke and Palmer (1 996) studied earthquake performance data for steel
transmission and distribution pipelines over a 61-year period. Their review of the data found that post-1945
electric arc-welded transmission plpelines in good repair have performed very well in earthquakes.

Keystone will construct all new facliities to current Uniform Building Code standards. Addltional engineering
measures to account for seismic activity are not expected to be required due to relatively low seismic activity In
the region crossed by the Keystone Pipeline Project.

Federal regulations (49 CFR 195) require Keystone to conduct an intemal inspection if an earthquake,
landslide, or soll liquefaction is suspected of having caused abnormal mavement of the pipeline.
Consequently, damage to the pipeline would be detected quickly and splils would be averted or minimized.
The likelihood of earthquake damage to the Keystone Pipeline Is low, as the entire Keyslone Pipeline Project
falls outside of the USDOT-defined high earthquake hazard areas.

10623-004 33 Jura 2006



DT ENSR E ALCOM

Landslides. Three segments of the Keystane Pipeline Project cross areas Identified by the NPMS as having
high landslide potential {Table 3-2). These areas are located at 1) the Missouri River crossing near Yankton,
South Dakota; 2) the Nebraska-Kansas border at Silver Hilis; and 3) the Missouri and Mississippi River
crossings. These areas will be field verified and evaluated for recent landslide activity and delerminalion of
whether HCAs could be impacted. Overall, landslides are considered a low hazard to the Keystone Pipeline
system,

Subsidence, Subsidence of the ground surface can result In damage due {o loss of support and the transfer of
stresses in the ground fo structures and.faciliies. Subsidencs can be caused by several factors, but the cause
of subsidence considered here Is the dissolution of subsurface strata. Limeslone, dolomite, gypsum or other
susceptible rock Is susceplible to water solution. The dissolution may cause surface effects such as sinkholes
or depressions of the ground surface, caves, sinking streams, springs and seeps, and valleys with closed
drainage (Kastning and Kastning 1999). The surface effects of dissolution are referred to as karst terrain.

Several areas of potential karst hazards were idenfified along the proposed route based on the map produced
by Davles el al. (1984). In South Dakota and Nebraska, Upper Cretaceous Niobrara Formation and
equivalents are identified as strata that could be involved In the formation of karst. Areas in northeast Kansas
and Missourt are underiain by limestones in Pennsylvanian and Permian-age strata. The solution features are
characterized as imegularly spaced (1,000 feet or more) small fissures (less than 1,000 feet long and 50 feet
deep} with 50 feet or more overburden. Overall, subsidence is a low hazard to the Keystone Pipeline System.

Flooding. Scattered portions of tha Keystone Fipeline Profect cross areas that are ranked as high flood
hazard areas by the NPMS (Table 3-2). These areas are more prevalent along the southern portion of the
foute and are generally collocated with major river systems, such as the Missouri, Platte, Kansas, Arkansas,
and Mississippi Rivers. These areas will be field verified and cross-checked with Federal Emergency
Management Agency fiood maps. If the area s highly susceptible to flooding, then the portion of plpeline within
lhe affected area will be cross-referenced for presence of HCAs and, if present, protective measures will ba
taken, as per 49 CFR Part 105, Additionally, if aboveground facllities are located within potential loodplains,
Keystone will evaluate the potential for relocaling these facilities and/or measures to redtice damage lo
aboveground faciliies should flooding oceur.
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4.0 Consequences of a Spill

4.1  Human Consequences

The risk assaciated with the Keystone Pipaline system can be compared with the general risk to the population
encountered in everyday life. Proposed actions that result in negligible additional risk are generally acceptable,
The National Center for Health Statistics (CDC 2003) age-adjusted average annuat death rate in the U.S. is
approximately 830 per 100,000. The USDOT reporis the historlcal average risk to the general population per
year assaciated with hazardous liquids transmission pipelines, such as Keystone, is 1 in 27,708,096 {UsSDOT
2002). Therefore, the predicted rigk of fatality to the public from incldents assoclated with the Keysione
Pipeline over and above the normal U.S. death rate is negligible (<1 percent).

4.2  Environmental Consequences

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

4.21 Environmental Fate of Crude OH Spilis

4.2.1.1 Crude Oil Composition

The compositicn of crude ofl varies widely, depending on the source and pracessing. Crude oils are complex
mixtures of hundreds of organic {and a few inorganic) compaunds. These compounds differ in their solubility,
toxicity, perslstence, and other praoperties that profoundly affect their impact on the environment. The effects of
a specific crude ofl cannot be thoroughly understood without taking its composition into account.

Crude oil transported by Ihe Keystone Pipeline Project is derived from the Alberta oil sands regian. The oil
extracted from the sands is called bltumen, a black and thick oil. In order for the bitumen to be transported by
plpeline, an upgrading technology Is applied to convert the bitumen to synthetic crude oil. The precise
composition of synthetic crude will vary by shipper and Is considered proprietary information,

The primary classes of compounds found in crude oil are alkanes (hydrocarbon chalns), cycloalkanes
(hydrocarbons containing saturated carbon rings), and aramatics (hydrocarbons with unsaturated carbon
fings). Most erude oils are more than 95 percent carbon and hydrogen, with small amounts of sulfur, nlirogen,
oxygen, and fraces of other elemients, Crude oifs contain lightweight straighi-chained alkanes {e.q., 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 enwiranment than branched alkanes. Cycloalkanes are extremely resistant to
biodegradation. Aromatics (i.e., benzene, toluene, ethylbenzene, xylenes {BTEX compounds]) pose the most
potential for environmental concern. Because of their lower molecular weight they are more solubie in water
than alkanes and cycloalkanes.

4.2,1.2 Environmental Fate and Transport

Accidental releases of crude all can occur during transport by pipeline. Once released into the enviranment,
the crude oil will poal in low-lying areas. Some lighter volatile constituents of the crude oil will avaporate into
air, while other constituents will bind or leach into soils, or dissolve into water. Hydrocarbons that volatilize into
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tha atmosphere are broken down by sunlight into smalter compounds. This process, referred to as
photodegradation, occurs rapldly 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 caplllary action. The rale of penetration will depend on the nature of the soll. Since crude ofl is
more viscous than water, crude oils penetrate sails less quickly, When released into water, a portion of the
crude ofl will tend to fioat to the surface where it can evaparate, other fractions will dissolve, and some material
may descend to the botlom as sedimentation.

Spreading of crude oil increases with wind and current speed and increasing temperature. Most crude olls
spread across surface waters a a rate of 100 to 300 meters per hour. Surface Ice wil greatly reduce the
spreading rate of ol across a waterbody. Spreading reduces the bulk quantity of crude oif present in the
vicinity of the spill but increases the spatial area within which adverse effects may occur. Thus crude off 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 fale processes such as
evaporation, degradation, and dissolution.

Dispersion of crude oil increases with increasing surface turbutence, The disperslton of crude oil into water may
serve to increase the surface area of crude oll susceplible to dissolution and degradation processes and
theraby limit the potential for physical impacits.

Evaparation will be the primary mechanism of loss for low molecuiar 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 oll persistence. Bulk evaporation of Alberta crude oil
accounted for an almost 50 percent reduction in volurme over a 12-day pericd (Shiu et al. 1988). Evaporation
increases wilth increased spreading of a slick, increased temperafure, and increased wind and wave action.

Dissolution of crude oll in waler is not a significant process cantrolling the crude oll's fate in the environment,
since most components of olls are relatively insoluble (Neff and Anderson 1981). Moreover, overall solubility of
crude oils tend {o be less than their constituents since solubility is limited to the partitioning betwsen oil and
waler interface and individual compounds are often more soluble in oil than in water, thus they tend to remalin
in the ofl. Nevertheless, dissolution is one of the primary processes affecting the toxic effects of a splll,
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 ofl in water,

Heavy malecular 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 olls than inorganic particles (e.g., clays). Sarption processes and sedimentation reduce the quantity of
heavy hydrocarbens present in the water column and available to aquatic organisms, However, these
processes also render hydrocarbons less susceplible to degradation. Sedimented oil tends to be highly
persistent and can cause shoreline impacts,

Fhotadegradation of crude ol 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 parant
compounds. Extensive photodegradation, like dissolution, may thus increase the biclogical impacts of a spill
event.

In the Immediate aftermath of a crude ol spill, natural biodegradation of crude oll will not tend to be a
significant process contrailing the fate of spilled crude oil in waterbodies previously unexposed to oil. Microbial
papuiations must become established before blodegradation can proceed at any appreciable rate. Also, prior
to weathering (i.e., evaporation and dissolution of light-end canstituents), oils may be toxic to the very
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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
aguatic 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). Blodegradation 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 controiled by many confounding factors and persistence
Is difficult to predict with great accuracy. Major factors affecting the environmental fate include split velume,
type of crude oil, dispersal rate of the cruda oll, terraln, recelving media, and weather. Once released, the
physlcal environment fargely diclates the environmental persistence of the splited material. Along the Keystone
Pipeline route, the primary habltats of concern include low gradient streams, rivers, and small intermitient
ponds. Wetlands also are frequently located aiong the proposed pipeline route, Estimates of the length of time
materials could persist at potentially acute concentrations 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 gradient stream would be expected to rapidly
dissipate. In contrast, crude oil released into a small stream In winter could become trapped under pockets of
ice and, thus persist longer,

4.2.2 Environmental Impacts

An evaluation of the potential impacis resulling from the accidental release of crude all into the environment is
discussed by environmental resource below.

4.2.21 Soils

Solfs could be impacted because pipelines are buried and soil absorption of spilled crude olf wauld occur. In
contrast with crude oll releases to surface waters where the olf would disperse downstream, subsurface
releases 1o soil tend to disperse more slowly and are generally located within a contiguous and discrete area.
Effects to soils can be quite slow to develop, allowing lime for emergency response and cleanup aclions to
mitigate effects to potential receptors.

Depending on a number of factors (Including size and rate of release, topography of the release sile,
vegetative cover, soll moisture, bulk density and soil porosily), a portion of the released matarials would erter
the surrounding soil and disperse both verfically and horizontally In the soil. High rates of release fram the
buried pipeline would result in a greater likelihood that released materials would reach the graund surface,
while low rates of release would be more likely to primarily remain within the less compacted pipe trench
backflll with a smaller portion dispersing within surrounding, consolidated subsurface materials, The sandy
sails found throughout most of the pipeline route wauld likely facilitate horizontal and vertical dispersion. If
present, soil moisture and moisture from precipitation would increase the dispersion and migration of crude oll.

Crude ofl released to the soll's surface could potentially produce localized effects on plant populations (see
Vegelation, Section 3.2.3 below). Within areas of active agricuiiure, the release of crude oif could resultin the
contamination of soils, Keystone would be responsible for cleanup of contarninated soils. Once remedial
cleanup levels were achieved In the solls, no adverse or long-term impacts to agricultural lands would be
expacted.

Both on the surface and in the subsurface, rapid attenuation of light, valatile constituents (due to volatilization)

would quickly reduce the fotal volume of product, while heavier constituents would be more persistent. Except
In cases of high rate and high total volume releases, and environmental seltings characterized by steep
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topography or karst terrain, soll 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 oceur.

It a spill were fo accur, the majority of the crude oil would likely reside in the less consalidated soll {(lower soil
butk density} within the pipefine trench. The vast majority of the pipeline is iocated in relatively flat terrain. In
these fial locations, the oil would disperse horizontally within the pipeline trench with a smaller portion of the
spilled oil moving inte the surrounding, more consolldated soil. If the spilt were to oceur on a steep slope, crude
ait would likely pool primarily within the trench behind the trench breakers. If sufficient volume existed, the
crude ol would breach the soli'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 leak survelllance palrais. Soif types and the presence of clay
lenses, layers of bedrock, or karst terrain would significantly influence the dispersal pattern of spilled materials.

Crude cil released to the environment would tend to have greater dispersloh in sandy and badland scils than in
more consolidated soils. if a release were to occur in sandy soils or badland areas, it is fikely that the spatial
extent of the cantamination would be greater than in areas containing mare organic soils. Consequently, the
amount of soil that would need to be cleaned up would be less than or equal to the maximum amount. Crude
oll released Into sandy or badland sails would likely become visible to aerial survaillance due to product on the
solls surface or discoloration of vegelation,

The removal and disposal of contaminated soil likely represents the remedial action that would cause the
greatest amount of surface disturbance. Based on a spill valume of 2,000 barrels (over 80 percent of spills are
smaller than this volume), the maximum amount of soil that would need to be removed was calculated. Soit
cleanup levels for benzene In soil from petroleum releases vary by state (Nebraska: 3.63 parts per million
[ppm]; lllinois: 1.6 ppm; South Dakota: 17 ppm; Kansas 9.8 ppm). The volume of soll remediation is based
upon {wo different calculations to aid in identifying waorst-case (2,001,277 cubic yards) and best-case

(2,059 cubic yards}) volume estimates. The worst-case estimate assumes a 2,000-barrel release, an estimated
cancentration of benzene in the oil, and a uniform distribution of oil to achieve the most stringent state
recommended sail cleanup level (RCL) for benzene (1.6 ppm). The approach assumes that all the ofl Is evenly
spread to a mass of oll such that the resulting oil benzene concentration Is 1.6 milligrams per kilograms.
Because the RCL is used as a target, the resuiting volume of soil is actually the volume of soll at which no
removal action would be needed, The best case estimate assumes the same 2000 barrel release but
calculates the volume of soil that could fill with the volume of the release based an an estimated 30 percent
sail porosity and a 10 percent soil moisture content and would likely be the minlmum volume of sail to be
removed. The actual remediation soll volume walild likely be closer to the best-case astimate although higher
than this estimate.

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

4.2.2.2 Water Resources

While normal operations would not adversely affect water resources, abnarmal aperations could result in
released crude oil entering water resources. As part of project planning and in recognition of the environmental
sensitivity of walerbodies, the Keystone Pipeline routing process attempted to minimize the waterbodies
crossed. Furthermore, valves have heen strategically located along the Keystone Pipeline to help reduce the
amount of crude ofl that could potentially spill into waterbodies, if such an event were to occur. The location of
valves, splll containment measures, and the Keystone Emergency Response Plan would mitigate adverse
effects to both surface and groundwater. .
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Flowing Surface Waters

To evaluate the likelihcod of adverse effects to surface water resources, measurement endpoints were
developed to correspond wilh the most sensilive resource potentially affected (surface waler that provides
drinking water and supports aquatic life) and to address the primary regulatory thresholds that trigger
emergency response and remedialion. These measurement endpaints (toxicity thresholds and drinking water
standards) were compared lo the maximum possible concentration of benzene, Benzene values were selected
for comparison because they were the most likely to show adverse Impacts to aquatic biota and drinking waler.

These measurement endpolnts were compared to estimated cancentrations of crude oll In the surface water.
Rather than evaluate the risk to each waterbady crossed by the Keystone Pipeling, this risk assessment
evaluated streams categories, broadly classified by magnitude of streamflow and stream width. Table 4-1
summarizes the stream categories used for the assessmant and identifies several reprasentative streams
within these categaries.

