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Liberty Development and Production Plan, Draft Environmental Impact Statement,
OCS EIS/EA, MMS 2001-001, in 3 volumes:

Volume |, Executive Summary, Sections | through IX, Bibliography, Index

Volume I, Tables, Figures, and Maps for Volume |

Volume lll, Appendices

The summary is also available as a separate document:
Executive Summary, MMS 2001-002.

The complete EIS is available on CD-ROM (MMS 2001-001 CD) and on the Internet
(http://Iwww.mms.gov/alaska/cproject/liberty/).

This Environmental Impact Statement (EIS) is not intended, nor should it be used, as a local planning document
by potentially affected communities. The exploration, development and production, and transportation scenarios
described in this EIS represent best-estimate assumptions that serve as a basis for identifying characteristic
activities and any resulting environmental effects. Several years will elapse before enough is known about
potential local details of development to permit estimates suitable for local planning. These assumptions do not
represent a Minerals Management Service recommendation, preference, or endorsement of any facility, site, or
development plan. Local control of events may be exercised through planning, zoning, land ownership, and
applicable State and local laws and regulations.

With reference to the extent of the Federal Government'’s jurisdiction of the offshore regions, the United States
has not yet resolved some of its offshore boundaries with neighboring jurisdictions. For the purposes of the EIS,
certain assumptions were made about the extent of areas believed subject to United States’ jurisdiction. The
offshore-boundary lines shown in the figures and graphics of this EIS are for purposes of illustration only; they do
not necessarily reflect the position or views of the United States with respect to the location of international
boundaries, convention lines, or the offshore boundaries between the United States and coastal states
concerned. The United States expressly reserves its rights, and those of its nationals, in all areas in which the
offshore-boundary dispute has not been resolved; and these illustrative lines are used without prejudice to such
rights.
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Appendix A Oil-Spill-Risk-Analysis

A. THE INFORMATION AND
ASSUMPTIONS WE USE TO
ANALYZE THE EFFECTS OF OIL
SPILLS IN THIS EIS

We analyze oil spills and their relative impact to
environmental, economic and sociocultural resource areas
and the coastline that could result from offshore ail
development at Liberty. Predicting an oil spill isan exercise
in probability. Uncertainty exists regarding the location,
number, and size of spills and the wind, ice and current
conditions at the time of a spill. Although some of the
uncertainty reflects incomplete or imperfect data, a
considerable amount of uncertainty exists simply because it
isdifficult to predict events 15-20 years into the future.

We make assumptions to analyze the effects of oil spills.
To judge the effect of an oil spill, we estimate information
regarding the type of ail, the location and size of a spill, the
chemistry of the oil, how the oil will weather, how long it
will remain, and where it will go. We describe the rationale
for these assumptions in the following subsections, and it is
amixture of project-specific information, modeling results,
statistical analysis, and professional judgement. Based on
these assumptions, we assume one spill occurs and then
analyze its effects. After we analyze the effects of an ail
spill, we consider the chance of an ail spill ever occurring.

the EIS section where we analyze the effects of alarge,
small, and very large spill.

We use several sources of information for our assumptions

about spill size but place special emphasis on the following:

e  project-specific engineering calculations for response-
planning standards,

e AlaskaNorth Slope crude and refined oil-spill history,
and

e  project-specific engineering calculations for pipeline
system alternatives.

The precision of the engineering calculations from the
above studies does not express the uncertainty associated
with our estimating the size of an oil spill that might occur
15-20 yearsinto the future. Typically, we would round the
assumed spill volume to the nearest hundred or thousand to
represent the uncertainty in our estimating a spill size that
could occur over the 15-20-year life of the project. For the
Liberty Project where engineering cal culations are made, we
have kept the exact calculation to maintain consistency
between documents related to the project.

InthisEIS, we analyze what is likely to happen in the
future. We must make some assumptions about the likely
size of a spill to analyze the effects. To estimate the above
spill sizes, we use the following sources of information and
rationale.

1. Estimates of the Source, Type, and
Size of Oil Spills

Tables A-1 and A-2 show the source of spill, type of oil,
size of spill(s) in barrels, and the receiving environment we
assume in our analysis of the effects of oil spillsinthisEIS
for the Proposal and Alternatives and other analyses. We
divide spillsinto small, large, and very large spills. Small
spills are those less than 500 barrels. Large spillsare
greater than or equal to 500 barrels, and very large spills are
greater than or equal to 150,000 barrels. Table A-1 shows

a. BPXA'’s Oil Discharge Prevention and
Contingency Plan

We first determine if BPXA'’s estimates of greatest possible
discharge for the State of Alaska's response-planning
standards are likely spill sizes. |If the estimates fall into the
likely spill-size category, we analyze that size. If the
estimates do not fall into the likely spill-size category, we
determine alikely spill sizeto analyze.

Section I1.A.4 summarizes BPXA's estimates of the greatest
possible discharge and the response scenarios outlined in
BPXA's Oil Discharge Prevention and Contingency Plan,
Liberty Development Area, North Sope, Alaska (BPXA,
2000). The State of Alaskarequires this estimate for a
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response-planning standard under 18 AAC 75.430. A
company must demonstrate the general procedure for
cleaning up a discharge of that size. BPXA’s spill-size
estimates for offshore and onshore pipelines and diesel

tanks fall into the likely spill-size category. Thisis based on
average and median spill sizes for both the outer continental
shelf (Anderson and LaBelle, 1994 and Anderson, 2000a)
and the Alaskan North Slope (Table A-3). BPXA’s spill-
size estimate for offshore pipelines assumes the Leak
Location and Detection System (LEOS) is working.

BPXA'’s response-planning standard for a blowout from the
Liberty gravel idand is 178,800 barrels. That estimate does
not fall into the likely spill-size category. The median spill
size for a platform on the outer continental shelf is 7,000
barrels, and the average is 18,300 barrels (Anderson and
LaBelle, 1994 and Anderson, 2000a). The largest blowout
to occur on the outer continental shelf was the 80,000-barrel
Santa Barbara spill in 1969. Since 1980, no spills greater
than or equal to 1,000 barrels have occurred from outer
continental shelf platforms. A 178,800-barrel spill is 25
times the median spill size and 13 times the average spill
size. 1tis98,000 barrelslarger than the largest spill on the
outer continental shelf.

The record for Alaska North Slope blowouts is not
validated, but is presented as the best available information.
The State does not maintain a database of North Slope well-
control incidents. The Alaska Oil and Gas Conservation
Commission maintains an internal documentation of
blowoutsin Alaska. Neither of the following authors were
allowed to review the documentation. The Alaska Oil and
Gas Conservation Commission assured Fairweather that
they had not overlooked any blowouts.

There are two written reports regarding blowouts on the
Alaska North Slope Mallory (1998) and Fairweather (2000).
Mallory (1998) presents the following data based on
discussions with long-time Alaska drilling personnel in
ARCO Alaskaor BPXA. Inthe period 1974-1997, an
estimated 3,336 wells were drilled on Alaska’'s North Slope.
Research conducted to date documented six cases of 10ss of
secondary well control with adrilling rig onthe well. These
wells were not differentiated between exploration and
development wells. No oil spills, fires, or loss of life
occurred in any of the events (Mallory, 1998).

Fairweather (2000) differentiated between a blowout and a
well control incident. A blowout was defined as an
uncontrolled flow at the surface of liquids and/or gas from
the wellbore resulting from human error and/or equipment
failure. Fairweather (2000) found 10 blowouts, 6 that
Mallory had identified and 4 prior to 1974. Of the 10
blowouts, 9 were gas and 1 was oil. The blowout of oil in
1950 was unspectacular and could not have been avoided, as
there were no casings of blowout preventors available
(Fairweather, 2000). These drilling practices from 1950
would not be relevant today. A third study confirmed that
no crude oil spills greater than or equal to 100 barrels from
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blowouts occurred from 1985-1999 (Hart Crowser, Inc.,
2000). Therecord for spills from blowouts less than 100
barrels has not been searched.

However, because a blowout at the gravel idandisa
significant concern to the public, we analyze the effects of a
180,000-barrel spill in Section IX, Low Probability, Very
Large Qil Spill.

b. Analysis of Offshore Pipeline Spills
Assuming LEOS is Operational

Section I1.A.1.b(3)(d), Offshore Pipeline Damage and Oil
Spills, describes the engineering information on the size of
oil spills from offshore pipeline damage assuming LEOS is
operational. For purposes of analysis, we consider aleak of
125 barrels and a rupture of 1,580 barrels (INTEC, 2000).

c. Analysis of Offshore Pipeline Spills
Assuming LEOS is Not Operational

We also consider what spill sizes might occur if LEOS s
not operational. Inthe original oil discharge prevention and
contingency plan for Liberty (BPXA, 1999, 4/99, Rev 0),
BPXA'’s estimate of worst-case response-planning standard
was 1,845 barrels for 7 days during open water and 4, 086
barrels for 30 days during full ice cover. These were
calculated with the following parameters. 97.5 barrels per
day before detection; 2.3 barrels for reaction; 29 barrels for
expansion; and 1,130 barrels for drainage.

In the calculation for aleak of 125 barrels under the LEOS
system, INTEC (2000) assumes that oil loss due to water
intrusion is minimal because of the pinhole size of the leak.
A small crack or pinhole leak would not allow drainage.
For purposes of analysis, we apply this same assumption to
the pipeline spill-size calculation. If the hole wereto
enlarge to allow more than 97.5 barrels per day to escape,
then the pressure-point analysis/mass-balance line-pack
compensation systems would detect the spill.

We assume the offshore pipeline spill sizes without drainage
are 715 and 2,956 barrels. To calculate the pipeline spill
sizes, we assume that the reaction lossis 2.3 barrels and the
expansion lossis 29 barrels (BPXA, 1999, 4/99, Rev 0).

For the 715-barrel spill, we assume it takes 7 days to detect
a97.5-barrel-a-day spill and add reaction and expansion
loss. For the 2,956-barrel spill, we assume it takes 30 days
to detect a 97.5-barrel-a-day spill and add reaction and
expansion |oss.

A. Information and Assumptions Regarding Oil Spills

B. Small Oil Spills

C. Cumulative Analysis
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d. Historical Crude Oil Spills Greater Than
or Equal to100 Barrels on the Alaska North
Slope

Because we believe 180,000 barrelsis not alikely spill size
from an offshore gravel island facility, we must use other
information to identify alikely spill size. Welook at the
record of historical spills of Alaska North Slope crude oil to
determine what is alikely spill size for facilities on the
Alaska North Slope.

For the Alaska North Slope, we obtained and collated all
available information on historic spills greater than or equal
to 100 barrels from 1968-1999 from industry and regulatory
agencies (Hart Crowser, Inc., 2000 and Anderson, 2000b).
For the Alaska North Slope, MM S and Hart Crowser
collected data for crude oil spills from the U.S. Beaufort
Sea, the Natioanl Petroleum Reserve-Alaska, and Alaska
Onshore North Slope, east of the National Petroleum
Reserve-Alaska from the following sources:

e BP dectronic database files of ail spillsin the Prudhoe
Bay Unit Western Operating Area (1989 through 1996),
Duck Island (Endicott) Unit (1989 through 1996), and
Milne Point (1994 through 1996).

e ARCO electronic spreadsheet files of oil spillsfor the
Prudhoe Bay Unit Eastern Operating Area (1977
through 1996), Kuparuk River Unit (1977 through 1985
and 1986 through 1996), and Kuparuk River Unit
exploration (1986 through 1996).

e Alyeska printed summary report of oil spills greater
than 1,000 barrels along the Trans-Alaska Pipeline
System from 1977-1989.

e Joint Pipeline Office electronic database of ail spills
along the Trans-Alaska Pipeline System (TAPS) (1970
through 1994).

e Bureau of Land Management printed reports of oil
spills along the TAPS during 1981 and 1982.

e  State of Alaska, Department of Environmental
Conservation electronic text and spreadsheet files of oil
spills from the agency’ s current oil and hazardous
substances spill database (July 1995-February 1997)
and an earlier oil and hazardous substances spill
database (1971-July 1995).

e Anunattributed printed summary of oil spills over
378.5 liters (100 gallons) on Alaska's North Slope and
along the TAPS from 1970-1981.

e An electronic spreadsheet summary of Alaskan and
Canadian oil spillsof 100 barrels or greater, from 1978
through 1997, as reported by the Oil Spill Intelligence
Report.

e AnMMSreport that no oil spills of 100 barrels or
larger have occurred in the Alaska Outer Continental
Shelf Beaufort Sea study area.

e Alyeska; an electronic spreadsheet file containing all oil
spills of 100 barrels and greater from the company’s
oil-spill database to September 1999.

e  State of Alaska, Department of Environmental
Conservation electronic spreadsheet containing all oil
spillsin their current oil and hazardous substance spill
database to September 1999.

e BPXA électronic spreadsheet containing al Industry
and contractor oil spills from January 1997-December
1999.

e Additional oil-spill data were not received in response
to inquiries and requests made by Hart Crowser to the
Environmental Protection Agency, Bureau of Land
Management, or the National Response Center.

The Alaska North Slope oil-spill analysisincludes onshore
oil and gas exploration and development spills from the
Point Thompson Unit, Badami Unit, Kuparuk River Unit,
Milne Point Unit, Prudhoe Bay West Operating Area,
Prudhoe Bay East Operating Area, and offshore Duck Island
Unit (Endicott). The Alaska North Slope datainclude spills
from onshore pipelines and offshore and onshore facilities.
The following information does not include spills on the
Alaska North Slope from the TAPS. These were evaluated
separately.

We reviewed the reliability and completeness of the data for
spills greater than or equal to 500 barrels. We determined
that the available information was most reliable for the
period 1985-1998 based on written documentation or lack of
documentation and spills before that period. We identify
five crude oil spills greater than or equal to 500 barrels
associated with onshore Alaska North Slope oil production
for the time period 1985-1998. The five spills are listed
below:

e July 28, 1989: 925 barrels from afacility tank leak;
Conoco’s Milne Point Unit Central Processing Facility.

e August 24, 1989: 510 barrels from a pipeline leak;
ARCO Alaska s Kuparuk River Unit, Drill Site 2-U
(additional 90 barrels of produced water spilled).

e December 10, 1990: 600 barrels from a facility
explosion; ARCO Alaska's Lisburne Unit Drill Site L-
5.

e August 17, 1993: 675 barrels resulting from tank
corrosion; ARCO Alaska’'s Kuparuk River Unit Central
Processing Facility 1 (an additional 75 barrels of
produced water spilled).

e  September 26, 1993: 650 barrels from a facility tank
leak; BPXA Prudhoe Bay Unit.

All of the crude oil spills of 500 barrels or greater occurred
between 1989 and 1993. We found no spills greater than or
equal to 1,000 barrels. Of the five spills, one spill, which
we classify as a pipeline spill, was aleak from either a 20-
or 24-inch flow line that carries product from the drill sites
in Kuparuk to the Central Processing Facility. The other
four spills we classify as facility spills.

For the period 1985-1998, the median facility spill greater
than or equal to 500 barrels on the Alaskan North Slopeis
663 barrels, and the average is 713 barrels. Thereisone

pipeline spill in the database. The volume of the pipeline

A. Information and Assumptions Regarding Oil Spills

B. Small Oil Spills

C. Cumulative Analysis
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spill was 510 barrels. For purposes of analysis, we use the
largest spill in the record for afacility spill and assume this
is equivalent to a spill size from the Liberty gravel island
facilities. Thelargest facility spill in the record is 925
barrels.

e. Historical Crude Oil Spills Greater Than
or Equal to 1,000 Barrels on the Outer
Continental Shelf

The median size of a crude oil spill from a pipeline on the
outer continental shelf is 5,100 barrels, and the averageis
16,000 barrels (Anderson, 2000a). The median spill size for
aplatform on the outer continental shelf is 7,000 barrels,
and the average is 18,300 barrels (Anderson and LaBelle,
1994). We use the median outer continental shelf spill sizes
to help us determine if a spill size falsinto the likely
category. For example, the estimated 180,000-barrel spill
from the gravel island was compared to the median spill size
for an outer continental shelf platform and determined not to
be alikely spill size.

2. Behavior and Fate of Liberty Crude Oil

Several processes alter the chemical and physical
characteristics and toxicity of spilled cil. Collectively, these
processes are referred to as weathering or aging of the ail
and, along with the physical oceanography and

meteorology, the weathering processes determine the oil’s
fate. The major oil-weathering processes are spreading,
evaporation, dispersion, dissolution, emulsification,
microbial degradation, photochemical oxidation and
sedimentation to the seafloor or stranding on the shoreline
(Payne et al., 1987; Boehm, 1987).

The physical properties of acrude oil spill, the environment
it occursin, and the source and rate of the spill will affect
how an ail spill behaves and weathers. Table A-4 shows the
properties of the Liberty crude oil based on a sample from
aninitial 2,000 barrels produced. Liberty crude il isa
waxy medium- to heavy-gravity crude. It hasa moderately
high viscosity and a high pour point for Alaska North Slope
crudes (S.L. Ross, 2000). On the Alaska North Slope,
Endicott crude oil has the most similar propertiesto Liberty,
but is still significantly different.

The environment in which a spill occurs, such as the water
surface or subsurface, spring ice-overflow, summer open-
water, winter under ice, or winter broken ice, will affect
how the spill behaves. Inice-covered waters, many of the
same weathering processes are in effect; however, the sea
ice changes the rates and relative importance of these
processes (Payne, McNabb, and Clayton, 1991).

Qil spills spread lessin cold water than in temperate water
because of the increased oil viscosity. For Liberty crude ail,

Appendix A. OIL-SPILL-RISK ANALYSIS

the pour point is 3 degrees Celsius. Thistemperature will
be above the ambient sea temperature at certain times of the
year. This property will reduce spreading. An ail spill in
broken ice would spread |ess and would spread between
icefloes into any gaps greater than about 8-15 centimeters
(Free, Cox, and Shultz, 1982). Anoil spill under ice would
spread into under-ice hollows and freeze into theice.

The lower the temperature, the less crude oil evaporates.
Both Prudhoe Bay and Endicott crudes have experimentally
followed this pattern (Fingas, 1996). Qil between or on
icefloesis subject to normal evaporation. Qil that isfrozen
into the underside of iceis unlikely to undergo any
evaporation until itsrelease in spring. In spring astheice
sheet deteriorates, the encapsulated oil will rise to the
surface through brine channelsin theice. For Liberty crude
ail, the high pour point of the oil may slow migration
through the brine channel. Rather than oil migrating to the
surface, the ice may melt down to the oil (S.L. Ross, 2000).
Asoil isreleased to the surface, evaporation will occur.

Dispersion of oil spills occurs from wind, waves, currents,
or ice. Any waves within the ice pack tend to pump oil onto
theice. Some additional oil dispersion occursin dense,
broken ice through floe-grinding action. More viscous
and/or weathered crudes may adhere to porous icefloes,
essentially concentrating oil within the floe field and
limiting the oil dispersion. Liberty crude oil may not
disperse readily due to its high viscosity at ambient
temperatures (S.L. Ross, 2000).

Liberty crude oil will readily emulsify to form stable
emulsions (S.L. Ross, 2000). Emulsification of some crude
oilsisincreased in the presence of ice. With floe grinding,
Prudhoe Bay crude forms a mousse within afew hours, an
order of magnitude more rapidly than in open water.

a. Assumptions about Oil Weathering

e Thecrude oil propertieswill be similar to the original
crude oil analyzed from Liberty by S.L. Ross (1998).

e Thedieseal oil properties will be similar to atypical
arctic diesel.

e Thesizeof the spill is 125; 715; 925; 1,580; or 2,956
barrels.

e Thewind, wave, and temperature conditions are as
described.

e Meéltout spills occur into 50% ice cover.

e The properties predicted by the model are those of the
thick part of the dlick.

Uncertainties exist, such as:

e theactual size of the oil spill or spills, should they
occur;

e wind, current, wave, and ice conditions at the time of a
possible oil spill; and

e Liberty crude oil properties at the time of a possible
spill.

A. Information and Assumptions Regarding Oil Spills

B. Small Oil Spills

C. Cumulative Analysis
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b. Modeling Simulations of Oil Weathering

To judge the effect of an oil spill, we estimate information
regarding how much oil evaporates, how much ail is
dispersed and how much oil remains after a certain time
period. We derive the weathering estimates of Liberty
crude oil and arctic diesel from two sources. Thefirstisa
report by S.L. Ross (2000), the Preliminary Evaluation of
the Behavior and Cleanup of Liberty Crude Oil Spillsin
Arctic Water. Thisreport discusses the results of the S.L.
Ross weathering model with a Liberty crude oil for upto 3
days. The second is modeling results from the SINTEF Oil
Weathering Model Version 1.8 (Reed et al., 2000) with a
Liberty crude ail for up to 30 days.

Tables A-5 and A-6 show the results of each model. Table
A-5 shows the results of weathering an instantaneous spill

of 1,000 barrels of Liberty crude oil with the S.L. Ross
Model for up to 3 days. The four environmental conditions
are: spring breakup, winter ice, fall freezeup, and open
water. Theresultsfor a1,000-barrel spill in open water
from the S.L. Ross model are very similar to the results for a
925-barrel spill in open water from the SINTEF model. The
primary differenceisthat the dispersion rates are lessin the
S.L. Rossmodel. We incorporate the range of dispersion
rates for 1 and 3 days from both modelsinto our analysis.

Tables A-6athrough A-6f show the individual weathering
results for Liberty crude oil spills using the SINTEF model.
The SINTEF OWM changes both ail properties and
physical properties of the cil. The oil propertiesinclude
density, viscosity, pour point, flash point, and water content.
The physical processes include spreading, evaporation, oil-
in-water dispersion, and water uptake. The SINTEF OWM
Version 1.8 performs a 30-day time horizon on the model-
weathering calculations, but with a warning that the model
isnot verified against experimental field data for more than
4 -5days. The SINTEF OWM has been tested extensively
with results from three full-scale field trials of experimental
oil spills (Daling and Strom, 1999).

The SINTEF OWM does not incorporate the effects of:
currents,

beaching;

containment;

photo-oxidation;

microbiological degradation;

adsorption to particles; and

encapsulation by ice.

The Liberty crude oil spill sizesare 125, 715, 720, 925,
1,580, and 2,956 barrels and a diesel spill of 1,283 barrels.
We simulate two general scenarios. one in which the ail
spills into open water and one in which the oil freezes into
the ice and melts out into 50% ice cover. We assume open
water is July through September, and a winter spill melts
out in July. For open water, we model the weathering of the
125- and 715-barrel spills asif they spill over a 24-hour
period and the 925- and 1,580-barrel spills as instantaneous

A-5

spills. For the meltout spill scenario, we model the entire
spill volume as an instantaneous spill. Although different
amounts of oil could melt out at different times, the MM S
took the conservative approach, which was to assume all the
oil was released at the same time. We report the results at
theend of 1, 3, 10, and 30 days.

Tables A-7, A-8 and A-9 summarize the results we assume
for the fate and behavior of Liberty crude oil and diesel oil
in our analysis of the effects of oil on environmental and
social resources. For Liberty crude oil, the evaporation and
dispersion rates are less than the typical Alaska North Slope
crude. In general, more oil will remain through time.
Liberty crude oil isawaxy oil with a moderate pour point
that at certain times of the year can be above the ambient
seawater temperature. The effect of these properties will
cause the Liberty oil to gel and form athick layer when the
pour point is above the ambient seawater temperature. It
will be harder for the oil to evaporate or disperse. For spills
that start over longer periods of time, where the ail filmis
thinner, there may not be as much resistance to evaporation
or dispersion.

3. Estimates of Where an Offshore Oil
Spill May Go

We study how and where large offshore spills move by
using a computer model called the Oil-Spill-Risk Analysis
model (Smith et al., 1982). By large, we mean spills greater
than or equal to 500 barrels. Thismodel analyzes the likely
paths of oil spillsin relation to biological, physical, and
social resources. The model uses information about the
physical environment, including files of wind, ice, and
current data. It also uses the locations of environmental
resource areas, barrier islands, and the coast that might be
contacted by a spill.

a. Inputs to the Oil-Spill-Trajectory Model
study area

seasons

location of environmental resource areas

location of land segments

location of boundary segments

location of proposed and alternative gravel islands
location of proposed and alternative pipelines
current and ice information from two general
circulation models

e windinformation

(1) Study Area

Map A-1 shows the Liberty oil-spill-trajectory study area
extends from lat. 69° N. to 72.5° N. and from long. 138° W.
to 157° W. We chose a study area large enough to contain

A. Information and Assumptions Regarding Oil Spills

B. Small Oil Spills

C. Cumulative Analysis
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the paths of 3,000 oil spillswith 500 spilletes each through
aslong as 360 days.

(2) Seasons

We define two time periods for the trgjectory analysis of oil
spills. Thefirst isfrom July through September and
represents open water or summer. We ran 1,500 trgjectories
in the summer. The second is from October through June
and represents ice cover or winter. We also ran 1,500
trajectoriesin the winter.

(3) Locations of Environmental Resource Areas

Maps A-2 and A-3 shows the location of 62 environmental
resource areas, which represent concentrations of wildlife,
subsistence-hunting areas, and subsurface habitats. Our
analysts designate these environmental resource areas. The
analysts also designate in which months these
environmental resource areas are vulnerable to spills. The
names or abbreviations of the environmental resource areas
and their months in which they are vulnerable to spills are
shown in Table A-10. We aso include Land asan
additional environmental resource area. Land isthe entire
study area coastline.

(4) Location of Land Segments

Land was further analyzed by dividing the Beaufort Sea
coastlineinto 42 land segments. Map A-1 shows the
location of these 42 land segments. Land Segments 6
through 19 and 32 through 43 are approximately 18.64
miles (30 kilometers) long. Land Segments 20 through 31
are closest to the Liberty Project and are approximately
12.43 miles (20 kilometers) long. Land segments are
vulnerable to spillsin both summer and winter. The model
defines summer as July through September and winter from
October through June. Maps A-4 and A-5 show how the
Alaska Clean Seas Technical Manual Map Atlas Sheets
correlate to our land segments and barrier island
environmental resource areas.

(5) Location of Proposed and Alternative Gravel
Islands

Map A-6 shows the location of the Liberty, Southern, and
Tern gravel islands, the sites where large oil spills would
originate, if they wereto occur. Liberty gravel idand is
Alternative | and is abbreviated LI. The Liberty gravel
island has an oval shape and is centered at 70°16'45.3556"
N. and 147°3329.0891" W. The Southern gravel island is
Alternatives 111.A and is abbreviated AP1. Tern gravel
island is Alternative |11.B and is abbreviated TI.

(6) Location of Proposed and Alternative Pipelines

Map A-6 shows the location of the proposed pipeline (PP1-
PP2), eastern pipeline (AP1-AP2), and tern pipeline (TP1
and TP2). The Alternative | transportation scenario assumes
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that BPXA would transport oil from the Liberty gravel
island (L1) to shore through a subsea pipeline with alandfall
at approximately 1.5 miles (2.5 kilometers) west of the
Kadleroshilik River. We use these route segments (PP1-
PP2) to represent spills from the proposed pipeline: PP1
represents spills that occur further offshore, and PP2
represents spillsthat occur nearshore. The Alternative I11.A
pipeline scenario (AP1-AP2) assumes the pipeline would
make landfall at approximately 2 miles (3.2 kilometers) east
of the Kadleroshilik River. We use these route segments
(AP1-AP2) to represent spills from the eastern alternative
pipeline: AP1 represents spills that occur further offshore,
and AP2 represents spillsthat occur nearshore. The
Alternative 111.B pipeline scenario (TP1-TP2) assumes the
pipeline would make landfall at approximately 2 miles (3.2
kilometers) east of the Kadleroshilik River. We use these
route segments (TP1-TP2) to represent spills fromthe Tern
Island alternative pipeline: TP1 represents spills that occur
farther offshore, and TP2 represents spills that occur
nearshore. An existing onshore pipeline from Badami and
Endicott would transport oil to Pump Station 1 of the Trans-
Alaska Pipeline System.

(7) Current and Ice Information from a General
Circulation Model

For the Liberty Project we use two general circulation
models to simulate currents (Ucyrent) OF ice (Uice) depending
upon whether the location is nearshore or offshore.