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 Maoderate Flow Stream 100 - 1,000 50 — 500 Pembina Creek, James River,

Sheyenne River, Cuivre River

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

High Flow Stream >10,000 1,000-2,500 | Mississippi River

Although the concentration of crude oil constituents in an actual spill watild vary both temporaliy and spatially
and localized loxicity could oceur from virtually any size of crude ol spill, for this analysis it was conservatively
assumed that the entire volume of the spill was released directly into a waterbody and that complete,
Instantaneous mixing occurred. These assumptions are highly conservative and, thus, overestimate potential
toxic effects. These estimated benzene concentrations within the surface waterbodies were then compared
with acute and chronic toxiclty thresholds for human health drinking water thresholds and for aquatic blota.

The promulgated drinking waler standards for humans vary by several orders of magnitude for crude ol
constituents. For human health protaction, the national Maximum Contaminant Level (MCL} is an enforceable
standard established by the U.S. Environmental Protection Agency (USEPA) and is designed to protect long-
term human heaith. Of the various crude oll 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 or
groundwalters,

An evaluation of water quality was conducted to assess potential risk to drinking water supplies. The estimated
concentrations of benzene within representative streamflows are summarized In Tables 4-2 and 4-3. A 1-hour
release period for the entire spill volume was assumed in order to maximize the product concentration in
water. Results suggest that most spills that enter a waterbody couid result in exceedence of the national MCL
for benzene. These findings indicate that rapid nolification of managers of municipal water intakes downstream

2 Al affected stales afong the Kaystone Pipeline rmule use the nalional MCL value of 0.005 PPm.
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of a spill would be essential so that any drinking water intakes could be closed to bypass river water containing
crude oll.

To evaluate the potential for drinking water impacts to accur In any spegcifiic waterbody, the occurrence interval
for a spill at the river crossing was calculated based on probabilities generated from the USDOT database. To
be conservative, a 500-foot buffer on either side of the river was added 1o the crossing widihs Identified in
Table 41,

Results indicate that the chance of a spill occurring at any specific waterbody Is very low, Bepending on

thraughput, oceurrence intervals ranged from about 16,000 years for a large waterbody to over 450,000 years
for a small waterbody. If any release did ocour, it is likely that the total release volume of a spll llkely would be
S0 barrels or less basad on historical spilt volumes, or less than 1,000 barrels based on the spill valume study

{Appendix A).

In summary, while a release of crude ofl into any given waterbody would likely cause an exceedance of
drinking water standards, the frequency of stich an event would be low. Nevertheless, streams and rivers with
downstream drinking water intakes represent the sensitive environmental resources and could be temporarily
Impacted by a crude oll ralease.

Wettands/Prairie Potholes/Playa Lakes

Although planning and routing efforts atternpted to reduce the overall number of wetlands {Including prairie
pothotes and playa lake environments) and static waterbodies environment crossed by the Keystone Pipaline,
wetlands and waterbodles with persistently saturated salts commonly ocour along and adjacent to the
Keystone Pipeline route. The effects of crude oll 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
waler dissected with ponds and channels, or they may simply be areas of saturated soll with no open water, A
single wetland can even vary between these two extrames as seasonal precipitation varles. Welland surfaces
are generally low gradient with very siow 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 malerials may remain in restricted areas for lenger periods than in river environments.

Crude oil released from a subsurface pipe within a wetland 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
wetland would restrict crude oil movement. Where surface water is present within a wetland, the spiil would
spread laterally across the water's surface and be readily visible during routine right-of-way {ROW)
surveillance. The depth of sail impacts fikely would be minimal, due to shallow (or emergent} groundwater
conditions, Conversely, groundwater Impacts within the welland ars likely to be confined to the near-surface,
enhancing the potentlal for biodegradation. If humans or other important resource exposures were to occur in
proximity to the wetland, then regulatory drivers would mandate the scope of remedial actions, timeframe for
remediation activities, and cleanup levels. However, response and remediation efforts In a welland have the
potential for appreciable adverse effects from construction/cleanup equipment. If no active remediation
acfivities were undertaken, natural blodegradation and attenuation would ultimatsly allow a return to baseline
conditions in both soil and groundwater. This would likely require a timeframe on the order of tens of years,

The evaluation of spill efiects on fish and aqualic inveriebrates also is applicable to wetland environments and
plants. Based on a review of toxicity iiterature for wetiand plant groups (l.e., algae, annual macrophytes, and
perennial macrophytes}, crude oll is toxic to aquatic plants but at higher concentrations than ohserved for fish
and Invertebrates. Therefore, assumptions and calculations based on aquatic life standards are canservative
{Le., more likely to show an adverse effect than if the limited amount of wetland toxicity data were used).
Tharefore, spill concentrations that are less than toxic effect levels for fish and invertebrates also wouid be
protective for wetland plant specles,
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Resulls indicate that the chance of a spill occurring at any specific wetiand Is very low. Based on National
Wetlands Inventory mapping, wetlands comprise 46.4 miles of the entire Keyslone Pipeline system

(Table 3.5-8 of the Keystone Environmental Report), Of the estimated 1.4 spilfs postulated to oceur during a
10-year period within the entire pipeline system, about 0.05 spills would be expected to ocour within wetland
areas (equivalent to one spill every 200 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 spil volumes, or fess than 1,000 bamels based
on the splif volume study (Appendix A),

The predicted effects of a spill reaching standing water (e.g., reservairs, pralrle potholes) would depend fargely
upon the volume of crude oil entering the walerbody and the volume of water within (he waterbody. Table 4-4
summarizes the amount of water necessary to dilute spill volumes below aguatic toxicity and drinking water
thresholds. While this preliminary approach does not account for fate and transpori mechanisms, mixing
zones, environmental factors, and emergency response capabiliities, it does provide an inifial benchmark far
identifying areas of potential concern. An evaluation of standing water resources that could be Impacted by a
crude ol spill will be evaluated more completely in Keystone’s November 2006 supplemental filing.

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

Volume of Water Required to Dilute Crude Oil Below Threshold (acre-feat)'
Acute Toxicity
Threshold
Barrels of (7.4 milligrams per liter Chronle Toxlcity Drinking Water MCL
Crude Oil [mg/L)) Threshold {1.4 mg/L) {0.005 mg/L})
50 4.6 25 6,890
150 14 74 20,669
1,000 93 492 137,790
10,000 931 4,921 1,377,904

*Thresholds based an aquatic toxicity and drinking waler thresholds estzhlished for benzene, For the Keystone crude oit, the benzene
content is estimated (o be 0.15 percent by weight.

in summary, while a release of crude oil into wetland and static waterbodies has the poteniial to cause
temporary environmental impacts, the frequency of such an event would be low. Nevertheless, wetlands and
static waterbodies represent the sensitive enviranmental resaurces and further evaluation of potential impacts
is warranted,

Groundwater

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

In general, the potential for groundwater contaminalion faltowing a spilt would be more probable in locations
where a release into or on the surface of soils has occurred:

* Where a relatively shallow water table Is present (as opposed to locations where a deeper, confined
aquifer system is present); and

»  Where relatively porous soil conditions are present throughout the unsaturated zone.
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Depending on soil properties, the depth to groundwater, and the amount of crude oil in the unsaturated zZone,
groundwater contamination can result from the migration of dissolved constituents and free crude oll.
Mavement in the dissolved phase typically extends for greater dislanices than movement of pure crude oll in
the subsurface. Crude off is less dense than water and initially would tend to form a floating pool after reaching
the groundwater surface. This pool would tend to migrate laterally In the direction of groundwater flow, and the
ofl fiow velocity would be a function of the soil properties and groundwater flow rate. Thase compounds In the
crude off that are saluble in water will form 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 flow rate and would tend to migrate at a faster rate than free crude oll itself.

The extent to which potential groundwater receptars may be contaminated by a release of crude oil depends
upon the rate of contaminant transport in the subsuriace. The rate of contaminant movement depends, in turn,
on the rate of groundwater movement and the attenuation mechanisms that act to retard contaminant
movement relative to groundwater movement. In shallow aqulfer systems where impacls from released crude
oli are most likely, the rate of groundwalter movement depends upon the hydraulic gradient, aquifer
permeabliity and porosity, and the geometry of the aquifer system. Groundwater flow rates lypically move less
than 1 foot per year, though there can be much more rapid movement in individual locations (Wilson 19886).
Indlvidual constituents tend to move fasler than the groundwater itself, however, contamination often takes
years to disperse one mile from the point of orlgin (Wilson 1986).

If exposure to humans or other important resources would be possible from a release into groundwater, then
regulatory drivers would mandate the scope of remedial actions, timeframe for remediation activities, and
cleanup levels. However, response and remediation efforts have the potential for appreciable adverse effacts
from construction/cleanup equipment. If no active remediation activities were undertaken, natural
biodegradation and attenuation would ultimately allow a return to baseline conditions in both soil and
groundwater. Depending on the amount of crude oil reaching the groundwaler and natural attenuation rales,
this would likely require a timeframe up to the range of tens of years,

Attenuation mechanisms that retard the movement of contaminants include dispersion, sorption, volatfiization,
ablalic chemical degradation, and biological degradation. The extent to which any of these mechanisms would
retard contaminant movement at a given location depends upon sHe-specific conditions. In general, crude ofl in
groundwater tends to biodegrade as described for soil releases. Even in the case of large released volumes
and floaling free crude all, dispersive forces become balanced with biodegradation and attenuation
mechanisms, establishing degradalion equilibrium. The typical resultis a relatively limited zone of impact,
typically 200 meters or less downgradient (USGS 1998). Over lime, these natural degradation mechanisms,
along with other nalural attenuation mechanisms, including disperslon, result in the removal and/or destruction
of crude oil matetials; 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 oit in the groundwater.

4.2.2.3 Vegetation

Terrestrial plants are much less sensitive to crude oil than aquatic species. The lowest toxicity threshold for
terrastrial plants faund in the USEPA ECOTOX database (USEPA 2001) was 18.2 ppm for benzene, higher
than the 7.4 ppm threshold for aguatic species and the 0.005 ppm threshold far human drinking water,
Similarly, available data from the USEPA database indicate that earthwonms also are less senaltlva than
aqualic species (toxicity threshold was greater than 1,000 ppm). i concentrations were sufficiently high, crude
ail in the root zone could harm individual plants and organisms,

Release of crude oil could result in the contamination of sils (see Sails, Section 3.2.1 above). Keystone waould

be responsible for cleanup of contaminated soils. Once remedial cleanup levels were achlaved in the soils, no
adverse or long-term impacts to vegetation would be expected.
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4.2,2.4 Wildlife and Aquatic Resources

Spilled crude oll can affect arganisms 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 effecls are less
conspicuous and include habitat impacts, nuirient cycling disruptions, and aiterations 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 ofl spilled, the species
assemblage present, ciimate, and the splll response tactics employed.

The toxicity of crude oil is dependent upon its composition and that of its water-soluble fraction (WSF),
especially of its aromatic content. The WSF of crude oif is dominated by one- and two-ringed aromatics (e.g.,
benzene and naphthalene) along with some short-chained alkanes. Long-chained alkanes (e.g., decane) and
aramatic compounds with many rings (e.g., PAHs) tend to be less soluble in water. As an example, Table 4-5
summarizes the toxicily of various crude oil hydrocarbons to the zooplanktan, Daphnia magna. The relative
toxicity of decane Is much lower than for benzene or ethylbenzene because of the comparatively low solubility
of decana. Mast invesligators have concluded that the acute toxicity of crude oil is related to the
concentrations of relatively lightweight aromatic constituents (BETX and naphthalenes), particularly benzene.

Because of competing effects of solubility and toxicity, the higher the concentration of these aromatics in a
particular crude ail, the mare toxic it wiil be. Studies have shown that lighter, more volatile compounds {e.g.,
benzene) are more acutely toxlc than heavier, more viscous carmpounds. While lightweight aromatics tend to
be water soluble and relatively toxic, they also are highly volatile. Thus, most or all of the lightwelght
hydracarbons accidentally refeased into the environment evaporate, and the environmental persistence of
crude ol tends ta be low.

High molecular weight aromalic compounds, including PAHs, are not very water-soluble and have a high
affinity for erganic material. Consequently, these compounds, if present, have limited bioavailability, which
rander them substantially less toxic than maore water-soluble compounds (Neff 1978). Additionally, these
compounds generally do not accumulate to any great extent because these compounds are rapidly
metabolized (Lawrence and Weber 1984; West et al. 1884). There are some indications, however, that
prolonged exposure to elevated concentrations of these compounds may resuit In a higher incidence of growth
abnormaliies and hyperplastic diseases {Couch and Harshbarger 1985).

The sensitivity of organisms to crude il is axtremely varied. Tabie 4-6 summarizes acute toxicity data for a
broad range of specles based on USEPA's AQUIRE database (USEPA 2000). Acute toxicity refers 1o the
death or compiete immobility of an organism within a short period of exposure. The LCsy Is the concentration of
a compaund necessary to cause 50 percent mortality in iaboratory test organisms, For aguatic biota, most
acute .Cys for monoaromatics range betwean 10 and 100 ppm. LCgs for the polyaromatic naphthalane were
generally between 1 and 10 ppm, while LCs, vailes for anthracens were generally less than 1 ppm. Fish are
among the most sensitive aguatic biota, while aquatic inverebrates generally have intermediate sensilivities,
and algae and bacteria tend to be the least sensitive. Nevertheless, even when major fish kills have occurred
as a result of ofl spills, population recovery has been observed, and lonig-term changes in fish abundance have
not been reported. Benthic (bottom-dwelling) aquatic invertebrates tend 1o be more sensitive than aigae, but
are equally or less sensitive than fish, Planktonic (floating) species tend to be mare sensitive than most benthic
insects, crustaceans, and molluscs,

Fewer data are available to evaluate the toxicity of crude off hydrocarbons on temrestrial organisms. Table 4.7
summarizes toxicity data from the EPA's ECOTOX database {2001} for earthwarms and terrestrial plants.
Comparison of LCs, values for benzene suggests that aquatlc species are more sensitive to crude oil than
terrestrial organisms. Insufficlent information was available to evaluate other canstituents of concerm,

Significantly, some constituents in crude ofj may have greater environmental persistence than lightweight
compounds (e.g., benzene}, but their limited bloavailabliity renders them substantially less toxic than other
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more soluble compounds. For example,

sofubility (Muller 1987).

Table 4-5 Acute Toxicity of Crude i Hydrocarbans to Daphnia magna
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aromatics with four or more rings are not acutely toxic at their limits of

48-hr LCqgy Optimum Solubiiity
Compound {(ppm) {ppm} Relative Toxicity
Hexane 3.9 9.5 2.4
Octane 0.37 0.66 1.8
Decane 0.028 0.052 1.9
Cyclohexane 38 55 14.5
mathyl cyclohexane 1.5 14 9.3
Benzene 9.2 1,800 195.6
Toluene 11.5 515 44.8
Ethylbenzens 2.1 152 72.4
p-xyleng 8.5 185 21,8
m-xylene 9.6 162 16.9
o-xylene 32 175 54.7
1.2,4-trimethylbenzene 3.6 57 15.8
1,3,5-timethylbenzene 6 97 16.2
Cumene 0.6 50 83.3
1,2,4,5-tetramethylbenzene 047 3.5 7.4
1-methyinaphthalene 1.4 28 200
2-methyinaphthalene 1.8 32 17.8
Biphenyl 341 21 6.8
Phenanthrene 1.2 6.6 55
Anthracene 3 59 2.0
9-methylanthracene 0.44 0.88 2.0
Pyrene 1.8 28 1.6

Note:  The LGy is the concentration of a compound necessary lo cause 50 percent maitafily in taboratery test organisms within a
predeternined ime period {e.g., 48 hours) (USEPA 2000),

Relatlve foxicity = opfimum solubltity/tCey,
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Table 4-6 Acute Toxicity of Aromatic Hydracarbons to Freshwater Organisms

Taxlcity Values (ppm)

Species Benzene Toluene Xylene | Naphthalene | Anthracene
Cam (Cyprinus carpio) 40.4 — 780 — —
Channel catfish (Kctalurus) - 240 ne - —
Clarias catfish {Clarias sp.) 425 26 — — —
Coho salmon {Oncorityncus 100 — — 26 —
kisutch)
Fathead minnow (Pimephales) — 36 25 49 25
Goldfish (Carasslus auratus) 344 23 24 — —
Guppy {Poecilia reticulate) 56.8 44 | — - —
Largemauth bass (Micropterus) e — - 0.59 —
Medaka (Oryzias sp.) 82.3 54 — — —
Mosquitofish {Garnbusia affinis) — 1,200 — 150 —_
Rainbow trout (Oneorhynous 74 8.9 8.2 3.4 -
mykis)
Zebrafish (Therapon farbua) —_ 25 20 — —
Rolifer (Brachionus calycifiorus) | >1,000 110 250 — -
Midge (Chironomus atienuatus) e — - 15 -
Midge (Chironomus tentans) — — — 2.8 —
Zooplankton (Daphnia magna) 30 41 — 6.3 0.43
Zaoplankton (Daphnia pufex) 11 — - 9.2 -
Zooplantan (Diaptormus forbesi) - 450 100 68 -—
Amphipod (Gamimarus lacustris) —— — 0.35 — —
Amphipad (Gammarus minus) — — — 3.9 -
Snall (Physa gyrina) e —— — 5.0 —
Insect (Somatochloa cingulata) — — —_ 1.0 —
Chiorella vulgaris — 230 —_ 25 -
Microcystis aeruginosa - — — 0.85 —
Nitzschia palea -— - — 28 —
Scenedesmus subspicatus — 130 - — —
Sefenastrum capricomutum 70 25 72 7.5 -

' — Indicales no value was available in the dalabase.

Nefe:  Data summarize conventional acuts toxiclly endpoints from USEPA's ECOTOX dalabase. When several resulls ware avaliable for
2 given spedcies, the geometric mean of lhe repatted LCs values was calculated,
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Table 4-7 Comparison of Benzene Toxicity Concentrations for
Various QOrganisms

Benzene
Aquatic species 7.4 ppm
Terrestrial plant 18.2 ppm
Earthworm >1,000 ppm

Table 4-8 summarizes chronic toxicity (most frequently measured as reduced reproduction, growth, ar weight)
of benzene to freshwater biota. Benzene was selected as the most conservative measure of chronic foxicity
due to its combined water solubiilty and chronic toxicity value. Chronic toxicity from cther oll canstituents may
occur, however, If sufficient quartities of crude ol are continually released into the water lo maintain elevated
concentrations,

Table 4-8  Chronic Toxicity of Benzene to Freshwater Biota

Chronic
Value
Taxa Test species (ppm)
Fish Fathead minnow (Pimephales promelas) 17.2*
Guppy (Poecilia reticulata) 63
Coho salmon (Oncorhiynchus kitsutch) 1.4
Arnphibian Leopard frog (Rana pipens) 3.7
invertebrate Zooplankton (Daphria spp.) >08
Algae Green algae {Selenastrum capricornufum) 41 -

Note:Test endpolnt was monality unless denoted with an astarisk {"}. The test andpoint for thesa
studies was growth,

Wildlife Impacis

Wildiife, especially birds and shoreline mammals, are typically among the most vistbly affected organisms in
any crude oll splll. Effects of crude olf can be differentiated into physical (mechanical) and toxicological
(chemical) effects. Physical effects result from the actual coating of anlmals with crude oil, causing reductions
in thermal insulative capacity and buoyancy of plumage (feathers} and pelage (fur).

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

Potential adverse effects could result from direct acute exposurs. Acute toxic effects include drying of the skin,
imitation of mucous membranes, diarthea, narcofic effects, and possible death. While releases of crude cil may
have an immediate and direct effect on wildlife populations, the potential for physical and toxicoleglcal effects
attenuates with time as the volume of material diminishes, leaving behind more persistent, less volatile, and
less waler-soluble compounds. Although many of these remaining compolinds are toxic and potentially
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carcinegenic, they do not readily disperse in the environment and their bioavailability is low, and therefore, the
potential for impacts is low.

Unilke aquatlc organisms that frequently cannat 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 oll-impacted areas and contaminated food (Sharp 1990; Stubblefield et al, 1995). In a few
cases, such as cave-dwelling species, organisms that are abligale users of conlaminated habitat may be
exposed. However, most terrestrial species have alternative, unimpacted habitat available, as will often be the
case with localized spilis (in contrast to large-scale off spills in marine systems), therefore, mortality of these
species would be limited (Stubblefield et al. 1995).

Indirect environmental effacts of spills can include reduction of suitable habltat or food supply. Primary
producers (e.g., algae and plants) may expetience an initial decrease In primary praductivity due to physical
effects and acute toxicity of the spill. However, these effecls tend to be shart-lived and a decreased food
supply is hot considered to be a major chronic stressor to herbivorous organisms after a spill. If mortality
ocewrs fo local invertebrate and wildlife populations, the abllity of the population to recover wll depend upon
the size of the Impact area and the ability of surrounding populations to repopulate the area.

Aguatic Toxicity

In aquatic environments, toxicily Is a function of the concentration of a compound necessary to cause toxic
elfects combined with the compound’s water solubility. For example, a compound may be highly toxic, but if it
were not very soluble in water then ils toxicity to aquatic biota would be relatively low. The toxicity of crude ol
is dependent of the toxicity of its constituents, Among these, benzene is generally considered the most toxic
constituent due to the low concentrations at which toxic effects are observed and its high waler solubility.
Cther compounds in erude oil are considered much less toxic. Far this assessment, the benzene content
within the crude oll hypothetically entering the waterbody was assumed to be completely dissolved in the
water, This assumption overestimates the actual amount of benzene that likely would become solubilized in
the water. Concentrations of benzene were compared to benzene toxicity thresholds to assess whether toxic
effects might be anficipated.

Faor aquatic blota, the acute and chronic toxiclty threshaolds for benzene are 7.4 ppm and 1.4 ppm, respectively,
based on standardized trout toxiclty tests (USEPA 2000). These toxlcity threshold values are considered
protective of acute and chronic effects to other agualic biota, since other major constituents of crude ol are
less toxic. Although trout are not found in many of the habitats crossed by the project, trout studies were
selected because trout are among the mast sensitive aquatic specles and reliable acute and chronig trout
toxicity data are available,

Tables 4-9 to 412 summarize the predicted acute and chronlc taxicity to aquatic resources, based on the
amount of crude oil released and the streamflow. Broadly, acule toxicity could potentially oceur if substantial
amounts of crude oil were to enter most rivers and streams, as demanstrated by the Moderate and Large Spill
Scenarios. If such an event were to occur within a small stream, toxicity could potentially kill or injure aguatic
species in the Immediate vicinity and downstream of the rupture. Under lhese two scenarios, chronic toxicity
also could potentially oceur in smalt 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, refatively smalf spilis {less than 50 barrels} into moderate and large rivers would not
pose a major toxicological threat. In small to maderate sized streams and rivers, some loxicity might occurin
localized areas, such as backwaters where concentrations would iikely be higher than in the mainstream of the
Hver.

The likelihood of a release into any particular waterbody is low, with an occurrence Interval of once every
16,000 to 500,000 years. If any release did occur, itis likely that the total release volume of a spill likely would

10823604 4-15 June 2608



- ENSR | AECOM

be 50 barrels or less based on historcal spill volumes, or less than 1,000 barrels based on the spill volume
study (Appendix A).

In summary, while a release of crude ol into any given waterbody might cause immediate localized toxicity to
aqualic biota, particularly in smaller streams and rivers, the frequency of such an event would be low.
Nevertheless, streams and rivers with aquatic hiota represent the sensitive environmental resources that could
be temporarlly Impacled by a crude ofl release.

4.3  Risk to Populated and High Consequence Areas (HCAs)

Consequences of Inadvertent releases from pipelines can vary greatly, depending oh where the release
ocours. Pipeline safely regulations use the concept of HCAs to identify specific locales and areas where a
release could have the maost significant adverse cansequences. HGAs include poputated areas, drinking water,
and unusually sensilive ecologically resource areas (USAs) that could be environmentally damaged from a
hazardous liquld pipeline release (Table 4413). HCAs are subject to higher levels of Inspection, per 48 CFR
Part 195, These data are compiled from a varlety of data sources, including federal and state agencies (e.g.,
state drinking water agencies and the Environmental Protection Agency). These USDOT-designated HCAs
are continually refined and updated. The USDOT ackniowledges that spills within a sensitive area might not
actually impact the sensitive resource and encourages operators to conduct detailed analysis, as needed.
TransCanada will conduct a thorough analysis of potential impacts to HCAs as part of its compliance with
federal regulations.

Assuming that 1.4 spills ocgurred along the Keystone Pipeline system in & 10-year period, it is estimated that
approximately 0.18 of these spills would occur in HCAs {Table 4-13). 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 4-14 also shows the number of spills
and their predicled sizes.

4.3.1 Populated Areas

Highly populated HCAs occur along 4.0 miles of the Keystone Pipeline system. These highly populated areas
have been identified as HCAs by the USDOT based on U.S. Census data (Table 4-14). More than 99 pervent
of these miles are near 5t. Louis, lliinois. Because of the recent population growth in some areas, Keyslone
also will review other populated areas, including those around Troy (Missauri), Edwardsville (Missouri) and the
St. Louis area (Missouri and illinois), to determine if these areas qualify as HCAs.
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Table 4413 Mileage Sumrnary of USDOT-Defined HCAs Identifled Along the Keystone Pipeline Project
Number of Spills in 10 years
Miles of Pipeline {occurrence intervaf)
Highly Ecologically | Total Highly Ecologically
Populated | Drinking Sensitive in Populated | Drinking Sensitive Total
Areas Water Area HCAs' Areas Water Area HCAs
North 0.0 7.0 20 8.0 NA 0.007 0.002 0.01
Dakota (1,300 yrs) | (4,700 yrs)
South 0.0 7.8 22.5 26.9 NA 0.008 0.024 0.03
Dakota {1,200 yrs) (420 yrs)
Nebraska 0.0 79 9.3 12,6 NA 0.008 0.009 0.01
(1,200 yrs} | (1,000 yrs)
Kansas 0.0 8.4 18.3 26.7 NA 0.008 0.019 0.03
{1,100 yrs}) {510 yrs)
Missouri 0.1 16.7 59.0 69.6 NA 0.018 0.063 0.07
(560 yrs) (160 yrs)
{linois 3.9 16.8 7.3 25.2 0.004 0.018 0.007 0.03
(2,500 yrs) (560 yrs) | (1,300 yrs)
Keystona 4.0 64.6 118.4 169.9 0.004 0.069 0.13 0.18
Mainiine (2.500 yrs) (145 yrs) (79 yrs)
sublotal
| Nebraska 0.0 0.0 0.0 0.0 NA 0.0 .0 0.00
Kansas 0.0 45.3 477 59.7 NA 0.048 0.051 0.08
(210 yrs) (200 yrs)
Cklahoma 0.0 18.3 7.7 1.4 NA 0.019 0.008 0.01
(561G yrs} | (1,200 yrs)
Cushing 0.0 63.6 55.4 711 NA 0.068 0.060 0.07
Extension {150 yrs) (170 yrs)
Subtotal
Project 4.0 128.2 173.8 0.0 0.004 0.14 0.19 0.00
Total (2,500 yrs) (73 yrs} {54 yrs)

" Numbars do not add up because some miles overlap in the differant lypes of HCAs,

Note:  NA indicates no highly populated area within the segment.
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Table 4-14 Release and Spill Volume Occurrence Interval Associated with the Keystone Pipeline
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Project
Number of Spiils In 10 years
{occurrence interval)
1,000 to
Miles of Total <50 barrels 50 to 1,000 >10,000 >10,000
Plpe’ Number (bbls}) bbls bbls bbls
KEYSTONE MAINLINE
Populated Areas 3.9 0.004 0.0004 0.002 4.0007 0.0006
(2,500 years) (23,000 (4,000 years) (14,000 {18,000
yaars) years) years)
Drinking Water G4.6 0.069 0.007 0.04 0.01 0.01
Areas (140 years) (1,300 years) {280 years) {820 years) | (1,000 years)
Ecologieaily 118.4 0.13 0.014 0.075 0.023 0.018
Sensitive Areas (77 yoars)} (710 years) {130 years) (430 years) {560 years)
CUSHING EXTENSION
Populated Areas® 0.0 0.0 0.0 0.0 0.0 0.0
Drinking Water 63.6 0.068 0.007 .039 0.012 0.010
Areas {150 years) (1,400 years) (260 years) (830 years) | (1,000 years)
Ecologlcally 554 0.060 0.006 0.035 a.011 0.008
Sensitive Areas (170 years) (1,700 years) (290 years) {910 years) | (1,250 years)

"The amount of plpe located within HCAs was guantified by geagraphical information system (GIS) and was based on the
intersection of & 1,000-foat-wide corridor {centered on the pipsline route) and USPQT-dafined HCAs.

4.3.2 Drinking Water

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

Isolated segments of the Keystone Pipeline Praject cross areas that are considered HCAs by the
USDOT due to potential risks to sensitive drinking water resources (Table 4-13). These areas are
scattersd throughout both the Keystone Mainline and Cushing Extenslon Pipeline routes. Keystone
will conduct a more thorough evaluation to identify HCAs associated with sensitive drinking water
resources, HCA will be subject to higher levels of inspection, as par 49 CFR Part 195. Keystone will
evaluate the lacation of valves as a measure fo reduce potential risk to highly sensitive drinking
water resources.

4.3.3 Ecologically Sensitive Areas

Portians of the Keystone Pipeline Project cross areas that are considered HCAs by the USDOT due
to potential risks to ecologically sensilive resources (Table 4-13). These areas are generally
associated with major river systems (e.g., Missour, Platte, and Mississlppt Rivers) and the Flint Hills
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in central Kansas. As with other HCAs, these lacations will be subject to higher levels of Inspection,
as per 49 CFR Part 195, in order to reduce the probability of pipeline incident.

4.3.4 Distribution of Risk Among HCAs

In this initial assessment, it has been presumed thal risk is distributed evenly across the pipeline
route. However, risk of a spili tends to concentrate in some areas more than others due to
differences in hydrauiic gradients, numbers of roads, and other factors {Appendix A). Spill
frequency and volume was calculated for 1,314 individual segments and two throughput cases.