(a) Offshore

Offshore of the 10- to 20-meter bathymetry contour, the
wind-driven and density-induced ocean-flow fields and the
ice-motion fields are simulated using a three-dimensional
coupled ice-ocean hydrodynamic model (Hedstrom,
Haidvogel, and Signorini, 1995; Hedstrém, 1994). The
model is based on the ocean model of Haidvogel Wilkin,
and Y oung (1991) and the ice model of Hibler (1979). This
model simulates flow properties and seaice evolution in the
western Arctic during the year 1983. The coupled system
uses a semispectral primitive equation ocean circulation
model and the Hibler seaice model and isforced by daily
surface geostrophic winds and monthly thermodynamic
forces. The model is forced by thermal fields for the year
1983 (Prof. John Walsh, University of Illinois, ascited in
Hedstrom, Haidvogel, and Signorini, 1995). The thermal
fields are interpolated in time from monthly fields. The
location of each trajectory at each timeinterval is used to
select the appropriate ice concentration. The pack iceis
simulated asit grows and melts. The edge of the pack iceis
represented on the model grid. Depending on theice
concentration, either the ice or water velocity with wind
drift from the stored results of the Haidvogel, Wilkin, and

Y oung (1991) coupled ice-ocean model is used. A major
assumption used in this analysisis that the ice-motion
velacities and the ocean daily flows calculated by the
coupled ice-ocean model adequately represent the flow
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components. Sensitivity tests and comparisons with data
illustrate that the model captures the first-order transport
and the dominant flow (Hedstrém, Haidvogel, and
Signorini, 1995).

(b) Nearshore

Inshore of the 10- to 20-meter bathymetry contour, Ugyrent IS
simulated using a two-dimensional hydrodynamic model
developed by the National Oceanic and Atmospheric
Administration (NOAA) (Galt, 1980, Galt and Payton,
1981). This model does not have an ice component. In this
model, we added an ice mask within the O-meter and 10- to
20-meter water-depth contours to simulate the observed
shorefast-ice zone. We apply the mask from November 1-
June 30. Ui is zero for the months November through
June. The two-dimensional model incorporated the barrier
islands in additional to the coastline. The model of the
shallow water is based on the wind forcing and the
continuity equation. The model was originally developed to
simulate wind-driven shallow water dynamicsin lagoons
and shallow coastal areas with a complex shoreline. The
solutions are determined by afinite element model where
the primary balance is between the wind forcing friction, the
pressure gradients, coriolis accelerations, and the bottom
friction. The time dependencies are considered small, and
the solution is determined by iteration of the velocity and
sea level equations, until the balanced solution is cal culated.
The wind is the primary forcing function, and a sea level
boundary condition of no anomaly produced by the
particular wind stressis applied far offshore, at the northern
boundary of the oil spill trgjectory analysisdomain. An
example of the currents simulated by this model for a 10-
meter-per-second wind is shown in Figure A-1.

The results of the model were compared to current meter
data from the Endicott Environmental Monitoring Program
to determine if the model was simulating the first order
transport and the dominant flow. The model simulation was
similar to the current meter velocities during summer.
Example time series from 1985 show the current flow at
Endicott Station ED1 for the U (east-west) and V (north-
south) components, plotted on the same axis with the
current derived from the NOAA model for U and V (Der-U
and Der-V). The series show many events that coincidein
time, and that the currents derived from the NOAA model
are generally in good correspondence with the measured
currents. Some of the events in the measured currents are
not particularly well represented, and that probably is dueto
forcing of the current by something other than wind, such as
low freguency alongshore wave motions.

(8) Wind Information

We use the 17-year reanalysis of the wind fields provided to
us by Rutgers. The TIROS Operational Vertical Sounder
(TOVS) has flown on NOAA polar-orbiting satellites since
1978. Available from July 7, 1979, through December 31,
1996, and stored in Hierarchical Data Format, the TOV'S
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Pathfinder (Path-P) dataset provides observations of areas
poleward of lat. 60° N. at a resolution of approximately 100
x 100 kilometers. The TOV S Path-P data were obtained
using a modified version of the Improved Initialization
Inversion Algorithm (3I) (Chedin et a., 1985), a physical-
statistical retrieval method improved for use in identifying
geophysical variablesin snow- and ice-covered areas
(Francis, 1994). Designed to address the particular needs of
the polar research community, the dataset is centered on the
North Pole and has been gridded using an equal-area
azimuthal projection, aversion of the Equal-Area Scalable
Earth-Grid (EASE-Grid) (Armstrong and Brodzik, 1995).

Preparation of a basin-wide set of surface-forcing fields for
the years 1980 through 1996 has been completed. (Francis,
1999). Improved atmospheric forcing fields were obtained
by using the bulk boundary-layer stratification derived from
the TOV S temperature profiles to correct the 10-meter level
geostrophic winds computed from the National Center for
Environmental Prediction Reanalysis surface pressure
fields. These winds are compared to observations from
field experiments and coastal stationsin the Arctic Basin
and have an accuracy of approximately 10% in magnitude
and 20 degreesin direction.

(9) Oil-Spill Scenario

For purposes of this trajectory simulation, all spills occur
instantaneously. For each trajectory simulation, the start
time for the first trajectory was the first day of the season
(summer or winter) of the first year of wind data (1980) at 6
a.m. Greenwich Mean Time. We launch particles every 1
day (on average) for each of the 17 years of wind.

O

. Oil-Spill-Trajectory Model Assumptions

e Thegravel island and pipelines are constructed in the
locations proposed.

e BPXA transports the produced oil through the pipeline.

e Anoil spill reachesthe water.

e Anoil spill encapsulated in the fast ice does not move
until the ice moves or it melts out.

e  Spreading is simulated through the dispersion of 500
spilletes in the model.

¢ Qil spills occur and move without consideration of
weathering. The oil spills are smulated as 500 spilletes
each as a point with no mass or volume. The
weathering of the spilletesis estimated in the stand
aone SINTEF OWM model.

e Qil spills occur and move without any cleanup. The
model does not simulate cleanup scenarios. The oil-
spill trajectories move as though no booms, skimmers,
or any other response action istaken. The effect of the
oil discharge prevention and contingency plan (BPXA,
2000) isanalyzed in Sections 111.C.2 and Section VII.

e Qil spills stop when they contact the mainland

coastline, but not the barrier islands.
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Uncertainties exist, such as:

e theactual size of the ail spill or spills, should they
occur;

o whether the spill reaches the water;

o  whether the spill isinstantaneous or along-term leak;

e thewind, current, and ice conditions at the time of a
possible ail spill;

o how effective cleanup is;

e thecharacteristics of Liberty crude oil at the time of the
spill;

e how Liberty crude oil will spread; and

e whether or not production occurs

c. Oil-Spill-Trajectory Simulation

The trgjectory simulation portion of the model consists of
many hypothetical oil-spill trgjectories that collectively
represent the mean surface transport and the variability of
the surface transport as a function of time and space. The
traj ectories represent the Lagrangian motion that a particle
on the surface might take under given wind, ice, and ocean
current conditions. Multiple trajectories and spilletes are
simulated to give a statistical representation, over time and
space, of possible transport under the range of wind, ice, and
ocean current conditions that exist in the area.

Trajectories are constructed from simulations of wind-
driven and density-induced ocean flow fields, and the ice-
motion field. The basic approach isto simulate these time
and spatially dependent currents separately, then combine
them through linear superposition to produce an oil-
transport vector. This vector isthen used to create a
trajectory. Simulations are performed for two seasons:
winter (October-June) and summer (July-September). The
choice of this seasonal division was based on
meteorological, climatological, and biological cycles and
consultation with Alaska Region analysts.

For cases where the ice concentration is below 80%, each

trajectory is constructed using vector addition of the ocean

current field and 3.5% of the instantaneous wind field—a

method based on work done by Huang and Monastero

(1982), Smith et . (1982), and Stolzenbach et . (1977).

For cases where the ice concentration is 80% or greater, the

model ice velocity is used to transport the oil. Equations 1

and 2 show the components of motion that are simulated

and used to describe the oil transport for each spillete:

1 UoiI = Ucurrent +0.035 Uwind

or

2 UoiI = Uice

where:

Uy = oil drift vector

Ucurrent = CUrrent vector (when ice concentration isless than
80%)

Uwing = Wind speed at 10 meters above the sea surface

Ui = ice vector (when ice concentration is greater than or
equal to 80%)
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The wind drift factor was estimated to be 0.035, with a
variable drift angle ranging from 0° to 25° clockwise. The
drift angle was computed as a function of wind speed
according to the formulain Samuels, Huang, and Amstutz
(1982). (Thedrift angleisinversely related to wind speed.)

The trgjectories age while they are in the water and/or on the
ice. For each day that the hypothetical spill isin the water,
the spill ages—up to atotal of 360 days. While the spill is
in the ice (greater than or equal to 80% concentration), the
aging processis suspended. The maximum time allowed for
the transport of oil intheiceis 360 days, after which the
trajectory isterminated. When in open water, the trajectory
agesto a maximum of 30 days.

Turbulent Diffusion of the Lagrangian Elements: The
spilletes are assumed to move with Uy as described above
and to diffuse as aresult of arandom process. A random
vector component typically is added to represent subgrid
scale uncertainty associated with turbulence or mixing
processes that are not resolved by the physical transport
processes of the general circulation model.

d. Results of the Oil-Spill-Trajectory Model
Assuming Oil Spills Occur from the Liberty
Project

(1) Conditional Probabilities: Definition and
Application

The chance that an oil spill will contact a specific
environmental resource area or land or boundary segment
within a given time of travel from a certain location or spill
siteistermed a conditional probability. The condition is
that we assume a spill occurs. Conditional probabilities
assume a spill has occurred and the transport of the spilled
oil depends only on the winds, ice, and ocean currentsin the
study area.

For Liberty, we estimate conditional probabilities of contact
within 1, 3, 10, 30, 60, or 360 days during summer.
Summer spills are spills that begin in July through
September. Therefore, if any contact to an environmental
resource area or land segment is made by a trajectory that
began before the end of September, it is considered a
summer contact and is counted along with the rest of the
contacts from spills launched in the summer. We also
estimate the conditional probability of contact from spills
that start in winter , freeze into the ice and meltout in the
spring. We estimate contacts from these spillsfor 1, 3, 10,
30, 60, or 360 days. Winter spills are spillsthat beginin
October through June melt out of the ice and contact during
the open-water period. Therefore, if any contact to an
environmental resource area or land segment is made by a
trajectory that began by the end of June, it is considered a
winter contact and is counted along with the rest of the
contacts from spills launched in the winter.
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(2) Conditional Probabilities: Results

Table A-11 shows the name of the location where we start a
hypothetical spill from the gravel island or pipeline for
Alternatives|, I1IA. I11.B., IV.A,IV.B,IV.C, V, VI, and
VII. Tables A-12 through A-27 give the conditional
probabilities (expressed as percent chance) than an oil spill
starting at a particular location in the winter or summer
season will contact certain environmental resource areas or
land segments within 1, 3, 10, 30, 60, or 360 days from
Liberty Island (L1), Southern Island (API), Tern Island (T1),
Proposed Pipeline (PP1 and PP2), Eastern Alternative
Pipeline (AP1 and AP2), and Tern Island Alternative
Pipeline (TP1 and TP2). Conditional probabilities were
rounded from one significant figure beyond the decimal
point.

(a) Comparisons between Spill Location

In general, there are 0-2% differences in the chance of
contact to the majority of the environmental resource areas
when we compare Liberty Island (L1), Southern Island
(AP1), and Tern Idand to each other. Each of theseislands
are within 1.2-1.4 miles of each other, and there are no
geographic barriers to spills between these island locations.
The 3-12 percentage differences in the chance of contact are
to resources directly adjacent to the area where we started
the spill. For example, the largest difference (12%)isto the
Boulder Patch, because L1 is directly adjacent to it and AP1
and Tl are dightly farther away. In conclusion, changing
the location of the island has an insignificant changein the
chance of oil spill contact to the magjority of the
environmental resource areas.

In general there, are 0-2% differences in the chance of
contact to the majority of the land segments when we
compare Liberty Island (L1), Southern Island (AP1), and
Tern Island to each other. Land Segment 26 has a 3-4%
difference in the chance of contact from AP1 or TI when we
comparethemto L1. Changing the location of the island
has insignificant changes in the chance of contact to the land
segments.

(b) Generalities Through Time

1 Day: Within 24 hours, spills starting during summer from
Liberty Island, Southern Island, Tern Island, proposed
pipeline, eastern pipeline, and Tern pipeline have a chance
of contact to Land Segments 25 through 28 ranging from 1-
46%. The nearshore hypothetical spill sites have the higher
chances of contact to shore. The proposed alternative
islands and their associated pipelines are close to shore, and
it isintuitively understandable that spills have a chance of
contact to the adjacent coastline. The environmental
resource areas with the highest chance of contact are within
a10-mileradius. The three barrier islands with the highest
chance of contact ranging from 1-14% are the McClure
Idands, Tigvariak Island, and the Endicott Causeway.
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Within 24 hours, spills starting during winter from Liberty
Island, Southern Island, Tern Island, proposed pipeline,
eastern pipeline, and Tern pipeline have a chance of contact
to Land Segments 25 through 26 ranging from less than 0.5-
5%. The nearshore hypothetical spill sites have the higher
chances of contact to shore. The proposed alternative
islands and their associated pipelines are close to shore, and
itisintuitively understandable that spills have a chance of
contact to the adjacent coastline. The environmental
resource areas with the highest chance of contact are within
a5-mileradius. The three barrier islands, McClure Islands,
Tigvariak Idland, and the Endicott Causeway each have a
1% chance of contact.

3-10 Days: By 3-10 days, spills starting during summer
from Liberty Island, Southern Island, Tern Island, proposed
pipeline, eastern pipeline, and Tern pipeline have a chance
of contacting additional Land Segments 21-24 and 29-34
ranging from less than 0.5-5%. The highest chance of
contact isto Land Segments 25-28 and ranges from 1-55%.
Most of the chance of contact to land segmentsis within 10
days, because there are only small percentage increases
between 10 and 30 days. The highest chance of contact to
environmental resource areasis within a 15-mile radius and
ranges from 13-60%.

By 3-10 days, spills starting during winter from Liberty
Island, Southern Island, Tern Island, proposed pipeline,
eastern pipeline, and Tern pipeline have a chance of contact
to Land Segments 25 through 26 ranging from 1-7%.
Additional Land Segments 23, 27, and 28 have aless than
0.5-1% chance of contact. The nearshore hypothetical spill
sites have the higher (4-7%) chances of contact to shore.
The environmental resource areas with the highest (4-
7%)chance of contact are within a5-mile radius. The
exception to thisis Environmental Resource Area 33, which
isdirectly adjacent to TI. Environmental Resource Area 35
has a 33% chance of contact within 1-10 days from Tl
during winter.

30 Days: By 30 days, the path of spills starting during
summer from Liberty Island, Southern Island, Tern Island,
proposed pipeline, eastern pipeline, and Tern pipeline
extends farther down the coast away from the hypothetical
spill sites. By 30 days, additional Land Segments 19, 20, 33
and 34 have a chance of contact of 1-2%. These land
segments are approximately 80-125 kilometers and 114-170
kilometers to the west and east, respectively. The highest
chance of contact to environmental resource areas is within
a 30-mile radius and ranges from 13-60%.

By 30 days, spills starting during winter from Liberty
Island, Southern Island, Tern Island, proposed pipeline,
eastern pipeline, and Tern pipeline have a chance of contact
to Land Segments 25 through 26 ranging from 1-10%.
Additional Land Segments 22, 23, 24, 27, 28, and 29 have a
less than 0.5-2% chance of contact. The environmental
resource areas with the highest (8-11%) chance of contact
are within a5-mileradius. The exceptionsto thisare
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Environmental Resource Areas 35 and 36, which are
directly adjacent to Tl and TP2, respectively.
Environmental Resource Areas 35 and 36 each have a 33%
chance of contact within 30 days from Tl or TP2 during
winter.

4. Using Historical Spill Records to
Estimate the Chance of an Oil Spill
Occurring

We conclude that the designs for the Liberty Project will
produce minimal chance of alarge oil spill reaching the
water. If an estimate of chance must be given for the
offshore production island and the buried pipeline, our best
professional judgment isthat the chance of an oil spill
greater than or equal to 500 barrels from the Liberty
offshore project entering the offshore waters is on the order
of 1%.

The reader isreferred to Section I11.C.1.d for adiscussion

on using historical spill records to estimate the chance of an
oil spill occurring. This section evaluates the estimates of
the chance of an ail spill occurring, using historical spill
records and the oil-spill prevention designed into the Liberty
Project. The exposure variables used are either volume of
oil produced or pipeline miles or well years. None of these
exposure variables will produce differences in spill
occurrence between any of the alternative pipeline designs,
because the pipeline design alternatives al are the same
length, or the same amount of oil will be produced
regardless of pipeline design. Historical oil-spill data can be
used to estimate the chance of an oil spill occurring, but
they cannot be used to differentiate spill occurrence among
the alternative pipeline designs. With the exception of the
single-wall pipe, there are no historical oil-spill datafor the
alternative pipeline designs. Thereader isreferred to Table
I1.C-5 for information on pipeline failure rates by pipeline
design.

B. SMALL OIL SPILLS

Small spills are spillsthat are less than 500 barrels. We
analyze the effects of small spillsin Section 111.D.3. We
consider two types of small spills. We assume one small
spill of 125 barrels from the Liberty pipeline and 23
operational small spillstotaling 68 barrels.

The analysis of operational small oil spills uses historical
oil-spill databases and simple statistica methodsto derive
genera information about small crude and refined oil spills
that occur on the Alaska North Slope. Thisinformation
includes estimates of how often a spill occurs for every
billion barrels of ail produced (oil-spill rates), the mean
(average) number of oil spills, and the mean and median
size of oil spills from facilities, pipelines, and flowlines
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combined. We then use thisinformation to estimate the

number, size, and distribution of operational small spills that

may occur from the Liberty Project. The analysis of

operational small oil spills considers the entire production

life of the Liberty Project and assumes:

e commercia quantities of hydrocarbons are present at
Liberty, and

e these hydrocarbons will be developed and produced at
the estimated resource levels.

Uncertainties exist, such as

e theestimates required for the assumed resource levels,
or

e theactual size of acrude- or refined-oil spill.

We use the history of crude and refined oil spills reported to
the State of Alaska, Department of Environmental
Conservation and the Joint Pipeline Office to determine
crude- and refined-oil spill rates and patterns from Alaska
North Slope oil and gas exploration and development
activities for spills greater than or equal to 1gallon and less
than 500 barrels. Refined oil includes aviation fuel, diesel
fuel, engine lube, fuel oil, gasoline, grease, hydraulic oil,
transformer oil, and transmission oil. The Alaska North
Slope oil-spill analysisincludes onshore oil and gas
exploration and development spills from the Point
Thompson Unit, Badami Unit, Kuparuk River Unit, Milne
Point Unit, Prudhoe Bay West Operating Area, Prudhoe Bay
East Operating Area, and Duck Island Unit.

The Alaska North Slope oil-spill database of al spills
greater than or equal to 1 gallon is from the State of Alaska,
Department of Environmental Conservation. Oil-spill
information is provided to the State of Alaska, Department
of Environmental Conservation by private industry
according to the State of Alaska Regulations 18 AAC 75.
The totals are based on initial spill reports and may not
contain updated information. The State of Alaska,
Department of Environmental Conservation database
integrity is most reliable for the period 1989-1998 due to
increased scrutiny after the Exxon Valdez il spill (Volt,
1997, pers. commun.). For thisanalysis, the database
integrity cannot be validated thoroughly. However, we use
thisinformation, because it is the only information available
to us about small spills. For this analysis, the State of
Alaska, Department of Environmental Conservation
database is spot checked against spill records from ARCO
Alaska, Inc. and British Petroleum, Inc. All spills greater
than or equal tol gallon are included in the dataset. We use
the time period January 1989-December 1998 in this
analysis of small oil spillsfor the Liberty Project.

A simple analysis of operational small cil-spillsis
performed. Alaska North Slope oil-spill rates are estimated
without regard to differentiating operation processes. The
State of Alaska, Department of Environmental Conservation
database base structure does not facilitate quantitative
analysis of Alaska North Slope oil-spill rates separately for
platforms, pipelines, or flowlines.
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1. Results for Small Operational Crude
Oil Spills

The analysis of Alaska North Slope crude oil spillsis
performed collectively for all facilities, pipelines, and
flowlines. Figure A-3 shows the size distribution of crude-
oil spills greater than or equal to 1 gallon and less than 500
barrels from January 1989-December 1998 on the Alaska
North Slope. The pattern of crude oil spills on the Alaska
North Slope is one of numerous small spills. Of the crude
oil spills that occurred between 1989 and 1998, 31% were
less than or equal to 2 gallons; 55% were less than or equal
to 5 galons. Ninety-eight percent of the crude oil spills
were less than 25 barrels and 99% were less than 60 barrels.
The spill sizesin the database range from less than 1 gallon
to 925 barrels. Only crude oil spills greater than or equal to
1 gallon are used in the analysis. The average crude oil-spill
size on the Alaska North Slope is 3.8 barrels, and the
median spill sizeis7 gallons. For purposes of analysis, this
EIS assumes an average crude oil-spill size of 4 barrels.

Table A-28 shows the estimated crude oil-spill rate for the
Alaska North Slope is 199 spills per billion barrels
produced. Table A-29 shows the assumed number, size, and
total volume of small spills for the Liberty Project. Table
A-30 shows the assumed size distribution of those spills.

The causes of Alaska North Slope crude oil spills, in
decreasing order of occurrence by freguency, are leaks,
faulty valve/gauges, vent discharges, faulty connections,
ruptured lines, seal failures, human error, and explosions.
The cause of approximately 30% of the spillsis unknown.

2. Results for Small Operational Refined
Oil Spills

Thetypical refined products spilled are aviation fuel, diesel
fuel, engine lube, fuel oil, gasoline, grease, hydraulic oil,
transformer ail, and transmission cil. Diesdl spills are 60%
of refined ail spills by frequency and 83% by volume.
Engine lube ail spills are 9% by frequency and 3% by
volume. Hydraulic ail is 23% by frequency and 10% by
volume. All other categories are less than 1% by frequency
and volume. Refined oil spills occur in conjunction with oil
exploration and production. The refined oil spills correlate
to the volume of Alaska North Slope crude oil produced.
As production of crude oil has declined, so has the number
of refined ail spills. Table A-31 shows that from January
1989-December 1998, the spill rate for refined ail is 445
spills per billion barrels produced. Table A-32 shows the
assumed refined oil spills during the lifetime of the Liberty
Project.
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C. CUMULATIVE ANALYSIS

In this section, we discuss how we estimate the oil spills we
analyze in the cumulative analysis (Sec. V).

The TAPS pipeline, onshore Alaska North Slope, TAPS
tankers, and the Alaska outer continental shelf have varying
spill rates and spill-size categories. Table A-33 summarizes
these spill rates and spill-size categories we assume for
purposes of analysis. We use these spill rates and size
categoriesto estimate oil spills for the cumulative case. All
oil originating from either onshore or offshore on the North
Slope of Alaska flows through the TAPS pipeline and into
TAPS tankers.

The resources and reserves we use to estimate oil spillsin
the cumulative case are shown in Table A-34. For purposes
of quantitative analysis of oil spills, we focus on the past,
present, and reasonably foreseeable production. Past,
present, and reasonably foreseeable production contributes
10.04 billion barrelsin reserves and resources, with Liberty
contributing 0.12 hillion barrels for atotal of 10.16 billion
barrels.

Table A-35 shows the number and volume of spillswe
estimate for the cumulative case. It isunlikely that Liberty
would contribute an oil spill offshore in the Beaufort Sea or
along the TAPS tanker route. For purposes of analysisin
the cumulative case, we assume Liberty would not
contribute an oil spill offshore in the Beaufort Sea or along
the TAPS tanker route.

The pipeline and platform spill size in the Beaufort Sea
ranges from 125-2,956 barrels. The onshore spill size
ranges from 500-925 barrels. For purposes of analysis, we
assume a TAPS pipeline spill ranging from 500-1,000
barrels (Table A-36). We discuss the average size of a spill
from a TAPS tanker in the following subsections.

Table A-35 shows we estimate one spill from projectsin the
Beaufort Sea greater than or equal to 500 barrels over the
lifetime of the Liberty Project. For purposes of analysis, we
assume this spill could range from 125-2,956 barrels. The
primary source of this spill isfrom afacility. Based on the
pollution-prevention methods, regulatory mandates for
tanks, and design features of theisland, it is unlikely a spill
would leave the gravel island.

We base these spill estimates on production from past,
present, and reasonably foreseeable development. Possible
offshore sources in these categories include Endicott,
Northstar, Kalubik, Gwydyr Bay, Flaxman Island, Kuvium,
and Hammerhead. This category also includes potential
production from undiscovered resources on Federal leased
tractsin the Beaufort Sea.

Table A-35 shows we assume one spill greater than or equal
to 500 barrels from the TAPS pipeline from other projects.
It isunlikely that Liberty would contribute an ail spill along
the TAPS pipeline.
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Table A-35 shows we also estimate 9 spills greater than or
equal to 1,000 barrels from other projects along the TAPS
tanker route. Table A-36 shows the tanker spills along the
TAPS tanker route to date. We use information from Table
A-36 to estimate the size and location of the 11 spills we
assume. By location, we mean if the spill occursin port or
at sea

Table A-37 shows our estimates of the size of those 9 spills.
We estimate six spills—four in port and two at sea—with an
average size of 3,000 barrels; two spills at sea with an
average size of 14,000 barrels; and one spill at seawith a
size ranging from 200,000-260,000 barrels. Previous
studies show that the chance of one or more spills occurring
and contacting land along the U.S. coast adjacent to the
TAPS tanker routeisless than or equal to 3% (LaBelle et
al., 1996).

For More Information: The report Oil-Spill-Risk
Analysis: Liberty Development and Production Plan
(Johnson, Marshall and Lear, 2000.) describes how we
analyze oil spillsin terms of their risk to the environment.
Thisincludes how the oil spill is followed through time, and
how often the oil contacts areas of concern.

For a copy of this report:

e call 1-800-764-2627

e request by email through akwebmaster@mms.gov

e download a copy from the MMS, Alaska OCS Region
homepage at http://www.mms.gov/ a aska/cproject/
liberty/INDEX.HTM

e writeor visit the Minerals Management Service at 949
East 36th Avenue Anchorage, AK 99508-4363.
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Table A-1 Large, Small, and Very Large Spill Sizes We Assume for Analysis in this EIS by Section

EIS Section Source of Spill Type of Oil | Size of Spill(s) in Barrels Receiving Environment
Large Spills
Offshore
I.Cc.2 Pipeline Crude 715, 1,580, 2,956 Open Water
Iv.C Gravel Island Crude 925 Under Ice
Storage Tank Diesel 1,283 On Top of Ice
Broken Ice
Onshore Snow
Pipeline Crude 720" — 1,142° Ice
River
Tundra
Small Spills
Offshore
Pipeline Crude 125 Under Ice
Offshore and Onshore Open Water
Operational Spills Diesel or 17 spills < 1 barrel On Top of Ice
from All Sources Crude 6 spills 21 barrel but <25 barrels | Broken Ice
I1.D.3 Gravel Island
Open Water
Onshore and Offshore Refined 53 spills of 0.7 barrels each On Top of Ice
Broken Ice
Snowl/Ice
Tundra
Very Large Spills
Open Water
Blowout from the Gravel Island | Crude 180,000 On Top of Ice
IX Broken Ice
Tanker Spill in the Gulf of Alaska | Crude 200,000 Open Water

Source: USDOI, MMS Alaska OCS Region (2000).

! This volume was calculated in BPXA (1999:2-23). This calculation assumes the leak is less than or equal to 1% of the flow (barrel), 97.5
barrels is released for 7 days before detection. The potential volume released during reaction is 2.3 barrels. The expansion volume is 29
barrels, and maximum drainage due to gravity is negligible.

2 This volume was calculated in BPXA (2000:2-18) and represents a guillotine cut. It assumes 14 minutes for detection confirmation and
complete shutdown.
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Table A-2 Large Spill Sizes We Assume for Analysis in this EIS by Alternative
ASSUMED VOLUME FOR SPILLS
CRUDE OIL DIESEL OIL
GRAVEL OFFSHORE PIPELINE ONSHORE| GRAVEL
ISLAND PIPELINE | ISLAND
(Diesel
Tank)
Leak Detection Pressure Point Analysis
and Location And Mass Balance Line Pack
System Compensation
Leak |Rupture | Summer Leak | Winter Leak | Rupture
JAlternative | BPXA Proposal 925 -t 1,580 715 2,956 1,580 |720-1,142 1,283
|Alternative I, No Action 0 0 0 0 0 0 0 0
JAlternative Ill, Use Alternative Island Locations and | 925 — 1,580 715 2,956 1,580 | 720-1,142 1,283
Pipeline Routes
IAlternative IV, Use Different Pipeline Designs
Assumption 1, Neither Outer nor Inner Pipe Leaks
Alternative IVA Use Pipe in Pipe System 925 0 0 720-1,142 1,283
Alternative IVB Use Pipe in HDPE System 925 0 0 720-1,142 1,283
Alternative IVC Use Flexible Pipe System 925 0 0 720-1,142 1,283
Alternative | Single Wall (for comparison) 925 0 0 720-1,142 1,283
Assumption 2, Both Outer and Inner Pipes Leak
Alternative IVA Use Steel Pipe in Pipe System 925 — 1,580 715 2,956 1,580 | 720-1,142 1,283
Alternative IVB Use Pipe in HDPE System 925 -t 1,580 715 2,956 1,580 |720-1,142 1,283
Alternative IVC Use Flexible Pipe System 925 -t 1,580 715 2,956 1,580 | 720-1,142 1,283
Alternative | Single Wall (for comparison) 925 -t 1,580 715 2,956 1,580 | 720-1,142 1,283
Assumption 3, Only the Inner Pipe Leaks
Alternative IVA Use Pipe in Pipe System 925 0 0 720-1,142 1,283
Alternative IVB Use Pipe in HDPE System 925 0 0 720-1,142 1,283
Alternative IVC Use Flexible Pipe System 925 — 1,580 715 2,956 1,580 |720-1,142 1,283
Alternative | Single Wall (for comparison) 925 -t 1,580 715 2,956 1,580 | 720-1,142 1,283
Assumption 4, Only the Outer Pipe Leaks
Alternative IVA Use Pipe in Pipe System 925 0 0 720-1,142 1,283
Alternative IVB Use Pipe in HDPE System 925 0 0 720-1,142 1,283
Alternative IVC Use Flexible Pipe System 925 NA NA NA NA NA 720-1,142 1,283
Alternative | Single Wall (for comparison) 925 NA NA NA NA NA 720-1,142 1,283
JAlternative V, Use Steel Sheetpile 925 -t 1,580 715 2,956 1,580 | 720-1,142 1,283
IAlternative VI, Use Duck Island Mine 925 -t 1,580 715 2,956 1,580 |720-1,142 1,283
JAlternative VII, Use a 15-Foot Trench Depth 925 -t 1,580 715 2,956 1,580 | 720-1,142 1,283

Source: USDOI, MMS Alaska OCS Region (2000).
! See smalll spills.
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Table A-3 Comparison of Greatest Possible Discharge to Other Estimated Spill Sizes

Size of Spill in Barrels
BPXA MMS
Estimate of Possible
. . Discharge Without
Source of Spill Type of Ol | qiimate of Greatest | Drainage (PPAMBLPC, | Median Spill Sizes on | Median Spill Sizes on
Possible Discharge  [LEOS and Visual Detection) United States OCS? Alaska North Slope
Offshore
Pipeline
Open Water | Crude Oil 1,764 125, 715, 1580 5.100
Under Ice Crude Oil 1,764 125, 1,580, 2,956 '
Gravel Island Crude Oil 178,800 7,000 6633
Tank Diesel Fuel 5,000 7,000
Onshore
Pipeline Crude Oil 720 -1, 142 510

Source: USDOI, MMS, Alaska OCS Region (2000) and BPXA (2000).

! Estimate prepared for State of Alaska Response Planning Standards, 18 AAC 75.340.
2 Anderson and LaBelle (1994) and Anderson (2000a).

3 Gravel island is assumed equivalent to an onshore gravel pad.
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Table A-4 Properties of Liberty Crude Oil

Property Weathering (volume %)
in English Units in Metric Units 0 115 20.0
Density (g/cm¥) Density (g/m L)
34°F 1°C 0.922 0.940 NA*
60°F 15°C 0.911 0.929 0.936
85°F 30°C 0.899 0.918 0.926
Viscosity Viscosity
Dynamic (cP) Dynamic (mPa.s)
60°F 15°C 143 746 2715
85°F 30°C 33 92 178
Kinematic (cST) Kinematic (mm %)
60°F 15°C 156 801 2901
85°F 30°C 37 100 192
Interfacial Tensions Interfacial Tensions
@ 72°F (dynes/cm) @ 22°C (mNm)
Air/Qil Air/Qil 32.7 30.8 35.7
Oil/Seawater Oil/Seawater 23.7 23.5 27.2
Pour Point Pour Point
°F 37 54 64
°C 3 3 18
Flash Point Flash Point
°F 52 174 266
°C 11 79 130
Emulsion Formation @ 72°F | Emulsion Formation @ 22°C
Tendency Tendency 1 1 1
Stability Stability 1 1 1
ASTM Modified Distillation (°C)
Liquid Vapor
Evaporation Temperature Temperature
(% volume) °F °C °F °C
1B.P 256 125 147 64
5 424 218 270 132
10 494 257 360 182
15 560 294 447 231
20 613 323 516 269
25 654 346 570 299
30 699 370 600 316
35 737 392 643 340

Source: S.L. Ross Environmental Research Ltd. (1998).
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Tables A-5 Summary of the Predicted Short-Term Behavior of a 1,000-Barrel Batch Slick of Liberty
Crude Oil in Spring Breakup, Winter Ice, Fall Freezeup, and Summer Open-Water Conditions

a. Average Environmental Conditions Assumed to Each Scenario

Summer Fall Freeze-Up Winter Spring Break-Up
Wind Speed (knots) 10 10 10 10
Ice Cover open water 3-7 tenths ice cover 100% ice cover (fast ice) 3-7 tenths ice
Air Temperature (°F) 45 15 -15 40
Surface Temperature (°F)
Sea 37 32 32
Ice -15

Source: S.L. Ross Environmental Research Ltd. (2000).

b. Predicted Characteristics of a 1,000-Barrel Batch Slick of Liberty Crude

Naturally

Scenario and Evaporated Dispersed Remaining
Elapsed Time (%) (%) (%)
In Spring, Breakup Conditions

1 Day 6 0.012 93.98

3 Days 9 0.024 90.91
On Winter Ice

1 Day 0.9 0 99.1

3 Days 2.1 0 97.9
In Fall, Freezeup Conditions

1 Day 3 0.01 96.99

3 Days 6 0.024 93.09
In Summer, Open-Water Conditions

1 Day 7 0.015 92.98

3 Days 9 0.028 91.07

Source: S.L. Ross Environmental Research Ltd. (2000).
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Table A-6 SINTEF Results of Weathering
a. 125 Barrels of Liberty Crude Oil

During Open Water

During Melt Out Into 50 Percent lice

Hours Evaporated Dispersed Remaining Hours Evaporated Dispersed Remaining
6 8 1.1 90.9 6 5 0 95
12 9 1.7 89.3 12 6 0 94
24 11 2.6 86.4 24 8 0 92
48 12 4.1 83.9 48 9 0.1 90.9
72 13 5.5 81.5 72 10 0.1 89.9
240 15 13 72 240 13 0.5 86.5
480 16 20.9 63.1 480 15 1 84
720 17 27.1 55.9 720 16 14 82.6
b. 715 Barrels of Liberty Crude Oil
During Open Water During Melt Out Into 50 Percent lice
Hours Evaporated Dispersed Remaining Hours Evaporated Dispersed Remaining
6 9 1.1 89.9 6 4 0 96
12 10 1.7 88.3 12 5 0 95
24 11 2.6 86.4 24 6 0 94
48 12 4.1 83.9 48 8 0 92
72 13 5.5 81.5 72 9 0.1 90.9
240 15 13 72 240 12 0.2 87.8
480 16 20.9 63.1 480 13 0.4 86.6
720 17 27.1 55.9 720 15 0.7 84.3
c. 925 Barrels of Liberty Crude Oil
During Open Water During Melt Out Into 50 Percent Ice
Hours Evaporated Dispersed Remaining Hours Evaporated Dispersed Remaining
6 4 0.1 95.5 6 4 0 95.6
12 6 0.2 94.2 12 6 0 94.4
24 7 0.3 92.6 24 7 0 92.9
48 9 0.7 90.5 48 8 0 92
72 10 1.0 89.3 72 9 0.1 90.9
240 13 3.8 83.6 240 12 0.2 87.8
480 14 8.0 77.6 480 13 0.4 86.6
720 15 12.2 72.8 720 14 0.6 85.4
d. 1,580 Barrels of Liberty Crude Qil
During Open Water During Melt Out Into 50 Percent Ice
Hours Evaporated Dispersed Remaining Hours Evaporated Dispersed Remaining
6 4 0.1 95.9 6 4 0 96
12 5 0.2 94.8 12 5 0 95
24 7 0.3 92.7 24 6 0 94
48 8 0.5 61.5 48 7 0 93
72 9 0.8 90.2 72 8 0 92
240 12 3.0 87.7 240 11 0.2 88.8
480 14 6.3 79.7 480 13 0.3 86.7
720 15 9.7 75.3 720 14 0.5 85.5
e. 2,956 Barrels of Liberty Crude Oil
During Melt Out Into 50 Percent Ice
Hours Evaporated Dispersed Remaining
We do not assume a 2,956 barrel crude oil spill will 6 4 0 96
occur during open water. 12 4 0 96
24 5 0 95
48 7 0 93
72 8 0 92
240 11 0.1 88.9
480 12 0.2 87.8
720 13 0.4 86.6
f. 1,283 Barrels of Diesel Oil
During Open Water During Melt Out Into 50 Percent Ice
Hours Evaporated Dispersed Remaining Hours Evaporated Dispersed Remaining
6 5 11.7 83.3 6 3 0.4 96.6
12 7 21.8 71.2 12 5 0.8 94.2
24 11 37.8 51.2 24 8 15 90.5
48 16 57.8 26.2 48 12 3.0 87.7
72 18 68 14 72 16 4.5 79.5
120 20 76.3 3.7 240 28 13.7 58.3
144 20 77.9 21 480 34 24.4 41.6
720 38 32.6 29.4

Source: Reed et al. (2000)
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Table A-7 Assumed Fate and Behavior of a Spill of Liberty Crude Oil Ranging in Size from 715-2,956 Barrels

Summer Spill* Broken Ice or Meltout Spill? Winter Under Ice Spill®

(715-1580) (715-2,956) (2,956)
Time After Spill in Days 1 3 10 30 1 3 10 30 1 3 10 30
Oil Remaining (%) 86-93 82-91 72-88 56-75 93-94 91-92 88-89 84-87 | 100 100 100 100
Oil Dispersed (%) 0.15-2.6 0.28-5.5 3-13 10-27 | 0-0.012 0-0.024 0.1-0.2 0.4-0.7 0 0 0 0
Oil Evaporated (%) 7-11 9-13 12-15 15-17 6-7 8-9 11-12 13-15 0 0 0 0
Discontinuous Area (km?)* 1-2 6-9 30-45 124-186 1-2 3-7 17-36  73-150 | 3/4to 3 acres
Estimated Coastline Oiled (km)®| 21-30 23-45 0

Source: USDOI, MMS, Alaska OCS Region (2000). Information from S.L. Ross Oil Spill Model calculated with Liberty Crude Oil (BPXA,
2000) and the SINTEF oil-weathering assuming a Liberty crude (Reed et al., 2000). For footnotes, see below.

Table A-8 Assumed Fate and Behavior of a 125-Barrel Crude Oil Spill over 24 Hours

Summer Spill* Winter Broken Ice or Meltout Spill?
Time After Spill in Days 1 3 10 30 1 3 10 30
Oil Remaining (%) 86 82 72 56 92 90 87 83
Oil Dispersed (%) 2.6 55 13 27.1 0 0.1 0.5 1.4
Oil Evaporated (%) 11 13 15 17 10 13 16
Discontinuous Area (km?)* 0.5 3 12 51 0.4 1 7 30
Estimated Coastline Oiled (km)® 9

Source: USDOI, MMS, Alaska OCS Region (2000). Information the SINTEF oil-weathering model assuming a
Liberty crude (Reed et al., 2000). For footnotes, see below.

Table A-9 Assumed Fate and Behavior of a 1,283-Barrel Diesel-Oil Spill

Summer Spill* Winter Broken Ice or Meltout Spill?
Time After Spill in Days 1 3 7 1 3 10 30
Oil Remaining (%) 51 14 2 90 79 58 29
Oil Dispersed (%) 38 68 78 2 5 14 33
Oil Evaporated (%) 11 18 20 16 28 38
Discontinuous Area (km?)* 1 7 18 5 25 103

Source: USDOI, MMS, Alaska OCS Region (2000).
Calculated with the Reed et al. (2000) weathering model, assuming a Marine Diesel.

Footnotes:

'Summer (July through September) open water spill, 12-kn wind speed, 2° C, 0.4-m wave height.
Winter (October through June) meltout spill. The spill is assumed to occur during the winter under the landfast
ice, pools 2-cm thick on ice surface for 2 days at 0 « C prior to meltout into 50-percent ice cover, 11-kn wind

speed, and 0.1 wave height.

*Qualitative estimate of fate and behavior of under-ice spill taken from D.F. Dickens Associates Ltd. (1992) and

Hollebone (1997).

“Calculated from Equation 6 of Table 2 in Ford (1985) and is the discontinuous area of a continuing spill or the
area swept by an instantaneous spill of a given volume.
®Calculated from Equation 17 of Table 4 in Ford (1985) and is the results of stepwise multiple regression for

length of historical coastline oiled.
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Table A-10 Environmental Resource Areas: Name, Vulnerable Period, and Identification Number on
Maps A-1 and A-2

ID Name Vulnerable ID Name Vulnerable

1 Spring Lead 1 April-May 32 Boulder Patch 1 January-December
2 Spring Lead 2 April-May 33 Boulder Patch 2 January-December
3 Spring Lead 3 April-May 34 ERA34 May-October

4  Spring Lead 4 April-May 35 ERA35 May-October

5  Spring Lead 5 April-May 36 ERA36 May-October

6 Ice/Sea Segment 6 January-December 37 ERA37 May-October

7 Ice/Sea Segment 7 January-December 38 ERA38 May-October

8 Ice/Sea Segment 8 January-December 39 ERA39 May-October

9 Ice/Sea Segment 9 January-December 40 ERA 40 May-October

10 Ice/Sea Segment 10 January-December 41 ERA 41 May-October

11 Ice/Sea Segment 11 January-December 42 Canning River May-October

12 Ice/Sea Segment 12 January-December 43 ERA 43 May-October

13 Ice/Sea Segment 13 January-December 44  Simpson Cove May-October

14 ERA 14 May-October 45 ERA 45 May-October

15 ERA15 May-October 46 Arey Lagoon, Hula Hula River May-October

16 ERA16 May-October 47 Whaling Area/Kaktovik August-October

17 ERA17 May-October 48 Thetis Island January-December
18 ERA 18 May-October 49 Spy Island January-December
19 ERA19 May-October 50 Leavitt and Pingok Islands January-December
20 ERA 20 May-October 51 Bertoncini, Bodfish, and Cottle Islands January-December
21 ERAZ21 May-October 52 Long Island January-December
22 Simpson Lagoon May-October 53 Egg and Stump Islands January-December
23 Gwydyr Bay May-October 54 West Dock January-December
24 ERA?24 May-October 55 Reindeer and Argo Islands January-December
25 Prudhoe Bay May-October 56 Cross and No Name Islands January-December
26 ERA 26 May-October 57 Endicott Causeway January-December
27 ERA?27 May-October 58 Narwhal, Jeanette and Karluk Island January-December
28 ERA 28 May-October 59 Tigvariak Island January-December
29 ERA29 May-October 60 Pole and Belvedere Islands January-December
30 ERA30 May-October 61 Challenge, Alaska, Duchess, and Northstar Islands  January-December
31 ERA31 January-December 62 Flaxman Island January-December

Source: USDOI, MMS, Alaska OCS Region (2000).

A. Information and Assumptions Regarding Oil Spills B. Small Oil Spills

C. Cumulative Analysis
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A-22 Appendix A. OIL-SPILL-RISK ANALYSIS

Table A-11 Locations Where We Simulate Oil Spills From for Each Alternative — Map A-6

Alternative Gravel Island Pipelines

| Use the Liberty Island and Pipeline Route L1 PP1 and PP2

Il No Action None None

IIILA  Use the Southern Island and the Eastern Pipeline Route AP1 AP1 and AP2

III.B  Use the Tern Island Location and Tern Pipeline Route T1 TP1 and TP2

IV.A Use Pipe-in-Pipe System L1, APl orT1 PP1,PP2 or AP1,AP2 or TP1,TP2
IV.B Use Pipe-in-HDPE System L1, APlorT1l PP1,PP2 or AP1,AP2 or TP1,TP2
IV.C Use Flexible Pipe System L1, APl orT1 PP1,PP2 or AP1,AP2 or TP1,TP2
\ Use Steel Sheetpile to Protect the Upper Slope of the Island L1, APlorT1l PP1,PP2 or AP1AP2 or TP1,TP2
\ Use Duck Island Gravel Mine L1, APl orT1 PP1,PP2 or AP1,AP2 or TP1,TP2
VIl Use a 15-Foot Pipeline Burial Depth L1, APlorTl PP1,PP2 or AP1AP2 or TP1,TP2

Source: USDOI, MMS, Alaska OCS Region (2000)

A. Information and Assumptions Regarding Oil Spills B. Small Oil Spills C. Cumulative Analysis
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Table A-12 Conditional Probabilities (Expressed as Percent Chance) That an Oil Spill Starting at L1
in Summer or Winter Will Contact a Certain Environmental Resource Area (ERA) Within 1, 3, 10, 30,
60, Or 360 Days, Liberty Island

L1 Winter (Days)

L1 Summer (Days)

ERA 1 3 10 30 60 360 1 3 10 30 60 360
Land All Land Segments 1 4 8 13 23 98 27 54 74 87 93 94
1 Spring Lead 1 n n n n n n n n n n n n
2 Spring Lead 2 n n n n n n n n n n n n
3 Spring Lead 3 n n n n n n n n n n n n
4 Spring Lead 4 n n n n n n n n n n n n
5 Spring Lead 5 n n n n n n n n n n n n
6 Ice/Sea Segment 6 n n n n n 1 n n n n n 1
7 Ice/Sea Segment 7 n n n n 1 1 n n 1 3 3 3
8 Ice/Sea Segment 8 n n n 1 1 1 n n 1 1 2 2
9 Ice/Sea Segment 9 n n 1 1 2 4 n n 3 3 4 4
10 Ice/Sea Segment 10 n n 1 2 2 5 n 1 3 4 5 5
11 Ice/Sea Segment 11 n n 1 1 1 5 n 1 5 8 8 8
12 Ice/Sea Segment 12 n n n n n 1 n n 1 3 3 3
13 Ice/Sea Segment 13 n n n n n n n n 1 3 3 3
14 ERA 14 n n n n n n n n n n n n
15 ERA 15 n n n n n 1 n n n n n n
16 ERA 16 n n n n n 2 n n n n 1 1
17 ERA 17 n n n n n 4 n n 1 1 1 1
18 ERA 18 n n n n n 4 n n n 1 2 2
19 ERA 19 n n n n n 2 n n n 2 2 2
20 ERA 20 n n n n 1 4 n n 2 4 4 4
21 ERA 21 n n n n 1 7 n n 2 6 7 7
22 Simpson Lagoon n n n n 1 14 n 2 5 8 10 10
23 Gwydyr Bay n n n n 1 2 n 2 5 6 6 6
24 ERA 24 n n n 1 1 8 n 1 4 7 8 8
25 Prudhoe Bay n n 1 1 1 5 1 4 6 6 7 7
26 ERA 26 n n 1 1 2 8 3 10 12 13 13 14
27 ERA 27 n 1 1 2 3 12 9 15 17 18 18 18
28 ERA 28 n 1 1 3 5 20 2 7 11 11 12 12
29 ERA 29 n n 1 1 2 11 n 3 7 10 11 11
30 ERA 30 n 1 1 2 3 11 n 6 11 13 14 14
31 ERA 31 n n 1 1 3 11 n 4 7 9 9 9
32 Boulder Patch 1 1 1 3 4 7 25 10 18 21 21 21 21
33 Boulder Patch 2 5 6 7 11 17 59 52 59 60 60 61 61
34 ERA 34 1 1 1 2 3 9 10 15 16 17 17 17
35 ERA 35 4 5 6 10 14 46 29 33 34 34 34 34
36 ERA 36 1 2 2 3 5 16 12 14 16 17 17 17
37 ERA 37 1 2 3 4 7 23 6 12 13 14 15 15
38 ERA 38 n 1 2 3 4 15 4 10 12 12 12 13
39 ERA 39 n 1 2 3 4 15 1 6 13 15 16 16
40 ERA 40 n n 1 2 4 16 n 4 10 13 14 14
41 ERA 41 n n 1 1 1 7 n 1 6 9 9 9
42 Canning River n n n n n 4 n n 2 3 3 3
43 ERA43 n n n 1 1 4 n n 3 7 7 7
44 Simpson Cove n n n n n 2 n n 1 2 2 2
45 ERA45 n n n n n 2 n n 3 5 5 5
46 Arey Lagoon, Hula Hula River n n n n n 1 n n 1 1 2 2
47 Whaling Area/Kaktovik n n n n n 1 n n 1 3 3 3
48 Thetis Island n n n n 1 5 n n 1 2 2 2
49 Spy Island n n n n 1 5 n n 1 2 3 3
50 Leavitt and Pingok Islands n n n n 1 8 n n 3 4 4 4
51 Bertoncini, Bodfish, and Cottle n n n 1 2 15 n 2 6 8 9 10
52 Long Island n n n 1 2 8 n 3 8 9 9 9
53 Egg and Stump Islands n n 1 2 3 12 n 6 9 10 10 10
54 West Dock n n 1 2 3 11 1 7 9 10 10 10
55 Reindeer and Argo Islands n n 1 1 3 10 n 4 7 8 8 8
56 Cross and No Name Islands n n 1 1 2 11 n 2 6 7 8 8
57 Endicott Causeway 1 1 2 3 4 15 14 19 21 22 22 22
58 Narwhal, Jeanette and Karluk 1 2 3 4 6 21 6 11 13 15 15 15
59 Tigvariak Island 1 2 2 3 4 13 10 14 16 17 17 17
60 Pole and Belvedere Islands n 1 2 3 5 16 1 6 8 10 10 10
61 Challenge, Alaska, Duchess a n n 1 2 3 13 1 2 5 6 6 7
62 Flaxman Island n n n 1 1 7 n 1 3 4 5 5

Note: n = Less than 0.5%
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Table A-13 Conditional Probabilities (Expressed as Percent Chance) That an Oil
Spill Starting At L1 in the Summer or Winter Will Contact a Certain Land Segment
Within 1, 3, 10, 30, 60, or 360 Days , Liberty Island

Land L1 Winter (Meltout) (Days) L1 Summer (Days)
Segment 10 30 60 360 10 30 60 360
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Note: n = Less than 0.5%, Land Segments 16 through 34 are shown.
All other Land Segments with all values less than 0.5% are not shown.

Table A-14 Conditional Probabilities (Expressed as Percent Chance) That an Oil
Spill Starting at T1 in the Summer or Winter Will Contact a Certain Land Segment
Within 1, 3, 10, 30, 60, or 360 Days, Tern Island

Land T1 Winter (Days) T1 Summer (Days)
Segment 10 30 60 360 10 30 60 360
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Note: n = Less than 0.5% Land Segments 16 through 34 are shown.
All other Land Segments with all values less than 0.5% are not shown.
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Table A-15 Conditional Probabilities (Expressed as Percent Chance) That an Oil Spill Starting at T1 in
Summer or Winter Will Contact a Certain Environmental Resource Area (ERA) Within 1, 3, 10, 30, 60, or 360

Days, Tern Island

TI Winter (Days)

Tl Summer (Days)

ERA 1 3 10 30 60 360 1 3 10 30 60 360
LAND All Land Segments 1 4 8 13 22 98 23 51 73 86 93 94
1 Spring Lead 1 n n n n n n n n n n n n
2 Spring Lead 2 n n n n n n n n n n n n
3 Spring Lead 3 n n n n n n n n n n n n
4 Spring Lead 4 n n n n n n n n n n n n
5 Spring Lead 5 n n n n n n n n n n n n
6 Ice/Sea Segment 6 n n n n n 1 n n n n n 1
7 Ice/Sea Segment 7 n n n n 1 1 n n 1 3 3 4
8 Ice/Sea Segment 8 n n n 1 1 1 n n 1 1 2 2
9 Ice/Sea Segment 9 n n 1 1 2 4 n n 2 3 4 4
10 Ice/Sea Segment 10 n n 1 2 2 5 n 1 3 5 5 6
11 Ice/Sea Segment 11 n n 1 1 1 6 n 1 6 8 9 9
12 Ice/Sea Segment 12 n n n n n 1 n n 1 3 3 3
13 Ice/Sea Segment 13 n n n n n n n n 1 3 3 4
14 ERA 14 n n n n n n n n n n n n
15 ERA 15 n n n n n 1 n n n n n n
16 ERA 16 n n n n n 2 n n n n 1 1
17 ERA 17 n n n n n 4 n n 1 1 1 1
18 ERA 18 n n n n 1 4 n n n 1 2 2
19 ERA 19 n n n n n 2 n n n 2 2 2
20 ERA 20 n n n n 1 5 n n 1 3 4 4
21 ERA 21 n n n n 1 8 n n 2 5 6 6
22 Simpson Lagoon n n n n 2 15 n 1 5 8 10 10
23 Gwydyr Bay n n n n 1 4 n 2 4 5 6 6
24 ERA 24 n n n n 1 8 n 1 4 7 8 8
25 Prudhoe Bay n n 1 1 2 6 1 4 6 7 7 7
26 ERA 26 n 1 1 2 3 11 2 9 13 14 14 14
27 ERA 27 n 1 1 1 2 9 6 14 17 18 18 18
28 ERA 28 n n 1 3 6 23 1 7 11 12 12 12
29 ERA 29 n n 1 1 2 12 n 3 8 11 12 12
30 ERA 30 n 1 1 2 3 11 0 6 12 14 14 15
31 ERA 31 n n 1 2 3 13 0 4 8 10 10 10
32 Boulder Patch 1 n 1 3 5 8 28 7 18 21 22 23 23
33 Boulder Patch 2 3 4 6 9 15 50 39 48 50 51 51 51
34 ERA 34 1 1 1 1 2 4 8 13 15 15 15 15
35 ERA 35 33 3 33 33 33 >99.5 (>99.5 >99.5 >99.5 >99.5 >99.5 >99.5
36 ERA 36 1 2 2 4 6 19 12 15 17 18 18 18
37 ERA 37 2 2 4 6 9 31 10 16 17 18 19 19
38 ERA 38 1 1 2 3 4 14 6 11 13 14 14 14
39 ERA 39 n 1 2 3 5 17 1 8 14 17 18 18
40 ERA 40 n 1 2 3 4 16 n 4 11 13 15 15
41 ERA 41 n n 1 1 2 9 n 1 6 9 10 10
42 Canning River n n n n 1 4 n 1 2 3 4 4
43 ERA43 n n n 1 1 7 n 1 4 8 9 9
44 Simpson Cove n n n n n 3 n n 1 2 2 2
45 ERA45 n n n 1 1 3 n n 3 5 6 6
46 Arey Lagoon, Hula Hula River n n n n n 2 n n 1 1 2 2
47 Whaling Area/Kaktovik n n n n n 2 n n 2 3 4 4
48 Thetis Island n n n n 1 5 n n 1 1 2 2
49 Spy Island n n n n 1 6 n n 1 2 3 3
50 Leavitt and Pingok Islands n n n 1 1 10 n n 3 4 4 5
51 Bertoncini, Bodfish, and Cottle n n n 1 2 17 n 2 6 8 9 9
52 Long Island n n n 1 2 11 n 3 7 9 10 10
53 Egg and Stump Islands n n 1 1 2 8 n 5 9 10 10 10
54 West Dock n n 1 2 3 12 n 6 9 10 10 10
55 Reindeer and Argo Islands n n 1 1 2 10 n 3 7 8 8 8
56 Cross and No Name Islands n n 1 2 3 12 n 2 6 7 8 8
57 Endicott Causeway 1 1 2 2 4 13 10 18 21 21 22 22
58 Narwhal, Jeanette and Karluk 1 2 3 4 6 19 5 12 14 16 16 16
59 Tigvariak Island 1 2 2 3 5 15 10 15 17 17 18 18
60 Pole and Belvedere Islands 1 1 2 3 5 16 2 7 9 11 12 12
61 Challenge, Alaska, Duchess a n 1 1 2 3 12 1 3 6 7 8 8
62 Flaxman Island n n n 1 1 8 n 2 4 5 6 6