When the throughput is 435,000 bpd, 25 percent of the overall spill risk predicted for the pipeline is
contained within 82 segments (representing 13 percent of the pipeline system iength). Within these
82 segments, there are 0.1 mile located within highly populated areas, 0.0 mile within ecologically
sensitive areas, and 11.6 miles located within drinking water HCAs.

Similary, the top 59 segments (representing 9 percent of the pipeline system length) account for
25 percent of the overall spill risk predicted for the pipeline when the throughput Is 531,000 bpd.
Within these 59 segments, there are 0.0 miles located within highly populated areas, 0.0 mile within
ecologically sensifive areas, and 4.3 miles located within drinking water HCAs.

To protect these sensitive resources, HCAs would be subject to a higher level of inspection per
USDOT regulations. Federal reguiations require periodic assessment of the pipe conditlon and
correction of identified anomalies within HCAs. In compliance with federal regulations, Keystone will
develop management and analysis processes that integrate available integrity-related data and
information and assess the risks associated with segments that can affect HCAs. Furthermore,
Keystone will implement additional risk control measures If needed to protect HCAs, Examples of
these addilional measures may include: enhanced damage prevention programs, reduced
inspection Intervals, corrosion cantral program improvements, leak detection system
enhancements, instaliation of EFRDs, and emergency preparedness improvements.

10623-004 423 Juna 21, 2006
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5.0 Keystone’s Pipeline Safety Program

Pipelines are one of the safest forms of crude oil transportation. The Keystone Pipeline system will
be designed, constructed and maintained in a manner that meets or exceeds industry standards. All
pipelines will be buiit within an approved ROW and highly visible signs will be installed at alf road,
railway, and water crossings indicating that a pipeline is located in the area to prevent damage or
impact to the pipeline. Keystone wilt manage a crossing and encroachment approval system for all
olher operalors. Keystone will ensure safefy near its facllitles through a combination of programs
encompassing engineering design, construction, and operalions; public awareness and incident
prevention programs; and emergency response programs.

Historically, the most significant risk associated with operating a crude oll plpeline is the potentiat for
third-party excavation damage. Keystone wiil mitigate this risk by implementing a comprehensive
integrated Public Awareness program focused on education and awareness. The comerstone of
the program encourages use of the state One-Call system before people begin excavating.
Keystone's aperating staff also will complete regular visual inspections of the ROW and manitor
aclivity In the area, .

Keystone wlll have a preventative maintenance, inspaclion and repair program that ensures the
integrity of all its pipeline. Keystone's annual Pipeline Malntenance Program will be designed to
maintain the safe operation of the pipeline system. The systemn will include routing visual
inspections of the ROW, regular inline inspections, and collection of predictive data, underpinned by
a company wide goal to ensure facilities are reliable and in service. Data coflected in each year of
the program wili fed back into the declsion making process for the development of the following
year's program, which aids in facilitating a safe pipeline system. The plpeline system will be
monitored 24 hours a day, 365 days a year.

In compliance with applicable regulations governing the operation of pipeiines, periodic in-line
inspections will be conducted to collect infarmation on the status of pipe for the entire length of the
syslem. In-line inspection represents the slate-of-the-art methodology to detect internal and external
corrosion, a majar cause of pipeline spills. From this type of inspection, suspected areas of
corrosion or other types of damage (e.g., scratch in the plpe from third-party excavation damage)
can be identified and proactively repaired. Additional lypes of information collected along the
pipeline will include cathodic protection readings, geotechnical investigations, aerlal patro! reports
and routine investigative digs. In addition, line patral, leak detection systems, supervisory control
and data acquisition (SCADA), fusion bond epoxy coating and construction techniques with
assoclated quallty control will be implemented.

Keystone will carry out routine visual inspections and other operaling activities with an awareness of
pipeline and facility safety, and tha preventian of unauthorized trespass or access.

Keystone will have an Emergency Response Program in place to manage a variety of events.
Human health and the environment are of the utmost importance to the Keystone In these types of
shtuations. Risk assessment is an iterative process. As additional englneering and design
Information and refinements become available, Keystone wiil update ils risk assessment and submit
the updated assessment In an expected November 2006 filling with the Deparfment of State,

In summary, the analysis shows that the frequency of incidents is low and the environmental
consequences would likely be nominal. In addition, compliance with regulations, use of
state-of-the-art inspection methodology and adharence to safely procedures will help to ensure
environmentally sound and safe operation of the pipeline,

10423-004 5-1 June 21, 2606
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7.0 Glossary

Accidental Release

An aceidental release Is an unplanned occurrence that results In a release of ol or natural gas
from the pipsline.

Acute exposure
Exposure to a chemical or situation for a short period of ime.
Acute toxicity

The abllity of a substance to cause severe biological harm or death soon after a single
exposure or dose.

Adverse effect

Any effect that causes harm to the normal functioning of plants or animals due to exposure to a
substance {l.e., a chemical contaminant).

Algae
Chiefly aquatic, eucaryotic one-celled or multicellular plants without true stems, rools and
leaves that are typically autotrophic, pholosynthetic, and contain chlorophyil. They are food for
fish and smalf aquatic animals.

Aquifer

An underground layer of water-bearing permeable rack, or unconsolidated materials (gravel,
sand, silt or clay) from which groundwater can be usefully extracted using a water well,

Barrei
Abarrel is a standard measure of a volume of oll and is equal to 42 gallons.
Benthic invertebrates
Those animais without backbones that live on or in the sediments of a lake, pond, river, elc.
Bioavallability
How easlly a plant or animal can take up a particular contaminant frorn the environmant.
Biodegradation
Biodegradation is the breakdaown of 6rganic cantaminants by microbial organisms inta smaller
compounds, The microbial organisms transform the contaminants through metabalic or

enzymatic processes. Biodegradation processes vary greally, but frequently he final product
of the degradation is carbon dloxide or methane.
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Blue Barrel (bbl}
in the late 1800’s Standard Oil began manufacturing 42 gallon barrels painted blue for the
express purpuse of transparting petroleum. This biue barrel became the standard in industry.
Hence, the ahbreviation bb! for 1 barrel of ail.

BFD
Abbreviation for barrels per day

Cathodic Protection System
A technlque to provide corrosion protection to a metal surface by making the surface of the
metal object the cathode of an electrochemical cell. In the pipeline industry that is done using
impressed current. Impressed current Cathodic Protection (ICCP) systems use an anode
cannected lo a DC power source (a cathodic protection rectifier).

Chronic toxlcity
The capacity of a substance to cause long-term poisonous health effects in humans, animals,
fish, and other organisms. Biological tests that use sublethal effects such as abnormal
development, growth, and reproduclion, rather than solely lethality, as endpoints,

Contaminant
Any physical, chemical, biological, or radiological substance found in air, water, soil or
biological matter thal has a harmful effect an plants or animals; harmiul or hazardous matter
introduced into the environment,

Ecosystem

The sumn of all the living plants and animals, their interaclions, and the physical components in
a particular area.

Emergency Flow Restricting Device (EFRD)
An emergency flow-restricting device is a device used to restrict or limit the amounl of ol or
gas that can release out of a leak or break in a pipefine. Check valves and remote contral
valves are types of EFRDs.
Exposure
How a biological system {i.e., ecosystem), plant, or animal cormes in contact with a chemical.
Event
An event s a significant occurrence or happening. As appiicable to pipeline safety, an event
could be an accident, abnormal condition, Incident, equipment fallure, human failure, or
release.

Facility

Any structure, underground or above used to transmit a praduct.
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Failure Frequency

Failure frequency is the rate at which failures are cbserved or are predicted to occur,
expressed a8 events per glven timeframe.

Failure Probability

Fallure probability is the probability that a structure, device, equipment, system, etc. will fail an
demand or wilt fall In a given time interval, expressed as a value from Gto 1.

Failure Rate

Faliure rate Is the rate at which fallures ocaur. It is the number of failure events that cccur
divided by the total elapsed operating time during which those events occur or by the total
number of demands, as applicable.

Geagraphical Information System (GIS)
A computer data system for creating and managing spatlal data and associated attributes.
Habitat

The place where a population of plants or animals and its surroundings are located, including
bath living and non-living components.

High Consequence Area (HCA)

A high consequence area Is a location that Is specially defined in pipeline safety regulations as
an area where pipeline releases could have greater consequences to health and safely or the
environment. For oil pipelines, HCAs Include high population areas, other population areas,
commercially navigable waterways and areas unusually sensitive to environmental damage.
Regulations require a pipeline operator to take specific steps to ensure the integrity of a
plpeline for which a release could affect an HCA and, thereby, the protection of the HCA.

High Population Area (HPA)

A high populalion area is an urbanized area, as defined and delineated by the U.S. Census
Bureau, which contains 50,000 or more people and has a population density of at least 1,000
people per square mile. High population areas are considerad HCAs.

incident

As used in pipeline safety regulations, an incident is an event oceurring on a pipeline for which
the operator must make a report to the Office of Pipeline Safety. There are specific reporting
criteria that define an incident that include the volume of the material released, monetary
property damage, injuries, and fatalities (Reference 49 CFR 191.3, 49CFR 195.50),

integrity Management Program
An integrity management program is a documented set of policies, processes, and procedures
that are implemented to ensure the integrity of a pipeline. An ol pipeline operator's Integrity

Management Program must comply with the federal regulations (i.e., the integrity Management
Rule, 49 CFR 195).
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Integrity Management Rule

The Integrity Managemant Rule specifies regulations to assess, evaluate, repair, and valldate
the Integrity of gas transmissian lines that, in the event of a leak or fallure, could affect HCAs.

Invertebrates
Animals without backbones: e.g., insects, spiders, crayfish, worms, snails, mussels, clams, ete.
LCs
A concentration expected to be lethal to 50 percent of a group of test organisms,
Leak
A leak Is a small opening, crack, or hole in a pipeline allowing a release of oil or gas,
Likelihood
Likellhood refers to lhe'probability that something possible may accur. The likelihood may be
expressed as a frequency (e.g., evenls per year), a probability of accurrence during a time
intervat (e.g., annual probability}, or a canditional probabillly (e.g., probability of accurrence,
givan that a precursor event has ocauired).

Maximum Contaminant Level (MCL)

The maximum level of a contaminant allowed in drinking water by federal or state law. Based
on health effects and currently avallable treatment methods.

National Pipeline Mapping System (NPMS)

The Natlonal Pipeline Mapping System is a GIS database that contains the locations and
selected attributes of natural gas lransmission lines, hazardous liquid trunklines, and liquefied
natural gas (LNG) facllittes operating in onshore and offshore territories of the United States,

One-Call System

A one-call system is a system that allows excavators {individuals, professional conlractors, and
governmental organizations) to make one telephone call to underground facllity operators to
provide notification of thelr intent to dig. The facility operators or, In some cases, the one-call
center can then locate the facllities before the excavation begins so that extra care can be
taken to avoid damaging the faciliies. All 50 states within the U.S, are coverad by one-call
systems. Most states have laws requiring the use of the one-call system at least 48 hours
before beginning an excavation.
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Operator

An operator is a person who engages in the transportation of gas (Reference 49 CFR 192.3)
or a parsun who owns or operates pipeline facilities (Reference 49 CFR 195.2),

Polycyclic Aromatic Hydracarbons (PAHs)
Graup of organic chemicals,

Pipeline
Used broadly, pipsline includes all parts of those physical facilities through which gas,
hazardous liquid, or carbon dioxide moves in fransportation, Pipeline inciudes but is not lImlted
to: line pipe, valves and other appurtenances attached to the pipe, pumping/compressor units
and associated fabricated units, metering, regulating, and delivery stations, and holders and
fabricated assemblles located thereln, and breakout tanks.

Playa Lake
A rain-filled small, round depression in the surface of the ground.

Prairie Pothole
Water-holding depressions of glaclal arigin in the praires of northern United States and
southern Canada. Water Is supplied by rainfall, basin tunoff and seepage inflow of
groundwater.

Receptor
The species, popuiation, community, habitat, etc. that may be exposed to contaminants.

Risk

Risk is a measure of both the iikelihood that an adverse event could occur and the magnitude
of the expected conseguences should it ocour.

Sediment
The material of the bottom of a body of water (i.e., pond, river, stream, etc.).
Stressor
Any factor that may harm plants or animals; inciudes chemical (.. metals or organic
compounds}, physical (e.g. extreme temperatures, fire, storms, flaoding, and
construction/development) and biological (e.g. disease, parasites, depredation, and
competition}.
Supervisory Control and Data Acquisition System (SCADA)
A SCADA s a plpeline control systam designed to gather information such as pipeline

pressures and flow rates from remote locations and regularly transmit this information to a
central control facility where the data can be monitored and analyzed.
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Throughput
Amount of oil through a pipeline during a specified time.
Toxlcity Testing
A type of test that studies the harmful effects of chemicals on particular plants or animals.
Toxicity Threshold
Numerical values that represent concentrations of contaminanis in ablotic media {sediments,
water, soil) or tissues of plants and animals above which those contaminants are expected lo
cause harmi.

Unusually Sensitive Areas (USAs)

A USA is a drinking water or ecological resource area that is unusually senslilve to
anvironmental damage from a hazardous liquid pipefine release, as defined in 40CFR 195.6.

Zooplankton

Small, usually microscopic animals (such as protozoans) found in lakes and reservoirs.
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OIL SPILL RESPONSE PLAN DESCRIPTION

The Oil $pill Response Plan as prescribed under 49CFR§194 is divided into the following two parts,
which funclion as an integrated document:

Core Plan (Sections 1 through 8)

The Core Plan (Sections 1 through 8) contains general information outlining Company oil spill
response procedures.

Response Zone Appendices (Sections 9 through 11)

The response zone appendices contain the individual Oll Spill Response Plans for each zone which
are to be followed In the event of an oil spill.

Prior to completing the Response Zone Appendices, Keystone will also review the National
Contingency Plan {NCP) and each applicable Regional integrated Contingency Plan (RICP), to
ensure the Keystone Oit Spill Response Plan is consistent with the applicable Environmental
Protection Agency RICP and the NCP.

June, 2008 . Emergency Response Plan
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Revision Record

The purpose of this Revislon Record is to document receipt and insertion of all revisions to the
Qil Spill Response Plan, as well as to provide a record that the manual contains the most

current information.

AHer you receive each revision and have updated your manual, please date and sign in the

space provided, corresponding to the appropriate revision number,

Ravision
Section Number/Effective Signature
Date Date Inserted
June, 2006 Emergancy Response Plan
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LIST OF ACRONYMS
API American Petroleum Institute
CE Cushing Extension
EOC Emergency Operations Cener
EMS Emergency Management System
EPA Environmenlal Protection Agency
ESM Emergency Site Manager
FOSC Federal On Scene Coordinator
GPS Global Peslilianing System
HAZWOPER Hazardous Waste Operafions and Emergency Response Standard
ICS Incident Command System
MP Mile Post
NCP National Contingency Plan
NFPA Natlonal Fire Proleclion Association
QCcC Operalions Control Cantar
OSRO Qil Spill Response Organization
PHMSA Pipeline and Hazardous Materlal Safety Administration
PREP National Preparedness for Response Exercise Program
Ql Qualified Individual
RICP Regional Integrated Contingency Plan
SCADA Supervisary Control and Data Acqufsition
Jung, 2006 Emergency Response Plan
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1.0 CORE PLAN INFORMATION SUMMARY

The TransCanada Keystone, LP (hereafter referred to as Keystone) Core Plan (Sections 1 through
B) provides the base Information utilized 1o develop the specific Oil Spiil Response Plans. These Oil
Spill Response Plans are to be followed in the event of a spill and are found in each Response
Zone Appendix. '

1.1 Operator Information

 TransCanada Keystone, LP
450 — 1* Street S.W.
Calgary, Alberta, Canada T2F 51

1.1.1  Pipeline System Description

This document provides a preliminary Oil Spill Response Plan and outlines Keystone's processes
and procedures established to comply with 49CFR§194. This plan will be updated upan completion
of the detailed design of this project.