Note: n = Less than 0.5%
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Table A-16 Conditional Probabilities (Expressed as Percent Chance) That an Oil Spill Starting at PP1
or PP2 in Summer Will Contact a Certain Environmental Resource Area (ERA) Within 1, 3, 10, 30, 60,

Or 360 Days, Proposed Pipeline

PP1 Summer (Days)

PP2 Summer (Days)

ERA
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LAND All Land Segments
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1 Spring Lead 1 n n n n n n n n n n n n
2 Spring Lead 2 n n n n n n n n n n n n
3 Spring Lead 3 n n n n n n n n n n n n
4 Spring Lead 4 n n n n n n n n n n n n
5 Spring Lead 5 n n n n n n n n n n n n
6 Ice/Sea Segment 6 n n n n n 1 n n n n n 1
7 Ice/Sea Segment 7 n n 1 2 3 3 n n 1 1 2 2
8 Ice/Sea Segment 8 n n 1 1 1 1 n n n n 1 1
9 Ice/Sea Segment 9 n n 3 3 4 4 n n 2 2 2 2
10 Ice/Sea Segment 10 n 1 3 4 4 5 n n 1 3 3 3
11 Ice/Sea Segment 11 n 1 5 7 7 7 n n 2 3 4 4
12 Ice/Sea Segment 12 n n 1 3 3 3 n n n 1 1 1
13 Ice/Sea Segment 13 n n 1 3 3 3 n n 1 2 2 2
14 ERA 14 n n n n n n n n n n n n
15 ERA 15 n n n n n n n n n n n n
16 ERA 16 n n n n 1 1 n n n n n n
17 ERA 17 n n 1 1 1 1 n n 1 1 1 1
18 ERA 18 n n n 1 1 1 n n n 1 1 1
19 ERA 19 n n n 2 2 2 n n 1 2 2 2
20 ERA 20 n n 1 3 4 4 n n 1 2 2 2
21 ERA 21 n n 2 5 6 6 n n n 3 3 3
22 Simpson Lagoon n 1 5 7 9 9 n 1 3 5 6 6
23 Gwyder Bay n 2 4 5 5 5 n n 3 3 3 3
24 ERA 24 n 1 3 5 7 7 n n 2 4 4 4
25 Prudhoe Bay 2 4 6 6 7 7 n 2 3 3 4 4
26 ERA 26 3 9 12 12 13 13 n 6 8 8 8 8
27 ERA 27 9 15 17 17 18 18 2 8 10 10 10 10
28 ERA 28 1 6 9 9 10 10 1 3 5 6 6 6
29 ERA 29 n 3 7 9 10 10 n 2 5 6 6 6
30 ERA 30 n 6 10 12 13 13 n 3 7 8 8 8
31 ERA 31 n 4 7 8 8 8 n 4 7 7 7 7
32 Boulder Patch 1 7 13 16 17 17 17 2 9 12 12 12 12
33 Boulder Patch 2 47 53 54 54 54 54 12 18 19 20 20 20
34 ERA 34 15 20 21 22 22 22 50 51 52 52 52 52
35 ERA 35 13 18 18 19 20 20 4 7 8 9 9 9
36 ERA 36 19 22 24 24 24 24 15 18 19 19 19 19
37 ERA 37 5 8 10 10 11 11 3 6 7 7 8 8
38 ERA 38 4 10 11 12 12 12 1 3 4 5 5 5
39 ERA 39 1 6 11 13 14 14 n 3 5 7 7 7
40 ERA 40 n 3 8 10 11 11 n 2 4 6 6 6
41 ERA 41 n 1 5 7 8 8 n n 3 5 5 5
42 Canning River n n 1 2 2 2 n n 1 1 2 2
43 ERA43 n n 3 5 6 6 n n 2 2 3 3
44 Simpson Cove n n n 1 1 1 n n n n n n
45 ERA45 n n 2 4 4 4 n n 2 2 2 3
46 Arey Lagoon, Hula Hula River n n n 1 1 1 n n n n 1 1
47 Whaling Area/Kaktovik n n 1 2 3 3 n n 1 1 2 2
48 Thetis Island n n 1 1 2 2 n n 1 1 1 1
49 Spy Island n n 1 2 2 2 n n 1 2 2 2
50 Leavitt and Pingok Islands n n 2 3 3 3 n 1 2 2 3 3
51 Bertoncini, Bodfish and Cottle n 2 6 7 8 8 n 1 4 5 5 5
52 Long Island n 2 6 7 8 8 n 1 4 5 5 5
53 Egg and Stump Islands 1 5 8 9 9 9 n 2 5 5 6 6
54 West Dock 1 6 8 8 8 8 n 2 4 4 5 5
55 Reindeer and Argo Islands n 3 6 7 7 7 n 1 3 4 4 4
56 Cross and No Name Islands n 2 6 7 7 7 n 2 4 5 5 5
57 Endicott Causeway 15 20 22 22 22 22 10 14 15 16 16 16
58 Narwhal, Jeanette and Karluk 4 9 10 12 12 12 1 6 7 7 8 8
59 Tigvariak Island 11 16 17 18 18 18 7 11 12 12 12 12
60 Pole and Belvedere Islands 1 5 8 9 9 9 1 4 6 6 7 7
61 Challenge, Alaska, Dutchess a n 2 4 5 6 6 n 2 3 3 4 4
62 Flaxman Island n 1 2 3 4 4 n n 1 1 1 1

Note: n = Less than 0.5%

A. Information and Assumptions Regarding Oil Spills B. Small Oil Spills C. Cumulative Analysis
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Table A-17 Conditional Probabilities (Expressed as Percent Chance) That an Oil Spill Starting At PP1 or PP2

in Winter Will Contact a Certain Environmental Resource Area (ERA) Within 1, 3, 10, 30, 60, or 360 Days,

Proposed Pipeline

ERA

PP1 Winter (Days)

PP2 Winter (Days)

10 30 60

360

10 30 60

360

LAND All Land Segments
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N
N
N

©
[e3]

=
)]
N
o]

©
©

1 3 1 3
2 5 8 5 7 9
1 Spring Lead 1 n n n n n n n n n n n n
2 Spring Lead 2 n n n n n n n n n n n n
3 Spring Lead 3 n n n n n n n n n n n n
4 Spring Lead 4 n n n n n n n n n n n n
5 Spring Lead 5 n n n n n n n n n n n n
6 Ice/Sea Segment 6 n n n n n 1 n n n n n 1
7 Ice/Sea Segment 7 n n n n 1 1 n n n n n 1
8 Ice/Sea Segment 8 n n n 1 1 1 n n n n 1 1
9 Ice/Sea Segment 9 n n 1 1 2 4 n n 1 1 1 3
10 Ice/Sea Segment 10 n n 1 2 2 4 n n 1 1 1 3
11 Ice/Sea Segment 11 n n 1 1 1 5 n n 1 1 1 4
12 Ice/Sea Segment 12 n n n n 1 1 n n n n n n
13 Ice/Sea Segment 13 n n n n n n n n n n n n
14 ERA 14 n n n n n n n n n n n n
15 ERA 15 n n n n n n n n n n n n
16 ERA 16 n n n n n 2 n n n n n 1
17 ERA 17 n n n n n 4 n n n n n 4
18 ERA 18 n n n n 1 3 n n n n n 3
19 ERA 19 n n n n n 2 n n n n n 2
20 ERA 20 n n n n 1 4 n n n n 1 3
21 ERA 21 n n n n 1 7 n n n n 1 4
22 Simpson Lagoon n n n n 1 13 n n n n 1 9
23 Gwydyr Bay n n n n n 1 n n n 1 1 4
24 ERA 24 n n n n 1 8 n n n n 1 4
25 Prudhoe Bay n n 1 1 1 5 n n n n 1 3
26 ERA 26 n n 1 1 2 9 n n 1 2 4 15
27 ERA 27 n 1 1 2 3 13 n 1 1 2 4 14
28 ERA 28 n 1 1 3 5 17 n n 1 2 4 17
29 ERA 29 n n n 1 1 8 n n n 1 1 5
30 ERA 30 n 1 1 2 3 9 n n 1 1 2 7
31 ERA 31 n n 1 1 2 10 n n 1 1 2 7
32 Boulder Patch 1 1 1 2 4 6 21 n 1 2 3 5 18
33 Boulder Patch 2 5 5 7 11 17 58 2 3 4 6 9 33
34 ERA 34 1 2 2 3 3 10 5 6 7 10 17 55
35 ERA 35 2 3 4 7 10 34 1 2 2 3 5 15
36 ERA 36 2 2 3 5 7 22 2 2 3 6 10 34
37 ERA 37 1 1 2 3 5 20 n n 1 2 4 16
38 ERA 38 1 1 2 3 4 15 n 1 1 2 2 7
39 ERA 39 n 1 2 3 4 13 n n 1 2 2 8
40 ERA 40 n 1 2 2 4 15 n n 1 1 2 6
41 ERA 41 n n 1 1 1 7 n n n n 1 5
42 Canning River n n n n n 3 n n n n n 1
43 ERA43 n n n 1 1 4 n n n n 1 4
44 Simpson Cove n n n n n 2 n n n n n 2
45 ERA45 n n n n n 2 n n n n n 1
46 Arey Lagoon, Hula Hula River n n n n n 1 n n n n n 1
47 Whaling Area/Kaktovik n n n n n 1 n n n n n 1
48 Thetis Island n n n n 1 5 n n n n 1 4
49 Spy Island n n n n 1 5 n n n n 1 4
50 Leavitt and Pingok Islands n n n n 1 8 n n n n 1 6
51 Bertoncini, Bodfish, and Cottle n n n 1 2 15 n n n 1 2 10
52 Long Island n n n 1 1 7 n n n 1 1 6
53 Egg and Stump Islands n n 1 1 2 9 n n n 1 2 6
54 West Dock n n 1 1 2 7 n n n 1 1 5
55 Reindeer and Argo Islands n n 1 1 2 8 n n 1 1 2 8
56 Cross and No Name Islands n n 1 1 2 7 n n n 1 1 5
57 Endicott Causeway 1 1 2 3 5 18 1 1 2 3 6 21
58 Narwhal, Jeanette and Karluk 1 2 2 4 6 19 n 1 1 2 3 8
59 Tigvariak Island 1 2 2 4 6 18 1 1 2 4 6 22
60 Pole and Belvedere Islands n 1 2 3 5 15 n 1 1 2 2 6
61 Challenge, Alaska, Duchess a n n 1 2 3 12 n n 1 1 2 6
62 Flaxman Island n n n 1 1 5 n n n n n 1

Note: n = Less than 0.5%
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Table A-18 Conditional Probabilities (Expressed as Percent Chance) That an Oil
Spill Starting at PP1 or PP2 in the Winter Will Contact a Certain Land Segment
Within 1, 3, 10, 30, 60, or 360 Days, Proposed Pipeline

Land PP1 Winter (Days) PP2 Winter (Days)
Segment 10 30 60 360 10 30 60 360
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33 n

Note: n = Less than 0.5% Land Segments 16 through 33 are shown.
All other Land Segments with all values less than 0.5% are not shown
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Table A-19 Conditional Probabilities (Expressed as Percent Chance) That an Oil
Spill Starting at PP1 or PP2 in the Summer will Contact a Certain Land Segment
Within 1, 3, 10, 30, 60, or 360 Days, Proposed Pipeline

Land PP1 Summer (Days) PP2 Summer (Days)
Segment 1 10 30 60 360 10 30 60 360
16 n
17 n
18 n
19 n
20 n
21 n
22 n
23 n
24 n
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n
n
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Note: n = Less than 0.5% Land Segments 16 through 34 are shown.
All other Land Segments with all values less than 0.5% are not shown
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Table A-20 Conditional Probabilities (Expressed as Percent Chance) That an Oil Spill Starting at AP1
or AP2 in Summer Will Contact a Certain Environmental Resource Area (ERA) Within 1, 3, 10, 30, 60,
Or 360 Days, Eastern Alternative Pipeline

ERA

AP1 Summer (Days)

AP2 Summer (Days)

=
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360
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1 Spring Lead 1 n n n n n n n n n n n n
2 Spring Lead 2 n n n n n n n n n n n n
3 Spring Lead 3 n n n n n n n n n n n n
4 Spring Lead 4 n n n n n n n n n n n n
5 Spring Lead 5 n n n n n n n n n n n n
6 Ice/Sea Segment 6 n n n n n 1 n n n n n 1
7 Ice/Sea Segment 7 n n 1 2 3 3 n n 1 2 2 2
8 Ice/Sea Segment 8 n n 1 1 1 1 n n n n 1 1
9 Ice/Sea Segment 9 n n 3 3 4 4 n n 2 2 2 2
10 Ice/Sea Segment 10 n 1 2 4 4 4 n n 2 3 3 3
11 Ice/Sea Segment 11 n 1 5 6 7 7 n 1 3 4 5 5
12 Ice/Sea Segment 12 n n 1 3 3 3 n n 1 2 2 2
13 Ice/Sea Segment 13 n n 1 3 3 3 n n 1 2 2 2
14 ERA 14 n n n n n n n n n n n n
15 ERA 15 n n n n n n n n n n n n
16 ERA 16 n n n n 1 1 n n n n n n
17 ERA 17 n n 1 1 1 1 n n 1 1 1 1
18 ERA 18 n n n 1 1 1 n n n 1 1 1
19 ERA 19 n n n 2 2 2 n n 1 2 2 2
20 ERA 20 n n 1 3 4 4 n n 1 3 3 3
21 ERA 21 n n 2 4 5 5 n n 1 3 3 3
22 Simpson Lagoon n 1 5 7 9 9 n n 3 4 5 5
23 Gwydyr Bay n 2 4 5 5 5 n 1 4 4 4 4
24 ERA 24 n 1 3 5 7 7 n n 2 4 4 4
25 Prudhoe Bay 2 4 5 6 6 6 n 2 4 4 4 4
26 ERA 26 2 9 11 12 12 12 1 6 9 9 9 9
27 ERA 27 8 15 17 17 18 18 3 9 11 12 12 12
28 ERA 28 1 5 8 9 9 10 1 3 6 6 6 6
29 ERA 29 n 3 7 9 10 10 n 1 4 6 6 6
30 ERA 30 n 5 10 12 12 12 n 2 7 8 8 8
31 ERA 31 n 3 7 8 8 9 n 3 6 7 7 7
32 Boulder Patch 1 6 13 16 16 17 17 2 9 12 12 12 12
33 Boulder Patch 2 36 42 44 45 45 45 9 16 18 19 19 19
34 ERA 34 13 17 19 19 19 19 29 32 33 33 33 33
35 ERA 35 19 22 23 24 24 24 5 9 10 11 11 11
36 ERA 36 21 25 26 27 27 27 36 39 40 40 40 40
37 ERA 37 6 10 11 12 13 13 3 6 7 8 8 8
38 ERA 38 5 11 12 13 13 13 2 5 6 6 6 6
39 ERA 39 1 6 11 14 15 15 n 4 6 8 8 8
40 ERA 40 n 4 8 11 11 12 n 3 6 8 8 8
41 ERA 41 n 1 4 7 8 8 n 1 4 6 6 6
42 Canning River n n 1 2 2 2 n n 1 2 2 2
43 ERA43 n n 3 5 6 6 n n 2 4 4 5
44 Simpson Cove n n n 1 1 1 n n n n 1 1
45 ERA45 n n 2 4 4 5 n n 2 3 4 4
46 Arey Lagoon, Hula Hula River n n n 1 1 1 n n n 1 1 1
47 Whaling Area/Kaktovik n n 1 2 3 3 n n 2 2 2 2
48 Thetis Island n n 1 1 2 2 n n 1 1 2 2
49 Spy Island n n 1 2 2 2 n n 1 2 2 2
50 Leavitt and Pingok Islands n n 2 3 4 4 n 1 2 3 3 3
51 Bertoncini, Bodfish, and Cottle n 2 5 7 8 8 n 1 3 5 5 5
52 Long Island n 2 6 7 7 7 n 1 4 4 5 5
53 Egg and Stump Islands n 5 9 9 10 10 n 2 6 6 6 6
54 West Dock 1 6 8 8 9 9 n 3 5 5 6 6
55 Reindeer and Argo Islands n 3 6 7 7 7 n 1 3 4 4 4
56 Cross and No Name Islands n 3 5 6 7 7 n 2 4 4 5 5
57 Endicott Causeway 13 18 20 20 21 21 9 14 16 16 16 16
58 Narwhal, Jeanette and Karluk 4 9 10 12 12 12 1 5 7 8 8 8
59 Tigvariak Island 13 18 20 21 21 21 13 18 19 19 20 20
60 Pole and Belvedere Islands 2 6 8 10 10 10 2 6 7 8 8 8
61 Challenge, Alaska, Duchess a n 2 4 5 6 6 n 2 4 5 5 5
62 Flaxman Island n 1 2 3 4 4 n n 1 2 2 2

Note: n = Less than 0.5%
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A-30 Appendix A. OIL-SPILL-RISK ANALYSIS

Table A-21 Conditional Probabilities (Expressed as Percent Chance) That an Oil Spill Starting at AP1 or AP2
in Winter Will Contact a Certain Environmental Resource Area (ERA) Within 1, 3, 10, 30, 60 or 360 Days,
Eastern Alternative Pipeline

AP1 Winter (Days) AP2 Winter (Days)

ERA 1 3 10 30 60 360 1 3 10 30 60 360
LAND All Land Segments 2 5 8 14 23 98 4 7 9 16 26 99
1 Spring Lead 1 n n n n n n n n n n n n
2 Spring Lead 2 n n n n n n n n n n n n
3 Spring Lead 3 n n n n n n n n n n n n
4 Spring Lead 4 n n n n n n n n n n n n
5 Spring Lead 5 n n n n n n n n n n n n
6 Ice/Sea Segment 6 n n n n n 1 n n n n n 1
7 Ice/Sea Segment 7 n n n n 1 1 n n n n n 1
8 Ice/Sea Segment 8 n n n 1 1 1 n n n n 1 1
9 Ice/Sea Segment 9 n n 1 1 2 4 n n 1 1 1 2
10 Ice/Sea Segment 10 n n 1 2 2 4 n n 1 1 1 2
11 Ice/Sea Segment 11 n n 1 1 1 6 n n 1 1 1 6
12 Ice/Sea Segment 12 n n n n n 1 n n n n n n
13 Ice/Sea Segment 13 n n n n n n n n n n n n
14 ERA 14 n n n n n n n n n n n n
15 ERA 15 n n n n n n n n n n n n
16 ERA 16 n n n n n 2 n n n n n n
17 ERA 17 n n n n n 3 n n n n n 2
18 ERA 18 n n n n n 3 n n n n n 1
19 ERA 19 n n n n n 2 n n n n n 1
20 ERA 20 n n n n 1 4 n n n n n 1
21 ERA 21 n n n n 1 6 n n n n n 2
22 Simpson Lagoon n n n n 1 12 n n n n 1 7
23 Gwydyr Bay n n n n 1 3 n n n 1 1 4
24 ERA 24 n n n n 1 7 n n n n n 3
25 Prudhoe Bay n n 1 1 1 4 n n n 1 1 4
26 ERA 26 n n 1 2 3 12 n n 1 2 3 12
27 ERA 27 n 1 1 2 3 14 n 1 1 2 4 15
28 ERA 28 n 1 1 2 4 16 n n 1 2 3 11
29 ERA 29 n n n 1 1 9 n n n n n 2
30 ERA 30 n 1 1 2 2 9 n n 1 1 1 3
31 ERA 31 n n 1 1 2 8 n n n 1 1 2
32 Boulder Patch 1 1 1 2 4 7 24 n 1 2 3 5 18
33 Boulder Patch 2 3 4 5 9 14 48 1 2 3 5 7 23
34 ERA 34 1 2 2 3 4 11 2 3 4 6 10 33
35 ERA 35 3 4 5 8 12 39 1 2 2 3 5 15
36 ERA 36 2 3 3 5 8 25 5 5 6 9 14 45
37 ERA 37 1 2 2 4 6 21 n 1 1 2 3 8
38 ERA 38 1 1 2 3 4 14 1 1 2 2 3 10
39 ERA 39 n 1 2 3 4 14 n n 1 2 2 8
40 ERA 40 n 1 2 3 4 15 n 1 1 2 2 7
41 ERA 41 n n 1 1 2 8 n n 1 1 1 6
42 Canning River n n n n n 3 n n n n n 1
43 ERA43 n n n 1 1 6 n n n n 1 4
44 Simpson Cove n n n n n 3 n n n n n 2
45 ERA45 n n n n 1 2 n n n n n 2
46 Arey Lagoon, Hula Hula River n n n n n 1 n n n n n 2
47 Whaling Area/Kaktovik n n n n n 2 n n n n n 1
48 Thetis Island n n n n 1 4 n n n n n 2
49 Spy Island n n n n 1 4 n n n n n 2
50 Leavitt and Pingok Islands n n n n 1 7 n n n n n 3
51 Bertoncini, Bodfish, and Cottle n n n 1 2 13 n n n n 1 7
52 Long Island n n n 1 1 6 n n n n 1 3
53 Egg and Stump Islands n n 1 1 3 11 n n n 1 2 7
54 West Dock n n 1 1 2 9 n n n 1 2 9
55 Reindeer and Argo Islands n n 1 1 1 5 n n n 1 1 4
56 Cross and No Name Islands n n 1 1 2 8 n n n n n 1
57 Endicott Causeway 1 1 2 3 4 16 n 1 1 2 4 13
58 Narwhal, Jeanette and Karluk n 2 2 3 4 12 n 1 1 1 1 3
59 Tigvariak Island 1 2 3 4 6 19 2 2 3 5 8 26
60 Pole and Belvedere Islands n 1 2 3 5 16 n 1 2 3 3 9
61 Challenge, Alaska, Duchess a n n 1 2 3 12 n 1 1 1 2 7
62 Flaxman Island n n n 1 1 7 n n n n n 2

Note: n = Less than 0.5%
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Appendix A. OIL-SPILL-RISK ANALYSIS A-31

Table A-22 Conditional Probabilities (Expressed as Percent Chance) That an Oil
Spill Starting at AP1 or AP2 in the Winter Will Contact a Certain Land Segment
Within 1, 3, 10, 30, 60, or 360 Days, Eastern Alternative Pipeline

Land AP1 Winter (Days) AP2 Winter (Days)
Segment 10 30 60 360 10 30 60 360

16
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=
N W
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Note: n = Less than 0.5% Land Segments 16 through 34 are shown.
All other Land Segments with all values less than 0.5% are not shown

Table A-23 Conditional Probabilities (Expressed as Percent Chance) That an Oil
Spill Starting at AP1 or AP2 in the Summer Will Contact a Certain Land Segment
Within 1, 3, 10, 30, 60, or 360 Days, Eastern Alternative Pipeline

Land AP1 Summer (Days) AP2 Summer (Days)
Segment 1 3 10 30 60 360 1 3 10 30 60 360
16 n n n n 1 1 n n n n n n
17 n n n n n n n n n n n n
18 n n n n n n n n n n 1 1
19 n n n n 1 1 n n n n 1 1
20 n n n 1 1 1 n n n 1 1 1
21 n 1 2 3 4 4 n n 1 2 2 2
22 n 1 4 5 5 5 n n 3 4 4 4
23 n 3 5 5 5 5 n 1 3 3 3 3
24 n 2 3 4 4 4 n n 2 2 2 2
25 4 9 11 12 12 12 4 8 9 10 10 10
26 20 27 29 30 30 30 38 45 47 47 47 47
27 7 11 12 13 13 13 4 8 9 10 10 10
28 2 6 7 8 8 8 2 6 8 8 8 8
29 n 1 2 3 3 3 n n 1 1 2 2
30 n n 1 1 2 2 n n n 1 1 1
31 n n n 1 1 1 n n n 1 1 1
32 n n n 1 1 1 n n n n n n
33 n n 1 1 2 2 n n n 1 1 1
34 n n n 1 1 1 n n 1 1 1 1

Note: n = Less than 0.5% Land Segments 16 through 34 are shown.
All other Land Segments with all values less than 0.5% are not shown
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A-32 Appendix A. OIL-SPILL-RISK ANALYSIS

Table A-24 Conditional Probabilities (Expressed as Percent Chance) That an Oil Spill Starting at TP1
or TP2 in Summer Will Contact a Certain Environmental Resource Area (ERA) Within 1, 3, 10, 30, 60,
Or 360 Days, Tern Island Alternative Pipeline

TP1 Summer (Days) TP2 Summer (Days)