This Oil Spilf Response Plan is infended to cover the U.S. segment of the pipeline system operated
by Keystone. Three prelminary Response Zones have been established considering mileage and
distribution of high consequence areas. Figure 1 provides a pipeline system map and illustrates the
spacific Response Zones.

Figure 1: Keystone Pipeline System and Oll Spill Response Zones.
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The U.S. portion of the Keystone Pipeline consists of approximataly 1,309 miles of 30-inch-diameter
pipeline and 55 miles of 24-inch-diameter pipeline (focated from Wood River to Patoka, lifinais).
Crude ail recelpts will initiate from an oi supply hub near Hardisty, Alberta, Canada for movement to
delivery sites in Cushing, Gklahoma, as well as Wood River and Patoka, Hlinois. For the purposes
of developing this Oil Spill Respanse Plan and associated worst case discharge calculations, the
maximurm design capacity of 657,000 bpd will be utilized.

Primarily, crude oll transported by Keystone Pipeline will be derived from the Alberta oil sands
region. The ol extracted from the sands is called bitumen. The bitumen is upgraded either through
additional processing or by combining the bitumen with diluents. The upgraded product is then
classified as synthetic crude oil. While the precise composition of synthetic crude will vary by
shipper, and is consldered proprielary information, Keystone expects to transport crude oils in the
range of 12 to 45° AP| {American Petroleum Institute).

The Keyslone Pipeline is controlled from the Operations Contral Center (OCC), located In Calgary,
Alberta, Canada. The OCC s staffed 24 hours per day 7 days a week, and utllizes a compulter
based Supervisory Control and Data Acquisition (SCADA) System to continuously monitor and
control pipeline operations.

Keystane's 24 hour emergency contact phone number is 1 (XXX) XXX-XXXX and is posted on
all pipeline marker posts and facility signs.

June, 2006 2 Emergency Rasponse Plan
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1.2 MSDS Information

This section will provide MSDS informalion on the slate of crude ofls ransported by Keystone.

1.3 Response Zone Summaries

For this preliminary Oil Spill Response Plan, the pipeline system has been segmented into 3
Response Zones. The specific Oll Spiil Response Flans and information for each Response Zone Is
provided in the Appendices.

Changes to both the number and location of Response Zones are anticipatad as the design is
further developed and refined. For the purposes of this document Response Zones are defined as
follows:

1.3.1 ?esrBonse Zone One — North Dakata, South Dakota, Nebraska
pa

Milepost (MP) = 0 at U.S./Canadian Border to MP = 535

North Dakota (MP 0 to = MP 215)
Counties: ‘
Pembina, Cavalier, Walsh, Nelson, Sieele, Banes, Ransom, and Sargent

South Dakota (MP 215 to = MP 431)
Counties:
Marshail, Day, Clark, Beadle, Kingsbury, Miner, Hansan, McCook, Hulchinson, and Yankton

Nebraska (MP 431 to = MP 535)
Counties:
Cedar, Wayne, Stanton, Platte, Colfax

Tabla 1: Praliminary High Consequence Areas — Zone One

Each entry in the table below represents a unigue location.

Miles (Approximate)
State Population Drinking Water Sensitive Areas
North Dakota 0 6.96 203
South Dakota 0 _ 1.86 9.36
i 5.87 5.95
7.15
Nebraska 0 5.38 6.19
0.99
TOTAL 0 20.17 31.67
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1.3.2

Response Zone Two — Nebraska (part), Kansas, Oklahoma

Milapost {MP) = MP 535 o MP 634 and Cushing Extension (CE), CE MP 0 to CE MP 291

Nebraska (MP 535 to = MP 634, CE MP 0 to = CE MP 4)
Countles:
Buller, Seward, Saline and Jefferson

Kansas (CE MP 4 to = CE MP 212)
Counties:

Washington, Clay, Dickinson, Marion, Butler, and Cowley

Okiahoma (CE MP 212 to = CE MP 201)
Countles:
Kay, Noble, and Payne

Table 2: Preliminary High Consequence Areas — Zone Twa

Each entry in the table below represents a unique location,

Miles (Approximate)
State Population Drinking Water Sensitive Areas
Nebraska 0 0.70 213
Kansas 0 4,14 2316
7.89 9.12
8.73 15.41
15.52
8.086
Oklahoma 0 9.1 7.1
9.17
TOTAL 0 64.32 57.53

1.3.3 Response Zone Three — Nebraska (part), Kansas, Missouri, fllinois

Milepost (MP) = MP 634 to MP 1073

Nebraska (MP 634 to = MP 649)
Counties:
Jefferson, Gage

Kansas (MP 649 to = MP 743)
Counties:
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Marshali, Nemaha, Brown, and Donlphan

Missourl (MP 743 to= MP 1016)

Countles:

CONFIDENTIAL

Buchanan, Clinton, Caldwell, Carroll, Charlton, Randolph, Audraln, Montgomery, Lincoln, and St,

Charles

Hinais (MP 1016 to = MP 1073)

Counties:

Madison, Bond, Fayette, and Marion

Tabte 3: Preliminary High Consequence Areas — Zone Three

Each eniry in the table below represents a unique location.

Miles { Approximate)
State Population Drinking Water Sensitive Areas
Nebraska 0 1.86 Q
Kansas 0 3.49 12.59
4.91 5.68
Missourt 0 4.82 5.76
2.1 12.08
9.31
7.38
24.48
llinois 0.64 1.08 522
324 6.79 2.09
3.10
5.87
TOTAL 388 43.73 84.59

1.4  Certification

Panding completion of the final engineering design, Keystone will certify that it has obtained,
ihrough contract or other means, the necessary personnel and equipment to respond to the
maximum extent practical, to the worst case discharge, or to the substantial threat of such a

discharge.
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2.0 NOTIFICATION PROCEDURES

2.1

Notification Requirements

Figura 2 cullines the notification process for reporting and evaluating a potential oil splll, as well as
actlvation of the Oil Spill Response Flan.

The Regionat EOC Manager (Qualified Individual} is the key individual responsible for evaluating

and activating the Oll Spill Respanse Plan.

Figure 2: Basic Oil Spill Response Initlal Notification Process
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Corporate EQC Support Departments (from above) include but are not limited to:
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o Communications Compilance and Real Estate
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and Aboriginal ¢ Cuslomer Services Systems
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o Health Safety and Center o Administration
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2.2 Prioritized Notification Checklist for Key Individuals

2.2.1  First Responder

D Notification of potential spill and dispalch received from QCC
U spiLL VERIFIED
[:l Matification of Emergency Services, if required
Verify with OCC:
D Pipelina shutdown and stalus
M| Pipeline segment isolation
d Regional EQOC Manager (Ql) notified

2.2.2 Regional EOC Manager (Ql)

0] nNotification received from OCC

L Notification of spill details received from First Responder

0 OIL SPILL RESPONSE PLAN ACTIVATED

| Emergency Site Manager (Ql) notified

) Regional EOC activated

O mobilize response resources requested by Emergency Site Managar (Q1)
0 Corporate EOC Manager contacted

(| Agency contacts initiated as per Section 2.3

2.2.3 Emergency Site Manager (Ql)
L] Notification received from Regional EQC Manager {Ql)
[ on site First Respander contacted o oblain briefing on spill
L on site Command Post activated
J Regional EQC advised of resource requirements
E] First Responder relieved
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2.3 Notification Contacts

The contact fistis currently incomplete buf identifies the key contact positions required for aclivation
of the Ol Spill Response Plan. Specific dala fields wifl be completed when Keystone's personnel
organization striclure is finalized and Stale and Local requirements and confacts have been

deiermined.

2.3.1 Keystone

Tahle 4: Keystone Notification

Position Primary Secondary
Making Ca]i Keystone COHtacts Telephone NO- TEIEPthe ND.

First Responder

0CcC Regional EOC Manager {Ql}
~ Primary
- Allernate
Corporate EOC
Emergency Site Manager (Ql)

Reglonal ECC | —Fmary

Manager (Ql) - Alternate
Corporate ECC
Manager

2.3.2 Agency

Table 5: Agency Notification

Poslitlon : Other
Making Call Agency Contact List Telephone Telephone/Fax

Federal
National Response
Center

Regional EOC 1-800-424-8802

Manager (QI) State
Local
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2.3.3 Emergency Services
Table 6: Emergency Services Notification

Position Emergency Other
Making Call Contact List Telephone Telephane/Fax
Emergency E.merge;my Services
Site Manager Fire/Ambulance
() Police/Sheriff
Hospital

24 Procedures for Notifying Qualified Individuals

In the event of a suspecled leak, the OCC aclivates the communications process and contacts the
Regional EOC Manager (Ql), as illustrated in Figure 2: Basic Oit Spill Response Initial Notification
Process, Page 6. Qualified Individuals are available on call 24/7 and on call list are maintained by
the OCC. The Reglonal EOC Manager (Ql} is responsible for activating the Oil Spill Respanse Plan
and contacting the Emergency Site Manager (Q1).

The Regional EOC Manager (QI) will be contacted primarily on a land line phone (home or office) or
by cellular telephone backup. In the event that land and cellular communication are not functicnat,
satellite phonas are available. All on call Regional EOC Managers and Emergency Site Managers
are equipped with cellular telephones.
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2.5 Information Reported to Agencies

Communication Report (Call} Record

Regfonal EOC Manager (Ql)

The following agency mandatory information, as identified in bold itafic, will be provided Initially
with subsequent notifications lo complete the required mandatory criteria or advise of any changes.

Name of Pipeline:

Time of Discharge:,

Location of Discharge {MP):

(GPS):

Type of Oif:

Reason of Discharge:,

Estimated Volume of Ol Spifi:

Weather Condition on Scaene:

Action taken/ Planned by Person on Scene;

Injuries;

Extent of Injuries:

Evacuation:

Public Consequence:

June, 2006
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3.0 SPILL DETECTION AND ON-SCENE SPILL
MITIGATION PROCEDURES

3.1 Methods of Initial Discharge Detection

The following ouflines the concepis and philosophies currently under consideration at this
preliminary stage in the design of the Keyslone Pipeline. Upon completion of the required design
details, this section of the document will be revised and updated accordingly.

Keystone will utilize a comprehensive SCADA system to monitor and control the plpeline. Data
provided by the SCADA system may alert the OCC operator to an abnormal operating condition
which may signify a possible splll or leak. A back-up communicalion system will also be available
should SCADA communications fall betwesn field locations and the OCC.

In addition, Keystone wili utilize a dedicated Leak Detection System to alert the OCC operator of a
paotential teak or spill.

The SCADA system will continuously monitor pipeline conditions and update information pravided
to the OCC operator. Data received via the SCADA systern will also be directed to the dedicated
Leak Delection Systemn, capable of independenty alarming to the OCC operator.
Standard operating and response procedures will be utiilzed by OCC operator in responding to
abnormal pipeline conditions including leak alarms. The OCC operatar will have the full and
complete authority to execute a pipeline shutdown.
Notification of a possible initial pipefine release may be received by the OCC operator as follows:
1. Employee reported
2. Abnormal pipeline condition observed by OCC operator
3. Leak Detection System alarm

4. Third party reported

Upon receipt of notification as outlined above, the OCC operator will exscuta the following
procedures;

1. Follow prescribed OCC operating and response procedures for speciflc directions on
abnormal pipeline condition or alarm response

2. Dispatch First Responder

3. Shutdown pipeline within a pradetermined time threshold if abnormal conditions or leak
alarm can not be positively ruled out as a leak

4. Complete internal notifications as oullined in Figure 2: Basic Oll Spill Response Initial
Nofification Process, page 6.
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On Scene Spill Mitigation and Recovery Procedures

This section of the document provides a lisling of response strategles and techniques
currently contemplated for use on the Keystone pipefine sysiam. Those selected will be

fully developed within the final Oif Spill Response Flan.

Keystone recognizes that certain River crossings along the pipeling route are considered
high volume areas and will ensure the final Oil Spill Plan delivers the resources fo respond

Io a potential release, in a more rapid fashion as required.

Spills on Water

Small Creeks, Ponds and Bogs
Large Rivers and Fioodplains
Large Lakes

Beach Berming

Beach Sumps

Boom Technigues

Calm Water Containment Booms
Flowing Water Gontainment Booms
Open Water Containment Booms
Marine Diversion Booming
Exclusion Booms

Cascading Booms Calm
Skimmers

Ratating Discs

Weir Devices

Dam Techniques

Blocking Dams

Flowing Water Dams

Sorkent Booms and Barriers
Spills on lce

Spills under Ice
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o Spill during Freeze-up or Break-up

3.22 Spills on Land

o Open Land and Forests
o Streets and Highways

o Earth Containment Berms
o Street Containmaent

o Culvert Blocking

o Storm Drain Blocking

o interceptlon Barriers

o Heavy Equipment

o Suction Devices

o Rolating Discs

o Spills on Sensitive Areas

3.2.3 Spills in Sensitive Areas

o Historical or Archaeological Sites
o Natural Areas

o National, State and Local Parks
o Protected Waterways

o Recreational Sites

o Water Supply Intakes

o Wetlands

o Wildlife Refuges

3.3 Equipment for Response Activities
See Section 5.4 for a listing of equipment for response activities.

3.4 Personnel for Response Activities

See Seclion 5.4 for a listing of personne! for response activities
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3.5 Qi Transportation and Reclamation Facilities and Services
See Seclion 5.4 for a listing of oil fransporiation and raclamation facllities and services.

4.0 RESPONSE ACTIVITIES

4.1  Qil Spill Initial Response

All Keystone employees are authorized to communicate directly with the OCC should thay observe
conditions that may signify a possible spill (see Figure 2: Basic Qil Spill Response Initial Notification
Process, page 6).

OCC operators have the full and complets autharity to shutdown the pipeline and proceed with
pipeline segment izolation in the area of the leak. The OCC ¢an designate any qualified Keystone
field employee as a First Respander in order to mitigate the early impacls of the spill. The First
Respander is required to Immedialely respond and invesfigate the suspecled location.

The First Respondar serves as the Emergency Site Manager until relieved of this task by the
assigned Emergency Site Manager (Q).

4.2 Qil Spill Response Organization, Responsibilities, Roles and
Authority

The Organizational Chart for the Keystone Oil Spill Response Team is presented in Figure 3:
Keystone Oil Spilt Response Team Organization Charl, Page 15. The Emergency Site Manager
{Q1) in canjunclion with the Regilonal EOC Manager (Ql} is respansible for creating an oil spil
response organization to effectively manage the incident. Role assignments for the Regional EOG
and the Command Post represent the specific functional areas that the Emergency Site Manager
(Q) and Regional EQOC Manager (Ql} determine are necessary lo address a specific spill.

Procedures are established within Keystone outlining regutar signing and financial authority limits. It
Is recagnized that these standard authorities may not apply in an smergency due to the requirement
to immediately contain and control the emergency situation,

Keystone has eslablished the following pollcy related to Financial Authority in an emergency:

The Emergency Site Manager (Ql) or Ragion EOC Manager (Ql) has financial authority to obtain
any and all resources necessary to contain and contral the emergency silualion.

Receipts, bills and invoices must be obtained for all supplies, services, equipment and contractors
engaged as a result of the emergency, and submitted to the Emergency Site Manager (Ql) or
designated individuat for cost management.
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Figure 3: Keystone Qil Spill Response Team Crganization Chart
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Technical
o Media
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Evacuation Leader c Evacuation
o Administration Coordinator
Support
421 First Responder
Responsibilities of the First Respander in priority include:
o Notputling yourseif at risk
o Provide confirmation of emergency event and ensure pipeline isolation with the OCC
o Request emergency response personnel at the scene and advise the local authorlties of a
posslble need for evacuation, as required
o Rescue if safe to do so
o Evacuate immediate area if necessary to preserve life and health
o Aftempt to notify people al risk without entering the hazard area
o Secure the area and establish a perimeter at a safe distance
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o Actas the Emergency Site Manager until relleved by the assigned Emergency Site
Manager (Ql)

o Work cooperatively with emergency response parsonnel and municipal authorities at the
scene

o Instruct people not to touch or move anything

o Do Notdisturb the scene except to preserve life or prevent injury

422 Regional EOC Manager (Ql)

Following nofification from the Operations Control Center of a possible ol splll, the Regional EOC
Manager (Q1) gathers information to assess the incident and is respansible for activation of the Oil
Spill Response Plan.

The Regional EQC Manager (QI) determines the amount of resocurces required to address the
emergency within the Regional EQC. Not all roles will be activated, or others may be added, In any
given spill event. Furthermore, one person may take on several roles, and conversely one role may
take several people.

The Regional EQGC Manager (Ql} contacls the Operations Control Center (OCC) to ensure that the
Corporate EQC has been astablished. Specific responsibllities of the Regional EOC Manager (Ql)
in priority include, but are not limited to:

Activate the Oil Spili Response Plan

Eslablish and maintain contact with the Emergency Site Manager (ESM)

Ensure all Regulatory notifications have heen made

Provide support as requesled to the Command Post

Document alf actions using the Emargency Incident Log

Establish contact with the Corporate EOC and cornmunicate updates

Remain advised of repair and restoration, accident and incident investigations, and other
activities on site

Assume financtal authority to contain and control the emergency

o Ensure work order and other processes are established to frack financial commitments

00DO0O0COGQDO0

Q

423 Regional EOC Roles

Regional EOC Communications

The Regional EOC Communicatians Role may make regulatory notifications if requested by the
Regional EOC Manager (Ql} and responds to requests for informalion. Netifications must be
assigned a high priority. Spacific responsibliities include but are not limited to:

o Document all actions using the Emergency Incident Log

o Have available all required contact lists for the specific incident in progress

o Assemble confirmed facts about the incident aithough it may not be possible to answer all
the following guestions:

Name of Fipeline:

Time of Discharge:

Location of Discharge:

Type of Oil;

Reason of Discharge:

Estimataed Volume of Oll Spill:

Weather Condition on Scene;

Action taken/ Planned by Person On Scene:

v v

VVYVYVYYY
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Injuries:

Extent of injuries:
Evacuation:

Public Consequences:

YVYVYY

Assemble Infarmation on relevant products
Loeal municipal authorities must be advised immediately of any Keystone emergency in
their area if

» A landowner or community is being evacuated (notifications must also be made to the
evacuating community and recelving cornmunity)

Loeal services such as power, water ar gas supply is disrupted as a result of the
emergency

Media attention is aceurring or likely to occur

When there is a 3 party injury or death

Members of the community called to report incident or incident is visible to the
community

YVvV V¥

Lag any requests for information and follow-up

Regional EOC Security

The Regional EOC Security priorities at the EOC are to prevent unauthorized entry into the center,
to facilitate any requests from the Command Post including requests to obtain contract security
forces in a imely manner and to liaison with law enforcement agencies. Specific responsibilities
include but are not limited to:

o
Q
Q

Document all actions taken using the Emergency Incident Log

Prevent unauthorized entry

Ensure you identify yourself as Keystone's EQC Security to any Emergency Services or
municipal emergency personnel attending the EOC

Staff the entrance door to the EOC at all times )

Provide those warking In the EOC with ldentification cards (e.g., clipped to their shirts /
chains around neck} to identify them as belng a part of the Regional EOC response
Refer ali media inguiries to Media Relations

Verify the identity of everyone entering the EOC and record those persons on the Visitor
Lag

Maintain a list of authorized personnel attending the emergency site

Nolify the Security person at the Emergency Site of all persons authorized 1o attend the
site

Regional EOC Resource Mobilization

The Regional Maobilization Role coordinates the movement to the slle of equipment and materials,
assembles and acfivales the relevant Mutual Aid agreements. Specific responsibllities inciude but
are not limited to:

o Document all actions using the Emergency Incident Log

o Assemble and aclivate any relevant Mutual Aid agreements

v Coordinate the movement of personnel, material and equipment to site with the Resources
contact at site

o Advise the Resources contact at site of any changes in resource availability of scheduled
arrival

o Advise suppliers of any changes In the requirement for pariicular resources, or changes to
the schedule of arrival at site
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Track hours worked by personnef at the EOC and at the site
Advise the Regional EQC Manager (Ql) of anticipated nseds for relief personnel, etc.
Setup work order structure to collect costs and prepare reports

Regional EOC Environmental / Technical

The Regional EOC Environmental / Technical role is to provide support and technical expertise to
personnel at site. Specific responsibllities include but are not limited to:

O
o}

Q
o

0

Document all actions using the Emergency Incident Log

Provide specific technical expertlse such as environmenital, water management etc.,
depending on the nature of the emergency, to contain and control hazards

Provide suppor! to Enviranmental / Technical personnel at site

Coordinate with Resources personnel in the EQC, identifying and moebilizing
environmental resources to the site and other technical support as required
Coardinate work with the Operations Contral Center

Regional EOC Media Contact

The Regional EOC Media Contact responds to any media located at EOC and provides support to
iviedia Contact working at the Command Post, Corporate Media Training is required for this
position. Specific responsibilities include but are not limited to:

[s]

o)

Document all actions using the Media Contact Log and forward completed logs to
documentation personnel in the EOC

Document all requests for additional information on the iMedia Contact Log and forward to
Corporate Communications

Advise the media that Communications will respond as soon as possible to their inquires
Log all phone and persanal contacts with media using Media Comtact Leg and provide to
Corporate Communications

Serve as madia contact untif advised of @ Corporate Communications or Community
Representative name and contact number off-site to which all media inquiries can be
direcled

Ensure all telephone media Inquiries go to Corporate Communications

Maintain contact with Command Post Media Contact for regular factual updatas, if no
corporate media relations representative is in place

Ensure Media representatives are not allowed into the ECC

Provide factual updates to Medla representatives, only when a corporate media relations
representative is not in place

Regional EOC Documentation

The Regional EOC Documentation role consofidates information for electronic distribution, gathers
and files all paper documentation. Specific responsibifities Include but are not fimited to:

o Prepare status reports for distribution on an electrenlc medium using information provided
from EQC persannel iogs

o Edit and consolidate the log information using the following general guidelines:
¥» Major events and responses
» Summary of actions taken by personnei
» What is happening?
3 Who is involved?
» Are there injuries?
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is the public at risk?

Where s the emergency?

What is the magnitude of the sifuation?

What has been done, so far?

Obtain approval for status repart from the Regional ECC Manager (Ql) before sending

YVVVY

o Ensure all written instructions, logs, reports, telephone logs and related documentation are
recorded and filed

Regional EOC Community Evacuation Leader

The Reglonal EOC Community Evacuation Leader coordinates and Implements any resident
notifications for evacuations. Specific responsibilities include but are not limited to:

s Doceumnent all conversations and activities using the Emergency Incident Log

o Determine whether residents should be initially alerted or evacuated {in consultation with
the Regional EQC Manager (Ql) and local Emergency Services

o Have avallable information on municipal evacuation centers and evacuee care should
evacuation ssem likely

o For evacuations:

» Detarmine the priority for contacting the public taking into account the incident, the
potential for the situation to deteriorate, weather conditions and potential sensitivities of
neighbors

» Detarmine best method of contacting the public {phone, personal visits or through
municipal authority)

> After contacting the pubiic, initiate and coordinate the ongoing communications with
neighbors and the public outside of the emergency awareness zara who may have
been impacted by the incident

Regional EOC Administrative Support

The Regional EOC Administrafive Support person provides general support to all Regional EOC
persennel. Specific responsibilities include but are not limited to:

Document all actions using the Emergency incldent Log

Support all EOC personnel as required

Record time, date and name of each person nolified on the Emergency incident Lag
Word-processing

Telaphiones, faxing, etc

Assist with gathering and distributing information

[o N a T = I o I = R ]

424 Emergency Site Manager (Ql)

The Emergency Site Manager {Ql} coordinates and manages all aspects of emergency operations
including site security, site access, containment, control point selection, recovery and clean-up
operations.

The Emergency Site Manager (Q!) In conjunction with the Regional EQC Manager (Ql} determines
the arnount of resources within the Command Post. Not all roles will be activated, or others may be
added, in any given splll. Furtharmore, one person may take on several roles, and conversely one
role may take several people. '
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Specific responsibilities in priority include but are not iimited to:

s}

oco0oGCco

[o N w)

Establish emergency organization (command post), assign and brief personnel on key
tasks

Ensure that all parties can clearly identify the Keystone Emergency Site Manager (Ql)
Assign the Documentation Role and determine what other roles are required

Maintain primary contact with the Federal On Scene Coordinator (FOSC)

Conduct an Emergency Incident Assessiment, based on the information available about the
Incident, and identify priority Issues and obleclives

Determine manpower and equipment resources required, based on the nature of the spill
Nofify and maintain contact with local emergency response agencies (e.g., police, fire,
ambulance, govarnment, etc.) and citizens or landowners immediately affected by incident
Notify Regional EQC Manager (Ql) regarding incident status and maintain conltact, as
required, throughout incident

Assume duties and responsibilities related to the incldent which have not been assigned to
other emergency personnel

Ensure documentation is kept related to incident costs, product recovery and a log of
incident activities

Anlicipate potential changes to the incident, and identify any additional resources required
{e.g., additional equipment or supplies, relief or back-up persannel, lighting for night
operations, etc.)

Work in conjunction with emergency response personnel and municipal authorities at the
scene

Determine when the emergency is over in consultation with the Comporate EOC Manager
and the Regional EQC Manager (Qf)

425 Command Post
Site Security

Securlty is responsible to secure the scene, preserve evidence, and prevent theit.

Site security should be established and routes into the site should be sealed to prevent
unauthorized access, and protect the safety of the publlc. Site security personnel may be Company
personnel, hired contractors or local polics authorities who assist in the incident. Specific
responsibilities include but are not limited to:

o Document ali actions using the Emergency Incident |.og
o Maintain and monitor a security perimeter established around the sile
o Ensure the protection of equipment or supplies stored at the site
o Preserve and protect evidence related to the incident for investigation and foliow-up
o Check-in of authorized personnel coming Into the site
o Convey necessary information to authorized personnel entering the site
o Postsigns, wamings or barricades on-site
o Supervise the confract security personnel
o identify yourself as Keyslone's Site Security to any Fire, Pollce, or Ambulance personnel at
the scene
o Refer all media inquiries to the Media Contact person
o Staff the entry point at ali tmes with a minimum of two people
o Record all personnel entering the emergency site using Visitor Log
o Restrict entry to the site to authorized persons only
Jure, 2006 20 Emergency Response Flan
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o Once the perimeter is secure preserve any items (evidence) which you feel may be used in
investigations of the emergency

o Photograph the area where any items are located prior to moving if.area must be disturbed

Prevent unauthorized persons from examining or photographing evidence items

o Cover tha evidence items with plastic, tarps, cardboard, piywoaod, ete. to prevent damage If
weather is inclement

jn ]

Resource Mobilization

The Resource Mabilization person determines requirements for personnel, equipment and
materials. This position alse records hours worked by personnel on site and provides this
information to the Regional EQC Resources contact as well as the Emergency Site Manager (Q).
Specific responsibilities include but are not limited to:

o Document all actions using the Emergency Incident Log

o Serve as the "single window" contact at lhe site for all personnel! requiring resources (e.g.,
safety equipment, technical supplies)

o Advise the Emergency Site Manager (Ql) immediately of any cancellations or schedule
changes

o Advise the Resources cantact In the Regional EOC of any changes in the need for
resources, or in the mobilization schedule

Staging Leader

The Staging Leader locates a suitable staging area, upwind from the emergency site and ensures
the orderly deployment of equipment to the site. Specific responsibiiities incluce but are not limited
ta:

Document all actions using the Emergency Incident Log

Document all resources entering or leaving staging area using the Emergency Incident Log
Direct resources to proper locations

Waork closely with the Regional EOC Resources contact to ensure accurale information
about the type, quantity, and arrival fimes of resources to the staging area

Communicate to the Regional EOC Rasources contact any difficulties, delays, elc. in
supplying rescurces fo the scene fram the Staging Area

Q000

Q

Environmental / Technical

The Enviranmentat / Technical Roles work with the Reglonal EQC Environmental / Technical
persens and provide technical experlise needed to contain and control hazamds. This will require
various areas of experise depending on the type of emergency event baing managed. Specific
responsibllities include but are not mited to: ‘

o Bocument all actions using the Emergency Incident Log

o Provide specific iechnicat expertise such as environmental, water management etc.,
depending on the nature of the emergency, fo contain and control hazards

o Conduct an environmental assessment to idenlify potential environmental issues or
concerns, through review of environmental sensitivity informalion, site reconnalssance, and
liaison with govermment officials

o Identify short term and long term environmental issues and recommend appropriate
environmental procedures to the Emergency Site Manager (Q!) for minimizing or mitigating
environmental impacts at the site

o Coordinate environmental sampling, protection and clean-up efforts
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o Advise Keystone personnel and contractors on environmental concerns or constraints
related to site activities

o Coordinate post emergency site assessment and development of a site specific
remediation plan

a Evaluate technical resources requirements and advise Resource Role of requirements

Safety

The Safely Role ensures safety of personnel, and use of safe practices on site. Specific
responsibilittes Include but are not limited to:

‘o Document all actions using the Emergency Incident Log

o Ensure the site is initially inspected and monitared to ensure it is safe for workers, based on
the product hazards involved and site conditions

o Meonitar the safely of personnel at the emergency site by ensuring safe work praclices are
being followed and safety precautions are being taken

o Prepare and implement the site safety/evacuation plan for the site

o |dentify the nearest medical faciiities and transport method

o Ensure all personnel receive a site safety crientatien identifying hazards and control
measures including a product hazard briefing, prior to undertaking any emergency
rasponse aclivity

o Ensure all new contractors (i.e., contractors wha have not worked for the company before,

and are unfamilliar with company safety procedures), have completed the Contractor Safety