ERA 1 3 10 30 60 360 1 3 10 30 60 360
LAND All Land Segments 30 58 77 88 94 94 48 70 84 92 95 96
1 Spring Lead 1 n n n n n n n n n n n n
2 Spring Lead 2 n n n n n n n n n n n n
3 Spring Lead 3 n n n n n n n n n n n n
4 Spring Lead 4 n n n n n n n n n n n n
5 Spring Lead 5 n n n n n n n n n n n n
6 Ice/Sea Segment 6 n n n n n 1 n n n n n 1
7 Ice/Sea Segment 7 n n 1 2 3 3 n n 1 2 2 2
8 Ice/Sea Segment 8 n n 1 1 1 1 n n n n 1 1
9 Ice/Sea Segment 9 n n 2 3 3 3 n n 2 2 2 2
10 Ice/Sea Segment 10 n n 2 4 4 5 n n 2 3 3 3
11 Ice/Sea Segment 11 n 1 5 7 7 7 n 1 3 5 5 5
12 Ice/Sea Segment 12 n n 1 3 3 3 n n 1 2 2 2
13 Ice/Sea Segment 13 n n 1 3 3 3 n n 1 2 2 2
14 ERA 14 n n n n n n n n n n n n
15 ERA 15 n n n n n n n n n n n n
16 ERA 16 n n n n 1 1 n n n n n n
17 ERA 17 n n 1 1 1 1 n n 1 1 1 1
18 ERA 18 n n n 1 1 1 n n n 1 1 1
19 ERA 19 n n n 2 2 2 n n 1 2 2 2
20 ERA 20 n n 1 3 3 4 n n 1 3 3 3
21 ERA 21 n n 2 4 5 5 n n 1 3 3 3
22 Simpson Lagoon n 1 4 6 8 8 n n 3 4 5 5
23 Gwydyr Bay n 1 5 5 5 5 n 1 4 4 4 4
24 ERA 24 n 1 3 5 7 7 n n 2 4 5 5
25 Prudhoe Bay 1 4 5 6 6 6 n 2 4 4 4 4
26 ERA 26 2 9 12 13 13 13 1 6 9 9 9 9
27 ERA 27 6 14 16 17 17 17 3 9 11 11 11 11
28 ERA 28 1 5 9 10 10 10 1 3 6 6 6 6
29 ERA 29 n 2 7 9 10 10 n 1 4 6 6 6
30 ERA 30 n 4 10 12 12 12 n 2 7 8 8 8
31 ERA 31 n 3 7 9 9 9 n 3 6 6 7 7
32 Boulder Patch 1 4 13 16 17 17 17 1 9 12 12 12 12
33 Boulder Patch 2 32 38 41 42 42 42 9 15 18 18 18 18
34 ERA 34 11 15 17 17 17 17 27 30 31 31 31 31
35 ERA 35 28 31 31 32 32 32 5 9 10 10 10 10
36 ERA 36 22 26 27 28 28 28 |[|>99.5 >99.5 >99.5 >99.5 >99.5 >99.5
37 ERA 37 7 11 13 14 14 14 3 6 7 8 8 8
38 ERA 38 7 12 14 14 14 14 3 6 6 7 7 7
39 ERA 39 1 7 12 14 15 15 n 4 6 8 9 9
40 ERA 40 n 4 9 11 12 13 n 4 6 8 8 8
41 ERA 41 n 1 5 8 8 8 n 1 4 6 7 7
42 Canning River n n 1 2 2 2 n n 1 2 2 2
43 ERA43 n n 3 6 7 7 n n 2 4 5 5
44 Simpson Cove n n n 1 1 1 n n n n 1 1
45 ERA45 n n 3 4 5 5 n n 2 3 4 4
46 Arey Lagoon, Hula Hula River n n n 1 1 1 n n n 1 1 1
47 Whaling Area/Kaktovik n n 2 2 3 3 n n 2 2 2 3
48 Thetis Island n n 1 1 2 2 n n 1 1 2 2
49 Spy Island n n 1 2 2 2 n n 1 2 2 2
50 Leavitt and Pingok Islands n n 2 3 4 4 n 1 2 3 3 3
51 Bertoncini, Bodfish, and Cottle n 2 5 7 8 8 n 1 3 5 5 5
52 Long Island n 2 6 7 7 7 n 1 3 4 4 4
53 Egg and Stump Islands n 5 9 10 10 10 n 2 6 6 7 7
54 West Dock n 5 8 9 9 9 n 3 5 5 6 6
55 Reindeer and Argo Islands n 3 6 6 7 7 n 1 3 4 4 4
56 Cross and No Name Islands n 2 5 6 6 6 n 2 4 4 5 5
57 Endicott Causeway 11 18 20 20 21 21 8 14 16 16 16 16
58 Narwhal, Jeanette and Karluk 3 9 10 12 12 12 n 5 7 8 8 8
59 Tigvariak Island 14 20 21 22 22 22 15 19 20 21 21 21
60 Pole and Belvedere Islands 3 7 10 11 11 11 2 6 8 8 8 9
61 Challenge, Alaska, Duchess a n 2 4 5 6 6 n 2 4 5 5 5
62 Flaxman Island n 1 3 3 4 4 n n 1 2 2 2

Note: n = Less than 0.5%
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A-33

Table A-25 Conditional Probabilities (Expressed as Percent Chance) That an Oil Spill Starting at TP1 or TP2 in Winter
Will Contact a Certain Environmental Resource Area (ERA) Within 1, 3, 10, 30, 60, Or 360 Days, Tern Island Alternative

Pipeline

TP1 Winter (Days)

TP2 Winter (Days)

ERA 1 3 10 30 60 360 1 3 10 30 60 360
LAND All Land Segments 2 5 8 14 23 98 4 6 9 16 27 99
1 Spring Lead 1 n n n n n n n n n n n n
2 Spring Lead 2 n n n n n n n n n n n n
3 Spring Lead 3 n n n n n n n n n n n n
4 Spring Lead 4 n n n n n n n n n n n n
5 Spring Lead 5 n n n n n n n n n n n n
6 Ice/Sea Segment 6 n n n n n 1 n n n n n 1
7 Ice/Sea Segment 7 n n n n 1 1 n n n n n 1
8 Ice/Sea Segment 8 n n n 1 1 1 n n n n 1 1
9 Ice/Sea Segment 9 n n 1 1 2 4 n n 1 1 1 2
10 Ice/Sea Segment 10 n 1 1 2 2 4 n n 1 1 1 1
11 Ice/Sea Segment 11 n n 1 1 1 6 n n 1 1 1 6
12 Ice/Sea Segment 12 n n n n n 1 n n n n n n
13 Ice/Sea Segment 13 n n n n n n n n n n n n
14 ERA 14 n n n n n n n n n n n n
15 ERA 15 n n n n n n n n n n n n
16 ERA 16 n n n n n 2 n n n n n n
17 ERA 17 n n n n n 3 n n n n n 2
18 ERA 18 n n n n n 3 n n n n n 1
19 ERA 19 n n n n n 2 n n n n n 1
20 ERA 20 n n n n 1 4 n n n n n 1
21 ERA 21 n n n n 1 6 n n n n n 2
22 Simpson Lagoon n n n n 1 13 n n n n 1 6
23 Gwydyr Bay n n n n 1 3 n n n n 1 4
24 ERA 24 n n n n 1 7 n n n n n 2
25 Prudhoe Bay n n 1 1 1 4 n n n 1 1 4
26 ERA 26 n n 1 2 3 12 n n 1 2 3 11
27 ERA 27 n 1 1 2 3 13 n 1 1 2 4 15
28 ERA 28 n n 1 2 4 17 n n 1 2 3 11
29 ERA 29 n n n 1 2 11 n n n n n 2
30 ERA 30 n 1 1 1 2 9 n n 1 1 1 2
31 ERA 31 n n n 1 2 8 n n n 1 1 1
32 Boulder Patch 1 n 1 2 4 7 25 n 1 2 3 5 17
33 Boulder Patch 2 2 4 5 8 13 46 1 2 3 5 7 24
34 ERA 34 1 1 2 2 3 8 2 3 3 6 9 32
35 ERA 35 4 5 6 9 15 49 1 2 2 3 5 13
36 ERA 36 2 3 3 5 8 25 3 3 33 33 33 >995
37 ERA 37 1 2 3 5 8 27 n 1 1 2 3 7
38 ERA 38 1 1 2 3 5 18 1 1 2 2 3 9
39 ERA 39 n 1 2 3 4 14 n n 1 2 2 7
40 ERA 40 n 1 2 2 3 13 n 1 1 2 2 7
41 ERA 41 n n 1 1 2 8 n n n 1 1 6
42 Canning River n n n n 1 3 n n n n n 1
43 ERA43 n n n 1 1 6 n n n n 1 4
44 Simpson Cove n n n n n 3 n n n n n 2
45 ERA45 n n n n 1 3 n n n n n 2
46 Arey Lagoon, Hula Hula River n n n n n 1 n n n n n 2
47 Whaling Area/Kaktovik n n n n n 1 n n n n n n
48 Thetis Island n n n n 1 4 n n n n n 2
49 Spy Island n n n n 1 4 n n n n n 2
50 Leavitt and Pingok Islands n n n n 1 7 n n n n n 3
51 Bertoncini, Bodfish. and Cottle n n n 1 2 14 n n n n 1 6
52 Long Island n n n 1 1 7 n n n n 1 3
53 Egg and Stump Islands n n 1 1 2 9 n n n 1 2 7
54 West Dock n n 1 1 2 10 n n n 1 2 10
55 Reindeer and Argo Islands n n 1 1 1 5 n n n 1 1 4
56 Cross and No Name Islands n n 1 1 2 9 n n n n n 1
57 Endicott Causeway 1 1 2 3 4 15 n 1 1 2 4 13
58 Narwhal, Jeanette and Karluk n 2 2 3 4 11 n 1 1 1 1 2
59 Tigvariak Island 1 2 3 4 7 21 2 3 3 5 8 27
60 Pole and Belvedere Islands n 1 2 4 6 19 n 1 2 2 3 9
61 Challenge, Alaska, Duchess a n n 1 2 3 11 n 1 1 2 2 6
62 Flaxman Island n n n 1 1 7 n n n n 1 2

Note: n = Less than 0.5%
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Table A-26 Conditional Probabilities (Expressed as Percent Chance) That an Oil
Spill Starting at TP1 or TP2 in the Winter Will Contact a Certain Land Segment
Within 1, 3, 10, 30, 60, or 360 Days, Tern Island Alternative Pipeline

Land TP1 Winter (Days) TP2 Winter (Days)
Segment 1 10 30 60 360 10 30 60 360
16 n
17 n
18 n
19 n
20 n
21 n
22 n
23 n
24 n
n
1
n
n
n
n
n
n
n

5 3 33535

25
26
27
28
29
30
31
32
33
34 n

Note: n = Less than 0.5% Land Segments 16 through 34 are shown.
All other Land Segments with all values less than 0.5% are not shown
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Table A-27 Conditional Probabilities (Expressed as Percent Chance) That an Oil
Spill Starting at TP1 or TP2 in the Summer Will Contact a Certain Land Segment
Within 1, 3, 10, 30, 60, or 360 Days, Tern Island Alternative Pipeline

Land TP1 Summer (Days) TP2 Summer (Days)
Segment 1 3 10 30 60 360 1 3 10 30 60 360
16 n n n n n n n n n n n n
17 n n n n 1 1 n n n n n n
18 n n n n n n n n n n n n
19 n n n n 1 1 n n n n 1 1
20 n n n 1 1 1 n n n 1 1 1
21 n 1 2 3 3 3 n n 1 1 2 2
22 n 1 4 5 6 6 n n 3 4 4 4
23 n 3 5 5 6 6 n 1 3 3 4 4
24 n 2 2 3 3 3 n 1 2 2 2 2
25 3 8 11 11 12 12 4 8 9 10 10 10
26 18 25 28 28 28 28 36 43 45 45 45 45
27 7 11 13 14 14 14 6 10 11 11 11 11
28 2 6 7 8 8 8 2 7 8 8 8 8
29 n 1 2 3 3 3 n n 1 1 2 2
30 n n 1 1 2 2 n n n 1 1 1
31 n n n 1 1 1 n n n 1 1 1
32 n n n 1 1 1 n n n n n n
33 n n n 1 2 2 n n n 1 1 1
34 n n 1 1 1 1 n n 1 1 1 1

Note: n = Less than 0.5% Land Segments 16 through 34 are shown.
All other Land Segments with all values less than 0.5% are not shown.
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Tables A-28 to A-32 Small Spills Greater than or Equal to 1 Gallon and Less than 500 Barrels
A-28. Small Crude-Oil Spills: Estimated Spill Rate for the Alaska North Slope, 1989-1998

Small Crude-Oil Spills

Total Volume of Spills 124,506 gallons

2,965 barrels
Total Number of Spills 1,095 spills Source: USDOI, MMS, Alaska OCS Region, 2000.
Average Spill Size 2.7 barrels Oil-spill databases are from the ADEC, Anchorage, Juneau, and
Production (Crude Oil) 5.8 billion barrels Fairbanks. Alaska North Slope production data are derived from the
Spill Rate 188 spills/billion barrels of crude-oil produced TAPS throughput data from Alyeska Pipeline.

A-29. Small Crude-Oil Spills: Assumed Spills Over the Production Life of the Liberty Project

Reserves (Bbbl)'  Spill Rate (Spills/y  Assumed Spill Estimated Estimated Total Spill
Alternative Bbbl) Size (bbl) Number of Spills Volume (bbl)
| 0.120 188 3 23 68
1] 0 188 3 0 0
LA and I11.B 0.120 188 3 23 68
IV.A IV.Band IV.C 0.120 188 3 23 68
\Y, 0.120 188 3 23 68
VI 0.120 188 3 23 68
VI 0.120 188 3 23 68

Source: USDOI, MMS, Alaska OCS Region (2000). Notes: ! The estimation of oil spills is based on the estimated reserves,

A-30. Small Crude-Oil Spills: Assumed Size Distribution Over the Production Life of the Liberty Project

Estimated Number of Spills®
Alternative Alternative Alternative Alternative IV.A, Alternative Alternative Alternative

Size? | 1] INLA&B B, &C v VI VI

1 gallon 5 0 5 5 5 5 5
>1 and <5 gallons 8 0 8 8 8 8 8
>5 gallons and <1 bbl 4 0 4 4 4 4 4
Total <1 bbl 17 0 17 17 17 17 17
>1 bbl and <bbl 5 5 0 5 5 5 5 5
>5 and <25 bbl 1 0 1 1 1 1 1
> 25 and <500 bbl 0 0 0 0 0 0 0
Total >1 bbl 6 0 6 6 6 6 6
Total Volume (bbl) 68 0 68 68 68 68 68

Source: USDOI, MMS, Alaska OCS Region (2000). Notes: * Estimated number of spills is rounded to the nearest whole number. 2 Spill-size
distribution is allocated by multiplying the total estimated number of spills by the fraction of spills in that size category from the ADEC database.

A-31. Small Refined-Oil Spills: Estimated Spill Rate for the Alaska North Slope, 1989-1998

Small Refined-Oil Spills
Total Volume of Spills 76,147 gallons
1,813 barrels
Total Number of Spills 2,585 spills

Average Spill Size 0.7 barrels
Production (Crude Oil) 5.8 billion barrels
Spill Rate 445 spills/billion barrels of crude-oil produced Source: USDOI, MMS, Alaska OCS Region (2000).

A-32. Small Refined-Oil Spills: Assumed Spills Over the Production Life of the Liberty Project

Resource Range  Spill Rate (Spills/ Average Spill Size Estimated Estimated Total Spill
Alternative (Bbbl) Bbbl) (bbl) Number of Spills* Volume (bbl)*
I 0.120 445 0.7 (29 gal) 53 37
I 0 445 0.7 (29 gal) 0 0
l.A and I1l.B 0.120 445 0.7 (29 gal) 53 37
IV.A, IV.B and IV.C 0.120 445 0.7 (29 gal) 53 37
v 0.120 445 0.7 (29 gal) 53 37
VI 0.120 445 0.7 (29 gal) 53 37
VI 0.120 445 0.7 (29 gal) 53 37

Source: USDOI, MMS, Alaska OCS Region (2000). *The fractional estimated mean spill number and volume is rounded to the nearest whole number.

A. Information and Assumptions Regarding Oil Spills B. Small Oil Spills C. Cumulative Analysis
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Table A-33 Oil-Spill Rates and Spill-Size Categories We Use to Estimate Oil Spills for the Cumulative Analysis

Crude-Oil Spills
Alaska North Slope TAPS Pipeline TAPS Tanker
. . Spill Rate . . . Spill Rate .
Where Oil Originated (Spills/Bbbl) Size Category Spill Rate Size Category (Spills/Bbbl) Size Category
Offshore 0.60 2500 bbl 0.12 2500 bbl 0.08' >1,000 bbl
Onshore 0.60 >500 bbl 0.12 >500 bbl 0.98 >1,000 bbl

Source: USDOI, MMS, Alaska OCS Region (2000).
Notes: ' The estimated spill rate for TAPS tankers Anderson (2000a)

Table A-34 Resources and Reserves We Use to Estimate Oil Spills for the Cumulative Analysis

Reserves and Resources (Bbbl)
Categories Subcategories Total Onshore  Offshore
Past Production 5.7738 5.532 0.206
Past and Present Production Present Production 0.208 0.050 0.158
Total 5.946 5.5682 0.364
Discovered 1.50 0.55 0.950
Reasonably Foreseeable Future Production Undiscovered 2.656 2.3 0.356
Total 4.156 2.85 1.306
Past, Present and Reasonably Foreseeable
Subtotal 10.106 8.432 1.674
Liberty 0.12 0.0 0.12
Total 10.226 8.432 1.794

Source: USDOI, MMS, Alaska OCS Region (2000).

A. Information and Assumptions Regarding Oil Spills B. Small Oil Spills C. Cumulative Analysis
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Table A-35 Cumulative Oil-Spill-Occurrence Estimates Greater Than or Equal to 500 Barrels or Greater than or Equal
to 1,000 Barrels Resulting from Oil Development over the Assumed 15-Year Production Life of the Liberty Project

Crude-Qil Spills
Category Reserves and Spill Rate Size Assumed Most Likely  Estimated
Resources (Bbbl) (Spills/Bbbl) Category Size Number  Mean Number
Offshore
Past, Present and Reasonably Foreseeable 1.7 0.60 >500 bbl 125-2956 1 1.02
Liberty 0.12 0.60 >500 bbl 125-2956 0 0.07
Total 1.82 0.60 >500 bbl 125-2956 1 1.09
Onshore
Past, Present and Reasonably Foreseeable 8.4 0.60 >500 bbl 500-925 5 5.04
Liberty 0.12 0.12 >500 bbl 720-1,142 0 0.01
Total 8.52 — >500 bbl 500-1,142 5 5.05
TAPS Pipeline
Past, Present and Reasonably Foreseeable 10.1 0.12 >500 bbl 500-999 1 1.2
Liberty 0.12 0.12 >500 bbl 500-999 0 0.01
Total 10.22 0.12 >500 bbl 500-999 1 121
TAPS Tanker
Past, Present and Reasonably Foreseeable 10.1 0.98 >1,000 bbl  Table A-37 9 9.8
Liberty 0.12 0.98 >1,000 bbl  Table A-37 0 0.12
Total 10.22 — >1,000 bbl  Table A-37 9 9.92

Source: USDOI, MMS, Alaska OCS Region (2000). Notes: The Alaska Dept. of Environmental Conservation database has no significant
crude oil spills on the North Slope resulting from well blowouts and no facility or onshore pipeline spills greater than 1,000 barrels for the years
1985-1998. The North Slope fields have produced over 12.92 billion barrels through 1999 and have over 1,100 miles of onshore pipeline.

Table A-36 Trans-Alaska Pipeline System Tanker Spills Greater than or Equal to 1,000 Barrels:

1977 through 1998

Date Vessel Location Destination Amount
8/29/78 Overseas Joyce Balboa Channel Perth Amboy, New Jersey 1,816
6/7/80 Texaco Connecticut Panama Canal Zone Port Neches, Texas 4,047
12/12/81 Stuyvesant Gulf of Tehuantepec Panama 3,600
12/21/85  ARCO Anchorage Puget Sound Cherry Point, Washington 5,690
1/9/87 Stuyesant Gulf of Alaska, British Columbia Puerto Armuelles, Panama 15,000
712187 Glacier Bay Cook Inlet, Alaska Nikiski, Alaska 4,900
10/4/87 Stuyvesant Gulf of Alaska, British Columbia Puerto Armuelles, Panama 14,286
1/3/89 Thompson Pass Port of Valdez Panama 1,700
3/2/89 Exxon Houston Pacific O. off Oahu, Hawaii Barbers Point, Hawaii 1,405
3/24/89 Exxon Valdez Prince William Sound, Alaska Long Beach, California 240,500
2/7/90 American Trader Huntington Beach, California Long Beach, California 9,929
2/22/91 Exxon San Francisco Fidalgo Bay, Washington Anacortes, Washington 5,000

Source: Anderson and Lear (1994) and Anderson (2000b)

Table A-37 Sizes of Tanker Spills We Assume from the
Trans-Alaska Pipeline System in the Cumulative Analysis

Size Category  Number Average Size Total Volume
<6,000 6 3,000 18,000
6,001-15,000 2 13,000 26,000
>200,000 1 250,000 250,000
Total 9 — 294,000

Source: USDOI, MMS, Alaska OCS Region (2000).

Notes: Based on the spill sizes in Table A-36.

A. Information and Assumptions Regarding Oil Spills B. Small Oil Spills

C. Cumulative Analysis
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Appendix B

Overview of Laws, Regulations, and Rules That Relate to
the Proposed Activities Described in the Liberty
Development Project, Development and Production Plan

This appendix references only those portions of Federal
public laws enacted by Congress related directly or
indirectly to the Minerals Management Service's (MMYS)
regulatory responsihilities for mineral leasing, exploration,
and development and production activities on |eases |ocated
in the submerged lands of the outer continental shelf (OCS).
It also includes responsibilities and jurisdictions of other
Federal agencies and departments that also are involved in
the regulatory process of oil and gas operations on the OCS.
Thisis not intended to be a comprehensive summary of all
laws associated with proposed exploration and development
activities that significantly might affect the OCS.
Explanations are merely to acquaint the reader with the law
and are not meant as legal interpretations. Readers should
consult the entire text of the law for additional requirements
and information.

A. OVERVIEW

1. The MMS is the Federal Agency
Responsible for Managing Mineral
Resources on the OCS

Under the OCS Lands Act (OCSLA; see Part C of this
appendix), as amended (43 U.S.C. 1331 et seq.), and 30
C.F.R. 250, the MMS, through delegation of authority as
authorized by the Secretary of the Interior, hasjurisdiction
over OCS lease development projects, including
congtruction, drilling, facilities, and operations. Once a
leaseis “awarded,” the MMS's Regional Supervisor, Field
Operations (RSFO) is responsible for approving,
supervising, and regulating all operations that are conducted
on the leased area. Before conducting operations on a lease,
except for certain preliminary activities, alessee must

submit an exploration or development and production plan
to the MM S for approval, an Oil Spill Contingency Plan,
and an Application for Permit to Drill. A planis processed
according to the regulations found under 30 C.F.R. 250 and
subject to the regulations that govern Federal Coastal Zone
Management consistency procedures (15 C.F.R. 930). The
MMS Environmental Studies Program monitors changesin
human, marine, and coastal environments during and after
oil exploration or development and production, as
authorized in Section 20(b) of the OCSLA, as amended (43
U.S.C. § 1346(b)).

The law requires the MM S to consult and coordinate with
other Federal agencies (such as the Office of Ocean and
Coastal Resource Management, Fish and Wildlife Service,
National Marine Fisheries Service, U.S. Environmental
Protection Agency, National Park Service, the Corps of
Engineers, and U.S. Coast Guard), the State of Alaska, and
local government agencies, as appropriate, which have
jurisdiction by law, special expertise, or with direct or
indirect authority to develop and enforce environmental
standards to ensure that the activities to be performed as
described in a proposed plan comply with all applicable
Federal statutory laws. The MMS has entered into formal
agreements with other Federal departments or agencies and
with the State of Alaskato clarify or, when appropriate,
delegate certain authority with respect to jurisdictional
responsibilities for activities proposed on the OCS. The
MMS also must provide an opportunity for the public to
comment on a proposed plan. The regulations direct
Federal agencies that have made a decision to prepare an
environmental impact statement (EIS) to conduct a public
scoping process. The key purpose of the scoping processis
to determine the scope of the EIS and the range of actions,
aternatives, and impacts to be considered in the EIS as they
relate to actions in a proposed plan. Scoping should do the
following:
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e identify public and agency issues with actions proposed
inaplan;

e identify and define the significant environmental issues
and alternativesto be examined in an EIS, including the
elimination of nonsignificant issues;

o identify related issues that originate from separate
legislation, regulation, or Executive Orders (for
example, historic preservation or endangered species
issues); and

e identify State and local agency requirements that must
be addressed.

It should be emphasized that the reason scoping meetings
are held isto receive valuable public input into the EIS
process to ensure that the EIS will be thorough and will
address all pertinent issues to the fullest extent possible
which will play amajor role in the MM S's decisionmaking
process. The end result of the scoping process will be a
more informed public cognizant of all facets of a proposed
plan's actions.

2. The Formal Review Process

After an extensive initial review of BP Exploration
(Alaska), Inc.’s (BPXA'’s) application for approval onits
proposed Liberty Development Project, Development And
Production Plan (the Plan), in an arealocated on Lease
Number OCS-Y -01650, the MM S deemed the Plan as
officially submitted. The formal review process on the Plan
has commenced, and the MM S has begun an extensive
technical, engineering, and environmental analysis of
BPXA'’s Plan (and supporting information) to determine if
the Plan can be approved, disapproved, or modified and
resubmitted for approval by the RSFO. To ensure
conformance with the OCSLA, other laws, applicable
regulations, and lease provisions, and to enable MM S to
carry out its functions and responsibilities, the MM S will
review the Plan for compliance as authorized in 30 C.F.R.
250.204. During thisreview process, the MM S will
examine such details as structural specifications, safety
systems, installation verification, drilling procedures,
facility and pipeline specifications, and environmental
protection. The regulations require that a proposed plan
describe the ared’ s location, size, design, and sequential
schedules for beginning and ending all activitiesto be
performed that are directly related to the development and
production plan. Additionally, descriptions of any drilling
vessels, platforms, pipelines, or other facilities and
operations that are known or directly related to the proposal
must be provided, including plans for important safety,
pollution prevention, and environmental monitoring features
and other relevant information about the plan’s facilities and
operations. Required supporting environmental information,
such as geological and geophysical data and information,
shallow-hazards surveys and reports, classification and
information concerning the presence and proposed

Appendix B. OVERVIEW OF LAWS, REGULATIONS, AND RULES

precautionary measures for hydrogen sulfide, archaeological
resource surveys and reports, biological survey reports, or
other environmental data or information determined
necessary, must accompany the proposed plan, including
new or unusual technology to be used. The MMS must
receive written notification indicating which portions, if
any, of aplan’s supporting information is believed to be
exempt from disclosure under the Freedom of Information
Act (5 U.S.C. 552) and the implementing regulations (43
CFR.2).

BPXA's proposed Plan is being reviewed and processed
according to the regulations found in 30 C.F.R. 250. The
Plan also is subject to the State of Alaska's concurrence or
presumed concurrence with coastal zone consistency
certification, as provided in 25 C.F.R. 930. The MMS may
not issue a permit for the proposed Plan's development and
production activities unless the State of Alaska concurs with
the certification that BPXA’s Plan is consistent with the
State's Coastal Zone Management Program or the Secretary
of Commerce makes certain findings afterwards and
overrides the State's objections under the Coastal Zone
Management Program.

As part of the review process, the MM S must consider the
economic, social, and environmental values of the
renewable and nonrenewabl e resources contained in the
OCS and examine what the potential effect of oil and gas
exploration or development and production activities would
or might have on the marine, coastal, and human
environments.

3. Preparing the EIS

The National Environmental Policy Act of 1969 (NEPA), as
amended (42 U.S.C. § 4321 et seq.), mandates that Federal
agencies consider the environmental effects of major

Federal actions. The primary purpose of an EISisto serve
as an action-forcing device to ensure that the policies and
goals defined in the NEPA are incorporated into the ongoing
programs and actions of the Federal Government. Before
decisions are made and before actions are taken, NEPA
procedures require Federal agencies with NEPA-related
functions to gather information about the environmental
consequences of proposed actions and consider the
environmental impacts of those actions. By doing so,
agencies will be better able to prepare the appropriate
environmental documentation on actions to support the
agency’s planning and environmental decisionmaking.

Also, NEPA can be used by Federal officialsin conjunction
with other relevant material to plan actions and make
decisions. Provisionsin the NEPA require agencies to focus
on significant environmental issues and provide full and fair
discussion of significant environmental impacts and range
of reasonable alternatives that would avoid or lessen adverse
impacts or enhance the quality of the human environment.

A. Overview B. Mitigating Measures/Stipulations C. Statutory Laws

D. Regulations

E. Federal Compensation for Damages
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Thisincludes alternatives and appropriate mitigation
measures not already included in a proposed action.

Upon preliminary review, the MM S eval uated the
environmental impact of the activities described in BPXA's
Plan and determined those development and production
activities to be “amajor federal action that may significantly
affect the quality of the human environment pursuant to the
NEPA.” Theregulations at 40 C.F.R. 1501 require the

MMS to use the NEPA process to identify and assess a
range of alternatives reasonable to the proposed Plan's
development and production activities that would avoid or
minimize any possible adverse effects of these actions upon
the quality of the human environment. To adequately fulfill
and satisfy the requirements to “the fullest extent possible’
under the NEPA, the MM S is preparing the appropriate
environmental documentation. The MMS will make every
effort to disclose and discuss within the EIS al major points
of view on the environmental effects of the alternatives,
including the proposed action.

This EISis aspecific project NEPA document that
identifies, considers, and assesses to the fullest extent
possible the appropriate range of resources and ecosystem
components in a defined geographic area affected by
ongoing and anticipated future activities as proposed in the
Liberty Plan. The EIS identifies and evaluates an
appropriate range of alternativesto BPXA'’s proposed
project and what potential effects the aternatives may have
on the quality of the human environment and on the Liberty
Plan. The phrase “range of alternatives’ refersto the
alternatives discussed in the EI'S and includes all reasonable
alternatives that must be rigorously explored and objectively
evaluated, as well asthose alternatives that are eliminated
from detailed study, with a brief discussion of the reasons
for eliminating them.