Orientation and have a valld confirmation card

Ensure proper safety equipment |s available for warkers and is used in a proper manner

Ensure site monitoring is continued on a regular basis

Ensure safety precautions are in place to protect the public

Evaluale site safety operations on a continuous basis, and report concerns or

recommendations to the Emergency Site Manager (Qi)

o000

Media Contact

The Media Conlact responds to various media questions and ensures the safety of all media
personnel. Completion of Media tralning Is a requirement of this position. Specific responsibilities
include but are not limited to:

o Document afi actions using the Emergency Incident Log

o Gather media parsonnel in a single location at a safe, reasonable distance from the emergency
site

o Work with the media untii Keystone's media speclalist arrives

o Maintain contact with Communications in the Corporate EQOC to determine what is to be
released o media

o Malntaln a list of all media personnel on site using Media Contact Log

o Log all questions and requests for information from media using the Media Contact Log

o Maintain contact with Media Contact in the Regional Emergency Operations Center and provide
regular factual updates

o Clear al requests for photo opportunities through the Emergency Site Manager (Qi)

Documentation

The Documentation person warks directly with the Emérgency Site Manager (Ql) and documents all
aclivities on site. Specific responsibilities include but are not limited fo:
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Document all actions of the Emergency Site Manager (Ql), using the Emergency Incident
Log

Provide direct suppert to the Emergency Site Manager (Ql)

Log and handle all communications for the Emergency Site Manager (Q!), as requested

Community Evacuation Coordinator

The Community Evacuation Coordinator works with the Regionati EOC Community Evacuation
Leader and the local authorties with evacuation at or near the emergency site. Specific
respansibilities include but are not limited to:

o Document all actions using the Emergency Incident Log

o Keep the Evacuation Leader at the Regional EOC informed of the evacuation center
stalus and issues

o Work with [ocal authorities who are managing the evacuation and evacuation center(s)

o Obtain a record of the evacuees' arrival at the designated evacuation center

o Keep the Regional EOC Evacuation Leader briefed on the status of the arrival of
evacuees at the center

o In conjunction with Community Relations, provide information to the evacuees on the
stalus of the incident ’

o Ensure there is a record kept of temporary destinations when evacuees leave the center

o Do not put yourself at risk
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4.3 Federal On-8cene Coordinator Coordination Process

The Emergency Site Manager (Ql) is the primary conlact for the Federal On Scene Coordinator
(FOSC). The FOSC is the lead agency and is responsible for maonitoring and directing activities
related to the spill.

A flow diagram outlining the action and communication paths under a Unified Command structure
to be utilized in ofl splll response is shown in Figure 4.

Figure 4: Basic Unified Command Structure

On-Site Organlzation

LEPC sLocal Emergancy Planning C dgni
EPA = Envi ot Pr lon A
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5.0 LIST OF CONTACTS

The contact list Is currently incomplele but identifies the key contact positions required for activation
of the Oil Spilf Response Plan. Specific data fields will be completed when Keystone's personnel
organizalion structure s finalized, State and Local requirements and contacts along with contract
resources and contacts have been determined.

5.1  Qualified individuals for Each Response Zone
Table 7: Contact Information for Qualified Individuals

Position

Regional EOC Manager (Ql)

Name

Address

Secondaty Telephone

Telephone

Positlon

Alternate Regional EOC Manager

Name

Address

Telephone

Secondary Telephaone

Position

Emargency Site Manager {Ql)

Name

Address

Telephone

Secondary Telephone

Position

Alternate Emergency Site Manager

Name

Address

Telephone

Secondary Telephone

5.2 Agency Contacts
Table 8: Agency Contacts

Agency/Company

Contact Telephene Numbers

Federai

MNational Response Center 800-424-8802

State

l.ocal
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0.3 Corporate Financial Contact for each Response Zone

Table 9: Corporate Financlal {insurance)

Name Company Telephone Numbers

5.4 Oill Spill Response Organizations and Contractors, Services and
Resources

Tahle 10: OSRO Contacts

Quantity of
Contractor Resource Capabhility Equipment or
OSRO/Coniractor Responsibility for First 7 Days Service Available
Name:
24 Hour Contact
No.:
Address:

Response Time:

5.5 Oil Transportation and Reclamation Facilities and Services

Table 11: Qil Transportation and Reclamation Facilities

Contractor Service Provided Capacity Availahility

Narne:

24 Hour Contact
Nao.:

Address:
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6.0 TRAINING PROCEDURES

The requirements listed Identify specialized training for individuals prior to taking on responsibiiities
under the Ol Spill Response Plan.

6.1 On Site Personnel

Table 12: Training Requirements - On Site Personnel

Pasition Speclallzed Training to Meet Oll Spill Response Duties
First Responders o HAZWOPER Training to Hazmat Technician Level 3 with annual
refresher as required
Keystone Emergency Management System (EMS) training
o National Fire Protection Assaciation (NFPA) training
Emergency Site o HAZWOPER Training to Hazmat Leve! 4 Specialist with annual
Manager — Qualified refresher as required
Individual o Incident Command System (ICS) Communication training
o Keystone Emergency Management System (EMS) training
o National Fire Protection Association (NFPA) tralning
Command Post o Keystone Emergency Management System (EMS) fraining
Media o Keystone Media Relations training
Command Post o Keyslone Emargency Management System (EMS) training
Safety o Advanced safaty related training

Command Post
Documentation

Command Post Site
Security

Command Post
Resource
Mobilization

Command Post
Technical

Command Post
Staging Leader

Coammand Post
Evacuation
Coordinator

Keystone Emergency Management System (EMS) training
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6.2 Regional EOC
Table 13: Training Requirements - Regional EOC

Position

Specialized Training to Meet Qil Spill Response Dutles

Regional EQC Manager ~-
Qualified Individual

o HAZWOPER Training to the Level of Hazardous Materials
Specialist with annual refresher as required

Incident Cornmand System (ICS) training
Keystone Emergency Management Systern (EMS) training

Regicnal EOC Media
Contact

o Keysltone Emergency Management System (EMS} training
o Keystone Media Relfations tralning

Regional EOC
Communications

Regional EOC
Documentation

Regional EOC Security

Regional EOC Technical

Regional EOC Resource
Mobllization

Regicnal EOC
Community Evacuation
Leader

Regional EOC
Administration Support

o Keystone Emergency Management System (EMS) training
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6.3 Training Records

Keystone will utilize an electronic system o track and maintain records of tralning, including
refresher training, for all employees. The system will be located at Keystone's head office.

Contractors are respon'slble for maintaining all training records for their employees. Periodic audits
will be conducted by Keystone, to ensure contractors training records comply with emergency
training requirements. Audit documentation will be retained in Keystone's files.
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7.0 EXERCISE PROCEDURES

Keystone’s exercise program is designed to meet the exercise requirements as outlined in the
National Preparedness for Response Exercise Program (PREP) Guidelines developed by the U.S.
Coast Guard and adopted by the Pipeline and Hazardous Materials Safety Adminisiration
{(PHMSA), the Minerals Managemant Service (MMS), and the V.S, Envirenmental Protection
Agency (EPA). Particlpation In this pragram ensures that the Company meels all federal exercise
requirements mandated by OPA '90.

The primary elements of the exercise pragram are notification exercises, table lop exercises,
Company owned equipment deployment exercises, contractor exercises, unannounced exercises
by govemment agencies and area-wide exercises up to and including actuatl field drills conducted
by industry and the government agencies.

Keystone will ensure that operating personnel participate in exercises or responses on an annual
basis in arder to ensure they remain trained and qualified fo operate the equiprment in the operating
anvironment and to ensure the Qil Spill Response Plans are effective, if ever needed. However,
personnel and equipment that are assigned to multiple Response Zones will participate in only one
deployment exercise per year.

The exercise year for all Gompany faciiities will be from January 1 to December 31.

In addition to the exercise program as outlined in Table 14, Keystone will also participate in both
unannounced Federal Agency led exercises and Area exercises when requested.

Table 14: Exercise Program Type and Frequency

Exercise Type (for each Response Zone) Exercises Conducted in
Trienniai Cycle

Qualified Individuai Notification Exercises 12

{one per year to be conducted during non-business hours)

Spill Management Team Tabletop Exercises 3

(one must lnvolve a warst case discharge scenarjo)

Equipment Deployment Exercises (using either internal and/or 3

extemnal)

Unannounced Exercise {(any of the above Exercises, with the 3

exception to the Qualified Individua! Notification Exercise, if

conducted unannounced, satisfy this requiremant}

The terms referenced in the above Table are dafined as fallows:

a Tabletop exercise is an exercise of the response plan and the spill management team's
response efforts without the actuat deployment of equipment,

¢ Spill management team is the group of personnel identified to slaff the appropriale
organizational structure to manage spill response implementation in accordance with the
response plan.
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o Intemat exercises are those that are conducted whelly within the plan holder’s organization,
Intemal exercises include personnel such as the qualified individual and those affiliated with
the plan holder’s spill management team, including OSRO's. The internal exercises do not
involve cther members of the response community.

o External exercises are those that extended beyond the internal focus of the plan haolder's
organizatian, and involve other members of the response communily. The external
exercises are designed to examine the responss plan and the plan holder’s ahility to
coordinate with the response community to canduct an effective respanse to an incident.
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7.1 Debriefing and Documentation

At the conclusion of an actual spiil event or a field exercise, a debriefing will be conducted to
evaluate the response, local procedures and the overall Emergency Management System (EMS).
All company personnel involved in responding, managing, or performing a support function during
an actual spill event or exercise will participate in their respective debriefing. This debriefing should
take place the same day or as soon as practical thereafter. Al the discretion of the Regional EOC
Manager (Qf), and when appropriate, debriefing sessions will be organized as foliows:

o Intemal Debiefings are to discuss all aspects of Keystone's emergency preparedness and
response,

o External debriefings are designed o discuss only those aspects related to Keystone and
agency interaction with respect to communications.

o Media debriefings will be held separately from all other debriefings. Media debriefings will
focus on Keystone's Interacfion with the media.

Representatives from each of the debriefing sessions will then meet to discuss the results of their
saession and combine information, presenting a complele review of the event. When apprapriate,
the information derived from these debriefing sessions will be incomporated into the Oil Spill
Response Plan.

Lists of exercises condtcted, the objectives met, and the results of the debriefing sessions identified
above will be documented. This documentation will be in writing and signed by the individual
having responsibility for the facliity conducting the exercise. Al spill response exercise’
documentation records will be maintained on file at the facility for a minimum of five years.
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8.0 RESPONSE PLAN REVIEW AND UPDATE
PROCEDURES

All sections of the Oll Spill Response Pian will be reviewed at least annually and revised as required
by the Keystone Emergency Management Speclalist, or as required, based on new data, additions
and modifications to the pipeline system or new government regulatory requirements.

Revisions will incorporate recommendations from training drills or actual spills, industry research
iro spill countermeasures, new equipment information and updated emergency contact
Information,

In the event of a worst case discharge, the respanse will be reviewed and assessed against the Oil
Spill Respense Flan to evaluate and record the Plan’s effectiveness.

The Oil Spill Response Plan will be resubmitted every 5 years from the date of last submission in
accordance with 49CFR§184.121, for the areas of the pipeline that have been designated as
potentially causing significant and substantial harm.

H a new or different operating condition or information would substantially affect the implementation
of the Response Plan, Keystone will immediately modify Its Response Plan to address such a
change and resubmit to the Pipeline and Hazardous Material Safety Administration (PHMSA) within
30 days of making the change.
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9.0 RESPONSE ZONE ONE APPENDIX

9.1 Information Summary

Response Area Location  Milepost (MP) = 0 at Canadian Barder to MP = 535 in mid-
Nebraska, south end of Calfax County

State North Dakota (MP 0 to = MP 215)

Counties Pembina, Cavalier, Walsh, Neison, Steele, Bames,
Ransom, and Sargent

Stale South Dakota (MP 215 to = MP 431)

Counties Marshall, Day, Clark, Beadte, Kingsbury, Miner, Hansan,
McCook, Hutchinson, and Yankton

State Nebraska (MP 431 to = MP 535)

Counties Cedar, Wayne, Stanton, Platte, Colfax

Owner Keystone

Emergency Telephone 1 {3XX) XO0C-XXXX

Owner Location {Street} 450 - 1° Street SW

City: Calgary Province: Alberta Postal Code:; T2P 5H1
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9.2 Qualified Individuals

The contact list is currently incomplete but identifies the ke y contact positions required for activation
of the Olf Spill Response Plan. Specific data fields wilf be completed when Keyslone's personnel
organization structure is finalized.

Position Regional EOC Manager (QI)

Name

Address

Emergency Telephone Secondary Telephone
Positlon Alternate Regional EOC Manager

Name

Address

Emergency Telephone Secondary Telephone
Position Emergency Site Managar {Qi)

Name

Address

Emergency Telephone Secondary Telaphone
Peosition Alternate Emergency Site Manager

Name

Address

Emergency Telephone Secondary Telephone

9.3 Determination of Harm

The operatar expects that Response Zone One will meet the “significant and substantial” harm
criterla due to the proximity of high consequence areas. However, a final determination is reserved
pending completion of the design details required to perform the analysis. Forthe purposes of this
preliminary document, Keystone has assumed the aforementioned criteria will be met,

94 Notification Procedures

The Regional EOC Manager (Q1) is the key individual responsible for evalualing and aclivating the
Qil Spill Response.,
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8.4.1  Prioritized Notification Checklist for Key Individuals
First Responder

d Notification of potential spill and dispatch recelved from QCC
L sPiLL veriFiED
D Nalification of Emergency Services, if required
Verify with OCC:
() Pipeline shutdown and status
a Pipeline segment isolation
Q Regional EOC Manager (Q!) notified

Regional EOC Manager (Qf)

[ Notification received from OCC

| Notification of spill detalls received from First Responder

U o spie RESFPONSE PLAN ACTIVATED

U Emergency Site Manager {Ql) notifiad

M| Reglonal EOC activated

M Motilize response resources requested by Emergency Site Manager (Ql)
M Corporate £OC Manager contacted

| Agency contacts initiated as per Section 2.3

Emergency Site Manager (Ql)
a Notification received fram Regional EOC Manager (Q1)
U onsite First Responder contacted to obtain briefing an spili
Q on Sits Command Post activated
a Regional EOC advised of resource requirements
O First Responder relieved
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9.4.2  Notification Contacts
The contact fist is currently incomplete but identifies the key contact positions required for activation

of the Ol Spill Response Flan. Specific data fields
organization structure is finafized and State and Lo

determined.