Public and agency involvement and participation associated
with NEPA documentation are ongoing, including
consultation and coordination with the State of Alaska
regarding coastal zone consistency determinations and the
MMS' sresponsibility to the Qil Pollution Act of 1990
(OPA) (U.S.C. 2701, et. seg.). The ultimate goal of this
combined agency effort isto produce an EIS that, in
addition to fulfilling the basic intent of NEPA, encompasses
“to the fullest extent possible” all the environmental and
public involvement required by State and Federal laws,
Executive Orders, and the administrative policies of the
agenciesinvolved. Throughout the review process of
BPXA’sPlan, the MM S will continualy involve the State
of Alaska, schedule public scoping meetings, and make
presentationsto local citizen groups, particularly in those
communities closest to the area affected by the activities
that are described in the proposed Plan.

4. Approval of the Plan

Conditions of plan approval are mechanisms determined by
the MM S to control or mitigate potential adverse
environmental impacts or safety problems associated with
the Liberty Plan. Environmental reviews and analyses
developed through the NEPA process may further identify
the need for additional protective measures specific to the
Liberty Plan. The RSFO may require additional mitigating
measures and impose necessary project-specific operational
stipulations.

After aplan’s approval, specific applications must be
submitted to the MM S for permits or other approvals.

These additional applications could include those for wells,
pipelines, platforms, and other related activities as described
inthe Plan. Theinformation in the EIS will be used when
approving permits or making other action decisions.
Conditions necessary to providing appropriate
environmental protection can be applied to any OCS plans,
permits, grants, or other approvals.

A list of all permits, licenses, and other entitlements from
Federal, State, and local agencies related to the Liberty Plan
isfound in Table B-1.

B. MITIGATING MEASURES THAT
APPLY TO THE LIBERTY
DEVELOPMENT AND PRODUCTION
PLAN

In each OCS planning area, oil and gas exploration and
development activities have the potential for causing
adverse environmental impacts.

Many measures have been implemented by the MM S to
“mitigate” or prevent and lessen possible impacts on
environmental resources from both OCS and non-OCS
activities. Mitigating measures are protective measures
designed to prevent adverse impacts and to lessen and
mitigate unavoidable impacts. The MM S develops and
administers these requirements, which are part of the lease-
term conditions at |ease issuance.

In order to mitigate adverse environmental impacts for
actions associated with a specific project (i.e., proposed
plans for exploration, development, production, and site-
clearance activitiesin an arealocated on an OCS lease
block), additional mitigation requirements may be
necessary. Conditions of plan approval are mechanisms
determined by MM S to control or mitigate potential
environmental or safety problems that are associated with a
specific proposal. Special stipulations that limit operations
are in addition to the lease-term stipulations. During thelife
of the action, these protective measures are specific to the
individual activities proposed in aplan and are imposed

F. State Compensation for Damages G. Indian Trust Resources

H. Environmental Justice
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following environmental reviews (according to the NEPA)
of the OCS lease block location and potential resources.

1. Lease-Term Stipulations

Some of these protective measures are developed and
applied to specific blocks in a planning area before leasing a
block and are based on the following:

e existing policies and laws;

e knowledge of the resources present in the planning area
where the block is being offered for lease by the MMS;
and

e current industry practices.

If ablock isleased as aresult of alease sale, these
protective measures are identified as |ease-term stipulations
and are attached to and become part of the lease and its
conditions. These stipulations are designed to protect
potentially sensitive resourcesin the affected block and to
reduce possible multiple-use conflicts and are the
reguirements that the lessee must meet to mitigate adverse
impacts. They also may be considered to apply to all
activities that occur on the leased area throughout the life of
the lease.

Asthe lead permitting agency with jurisdiction over the
proposed activities to develop the Liberty Project in the
Alaskan Beaufort Sea, the MM S Alaska OCS Region must
consider the full scope of the development activity
described in the proposed BPXA Plan. The proposed Plan
affects asingle Federal oil and gas lease—L ease No. OCS
Y -01650—(issued as aresult of Sale 144). The following
lease-term stipulations apply to Lease No. OCS-Y-01650
and, as such, are considered as part of the Liberty
Development Project, Development and Production Plan
Proposal.
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would not have a significant adverse effect upon the
resource identified or that a special biological resource
does not exist;

e  Operate during those periods of time, as established by
the RS/FO, that do not adversely affect the biological
resources; and/or

e Modify operations to ensure that significant biological
populations or habitats deserving protection are not
adversely affected.

If any area of biological significance should be discovered
during the conduct of any operations on the lease, the lessee
shall immediately report such findings to the RS/FO and
make every reasonable effort to preserve and protect the
biological resource from damage until the RS/FO has given
the lessee direction with respect to its protection.

The lessee shall submit all data obtained in the course of
biological surveysto the RSFO with the locational
information for drilling or other activity. The lessee may
take no action that might affect the biological populations or
habitats surveyed until the RS/FO provides written
directionsto the lessee with regard to permissible actions.
The RS/FO will utilize the best available information as
determined in consultation with the Arctic Biological Task
Force.

a. Stipulation No. 1, Protection of Biological
Resources

If biological populations or habitats that may require
additional protection are identified in the lease area by the
Regional Supervisor, Field Operations (RS/FO), the RS/FO
may require the lessee to conduct biological surveysto
determine the extent and composition of such biological
populations or habitats. The RYFO shall give written
notification to the lessee of the RS/FO's decision to require
such surveys.

Based on any surveys that the RS/FO may require of the

lessee or on other information available to the RS/FO on

special biological resources, the RS/FO may require the

lessee to:

e Relocate the site of operations,

e Establish to the satisfaction of the RS/FO, on the basis
of asite-specific survey, either that such operations

b. Stipulation No. 2, Orientation Program

The lessee shall include in any exploration or development
and production plans submitted under 30 CFR 250.33 and
250.34 a proposed orientation program for all personnel
involved in exploration or development and production
activities (including personnel of the lessee's agents,
contractors, and subcontractors) for review and approval by
the Regional Supervisor, Field Operations. The program
shall be designed in sufficient detail to inform individuals
working on the project of specific types of environmental,
social, and cultural concerns that relate to the sale and
adjacent areas. The program shall address the importance of
not disturbing archaeological and biological resources and
habitats, including endangered species, fisheries, bird
colonies, and marine mammals and provide guidance on
how to avoid disturbance. This guidance will include the
production and distribution of information cards on
endangered and/or threatened speciesin the sale area. The
program shall be designed to increase the sensitivity and
understanding of personnel to community values, customs,
and lifestyles in areas in which such personnel will be
operating. The orientation program shall also include
information concerning avoidance of conflicts with
subsistence, commercial fishing activities, and pertinent
mitigation.

The program shall be attended at least once a year by all
personnel involved in onsite exploration or development and
production activities (including personnel of the lessee's
agents, contractors, and subcontractors) and all supervisory
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and managerial personnel involved in lease activities of the
lessee and its agents, contractors, and subcontractors.

The lessee shall maintain arecord of all personnel who
attend the program onsite for so long as the site is active, not
to exceed 5 years. Thisrecord shall include the name and
date(s) of attendance of each attendee.

c. Stipulation No. 3, Transportation of
Hydrocarbons

Pipelines will be required: (@) if pipeline rights-of-way can
be determined and obtained; (b) if laying such pipelinesis
technologically feasible and environmentally preferable; and
(c) if, in the opinion of the lessor, pipelines can be laid
without net social loss, taking into account any incremental
costs of pipelines over alternative methods of transportation
and any incremental benefitsin the form of increased
environmental protection or reduced multiple-use conflicts.
The lessor specifically reserves the right to require that any
pipeline used for transporting production to shore be placed
in certain designated management areas. In selecting the
means of transportation, consideration will be given to
recommendations of any advisory groups and Federal, State,
and local governments and industry.

Following the development of sufficient pipeline capacity,
no crude oil production will be transported by surface vessel
from offshore production sites, except in the case of an
emergency. Determinations as to emergency conditions and
appropriate responses to these conditions will be made by
the Regional Supervisor, Field Operations.

d. Stipulation No. 4, Industry Site-Specific
Bowhead Whale-Monitoring Program

L essees proposing to conduct exploratory drilling
operations, including seismic surveys, during the bowhead
whale migration will be required to conduct a site-specific
monitoring program approved by the Regional Supervisor,
Field Operations (RS/FO); unless, based on the size, timing,
duration, and scope of the proposed operations, the RS/FO,
in consultation with the North Slope Borough (NSB) and
the Alaska Eskimo Whaling Commission (AEWC),
determine that a monitoring program is not necessary. The
RS/FO will provide the NSB, AEWC, and the State of
Alaska a minimum of 30 but no longer than 60 calendar
days to review and comment on a proposed monitoring
program prior to approval. The monitoring program must be
approved each year before exploratory drilling operations
can be commenced.

The monitoring program will be designed to assess when
bowhead whales are present in the vicinity of lease
operations and the extent of behavioral effects on bowhead
whales due to these operations. In designing the program,

lessees must consider the potential scope and extent of

effects that the type of operation could have on bowhead

whales. Scientific studies and individual experiences
relayed by subsistence hunters indicate that, depending on
the type of operations, individual whales may demonstrate
avoidance behavior at distances of up to 24 km. The
program must also provide for the following:

e Recording and reporting information on sighting of
other marine mammal's and the extent of behavioral
effects due to operations,

e Inviting an AEWC or NSB representative to participate
in the monitoring program as an observer,

e  Coordinating the monitoring logistics beforehand with
the MM S Bowhead Whale Aeria Survey Project
(BWASP),

Submitting daily monitoring results to the MM S
BWASP,

e  Submitting a draft report on the results of the
monitoring program to the RS/FO within 60 days
following the completion of the operation. The RS/FO
will distribute this draft report to the AEWC, the NSB,
the State of Alaska, and the National Marine Fisheries
Service (NMFS).

e  Submitting afinal report on the results of the
monitoring program to the RS/FO. The fina report will
include a discussion of the results of the peer review of
the draft report. The RS/FO will distribute this report
to the AEWC, the NSB, the State of Alaska, and the
NMFS.

Lessees will be required to fund an independent peer review
of a proposed monitoring plan and the draft report on the
results of the monitoring program. This peer review will
consist of independent reviewers who have knowledge and
experience in statistics, monitoring marine mammal
behavior, the type and extent of the proposed operations,
and an awareness of traditional knowledge. The peer
reviewers will be selected by the RS/FO from experts
recommended by the NSB, the AEWC, industry, NMFS,
and MMS. The results of these peer reviews will be
provided to the RS/FO for consideration in final approval of
the monitoring program and the final report, with copiesto
the NSB, AEWC, and the State of Alaska

In the event the lessee is seeking a Letter of Authorization
(LOA) or Incidental Harassment Authorization (IHA) for
incidental take from the NMFS, the monitoring program and
review process required under the LOA or IHA may satisfy
the requirements of this stipulation. Lessees must advise the
RS/FO when it is seeking an LOA or IHA in lieu of meeting
the requirements of this stipulation and provide the RS/FO
with copies of al pertinent submittals and resulting
correspondence. The RS/FO will coordinate with the
NMFS and advise the lessee if the LOA or IHA will meet
these requirements.

This stipylation applies to the blocks and time periods
shown in[Table B-2jand will remain in effect until
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termination or modification by the Department of the
Interior, after consultation with the NMFS and the NSB.

e. Stipulation No. 5, Subsistence Whaling
and Other Subsistence Activities

Exploration and devel opment and production operations
shall be conducted in a manner that prevents unreasonable
conflicts between the 0il and gas industry and subsistence
activities (including, but not limited to, bowhead whale
subsi stence hunting).

Prior to submitting an exploration plan or development and
production plan (including associated oil-spill contingency
plans) to the MMS for activities proposed during the
bowhead whale migration period, the lessee shall consult
with the potentially affected subsistence communities,
Barrow, Kaktovik, or Nuigsut, the North Slope Borough
(NSB), and the Alaska Eskimo Whaling Commission
(AEWC) to discuss potential conflicts with the siting,
timing, and methods of proposed operations and safeguards
or mitigating measures, which could be implemented by the
operator to prevent unreasonable conflicts. Through this
consultation, the lessee shall make every reasonable effort to
assure that exploration, development, and production
activities are compatible with whaling and other subsistence
hunting activities and will not result in unreasonable
interference with subsistence harvests.

A discussion of resolutions reached during this consultation
process and plans for continued consultation shall be
included in the exploration plan or the development and
production plan. In particular, the lessee shall show in the
plan how activities will be scheduled and located to prevent
unreasonable conflicts with subsistence activities. Lessees
shall also include a discussion of multiple or simultaneous
operations, such as ice management and seismic activities,
that can be expected to occur during operations in order to
more accurately assess the potential for any cumulative
affects. Communities, individuals, and other entities who
were involved in the consultation shall be identified in the
plan. The RS/FO shall send a copy of the exploration plan
or development and production plan (including associated
oil-spill contingency plans) to the potentially affected
communities, and the AEWC at the time they are submitted
to the MM S to allow concurrent review and comment as
part of the plan approval process.

In the event no agreement is reached between the parties,
the lessee, the AEWC, the NSB, the National Marine
Fisheries Service (NMFS), or any of the subsistence
communities that could potentially be affected by the
proposed activity may request that the RS/FO assemble a
group consisting of representatives from the subsistence
communities, AEWC, NSB, NMFS, and the |essee(s) to
specifically address the conflict and attempt to resolve the
issues before making afinal determination on the adequacy
of the measures taken to prevent unreasonable conflicts with
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subsistence harvests. Upon request, the RS/FO will
assembl e this group before making a final determination on
the adequacy of the measures taken to prevent unreasonable
conflicts with subsistence harvests.

The lessee shall notify the RS/FO of all concerns expressed
by subsistence hunters during operations and of steps taken
to address such concerns. Lease-related use will be
restricted when the RS/FO determinesit is necessary to
prevent unreasonable conflicts with local subsistence
hunting activities.

In enforcing this stipulation, the RS/FO will work with other
agencies and the public to assure that potential conflicts are
identified and efforts are taken to avoid these conflicts (for
example, timing operations to avoid the bowhead whale
subsistence hunt). These efforts might include seasonal
drilling restrictions, seismic and threshold depth restrictions,
and requirements for directional drilling and the use of other
technologies deemed appropriate by the RS/FO.

Subsistence whaling activities occur generally during the
following periods:

August to October: Kaktovik whalers use the area
circumscribed from Anderson Point in Camden Bay to a
point 30 kilometers north of Barter Island to Humphrey
Point east of Barter Idand. Nuiqsut whalers use an area
extending from aline northward of the Nechelik Channel of
the Colville River to Flaxman Island, seaward of the Barrier
Islands.

September to October: Barrow hunters use the area
circumscribed by a western boundary extending
approximately 15 kilometers west of Barrow, a northern
boundary 50 kilometers north of Barrow, then
southeastward to a point about 50 kilometers off Cooper
Island, with an eastern boundary on the east side of Dease
Inlet. Occasional use may extend eastward as far as Cape
Halkett.

f. Stipulation No. 6, Agreement Between the
United States of America and the State of
Alaska

This stipulation applies to the following blocks or portions
of blocks referred to in this Notice as disputed: NR 05- 03,
Teshekpuk, block 6024; NR 05-04, Harrison Bay, blocks
6001, 6421, 6423-6424, 6461-6463, 6470-6471, 6512-
6515, 6562-6566, 6613-6614; NR 06-03, Beechey Point,
blocks 6401, 6403, 6511-6514, 6562-6563, 6568-6570,
6612-6614, 6616, 6618-6621, 6663-6666, 6668-6669,
6718-6720, 6723-6724, 6768-6771, 6819-6820, 6870-6871,
6874, 6924; NR 06-04, Flaxman Island, blocks 6802-6803,
6857, 6901, 7014-7016, 7066-7067.

Thisleaseis subject to the “ Agreement Between the United
States of America and the State of Alaska Pursuant to
Section 7 of the Outer Continental Shelf Lands Act and
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Alaska Statutes 38.05.137 for the Leasing of Disputed
Blocksin Federal Outer Continental Shelf Oil and Gas
Lease Sale 144 and State Oil and Gas lease Sae 86"
(referred to as the "Agreement"), and the lessee hereby
consents to every term of that Agreement. Nothing in that
Agreement or this Notice shall affect or prejudice the legal
position of the United Statesin United States of Americav.
State of Alaska, United States Supreme Court No. 84,
Original.

Any lossincurred or sustained by the lessee as a result of
obtaining validation and recognition of this lease pursuant to
the Agreement, and in particular any loss incurred or
sustained by the lessee as aresult of conforming this lease
with any and all provisions of all applicable laws of the
party prevailing in United States of Americav. State of
Alaska, No. 84 Original, shall be borne exclusively by the
lessee.

No taxes payable to the State of Alaska will be required to
be paid with respect to this lease until such time as
ownership of or jurisdiction over the lands subject to this
leaseisresolved. Inthe event that the lands subject to this
lease or any portion of them are judicially determined to be
State lands, the lessee shall pay to the State of Alaska a sum
equivalent to the State taxes, which would have been
imposed under Alaska law if the lands, or portion thereof
determined to be State lands, had been undisputed State
lands from the date the lease was executed, plusinterest at
the annual legal rate of interest provided under Alaskalaw
accruing from the date the taxes would have become due
under Alaskalaw. Such payment shall beinlieu of, andin
satisfaction of, the actual State taxes.

g. Stipulation No. 7, Agreement Regarding
Unitization

This stipulation applies to the following blocks or portions
of blocks referred to in this Notice as disputed: NR 05- 03,
Teshekpuk, block 6024; NR 05-04, Harrison Bay, blocks
6001, 6421, 6423-6424, 6461-6463, 6470-6471, 6512-
6515, 6562-6566, 6613-6614; NR 06-03, Beechey Point,
blocks 6401, 6403, 6511-6514, 6562-6563, 6568-6570,
6612-6614, 6616, 6618-6621, 6663-6666, 6668-6669,
6718-6720, 6723-6724, 6768-6771, 6819-6820, 6870-6871,
6874, 6924; NR 06-04, Flaxman Island, blocks 6802-6803,
6857, 6901, 7014-7016, 7066-7067.

Thisleaseis subject to the "Agreement Regarding
Unitization for the Outer Continental Shelf Oil and Gas
Lease Sale 144 and State Oil and Gas Lease Sale 86
Between the United States of America and the State of
Alaska", and the lessee is bound by the terms of that
Agreement.

2. Stipulations Associated with a
Proposal

Postlease mitigation requirements are those that have been
applied to specific proposed actions for exploration,
development, production, and site clearance activities before
leases expire. These protective measures are specific to
individual activities and are imposed following
environmental reviews (according to the NEPA) of the OCS
|ease block location and potential resources. Special
stipulations that limit operations are in addition to the lease-
term stipulations.

Conditions of plan approval are mechanisms determined by
MMS to control or mitigate potential environmental or
safety problems associated with a proposal. Comments
from other Federal and State agencies (as applicable) are
considered during the review process. In addition, the
MMS technical evaluations (including geological and
geophysical; royalty, Suspension of Production schedule,
and competitive reservoir considerations; potentially
hazardous situations involving existing or proposed
pipelines; conflicts with archaeological resources and
sensitive biological areas, and other uses; and NEPA
compliance) are considered.

Alternatives to the proposal are evaluated as part of the
NEPA process to assess reasonable alternative activities that
could result in lower adverse environmental impacts. In
addition to alternatives proposed by the lessee/applicant,
alternatives or mitigation that are not part of the proposal
that may be needed to lessen environmental effects are
given full consideration. Mitigating measures have
addressed resource-use concerns such as
endangered/threatened species, geologic and artificial
hazards, air quality, oil-spill-contingency planning, and
operations in H2S-prone. Conditions that may be necessary
to provide environmental protection may be applied to any
OCS plan, permit, right of use of easement, or pipeline
right-of-way grant.

3. Operational Stipulations that Apply to
the Liberty Development Project,
Development and Production Plan

Project or site-specific operational stipulations for the
Liberty Plan may be imposed by the RSFO, as determined
necessary by further analysis, as developed through the
NEPA process, and in consultation with other Federal,
State, and North Slope Borough regulatory and resource
agencies. Other Federal, State, and North Slope Borough
permits or other approvals also may be required by law or
regulation for the Liberty Project Plan to proceed. These
include permitsissued to authorize dischargesinto the
waters under the National Pollution Discharge Elimination
System (NPDES) or permitsissued for discharge of dredged
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or fill material into navigable waters at specified disposal
sites under Section 404 of the Clean Water Act, as amended.
Specific permitsissued by Federal agencies other than the
MMS could include permit conditions that are more strict.

C. STATUTORY LAWS APPLICABLE
TO MINERAL RESOURCE ACTIVITY
ON THE OCS

Outer Continental Shelf Lands Act, as amended (43 U.S.C.
§ 1331 et seq.)

Qil Pollution Act of 1990, as amended (33 U.S.C. § 2701 et
seq.)

National Environmental Policy Act of 1969, as amended (42
U.S.C. 84321 et seq.)

Endangered Species Act of 1973, asamended (16 U.S.C. §
1531 et seq.)

Marine Mammal Protection Act of 1972, as amended (16
U.S.C. 81361 et seq.)

Coastal Zone Management Act of 1972, as amended (16
U.S.C. 81451 et seq.)

Federal Water Pollution Control Act, as amended (33
U.S.C. 81251 et seq.)

Deepwater Port Act of 1974, as amended (33 U.S.C. § 1501
et seq. and 43 U.S.C. § 1333)

Clean Air Act, asamended (42 U.S.C. § 7401 et seq.)

National Historic Preservation Act of 1966, as amended (16
U.S.C. 8470 et seq.)

Ports and Waterways Safety Act of 1972, as amended (33
U.S.C. 81221 et seq.)

Marine Protection, Research, and Sanctuaries Act of 1972,
as amended (33 U.S.C.§ 1401-1445 and 16 U.S.C. §
1431-1445)

Federal Qil and Gas Royalty Management Act of 1982 (30
U.S.C. 81701 et seq.)

Arctic Research and Policy Act of 1984 (15 U.S.C. § 4101
et seq.)

The OCS Report, MM S 86-0003, Legal Mandates and
Federal Regulatory Responsibilities (Rathbun, 1986),
incorporated here by reference, describes legal mandates
and authorities for offshore leasing and outlines Federal
regulatory responsihilities. This report contains summaries
of the OCSLA, as amended, and related statutes and a
summary of the requirements for exploration and
development and production activities. The report also
includes a discussion of significant litigation affecting OCS
leasing policy. Sinceits publicationin 1986, many of the
laws and regulatory programs that are addressed in the
report have been amended and updated to further address
safety and environmental protection during oil and gas
operations. Thereport is being updated. Included in OCS
Report, MM S 86-0003 are the OCS orders that subsequently
have been updated and placed in the consolidated operating
regulations found in 30 CFR 250 (63 Federal Register
290477 5/29/98).
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The OPA will be addressed in the next edition of that report.
The OPA expands on the existing Clean Water Act and adds
new provisions on oil-spill prevention, increases penalties
for il spills, and strengthens oil-spill-response capabilities.
The OPA also establishes new oil-spill-research programs
and provides special protection for selected geographic
areas.

D. REGULATIONS APPLICABLE TO
MINERAL RESOURCE ACTIVITY ON
THE OCS

Federal agencies and their corresponding regul atory

responsibilities that directly or indirectly affect OCS

activities and are applicable to the review and coordination

of the proposed activities relevant to the Liberty Plan are

listed below. Thislist may not contain all the regulations.

All published rules and regulations continue in effect and

must be followed.

U.S. Department of Energy, 10 CFR 200-699

U.S. Department of Commerce, NOAA, 15 CFR 900-999

U.S. Department of the Interior, MMS, 30 CFR 200-299
(formerly 30 CFR Part 250 [63 FR 29477, 5/29/98])

U.S. Department of Transportation, U.S. Coast Guard, 33
CFR 1-199, 46 CFR 1-199, and 49 CFR 400-499

U.S. Department of Defense, U.S. Army Corps of
Engineers, 33 CFR 200-399

Advisory Council on Historic Preservation, 36 CFR 800-
899

U.S. Environmental Protection Agency, 40 CFR 1-239

Council on Environmental Quality, 40 CFR 1500-1599

Office of the Secretary of the Interior, 43 CFR 1-99

U.S. Department of Commerce, NOAA, National Marine
Fisheries Service, 50 CFR 200-299

International Regulatory Agencies (Fishing and Whaling),
50 CFR 300-399

U.S. Department of the Interior, Fish and Wildlife Service,
National Marine Fisheries Service, and Endangered
Species Committee, 50 CFR 400-499

Marine Mammal Commission, 50 CFR 500-599

E. FEDERAL COMPENSATION FOR
DAMAGES OR POLLUTION

1. Oil Spill Liability Trust Fund

Through the Qil Spill Liability Trust Fund (OSLTF), the

OPA allows for compensation of loss or damages resulting
from discharges, or substantial threats of discharges, of oil
into or on the navigable waters or shorelines of the United
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States or its Exclusive Economic Zone from a vessel or
facility.

The OSLTF originally was established under Section 9509
of the Internal Revenue Code of 1986. It was one of several
similar Federal trust funds funded by various levies set up to
provide for the costs of water pollution. The OPA generally
consolidated the liability and compensation schemes of
these prior Federal oil pollution laws and authorized the use
of the OSLTF, which consolidated the funds supporting
those regimes. Those prior laws included the Federal Water
Pollution Control Act; Trans-Alaska Pipeline Authorization
Act; Deepwater Port Act; and the OCSLA.

The OPA alowsfor claims for uncompensated removal
costs consistent with the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) and damages
resulting from an oil pollution incident to include the
following:

e uncompensated removal costs;

natural resource damages,

real or personal property damages;

loss of subsistence use of natural resources;

net loss of Government revenues,

loss of profits or impairment of earning capacity; and
net costs of providing increased or additional public
Services.

The OPA has made two important changes to the previous
funds. Both the size and, generally, the uses of the OSLTF
have been increased beyond the scope of the previous funds.
Its uses now include access to the Fund by the States;
payments to the Federal, State, and Indian Tribe trustees to
carry out natural resource damage assessments and
restorations; and payment of claims for uncompensated
removal costs and damages. The OSLTF can provide up to
$1 billion per incident for uncompensated cleanup costs and
can compensate oil-spill victims when liability limits have
been reached or if the spiller and an injured party cannot
reach an agreement on a settlement. The OSLTF receives
funds from four primary sources:

e Anoail tax (5 centsabarrel on domestically produced or
imported oil collected from the oil industry; thisis
suspended when the fund reaches $1 billion but may be
reinstated if the fund falls below this amount).

e Interest on fund principal.

e Cost recovery from responsible parties (the parties
responsible for oil spills are liable for costs and
damages. All moniesrecovered go either back to
replenish the Fund or to the U.S. Treasury).

e Pendlties (to include civil penalties assessed to the
responsible parties).

The OSLTF is used to cover avariety of needs and provides

payment of the following:

e Removal costs (including costs of monitoring, removal
actions, and abating substantial threat) consistent with
the NCP.

e Costsincurred by the trustees for natural resource
damage assessments and developing and implementing
plans to restore, rehabilitate, replace, or acquire
equivalent natural resources consistent with the NCP.

e Claimsfor uncompensated removal costs consistent
with the NCP and for compensated damages.

e Federa administrative and operational costs, including
research and development.

To better address funding needs, the OSLTF has been
subdivided into an Emergency Fund and a Principal Fund.
The Emergency Fund ensures rapid and effective response
to ail spills without requiring further Congressional
appropriations. Through this portion of the OSLTF, up to
$50 million is provided each year to fund removal activities
and to initiate natural resource damage assessments. Money
available in the Emergency Fund also includes a carryover
from prior years. This portion of the OSLTF (the
Emergency Fund) may be used for the following removal
actions and costs/services:

Removal Actions:

e containing and removing oil from water and shorelines

e preventing or lessening oil pollution where thereisa
substantial threat of discharge

e taking other actions related to lessening the damage to
public health and welfare

Removal Costs/Services:

e contract services (for example, cleanup contractors and
administrative support to document removal actions)

e sdariesfor Government personnel not normally
available for oil-spill responses and for temporary
Government employees hired for the duration of the
spill response

e equipment used in removals

e chemical testing required to identify the type and source
of oil

e proper disposal of recovered oil and oily debris

The Principal Fund (exclusive of the Emergency Fund) can
be used to pay claims without further appropriation and may
be used for other actions when Congress appropriates the
funds. Such additional actions may include Federal
administrative, operational, and personnel costs; natural
resource damage assessments and restoration; and research
and devel opment.

On February 20, 1991, the National Pollution Funds Center
(NPFC) was commissioned to serve as fiduciary agent for
the OSLTF. Because the Federal On-Scene Coordinators
need funds immediately to respond directly to a spill or to
monitor responsible parties' actions, the NPFC established a
system to provide funds 24-hours aday. In addition to
dispersing funds for removal actions, the NPFC aso
administers the OSLTF by monitoring the use of funds, by
processing third-party claims submitted to the OSLTF, and
by pursuing cost recovery from responsible parties for
removal costs and damages paid by the OSLTF. Generaly,
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the owner or operator of the vessel or facility that isthe
source of adischarge or substantial threat of a discharge will
be liable for removal costs and damages resulting from an
oil-spill incident. Therefore, claimants first must seek
reimbursement from the responsible party or guarantor. If a
claimant is dissatisfied with the actions of the responsible
party/guarantor with respect to the claim, the claimant may
choose to litigate against the responsible party or submit the
claimtothe OSLTF. Claimsagainst the OSLTF for
removal costs must be submitted within 6 years after the
date of completion of all removal actions for the incident.
Claims for damages must be made within 3 years after the
date on which the injury and its connection with the incident
were reasonably discoverable or, in the case of natural
resource damages under Section 1002(b)(2)(A) of OPA (33
U.S.C. 2702(b)(2)(A)), the same timeframe as above or
within 3 years from the date of completion of the natural
resource damage assessment, whichever islater. The
controlling legal authority for OSLTF claims can be found
in OPA (33 U.S.C. 2701 et seq.) and that statute’s
implementing regulations at 33 C.F.R. 136.

2. Oil-Spill-Financial Responsibility

In addition to the establishment of the OSLTF, responsible
parties also must maintain oil-spill-financial responsibility
(OSFR) for removal costs and compensation damages. Title
| of OPA (33 U.S.C. 2701 et seq.), as amended by Section
1125 of the Coast Guard Authorization Act of 1996 (Pub. L.
104-324), provides at Section 1016 that parties responsible
for offshore facilities must establish and maintain OSFR for
those facilities according to methods determined acceptable
to the President. Section 1016 supersedes the OSFR
provisions of the OCSLA. The Executive Order (E.O.)
implementing OPA (E.O. 12777; October 18, 1991)
assigned the OSFR certification function to the U.S.
Department of the Interior (USDOI). The Secretary of the
Interior, in turn, delegated this function to the MMS.

To implement the authority of the OPA, the final rule on
Qil-Spill-Financial Responsibility for Offshore Facilities
was published on August 11, 1998, in the Federal Register
(63 FR42699). These regulations, administered by MMS
under 30 C.F.R. Parts 250 and 253 and became effective
October 13, 1998, establish new requirements for
demonstrating OSFR for removal costs and damages caused
by oil discharges and substantial threats of oil discharges
from oil and gas exploration and production facilities and
associated pipelines. Thisrule appliesto certain crude-oil
wells, production platforms, and pipelines located in the
OCS, State waters seaward of the line of ordinary low water
along that portion of the coast that isin direct contact with
the open sea, and certain coastal inland waters. Parties
responsible for offshore facilities must establish and
maintain OSFR for those facilities according to methods
determined acceptable to the President.
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These regulations replace the current OSFR regulation at 33
C.F.R. part 135, which was written to implement the
OCSLA. The OCSLA regulation islimited to facilities
located in the OCS and sets the amount of OSFR that must
be demonstrated by responsible parties at $35 million. The
new rule covers facilities in both the OCS and certain State
waters. It requires responsible parties to demonstrate as
much as $150 million in OSFR, if the MM S determines that
itisjustified by the risks from potential oil spillsfrom
covered offshore facilities (COF's).

The minimum amount of OSFR that must be demonstrated
is $35 million for COF’ s located in the OCS and $10
million for COF’ slocated in State waters. The regulation
provides an exemption for persons responsible for facilities
having a potential worst-case oil-spill discharge of 1,000
barrels or less, unless the risks posed by afacility justify a
lower threshold volume.

Also contained within the regulations are procedures for
filing claims for spill-related compensation. In most cases,
claims first must be presented to the responsible party that is
the source of the incident resulting in the claim or its
insurer, unless the United States issues notice that claims
should be presented to the Fund. Claimants may be
compensated for loss of subsistence use of natural resources.

F. STATE COMPENSATION FOR
DAMAGES OR POLLUTION

State of Alaska’s Oil and Hazardous Substance Release
Fund: The State of Alaska provides municipal impact
grants (when authorized under AS 29.60.510(b)(2)) from the
State’ s 0il- and hazardous-substance-release fund. This
fund is composed of two accounts: (1) the oil- and
hazardous-substance rel ease-prevention account, and (2) the
0il- and hazardous-substance rel ease-response account. The
primary purpose of the fund isto provide grants to affected
villages and municipalities to compensate for loss or
damages resulting from a release or threatened release of oil
or hazardous substances to subsistence resources and other
spill-related expenses. Claims for damage or loss by

subsi stence-resource users may not be paid from these
grants. Individuals must submit their claimsto the party
responsible for the loss or damage.

On January 5, 1996, pursuant to Section 1006(e) of the
OPA, the National Oceanic and Atmospheric
Administration (NOAA) promulgated regulations for the
assessment of natural resource damages resulting from a
discharge or substantial threat of a discharge of oil. These
final regulations, codified at 15 C.F.R. Part 990, were
published at 61 FR 440. The NOAA provides a damage
assessment process to develop a plan to restore the injured
natural resources and services and for the implementing or
funding of the plan by responsible parties. The NOAA aso
provides an administrative process to involve interested

A. Overview B. Mitigating Measures/Stipulations C. Statutory Laws

D. Regulations

E. Federal Compensation for Damages
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parties in the assessment, a range of assessment procedures
to identify and evaluate injuries to natural resources and
services, and a means to select restoration actions from a
reasonable range of alternatives.

The MMS Alaska OCS Region Reference Paper No. 83-1,
Federal and State Coastal Management Programs
(McCrea, 1983), incorporated here by reference, describes
the coastal management legislation and programs of both
the Federal Government and the State of Alaska. This paper
highlights sections particularly relevant to offshore oil and
gas development and briefly describes some of the effects of
the Alaska Native Claims Settlement Act and the Alaska
National Interest Lands Conservation Act on coastal
management.

Following the 1984 Memorandum of Understanding
between the Environmental Protection Agency (USEPA)
and the USDOI concerning the coordination of NPDES
permit issuance with the OCS ail and gas lease program, the
MMS Alaska OCS Region and the USEPA, Region 10
entered into a Cooperating Agency Agreement to prepare
environmental impact statements for oil and gas exploration
and development and production activities on the Alaskan
OCS. Section 402 of the Clean Water Act authorizes the
USEPA to issue NPDES permits to regulate discharges to
waters of the United States, including the territorial seas,
contiguous zone, and oceans. The NPDES permits for OCS
oil and gas facilities many contain effluent limitations
developed pursuant to sections of the Clean Water Act,
including Sections 301, 302, 306, 307, and 403. Under the
offshore subcategory of the Clean Water Act, the USEPA
may have responsibilities under the NEPA for permits
issued to new sources (Sec. 306 of the Clean Water Act)
that overlap those of MMS. The USEPA’s primary rolein
the Cooperating Agency Agreement isto provide expertise
in those fields specifically under its mandate.

In conjunction with the issuance of an NPDES permit, the
USEPA isresponsible for publishing an Ocean Discharge
Criteria Evaluation (ODCE), which evaluates the impacts of
waste discharges proposed for oil and gas projects. The
purpose of the ODCE isto demonstrate whether or not a
particular discharge will cause unreasonable degradation to
the marine environment.

G. INDIAN TRUST RESOURCES

The USDOI and the MM S are responsible for ensuring that
trust resources of federally recognized Indian Tribes and
their members that may be affected by these project
activities are identified, cared for, and protected. No
significant impacts were identified during the EI'S scoping
process. Native alotmentsin the project area are discussed
in Section [11.C.3.i(3).
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H. ENVIRONMENTAL JUSTICE

Executive Order 12898 requires that Federal agencies
identify and address disproportionately high and adverse
human health and environmental effects of its actions on
minority and low income populations. The principal goal of
the Executive Order isto promote fair treatment of
minorities and the poor, so that no group of people bears an
unegual share of environmental or health impacts from
Federal actions. The Native Alaskan (Inupiat) population, a
minority group, is predominant in the North Slope Borough
and may be affected by the Liberty Project’s construction
and production. The culture of thisindigenous population is
closely tied to the environment and subsistence use.

Scoping meetings were held in the North Slope Native
communities of Barrow, Nuigsut, and Kaktovik to solicit
information from residents who may be affected by the
Liberty Project’s construction and production on what they
felt should be addressed in the EIS. Trandators were
available at these meetings to communicate information in
both Inupiaq and English. Followup meetings were held in
these same communities by MMS to present the summary
results of scoping (issues and alternatives) that would be
highlighted in the EIS. See the Scoping Report in Appendix
E for more information.

A Participating Agency Agreement was signed in early
1998, which established a working relationship between the
North Slope Borough and MMS in the preparation of the
EIS. By thisagreement, the Borough agreed to fully
participatein all phases of the EIS preparation, including
collecting indigenous (traditional) knowledge, developing
project aternatives, and identifying and reviewing analyses
of impactsin the EIS.

The environmental justice concerns raised during scoping
are covered in this EIS in the sections analyzing the effects
on Subsistence-Harvest Patterns, Sociocultural Systems, and
marine mammals (see Sec. I11.C.3.i(6) for adiscussion of
environmental justice). The analysesin these sections
incorporate “traditional knowledge” of the Inupiat people of
the North Slope communities of Barrow, Nuigsut, and
Kaktovik, along with Western scientific knowledge.

F. State Compensation for Damages G. Indian Trust Resources

H. Environmental Justice
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Table B-1 Permits and Approvals Required for Liberty Development

Agency

Permit/Approval

Activity/Comments

Federal Agencies

Federal Agencies

NEPA Compliance

NEPA review required before Federal permits can be issued

U.S. Army Corps of Engineers
(COE)

Section 10 (Rivers and Harbors Act)

Island and pipeline construction; barge camp facility

COE

Section 404 (Clean Water Act)

Pipeline backfill in State waters and onshore; onshore pad
construction; fill placed for mine site development and
rehabilitation

U.S. Environmental Protection

NPDES Individual

Point wastewater discharges

Agency (USEPA)
USEPA NPDES (General Storm water, Storm water drainage-onshore construction and operations
Construction/Industrial Activity)
COE/USEPA Section 103 (Marine Protection, Transport of dredged material for the purpose of dumping it
Research, and Sanctuaries Act) into ocean waters
MMS Development and Production Plan Construction, drilling, and operations
MMS Right of use and easement grants Construct and maintain lease platforms, artificial islands, all
installations, and other devices used for conducting
exploration, development, and production activities or other
operations related to such activities in/or on Federal waters
(i.e., pipelines, pipeline rights-of way, platforms, etc.)
MMS Permit to Drill All wells, including waste injection well
USEPA Part 55 Air Permit Emissions from island construction, construction and

operation, including vessel traffic

National Marine Fisheries Service
(NMFS)

Incidental Harassment of Marine
Mammals (whales and seals)

Marine construction

NMFS

Letter of Authorization for Incidental
Take of Marine Mammals (whales and
seals)

Construction and operations

Fish and Wildlife Service

Letter of Authorization for Incidental
Take of Marine Mammals (polar bears
and the Pacific walrus)

Construction and operations

U.S. Coast Guard

Oil Discharge Prevention and
Contingency Plan

Construction, drilling, operations (fuel transfer)

State Agencies

Dept. of Natural Resources
(DNR), State Pipeline
Coordinator’s Office

Right-of-Way Lease

Pipeline construction and operations in State waters and lands

DNR, Division of Lands

Material Sales Contract

Gravel mining and purchase

DNR, Division of Lands

Miscellaneous Land Use (ice roads)

Construction and operations

Department of Environmental
Conservation (DEC)

Oil Discharge Prevention and
Contingency Plan

Pipeline operations

DEC

Section 401 Water Quality Certification

All construction under COE Section 404 permit (certification)

DEC

Request for Temporary Water Quality
Variance

Construction activities in marine waters

Department of Fish and Game

Title 16 Fish Habitat

Mine site development

Division of Governmental
Coordination

Coastal Zone Consistency

Construction and operations (certification on all Federal and
State permits)

Local Agencies

North Slope Borough

Rezoning-Conservation District to
Resource Development District

Construction and operations

A. Overview B. Mitigating Measures/Stipulations C. Statutory Laws

D. Regulations
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Table B-2 Time Periods and Lease Blocks in Which Stipulation 4 (Bowhead Whale Monitoring) Applies

Official Protraction Diagram

Blocks

Spring Migration Area, April 1 through June 15

NR 05-01, Dease Inlet

6004-6011, 6054—-6061, 6104-6111, 6154-6167, 6204-6220, 6254-6270, 6304-6321,
6354-6371, 64046423, 6454-6473, 6504—-6523, 6554—6573, 6604-6623, 66546673,
6717-6723

NR 05-02, Harrison Bay North

6401-6404, 6451-6454, 6501-6506, 6551-6556, 66016612, 6651-6662, 6701-6716

Central Fall Migration Area, September 1 through October 31

NR 05-01, Dease Inlet

6704-6716, 6754—-6773, 6804-6823, 68566873, 6908-6923, 6960-6973, 7011-7023,
7062-7073, 7112-7123

NR 05-03, Teshekpuk

6015-6024, 6067-6072

NR 05-02, Harrison Bay North

6751-6766, 6801-6818, 68516868, 6901-6923, 6951-6973, 7001-7023, 7051-7073,
7101-7123

NR 05-04, Harrison Bay

6001-6023, 6052—6073, 61056123, 61576173, 6208-6223, 6258—-6274, 63096324,
6360-6374, 6410-6424, 6461-6471, 6512-6519, 6562-6566, 66136614

NR 06-01, Beechey Point North

6901, 6951, 7001, 7051-7062, 7101-7113

NR 06-03, Beechey Point

6002-6014, 6052-6064, 6102—6114, 6152-6169, 6202-6220, 6251-6274, 6301-6324,
6351-6374, 6401-6424, 6456—6474, 6509-6524, 6568-6574, 6618-6624, 6671-6674,
6723-6724, 6773

NR 06-04, Flaxman Island

6301-6303, 6351-6359, 64016409, 6451-6459, 6501-6509, 6551-6559, 6601-6609,
6651-6659, 6701-6709, 6751-6759, 68026809, 6856—6859

Eastern Fall Migration, August 1 through October 31

NR 06-04, Flaxman Island

63606364, 64106424, 6460-6474, 65106524, 6560-6574, 6610-6624, 6660—6674,
6710-6724, 6760-6774, 6810-6824, 6860—-6874, 6910-6924, 6961-6974, 7013-7022,
7066-7070, 7118-7119

NR 07-03, Barter Island

6401-6405, 6451-6455, 6501-6505, 6551-6555, 6601-6605, 6651-6655, 6701-6705,
67516755, 6801-6805, 68516855, 6901-6905
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(Endangered Species Act, Section 7 Consultation and Coordination documentation
will be in the Final EIS.)
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Economic Analysis of the Development Alternatives for

the Liberty Prospect,
Beaufort Sea, Alaska

James D. Craig, Minerals Management Service, Alaska, February 24, 2000

Purpose: The Environmental Impact Statement (EIS) for
the Liberty prospect evaluates several alternativesin the
location and design of the facility in addition to the original
Proposal submitted by BPXA in their Development and
Production Plan (BPXA, 1998a). Many possible
alternatives have been proposed by outside groups to
mitigate the potential environmental effects of the project;
however, the analyses contained in the Liberty EIS should
focus on realistic development options. A key working
assumption is that the alternatives considered in the Liberty
EIS should be technically and economically feasible.

The present study conducts an economic analysis of seven
potential alternatives for the Liberty Project. A basic
assumption is that uneconomic projects would not be
pursued and, therefore, they would not cause lasting
environmental effects. Thisstudy isnot intended to
replicate the economic evaluation of the Liberty Project by
BPXA or its contractors. The analysis discussed here
merely expands the scope to include eval uations of other
potential alternatives within acommon conceptual
framework. From this, nonviable options will be screened
out. Thisexercisewill, we hope, lead to amore redistic
EIS for the Liberty Project.

Methodology: The economic analysisfor the Liberty
Project uses a basic Discount Cash Flow (DCF) model
written in Excel97. The analysis schedules the expenses
and income associated with the project and adjusts the
future cash flow to Net Present Value (NPV) using
discounting/deflation factors. Various output parameters
define the value to theinvestor (BPXA) and the potential
income to government from taxes and royalty payments.
Thetotal value of the project to all parties should be
considered when evaluating the various alternatives for
development.

Input parameters to the DCF model were compiled from
Federal, State, and industry sources. The costs and
scheduling for development infrastructure are based largely
on data supplied by BPXA in their Development and
Production Plan (BPXA, 19984). These dataare
supplemented by references from the State of Alaska,
Departments of Revenue and Natural Resources. Data
supplied by BPXA was verified by comparison to the
proprietary cost database compiled by the Minerals
Management Service for resource assessments and tract-bid
evaluations. Development costs for the other alternatives
are scaled from the baseline cost data from BPXA.

A. DEFINITIONS AND
ASSUMPTIONS FOR THE
ECONOMIC MODEL

1. Economic Parameters

a. Base Year

The Base Year isdefined as of January 1, 2000. Thisisthe
“present” in the sense of Net Present Value (NPV) analysis.
End-of-year accounting is used for the expenses (or income)
during each year of the project.
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b. Geologic Probability

The likelihood that petroleum is present in the prospect is
given as a percentage probability. A confirmed discovery
has a probability is 1.0. The results of the economic
analysis are reported asunrisked and risked values. For
Liberty, the geologic probability is 1.0 and, therefore,
unrisked and risked values are equal .

c. Barrels-of-Oil Equivalency Conversion
Factor

This parameter is used to convert natural gas unitsinto
barrels-of-oil equivalency (BOE) units. The conversion
factor used is 5.62 thousand cubic feet per barrel. We
assume that natural gas has a Btu (British thermal unit) yield
of 1,000 Btu per cubic foot (1.0 million Btu per 1.0
thousand cubic feet). The present study does not report
BOE units and, therefore, the BOE conversion factor is not
relevant.

d. Inflation Rate

Inflation isthe increase in the cost of goods and services as
the economy grows. Inflation rate is used to increase the
input values given in Base Y ear dollars to the actual
(nominal) dollars “as-spent” or “as-received” in the future.
TableD-1-1 provides conversion factors from past years to
adjust to the beginning of the Base Y ear (2000). Thisis
mainly used to define sunk costs or past oil pricesin relation
to 2000$. For example, an oil price of $18.00 in 1997
would be equivalent to $19.12 in 2000$ ($18.00 x 1.062).

Nominal development costs and petroleum prices are
inflated into the future at the sasmerate. Generally, the
model assumes no real change (increase aboveinflation
rate) for either costs or prices. Estimatesfor inflation are
taken from the recent Energy Information Agency forecast
(AEO-2000, Overview, Table 1), where annual inflation for
the period 1998-2020 is expected to range from 1.7-2.9%,
with areference case of 2.3%.

e. Discount Rate

Discount rates are used to account for the time value of
money. In DCF models, the discount rate converts future
cash flowsto equivalent present values. Discount rates
reflect the value of capital tied up in an investment and can
be used to compare alternative investments. Discount rates
also can be viewed as minimum return (or “hurdle rates’) to
define a comfortable breakeven level for the investment.

Astax regulations can vary widely between different areas,
discount rates can be adjusted to reflect after-tax investment
returns. A downward adjustment of 2-4% commonly is
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used to convert before-tax to after-tax discount rates. The
model inputs discount ratesin real (constant$) terms and,
therefore, inflation is subtracted from reported nominal
discount rates.

The basic component of the discount rate is the cost of
capital. The weighted average cost of capital (WACC) for
oil and gas investments has averaged about 10% in recent
years (reported as anominal, before-tax value). Risk
premiums typically are added to the WACC to provide a
margin on the breakeven return. Minimum risk premiums
used by the industry generally are 3-4% higher than the
WACC. Standard risk premiums are 6-8% higher than the
WACC. Maximum risk premiums could range upwards of
10% or higher (Gustavson, 1999; Miller, 1999). Risk
premiums provide a margin for circumstances that are
uncertain, including field performance (production rates,
cost overruns), market factors (liquidity, future prices), and
political risk (taxation, delays).

The following assumptions were used to define real, after-
tax discount rates. The minimum discount rate is assumed
to be the WA CC (10%) plus a 3% risk premium, minus tax
(2%) and inflation adjustments (2.3%), resulting in areal,
after-tax minimum discount rate of 8.7%. The reference
discount rate is defined by the WACC (10%) plus a 7%
premium, minus tax (2%) and inflation adjustments (2.3%),
resulting in areal, after-tax discount rate of 12.7%. The
maximum discount rate is defined by the WACC (10%) plus
a10% risk premium, minustax (2%) and inflation
adjustments (2.3%), resulting in areal, after-tax discount
rate of 15.7%. Inthe DCF calculations, inflation rateis
combined with real discount rates, producing overall
discounting factors equal to 11.2%, 15.3%, and 18.4%.

f. Oil Prices

Commodity prices are akey parameter in this economic
analysis. Morethan any single variable, future oil prices
will determine the profitability of the Liberty Project.
Unfortunately, accurate predictions of oil prices decades
into the future are impossible. Thisfact does not, however,
inhibit numerous organizations from making price forecasts.
The forecasting uncertainties are reflected in the wide range
of future petroleum prices reported by various groups
(Energy Information Agency, 1999).

A standard reference for energy related forecastsisthe
Annual Energy Outlook published by the Energy
Information Agency (Energy Information Agency, 1999).
The current reference (AEO-2000) provides oil and gas
price forecasts bracketed by the range between Low-price,
Reference, and High-price cases. A more detailed
discussion of petroleum pricesis given later in this report.

It isimportant to note that prices can be reported in either
constant dollars (also referred to as “real dollars’) or as
nominal dollars (also referred to as actual dollars or

A. Definitions and Assumptions for the Economic Model

B. Economic Analysis C. Modeling Results
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“money-of-the-day”). In the current model, prices are input
asBase Y ear dollars (2000$). Future nominal prices can
includeinflation aswell asreal (aboveinflation) changesin
prices. Past petroleum prices are adjusted to 2000$ using
CPI factors published by the Bureau of Labor Statistics
(Bureau of Labor Statistics, 2000).

g. Price adjustment of Alaska North Slope
Crude Oil in the West Coast Market

The price datareported by the Energy Information Agency
isreported as World QOil prices, which are acomposite of
refiner acquisition costs for a market basket of domestic and
foreign crude oil supplies. Relative to World Oil, Alaska
North Slope crude oil (ANS) generally issold at alower
price because of quality differences. Inits primary market,
the U.S. west coast, ANS competes with local (California)
production and foreign suppliers. Approximately 90% of
North Slope oil productionis shipped to the west coast
where ANS comprises about 50% of the refinery runs.

The underlying data compares the average market price (in
money of the day) between imported crude oil to the U.S
and ANS (Table D-1-2). Inthe period 1982-1998, the price
difference between ANS and a market basket of imports
averaged -$0.66 per barrel. Price adjustments for various
crude oils sold to refineries on the west coast are published
by Chevron Products Company. Using the Chevron pricing
formula (-$0.15/API degree below 34°, and ANS gravity of
28°) would yield a $1.15-per-barrel price adjustment for
ANS in the west coast market. If we average the historical
ANS price adjustments (-$0.66 per barrel) and current
Chevron market guidelines (-$1.15 per barrel), avalue of -
$0.90 per barrel is obtained. Thus, aWorld Oil market price
of 18.00 per barrel would be equivalent to an average landed
west coast ANS price of $17.10.

h. Quality Bank Adjustment for North Slope
Crude Oil

A local North Slope price adjustment is also made for
individual oils contributing to ANS stream transported by
the Trans-Alaska Pipeline System. A component analysis
of each oil stream is priced according to the latest spot
prices on the west coast to calcul ate the value correction
relative to the standard ANS composition. Thismethod is
termed Quality Bank Adjustment (QBA) and has replaced
the API-gravity-based pricing system used in the past.

Because the QBA price-correction methodology is nearly
impossible to replicate, a price correction for Liberty ail is
estimated using the Endicott field. Thisisareasonable
assumption, because these two oil accumulations have
similar API gravity (22° for Endicott; 25° for Liberty),
contained in equivalent reservoirs (Kekiktuk formation), at
similar subsurface depths (10,200 ft for Endicott; 11,050 ft
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for Liberty). Datafrom Fineberg (1998) reportsa QBA for
Endicott of -$0.29 per barrel. Because Liberty isslightly
lighter, its QBA is estimated at -$0.25 per barrel.

The QBA price correction (-$0.25) is added to the west
coast price differential for ANS (-$0.90) to arrive at the total
price adjustment of -$1.15 for Liberty crude oil compared to
World QOil.

i. North Slope Gas Prices

Natural gas production on the North Slopeis a by-product
of oil production. Thereisno delivery system to transport
gasto outside markets, and gas production is either used as
fuel for facilities or isreinjected into reservoirsto increase
oil recovery. Because some North Slope fields have a
surplus of available gas, gasis transported off-lease and sold
to neighboring unitsto support their oil-recovery programs.
Off-lease gas sales al so are made to North Slope facilities,
such as the Trans-Alaska Pipeline System pump stations,
whereit isused asfuel. Both the State and Federal
Government collect royalty payments for produced gas that
is consumed or transported off-lease for sale. Reinjected
gas does not incur aroyalty.

The North Slope is a closed market for natural gas sales,
because there is no competition with gas production from
other regions. This situation requires an alternate method to
calculate gas value for royalty and income tax purposes.
Because thereis no formal arrangement for gas valuation
from Federal landsin northern Alaska, the State royalty
valuation formulais adopted for the Liberty analysis. Gas
prices aretied to landed ANS oil prices by the following
formula:

Gas price = $0.74/Mcf x (landed ANS ail price/$16.16)

For example, an ANS ail price of $18.00 (landed on the
west coast) would translate to a North Slope gas price of
$0.82 per thousand cubic feet.

2. Tax and Royalty Inputs

a. Tangible Portion of Costs

Tangible assets include facilities, equipment, wells,
pipelines, and other components of the devel opment project
that can be appraised by inspection. Tangible assetsare
depreciated for tax purposes according to State and Federal
regulations. The variables used for the tangible portion of
development items are typical to oil and gasindustry.

Intangible costs comprise the remainder of the capital
investmentsin a project (total costs minus tangible portion).
Intangible costs (or IDC) are expenditures that ordinarily do
not have salvage value, such aslogistics, rigs costs,

A. Definitions and Assumptions for the Economic Model

B. Economic Analysis C. Modeling Results
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supplies, and these costs can be deducted in the year spent.
The 1986 revisions to the Internal Revenue Service tax law
now require that 30% of the IDC must be amortized over a
5-year period. The present version of the economic
spreadsheet does not separate the 30% IDC fraction.
Instead, adjustments are made to the tangible inputs to
accommodate the 30% IDC fraction. For example, if the
normal tangible allowance for adevelopment well is 30%
tangible and 70% is intangible, we would add the 30% IDC
(or 21%) to the tangible fraction to give an input tangible
fraction of 51%.

b. Accelerated Cost Recovery Schedule

The Accelerated Cost Recovery Schedule (ACRS) isa
timetable defined by the Internal Revenue Service that
specifies the annual allowable deductions for tangible
expenses, where total recovery is obtained over an 8-year
period. We recognizethat IDC expenses are deductible on a
5-year schedule, but this has aminor effect in the cash-flow
calculations.

c. Federal Tax Rate

According to Internal Revenue Service regulations, the
nominal tax rate for corporationsis 35%. Thisrateis
applied to net taxable income after costs, royalty,
tangible/intangible deductions, and State/local taxes (if
applicable) have been subtracted. Thetax calculations are
specific to theindividual project and do not account for the
company’ s actual tax position.

d. State Tax Rate

The applicability of Alaska State income tax for a Federal
outer continental shelf project isnot clear. Normally, states
do not collect corporate income taxes directly from projects
on the Federal outer continental shelf, regardless of the
support infrastructure that may lie on adjacent State lands.
For alternatives where the Liberty production facility is
located on a Federal outer continental shelf lease, it is
assumed that no State corporate income tax would be paid
directly from the Liberty Project. For alternatives where the
Liberty production facility islocated on State land, it is
assumed that State income tax would be collected. This
assumption does not constitute a legal opinion. The
overall tax burden on the project remains approximately the
same, as State taxes are deducted from taxable income
before Federal taxes are calculated.