Keystone

Table 15: Response Zone One Keystone Notification

will be completed when Keystone's personnaf
cal requiremnents and contacts have been

Pasition Primary Secondary
Making Call Keystone Contacts Telephone No. Telephone No.
First Responder
OCcC Regional EQC Manager (QI)

- Primary

- Alternate

Corporate EOC

Regional EOC

Emergency Site Manage

r (Qi)

- Primary

Manager (Ql) -~ Allerate
Corporate EQC
Manager

Agency

Table 16: Response Zone One Agency Notification

Position Other
Making Call Agency Contact List Telephone Telephone/Fax

Federal
National Response
Center 1-800-424-8802

Regional EOC

Manager {Ql) State
Local
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Emergency Services

Table 17: Response Zone One Emergency Services Notification

Positlon Emergency Other
Making Call Contact List Telephone Telephone/Fax
Emergency Emergency Services
Site Manager | Fire/Ambulance
(Q1) Palice/Sheriff
Hospital
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9.4.3 Information Reported to Agencies

CGommunication Report (Call) Record

Regional EOC Manager {Ql)

The following agency mandatory information, as identified in bold italic,

will be provided initially

with subsequent natifications to complete the required mandatory criteria or advise of any changes,

Name of Pipefine:

Time of Discharge:

Location of Discharge (MP):,

(GPS):

Type of Oil:

Reason of Discharge:

Estimated Volume of Oil Spiil:

Weather Condition on Scene:

Action taken/ Planned by Persan on Scene:

Injuries:

Extent of Injuries:

Evacuation:

Public Consequence:
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9.5  Spill Detection and Mitigation Procedures

Response Zone specific procedures will be identifed and described following completion of the
necessary design details.

9.6  Oil Spill Response Organizations and Contractors, Services and
Resources

The contact lists below are currently incompiete and will be updated as Keystone ideniifies contract
resources and contact information.

Tahle 18: Response Zone One GSRO Contacts

Qeantity of
Contractor Resource Capability Equipment or
0SRO/Contractor Responsibllity for First 7 Days Service Avaitable
Name;
24 Hour Contact
No.:
Address;

Response Tlme:

9.7  Oil Transportation and Reclamation Facilities and Services

The contact lists below are currently incomplete and will be updated as Keystone identifies confract
resources and contact information.

Table 19: Response Zona One Oil Transportation and Reclamation Facilities

Cuontractor Service Provided Capacity Availabifity

Name:

24 Hour Contact
Na.:

Address:
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8.8 Type of Qil, Volume and Calculation Method for Worst Case
Discharge Volume

Pending completion of the necessary engineering design delails a worst case discharge caiculation
will be undertaken.

Keystone expects to transport crude oils In the range of 12 to 45° AP,

9.9 Maps and Drawings
9.8.1 Location of Worst Case Discharge
Pending completion of engineering design details this information will be provided,

9.8.2 Location of Potentially affected Public Drinking Water Intakes

Pending completion of engineering design details this information will be provided,

9.8.3 Potentially affected environmentally sensitive areas
Pending completion of engineering design details this information will be provided.

9.9.4  Control Points and access descriptions
Pending completion of engineering design detalls this informalion will be provided,

9.10 Piping Diagram and Plan Profile

Pending completion of engineering design delails this information will be provided.,

June, 2006 41 Emergency Respanse Plan
{C1l Spill Response Plan)



CONFIDENTIAL

10.0 RESPONSE ZONE TWO APPENDIX

10.1 Information Summary

Response Area Location  (MP) = MP 535 to MP 634 and Cushing Extension (CE),
CEMP 0 to CE MP 291

State Nebraska (MP 535 to ~ MP 634} and Cushing Extension
(CE}YMP Oto=MP 4

Counties Butler, Seward, Saline and Jefferson

State Kansas (CE MP 4 to = CE MP 212)

Counties Washington, Clay, Dickinson, Marion, Butler, and Cowlay

State Oklahoma (CE MP 212 to = CE MP 291)

Counfies Kay, Noble, and Payne

Owner ) Keyslone

Emergency Telephone T OKX) XOOG-XXXX

Owner Location (Street) 450 - 1™ Strept SW

City: Calgary Province: Alberta Postal Code: T2P 5H1
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10.2 Qualified Individuals

The contact list is currently incomplete but identifies the key contact positions required for activation
of the Oil Spiif Response Plan. Specific data fields will be compieted when Keyslone's personne!
organization structure is finalized.

Position Regional EOC Manager (Ql)

Name

Address

Emergency Telephone Secondary Telephons
Position Alternate Regional EOC Manager

Name

Address

Emergency Telephone Secondary Tgfephone
Position Emergency Site Manager (QJ)

Name

Address

Emergency Tslephone Secondary Telephone
Position Alternate Emergency Site Manager

Name

Address

Emaergency Telephone Secandary Telephone

10.3 Determination of Harm

The operator expects that Response Zone Two will meet the “slgnificant and substantial® hamm
criteria due to the proximity of high consequence areas. However, a final determination is reserved
pending completion of the design details required to perform the analysis. For the purposes of this
preliminary document, Keystane has assumed the aforementioned criteria will be met.

10.4 Notfification Procedures

The Regional EOC Manager (Q1) is the key individual responsible for evaluating and activating the
Oil Spill Response, :
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10.4.1  Prioritized Notification Checklist for Key Individuals
First Responder
(3 Notification of potential spill and dispatch received from OCC
U sPiLL vERIFIED
Q Notification of Emergency Services, if required
Verify with OCC:
a Pipeline shutdown and status
D Pipeline segment isolation
a Regional EOC Manager (Ql) notified

Reglonal EOC Manager (Qi) |

(| Nofification received from OCC

0 Natification of spill details received from First Responder

(U o SPILL RESPONSE PLAN ACTIVATED

o Emergency Site Manager (Ql) notified

o Regional EQC activated

L Mobilize response resources requested by Emergency Site Manager {Ql)
Q Comporate EOC Manager contacted

g Agency contacts initiated as per Section 2.3

Emergency Site Manager (Ql)
O Notification recaived from Reglonal EOC Manager (Qll)
L) onsite First Responder contacted to obtain briefing on spill
O on site Command Post activated
| Regional EOC advised of resource requirements
D First Responder relieved
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10.4.2 Notification Contacts

The contact list is currently incomplete but identifies the key contact positions required for activation
of the Ol Spill Response Plan. Specific data fields will be completed when Keystone's personne!
organization structure is finalized and Siate and Local requirements and confacts have been

determined.

Keystone

Table 20: Response Zone Two Keystone Notification

Position Primary Secondary
Making Call Keystone Contacts Telephone No. Telephone No.

First Responder

0OCC Reglanal EGC Manager (Q)
- Primary
- Altemate
Corporate EQC
Emergency Site Manager (QI)
- Prima

Reglanal Eoc | 1mary

Manager (QI) - Allernate
Corporate EQC
Manager

Agency

Table 21: Response Zone Two Agency Notification

Position Other
Making Call Agency Contact List Telephone Telephone/Fax

Federal
National Response
Center 1-800-424-8802

Regional EQC

Manager (Ql) State
local
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Emergency Services
Table 22; Response Zone Two Emergency Services Notification

Position Emergency Other
Making Call Contact List Telephone Telephone/Fax
Emergency Emergency Services
Site Manager FirefAmbulance
{an Police/Sheriff
Hospital
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10.4.3 Information Reported to Agencies

Communication Report (Call) Record

Regional EQC Manager {(Ql)

The following agency mandatory informatlon, as identified in bold italic, will be provided initially
with subsequent notifications to complete the required mandatory criteria or advise of any changes.

Name of Pipeline:

Time of Discharge:;

Location of Discharge (MP);

(GPS):

Type of Qif:

Reason of Discharge:

Estimated Volume of Oil Spill:

Weather Condition on Scene:

Action taken/ Planned by Person on Scene:

injuries;

Extent of Injuries:

Evacuation:

Public Consequerice:
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10.5 Spill Detection and Mitigation Procedures
Response Zone specific procedures will be identified and described foliowing completion of the
necessary design details.

10.6 OQil Spill Response Organizations and Contractors, Services and
Resources

The contact lists below are currently incomplate and wilf be updated as Keystone identifies contract
resources and contact information.

Table 23: Response Zone Two OSRO Contacts

Quantity of
Contractor Resource Capability Equipment or
OSRO/Contractor Responsibility for First 7 Days Service Availahle

Name:

24 Hour Contact
No.:

Address:

Response Tirne:

10.7 Qil Transportation and Reclamation Facilities and Services

The contact lists below are currently incomplete and will be updated as Keystone identifies confract
resources and cantact information.

Table 24: Response Zone Twa Ol Transportation and Reclamation Facllitles

Cantractor Service Provided Capacity Availability

Name:

24 Hour Contact
No.:

Address:
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10.8 Type of Oil, Volume and Calculation Method for Worst Case
Discharge Volume

Pending completion of the necessary engineering design delails a worst case discharge calculation
will be undertaken.

Keyslone expects to transport crude olls in the range of 12 lo 45° API.

10.9 Maps and Drawings
10.9.1 Location of Worst Case Discharge
Pending completion of engineering design detalls this information will be provided.

10.9.2 Location of Potentially affected Public Drinking Water Intakes

Pending completion of engineering design details this information will be provided.

10.9.3 Potentially affected environmentally sensitive areas
Pending completion of engineering design details this information will be provided.

10.8.4 Control Points and access descriptions
Pending completion of engineering design details this information will be provided.

10.10 Piping Diagram and Plan Profile

Pending completion of engineering design details this information will be provided.
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11.0 RESPONSE ZONE THREE APPENDIX

111 Information Summary

Response Area Location  Milepost (M P)=MP 634 (o MP 1072

State Nebraska (MP 634 to =~ MP 649)

Counties Jefferson, Gage

State Kansas (MP 649 to = MP 743)

Caunties Marshall, Neraha, Brown, and Doniphan

State Missouri (MP 743 to = MP 1016)

Countles Buchanan, Ciinton, Caldwell, Carrall, Chariton, Randolph,
Audrain, Montgomery, Lincaln, and St. Charles

State lllinols {MP 1016 to = MP 1073

Countias Madison, Bond, Faystte, and Marion

Owner Keystone

Emergency Tealaphona 1 (O} X002

Owner Location (Street}) 450 - 1- Street SW

City: Calgary Province: Alberta Postal Code: T2P 5H1
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1.2 Qualified Individuals

The contact list is currently incomplete but identifies the ke y contact positions required for activation
of the Oil Spilf Response Plan, Specific data fields will be completed when Keystone’s personns!
organization structure is finalized.

Pusifion Regional EOC Manager (Ql)

Name

Address

Emergency Telephane Secondaty Telephone
Pasition Alternate Regional EOC Manager (Ql)

Name

Address

Emergenicy Telephone Secondary Telephane
Posltlon Emergency Site Manager (QI)

Name

Address

Emergency Telephona Secondary Telephone
Position Alternate Emergency Site Manager

Name

Address

Emergency Telephone Secondary Telephone

11.3 Determination of Harm

The operator expects that Response Zone Three will meet the “significant and substantial® harm
criteria due to the proximity of high consequence areas. However, a final determination is reserved
pending completion of the design details required to perform the analysis. For the purposes of this
preliminary document, Keystona has assumed the aforementioned criteria will be met.

11.4 Notification Procedures

The Regional EOC Manager (Ql) is the key individual responsible for evaluating and activating the
OIl Spill Response.
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11.4.1 Prioritized Notification Checklist for Key Individuals
First Responder
J Notification of potential spill and dispatch received fram OCC
U spPiL veriFiED
D Notification of Emergency Services, if required
Verify with OCC:
U Pipeline shutdown and status
J Pipeline segment isolation
(3 Regional EOC Manager (Q1) notified

Regional EOC Manager (Ql)

N Nolification received from OCC

U Notification of spiil details received from First Responder

U o SPILL. RESPONSE PLAN ACTIVATED

(W Emergency Site Manager (QI) nofified

Q Regional EOC activated

W Mobllize response resources requested by Emergency Site Manager (QI)
Q Corparate EOC Manager contacled

d Agency contacts initiated as per Sectlon 2.3

Emergency Site Manager (Qi)
Ll Notification received from Regional EOC Manager (Ql)
Q On site First Responder conlacied to obtain briefirg on spill
Qon Site Command Fost activated
Q Regional EOC advised of resource requirerents
0 First Responder relieved
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11.4.2 Notification Contacts

The contact fist is currently incomplste but identifies the key contact positions required for activation
of the Oil Spill Response Plan. Specific daia fields will be completed when Keystone's personne!
organization structure is finalized and State and Local requirements and contacts have been
determined.

Keystone
Table 25: Response Zone Three Keystone Notification
Posltlon Primary Secondary
Making Cali Keystone Contacts Telephone No. Telephone No.

First Responder

occ Regional EOC Manager (QI)
- Primary

- Altemate
Corporate EQOC

Emergency Site Manager (Qi)
~ Primary

Regional EOC
Manager (Q) | - Allemate
Corporate EOC
Manager

Agency
Table 26: Response Zone Three Agency Notification
Positlon Cther
Making Call Agency Contact List Telephone Telephone/Fax

Federal
National Response
Centar 1-800-424-8802

Regional EQC.

Manager (QI) State

Local
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Emergency Services

Table 27: Response Zone Three Emergency Services Notification

Position Emergency Gther
Making Cali Contact List Telephone Telephone/Fax
Emergency Efnergency Services
Site Manager Fire/Ambulance
(Qn Palice/Sheriff
Hospital
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{nformation Reported to Agencies

Communication Report (Call) Record

Regional EOC Manager (Ql)

The following agency mandatary information, as identified in bold italic, will be provided initially
with subsequent notifications to complete the required mandalory crileria or advise of any changes.

Namae of Pipeline:

Time of Discharge:

Lacation of Discharge (MF):

(GPS):

Type of Oll:

Reason of Discharge:

Estimated Volume of Oil Spiil:

Weather Condition on Scene:

Action taken/ Planned by Person on Scene:

Injuries:

Extent of Injuries:

Evacuation:

Publlc Consequence:
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11.5 Spill Detection and Mitigation Procedures
Response Zone specific procedures will be identified and described folfowing completion of the
necessary design details.

11.6 Oil Spill Response Organizations and Contractors, Services and
Resources

The contacl lisis below are currently incomplete and will be updaled as Keysfone ideniifies coniract
resources and contact information.

Table 28: Response Zone Three OSRQO Contacts

Quantity of
Coantractor Resource Capability Equipment or
OSRO/Contractor Responsibility for First 7 Days Service Available
Name:
24 Hour Contact
No.:
Address;

Response Tlme:

11.7 Qil Transportation and Reclamation Facilities and Services

The contact fists befow are currently incomplete and will be updated as Keystone identifies contract
resources and contact information.

Tahle 29: Response Zone Three Oil Transportation and Reclamation Facilities

Contractor Service Provided Capacity Availability

Name:

24 Hour Contact
No.:

Address:
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11.8 Type of Qil, Volume and Calculation Method for Worst Case
Discharge Volume

Pending completion of the necessary engineering design details a worst case discharge calcuiation
will be undertaken.

Keystone expects to transport crude oils in the range of 12 to 45° AP,

11.9 Maps and Drawings
11.9.1 Location of Worst Case Discharge
Pending completion of engineering design details this information will be provided.

11.9.2  Location of Potentially affected Public Drinking Water Intakes
Pending completion of engineering design details this information will be provided.

11.9.3 Potentially affected environmentally sensitive areas
Pending completion of engineering design details this information wil be provided,

11.9.4 Control Points and access descriptions
Pending completion of engineering design details this infarmation will be provided.

11.10 Piping Diagram and Plan Profile

Pending completion of engineering design detalls this information will be provided,
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