State income taxes are cal culated using a complex formula
that prorates a specific company’s activities within the State
in comparison to its worldwide activities (sales, production,
and assets). Because these data are not available to the
public, previous studies simply have assumed an effective
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tax rate of 3%. Inall likelihood, average tax rates range
between 3-4% in recent years (State of Alaska, Dept. of
Revenue, pers. commun.). State severance tax is not
included in the present model, because Liberty oil lies under
Federal land. Other State taxes are inconsequential and are
ignored.

e. Property Tax

Property tax is paid to the State of Alaskafor infrastructure
located on State lands (including offshore submerged land).
The standard tax rate is 2% (20 mils) calculated on the
current year tax base (depreciated value of tangible assets).
Onshore pipelines or facilities are assumed to include
property taxesin their tariffs. A separate spreadsheet is
used to calculate ad valorem (property) tax based on the
tangible portion of development items.

f. Royalty

Royalty from production is paid to the Federal Government
following the conditions of thelease. In the case of Liberty,
theroyalty rateisfixed at 12.5% of gross revenue (both oil
and gas sales) minus transportation costs.

3. Infrastructure Costs

Facilities and associated devel opment costs are reported
herein as “as-spent” dollars. However, the model inputs are
givenin Base Year dollars. Because of inflation, as-spent
costswill be somewhat higher in the future than the inputs
in Base Year dollars. Some iteration is required to adjust
the desired as-spent amounts from constant dollar input
variables. End-of-year accounting is used throughout the
DCF model.

a. Sunk Costs

Sunk costs are past expenses associated with the Liberty
Project. Allowable sunk costs begin with issuance of the
outer continental shelf Y 1650 lease (October 1, 1996) and
end at year-end of 1999. Lease acquisition costs (bonus bid
in outer continental shelf Sale 144) and the Liberty
exploration well cost are the major itemsin sunk costs.
Expenses associated with seismic surveys, tract rental, and
environmental and engineering studiesin support of
permitting requirements also are allowable, if they occurred
within this period. Sunk costs are separated into |ease
(bonus bid and rental) and appraisal (wells and studies).
Sunk costs are inflated to the BaseY ear from the year spent
using inflation factors of the Bureau of Labor Statistics
(2000).

A. Definitions and Assumptions for the Economic Model

B. Economic Analysis C. Modeling Results
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b. Well Costs

Well costsinclude all expenses associated with planning,
drilling, evaluation, and completion activities. Well costs
are not itemized by individual wells; rather, the total cost of
the drilling program is divided into the number of wells
planned to calculate an average well cost. In the case of
shallow, waste-injection wells, two wells are counted as one
deep well. For example, if the total cost of the drilling
program is estimated to be $80 million and includes 20
wells, the average well cost is $4.0 million per well.

Development wells include both production and injection
wells. According to general definitions, conventional
development wellsvary in trajectory from vertical to sail
angles approaching 60 degrees. Thereisawealth of
experience in drilling conventional wells and, therefore,
costs estimates are better constrained.

A new class of wells called extended-reach wells are used
increasingly by industry to reach subsurface targets when
surface constraints restrict the optimum location of facilities
directly over oil pool. Extended-reach wells are defined as
having departure ratios (or horizontal reach to vertical
depth) of greater than 1.5. For example, awell drilled to
8,000 feet (true vertical depth) to reach areservoir target
12,000 feet away from therig location would be considered
an extended-reach well (departure ratio of 1.5).

Extended-reach drilling wells are inherently more
expensive, because they require larger rigs and take longer
to drill (higher rig costs), use more materials (drilling fluids,
casing, drill bits), and usually encounter more problems
while drilling (stuck pipe, loss of wellbore). The first
extended-reach wellsin afield could cost twice as much
(per foot drilled) and take three times aslong as later
extended-reach wellsdrilled in the samefield. Later
extended-reach wellsin thefield could have costs and
drilling times approaching conventional wellson a
measured depth (per-foot drilled) basis. For example, if the
cost for aconventional well drilled to 12,000 feet (measured
depth) is $3 million, the cost of the first extended-reach well
drilled to 24,000 feet (measured depth) could be $12 million
($3 million x 24,000/12,000 x 2). Inthe later stages of the
learning curve, the cost for the same extended-reach well
could be as low as $6.0 million ($3 million x
24,000/12,000). A learning curve increases the efficiency of
operations.

Although the costs of rig time and materials can be
estimated with some degree of confidence, the downhole
problems often encountered by extended-reach wells are
difficult to anticipate. Drilling problems tend to increase as
the drilled distance and the departure ratio increase.
Departureratio is horizontal reach divided by true vertical
depth (or departure ratio = reach/true vertical depth). There
islittle data available for recent extended-reach well
experiences. Even when available, these data may not be
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particularly applicable to a new field, because drilling
conditions often are unique to each area.

For the present study, we used cost adjustment factors that
are scaled to the departureratio to allow for potential cost
and time overruns for extended-reach wells. These cost
factors were applied to the average cost per-well over the
entiredrilling program and do not accurately represent the
higher costs of the first extended-reach wells attempted. A
learning curve and technology advancement are
qualitatively factored in to these parameters.
DepartureRatio Cost Factor

1.2

1.4

1.6

1.8

2.0

2.2

2.4
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For example, agroup of extended-reach wellswith a
horizontal reach of 36,000 feet drilled to a 12,000 foot
reservoir (departure ratio = 3) would cost an average of
$12.6 million per well ($3 million x 36,000/12,000 x 1.4).

Asdiscussed earlier, extended-reach wells cost more and
take longer to drill. Adjustment factors were used in the
present analysis to provide allowances for slower drilling
rates and wellbore instability problemsin longer wells. The
same methodology used for extended-reach drilling cost
adjustment is employed to adjust the drilling schedules for
alternatives requiring long-reach wells. For example, if the
average time required to drill and complete a conventional
well to 13,000 feet (measured depth) is 28 days, thetime
required for an extended-reach well to 26,000 feet would be
67 days (28 x 26,000/13,000 x 1.2). Increasesin drilling
time slow the production from afield by stretching out the
development drilling schedule and lowering peak
production rate. Scheduling delays affect the cash flow and
overall profitability of fields.

It isimportant to recognize that the current world record
extended-reach well (Wytch Farm, M-16SPZ) hasadrilled
depth 37,007 feet and adepth ratio of 6.55. Thisworld
record is considerably longer (more than 13,000 feet longer)
than the current record on the North Slope (Niakuk, NK-
11A) with adrilled depth of 23,885 feet and a depth ratio of
1.96. Recent Niakuk wells (NK-41 and NK-11A) are North
American extended-reach drilling records. Several
extended-reach wells also have been drilled in the Milne
Point field to reach more than 18,000 feet with higher
departureratios (2.7). Each field in each area may have
unique constrains with respect to the geology, costs, and
well productivity, which will determine the feasibility of
extended-reach wells as a development strategy.

A. Definitions and Assumptions for the Economic Model

B. Economic Analysis C. Modeling Results
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c. Platform Cost

All costs associated with the installation of the production
facility are summed under this category, including costs
associated with engineering, permits, site preparation,
construction of the gravel island, island slope protection,
production equipment, onsite infrastructure, logistic support,
and project management prior to field startup.
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component tied to well number. The fixed component
reflects the overall size of the production facility.

d. Pipeline Cost

All costs associated with engineering, design studies, route
surveys, right-of-way, permits, materials, trenching,
installation, shore crossings, hook-up, and project
management prior to field startup. All pipelinesand
communication linksinstalled in the alignment are included
inthe overall costs. The Liberty pipelineistreated asa
capital cost and a State property tax islevied on the segment
crossing State lands.

e. Shore Base Cost

Costs associated with a new logistic support base, such as
airstrips, docks, warehouses, communication systems, and
crew quarters, are summed under this category. However,
because development logistics for the Liberty project will be
handled from existing infrastructure no extra shorebase
costs areincluded in this analysis.

f. Abandonment Cost

Abandonment costs generally include removing production
equipment, dismantling onsite facilities, plugging wells,
decommissioning the pipeline, and restoration of the site.
The abandonment requirements could vary according to
regulationsin effect at end of production. No implicationis
made here about the scope of abandonment activitiesfor the
Liberty project. Generally, we assume that abandonment
costs will equal 5% of total installation costs.

4. Production Scenario

a. Operating Costs

All facility costs associated with production are included as
operating costs. Operating costs begin with production
startup and generally include facilities maintenance and
repair, fuel, labor, supplies, well workovers, pipeline
inspection and maintenance, and project management.
Operating costs are scaled into two components; avariable
component tied to oil and gas production rates, and a fixed

b. Transportation Costs

Transportation costs are included as tariffs. Following past
production history, we assumed that oil isdelivered to U.S.
west coast markets through the existing TAPS and tanker
systems. Salesail first moves through the Liberty pipeline.
No tariff is set on this pipeline (for Liberty oil) because the
pipeline cost is covered as a capital investment and
operating costs are included under facility operating costs.

Feeder pipelines move the Liberty oil production to Pump
Station 1 of TAPS. Thefirst feeder pipeline segment isthe
Badami pipeline, and tariffs were estimated on per-mile
basis. A tariff of $0.75/bbl is estimated for the western
pipeline route for Liberty-Badami. For the eastern
connection of Liberty-Badami (4 miles further east), the
estimated Badami pipeline tariff is $1.00/bbl.

The tariff for the Endicott pipelineis ($0.49/bbl, 1999). A
simple per-mile calculation was used to estimate the tariff
between the Badami connection and TAPS-1. Because the
Badami connection to the Endicott pipeline is approximately
half way to TAPS-1, atariff of $0.25/bbl is assumed.

Overall, feeder pipelinetariffsfor the various alternatives
range from $0.49 to $1.25 per barrel, and the tariff for the
BPX proposal is estimated at $1.00 per barrel.

The tariff for TAPS was taken from State of Alaska data
(State of Alaska, Dept. of Revenue, 1999:Table 15). The
TAPS tariff is estimated to be $2.71 (nominal) in 2000 and
then increasesto $3.61in 2010. Thistrend can be replicated
using a starting tariff of $2.88 (in 2000) and inflating this
nominal tariff at 2.3% in future years.

ANS crude oil is shipped by tankers from the TAPS
terminusin Valdez to West Coast refineries. Tanker tariffs
are also taken from State reports (State of Alaska, Dept. of
Revenue, 1999:Table 15). Tanker tariffs are forecast to be
flat (nominal$) until 2004, averaging $1.47. After that,
nominal costs will increase in steps associated with the
phase-in of double hull tankers required under OPA90. The
forecast tariffs can be replicated using a starting tariff of
$1.58 (in 2000) and inflating the nominal tariff at 2.3% in
future years.

Qil and gas transportation was treated differently in the
present study. It was assumed that gas would not be sold
from the Liberty project. Gas separation, handling, and
reinjection costs are included under per-bbl operating costs.

A. Definitions and Assumptions for the Economic Model

B. Economic Analysis C. Modeling Results
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B. ECONOMIC ANALYSIS

1. Overview of Development Alternatives

At the present time, seven potential options are under
consideration as alternatives to be analyzed in the Liberty
EIS. These possible alternativesinclude different
production facility locations and pipeline routes (Figure D-
1).

A fundamental assumption used for the present economic
study isthat all of the alternatives will recover the same oil
volume (120 MM barrels) as projected in the DDP. Dueto
the higher costs, some of the options will be much less
desirable from an investor’ s standpoint. Conservation of
resources is an important regulatory mandate for oil and gas
projects on Federal lands.

a. BPXA Proposal (1)

This alternative includes the construction of an artificial
gravel island in the optimal location above the oil reservoir
on tract OCS Y 1650. A pipeline corridor would connect the
offshore installation along awestern route to the Badami
pipeline onshore. The Badami and Endicott pipeline
systems carry sales oil to Pump Station 1 of TAPS (TAPS-
1). Thisalternativeis described in detail in the DPP (BPX,
1998).

b. Eastern Pipeline Alternative (2)

This possible alternative maintains the Liberty production
facility in the same location, however an alternate route is
chosen for the offshore pipeline corridor. It connectsto the
Badami pipeline approximately 4 miles further east. The
Liberty gravel island, production facility, and drilling costs
arethe same asfor Alternativel. The pipeline costs are
slightly higher because the distance is longer.

c. Endicott Pipeline Alternative (3)

This possible alternative has the same location for the
Liberty productionisland as Alternative I, but the sales oil
pipeline corridor goes west to the satellite drilling island of
the Endicott field. The costsfor the gravel island, facility,
and drilling are the same as Alternative |, but the pipeline
costs are slightly higher for this deeper offshore route.
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d. Southern Island Alternative (4)

This possible alternative moves the Liberty production
island approximately 1 mile south (still on tract Y-1650).
The costsfor the gravel island and production facility are
the same asfor Alternativel. The pipeline followsthe
eastern corridor. Drilling costsincrease slightly because
longer wells are required to reach the same bottomhole
locations as specified in BPXA (1998a).

e. Tern Island Alternative (5)

This possible alternative moves the Liberty production
island approximately 1.5 miles east to the former Tern
Island site. The remnants of this previous exploration island
would be enlarged to create a new productionisland. The
pipeline corridor follows a different eastern route to landfall,
and a 3-mile onshore pipeline connects to the Badami
pipeline. The coststo refurbish Ternisland are lower than
to construct an entirely new island, but drilling costs are
higher because longer wells are required to reach the same
bottomhole locations.

f. Bottomfast Ice Zone Alternative (6)

This possible alternative moves the location of the Liberty
island approximately 4.5 miles south along the western
pipeline corridor. Thisshallow water site is within the
bottomfast ice zone, minimizing the risk to the trenched
subsea pipeline caused by ice gouging processes. The
island construction costs are lower, astheisland is located
in much shallower water (6 feet as compared to 21 feet).
Shorter pipeline distance also translates into lower overall
pipeline costs. However, there are much higher drilling
costs for wells to reach the same bottomhole locations as
specified in BPXA (1998a). Adjustments were also made to
the drilling schedule, essentially slowing the drilling and
completion rates for extended-reach drilling wells. Itis
important to note that all of the required wellsfrom this
location aregreater in length than record-setting
extended-reach drilling wells on the North Slope.

g. Onshore Drilling Alternative (7)

This possible alternative moves the drilling and production
facility to an onshore location approximately 5.5 miles
south of the offshore site described in Alternativel. Site
preparation costs are lower, but we assume that the layout of
the onshore facility will be expanded to resemble the layout
of the Badami field (includes an airstrip and dock). Pipeline
costs are considerably lower, asthereisonly a 3 mile
onshore pipeline corridor connecting to the Badami

pipeline. We include some sunk costs ($10 million)
associated with engineering and environmental studies now

A. Definitions and Assumptions for the Economic Model
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unnecessary for thislocation. Drilling costs are much higher
(3.5 times) compared to Alternative | because of the
extremely long distances required to reach the same
bottomhole locations. Adjustments were also made to the
drilling schedule, essentially slowing the drilling and
completion rates for extended-reach drilling wells. All of
therequired wells greatly exceed the proven capabilities
for extended-reach drilling wells on the North Slope, and
several of the required wells would qualify asnew world
records.

2. Development Costs

A summary of the development costs associated with the
possible alternativesis given in Table D-1-3. Several
general conclusions are discussed below.

- The potential cost overruns (maximum costs) are
greater than the potential ow-side estimates (minimum
costs). Using the BPXA Proposal asthe reference case,
the maximum cost is 28% higher than the expected
cost, whereas the minimum cost is 8% lower than the
expected cost. Thelargest uncertaintiesin potential
cost overruns are associated with the pipeline (+38%),
drilling (+32%), and facilities (+27%) aspects of the
Liberty Project.

There are minor differencesin overall costs between
most of the possible alternatives. Changing the location
of the facility tends to have offsetting cost components.
For example, moving the island would decrease the
pipeline cost but increase the drilling cost. For
Alternatives | through V, the average cost is $370
million with only a 2% difference around this average.
Considering the uncertainties associated with cost
estimation, these alternatives are equivalent for
practical purposes.

Two possible alternatives have considerably higher
development costs, largely resulting from higher
drilling costs for extended-reach drilling wells. The
cost differences range from $78 million (Alternative
V1) to $144 million (Alternative VII) higher than the
BPXA Proposal (Alternativel). With much higher per-
barrel costs, these alternatives would be far less
attractive to investors as devel opment options.

There are significant differences between these
development options with respect to feeder pipeline
tariffs. The Endicott alternative has the lowest feeder
pipeline tariff of $0.49 per barrel. The BPXA Proposal
(Alternative I) and the bottomfast alternative
(Alternative V1) have feeder pipeline tariffs of $1.00
per barrel. The other alternatives (11, 1V, and V) have
the highest feeder pipeline tariffs of $1.25 per barrel.
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3. Petroleum Price Forecasts

The economic viability of the Liberty Project is determined
by the cash flow associated with the project. The
development expenses represent the negative cash flow.
The positive cash flow is represented by the income stream
from production. Production income is determined by both
the production profile (rates) and oil prices. High oil prices
will support project viability despite higher costs.
Conversely, low oil prices could eliminate viability even
under expected costs.

Because oil fields can produce for decades, it isimportant to
take along-term perspective. This means that average
prices over the long term are more important than temporary
price spikes that may last afew years. With regard to future
oil prices, the most important period is early in the
production life when flow rates are near maximum. For the
Liberty Project, the period from production startup (2003) to
the year 2010 is most important to economic viability
because 87% of the reserves will be produced during that
time.

Accurately predicting future commodity pricesisdifficult,
and many would say impossible. Very few economic
experts predicted the drastic changesin oil prices over the
last few years. Inlate 1996 to early1997, oil prices were
above $23 per barrel. Two years|later (early 1999), oil
prices plunged below $10 per barrel. By September 1999,
oil prices rebounded above $20, reaching prices of $30 per
barrel in early March 2000. Without belaboring the issue, it
should be apparent that long-term viability cannot be
accurately predicted using a short-term perspective.

For the present economic analysis, the oil price forecasts of
two government agencies are compared. Oneis a Federal
agency (Energy Information Agency) and the other isa
State agency (Alaska Department of Revenue). The
recently published Annual Energy Outlook 2000 (Energy
Information Agency, 1999) reports oil prices ranging from a
Low il price scenario to aHigh oil price scenario, with the
expected scenario referred to as the Reference case. The
Low oil price caseisforecasted to beflat in real terms, with
constant$ prices of $14.90 (1998$) extending to 2020. The
Reference case begins in 2000 with an oil price of $21.19
(1998%) and increases slowly in real terms (0.38% above
inflation rate) to a price of $22.04 in 2020. The High oil
price case begins at $24.23 (1998%) and increases slowly in
real terms (0.74% above inflation) to $28.04 in 2020.
Adjusting these prices to 2000$ gives a starting price range
of $15.47, $22.00, and $25.15 per barrel.

The State of Alaska presents an entirely different picture of
future ail pricesin their Fall Revenue Sources Book (State
of Alaska, Dept. of Revenue, 1999). An abrupt increasein
average ANS market price from $12.70-$20.11 between
1999 and 2000 is followed by market prices that vary
between $17.69 and $18.22 (in nominal dollars) to the year
2010. Thisreport discusses oil price volatility and
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concludes that a 60-month moving average provides the
most accurate baseline to predict future prices. The Alaska
Department of Revenue reports that the median market
price for ANS from 1986 to present is $17.25 (using a 60-
month moving average). Based on thistrend they present a
forecast for nearly flat nominal prices between 2000 and
2010. Thisrepresents at significant decreasein value for oil
production because the real (constant$) value for oil will
decline at roughly the rate of inflation.

For example, a market price of $18.20 (in 2010$) is
equivalent to only $14.50 in 2000$. Using the Alaska
Department of Revenue price path data (discounted at a
2.3% inflation rate) we calculate an average market oil price
of $16.30 (2000$) for the period of 2000-2010.

Who isright? We favor the Alaska Department of Revenue
forecasts, because they are based on actual datafor Alaska
operations. In previousforecasts, the Energy Information
Agency has consistently overestimated future oil and gas
prices (Lynch, 1996). Thiswas primarily caused by two
main assumptions: (1) they assumed areal growthin oil
and gas prices would accompany the growth of the
economy; and (2) they projected current pricesinto the
future from periods that may be anomalous to long-term
trends. In contrast, the Alaska Department of Revenueis
more conservative and bases their predictions on long-term
price averages for ANS in the west coast marketplace.

4. Price Forecasts and Investment
Decisions

Thereisagreat deal of uncertainty surrounding future oil
prices. No oneis more aware of the consequences of
inaccurate forecasts than an investor who has committed
major sums of money to a new project. Conservative
assumptions |ead to more prudent investment decisions.
Successful investments are expected by both lending
institutions and corporate shareholders. Aninvestor could
hedge his eval uation of a project by assuming lower prices,
higher cost estimates, or adding risk premiums to discount
rates.

To define oil pricesfor the current study, we focused on the
period between the present and the year 2010 because the
magjority of Liberty oil (87%) will be produced during this
period. For the year 2010, the Energy Information Agency
Reference case forecast ($21.86 per barrel) is much higher
than the Alaska Department of Revenue forecast ($14.52 per
barrel) (both adjusted back to 2000$). However, the Energy
Information Agency Low-price forecast ($15.51 per barrel)
and the Alaska Department of Revenue forecast ($14.52 per
barrel) are closer.

A study of historical oil prices by WTRG Economics (1999)
supports using the lower prices rather the Energy
Information Agency Reference case because from 1947-
1997 the median crude oil price was $15.27 (1996%). Their
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conclusion was that the oil industry should planits
operations to be profitable overall when oil prices are below
$15.00 (nominal) half of thetime. From an investor’s
standpoint, it is more prudent to assume a conservative price
rather than an optimistic price.

For this study, we defined the baseline oil price using the
Alaska Department of Revenue price forecast of $16.30 per
barrel and then subtracted the QBA of $0.25 to calculate a
price for Liberty oil at $16.05 per barrel. For practical
purposes, this was rounded to $16.00 to set the baseline oil
price. We assume that these prices areflat in real terms;
that is, nominal (market) prices will increase only at the rate
of inflation.

Most of the potential alternatives employ conventional
technology to develop the Liberty field. Accordingly, cost
and scheduling estimates are comfortably bracketed by the
range of values used in the model. In contrast, there are
large uncertainties associated with the two possible
aternatives that relocate the Liberty facility to the
bottomfast-ice zone and onshore sites. Wellsfrom these
distances have not been drilled on the North Slope, and
there are scarce long-term data to eval uate the serviceability
and production performance for extended-reach drilling
wellsin other areas. While it could be argued that
technology advancement will someday allow drilling to
these distancesin the Liberty area, the undeniable fact
remains that such capabilities are speculative at present.

Because drilling is a major component of development cost
and oil production provides the income stream for the
project, an increase in the discount rate risk premiumis
warranted to provide a cushion for cost overruns, well
completion delays, or lower than expected field
performance. For the bottomfast-ice zone and onshore
options, we have used a higher discount rate (15.7%) than
used for the other potential alternatives (12.7%).

C. MODELING RESULTS

1. Breakeven Prices

Asafirst check on economic viability, we modeled the
breakeven price required for the Liberty Project as defined
in the Development and Production Plan (BPXA ,1998a).
All input parameters were kept the same while prices were
adjusted until NPV =0 was reached (with a 12.7% after-tax
discount rate). Using the expected costs ($364 million;
Table D-1-3), the breakeven oil priceis $13.79 per barrel.
Using the maximum cost estimates ($481 million), the
breakeven oil priceis $15.77 per barrel. These breakeven
prices are 86% and 99% of the reference price ($16.00 per
barrel), reflecting a margin of 14% and 1%, respectively.
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It isimportant to remember that these pricesare givenin
constant 2000$. Profitability will require higher future
market prices (innominal$). For example, using a $13.79
price and 2.3% annual inflation, the market price of Liberty
oil would haveto be $17.31 in 2010. The market price
forecasted by the Alaska Department of Revenue (1999) for
2010 is $18.22 per barrel (a 5% margin over the breakeven
price). Using the higher breakeven price (reflecting higher
development costs), the market price of Liberty oil would
have to be $19.80 (8.7% above the Dept. of Revenue
forecast).

2. Economic Analysis of Development
Alternatives

Various criteria can be used to eval uate the economic
viability of oil and gas development projects. Some of the
more common measures of the project cash flow are given
in Table D-1-4 and under Results in the summary sheets
(attached). The summary sheets also show cumulative and
annual cash flows graphically.

The following evaluation measures define key economic

aspects of the Liberty Project:
Maximum Negative Cash Flow. Thisvalueisthe
maximum cumulative expense incurred for the Liberty
project. The actual dollar amount is given in after-tax,
undiscounted dollars. Thisisrepresented by the low
spot in the cumulative cash flow plot (see Cash Flow
graph).
Payout. Thisterm isdefined asthe year in which the
cumulative cash flow turns from negative to positive.
In the Payout year, income completely offsets past
expenses. The shorter the Payout period the more
attractive the investment because the project is no
longer “inthered.”
Total Net Cash Flow (also called Actual Value Profit.
Thisvalueisthe actual net profit earned on the
investment in after-tax, undiscounted dollars. Thisis
represented by the flat, late-life portion of the
cumulative cash flow curve (see Cash Flow graph).
Profit/Investment (P/I) ratio. Thisfactor can have
various definitions, but it is defined here as the ratio of
Actual Value Profit to Maximum Negative Cash Flow.
Investments that have higher P/I ratios will be more
attractive than those with low P/I ratios. Investments
with P/I ratios less than 1.0 (where out-of-pocket
expenses are greater than future profits) are risky.
Net Present Value (NPV). Actual expenses and income
(money-of-the-day) are discounted to present dollars
and summed to the net value of the investment. NPV is
the most widely-used measure of viability (where
NPV>0).

All potential alternatives require large capital commitments
by the developer (BPXA), with cumulative negative
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expenses ranging from $209-268 million. The bottomfast
alternative (V1) hasthe lowest negative cash flow, primarily
because drilling expenses are stretched out over time and
partially offset by production income early in thefield life.
Normally, lower cumulative negative expenses are
preferable because unused funds would be free for other
purposes (exploration, lease acquisition, other
developments). However, alonger payout time caused by
the slower drilling schedule decreases the attractiveness of
Alternative V1 because the project is“in thered” longer.

Five alternatives have the same Payout year (2005), and
Alternatives VI and VIl have longer payout times (2007 and
2008). The accelerated drilling and production schedule
associated with convention wells equalizes the negative cash
flow within 3 years after field startup. If thisaggressive
schedule cannot be achieved, these five alternatives will

have lower NPV than modeled. Payout periods are longer
for the alternatives employing extended-reach drilling wells,
because their production profiles are stretched out and have
lower peak rates.

The Actual Vaue Profit varies from a high of $409 million
to alow of $303 million ($106 million difference). One
could assume that an investor would favor the plan with the
highest profit. However, note that the highest profit (both
actual dollars and NPV) is associated with the Endicott
pipeline option (Alternative I11), which is $38 million higher
in AV P than the BPXA Proposal.

The Profit/Investment ratio (P/I) is above 1.0 (favorable) for
al of the potential alternatives. However, thiscriteriais
somewhat misleading in that the P/I for alternative #7 is
comparable to several other aternativeswhileits NPV is
very negative (-$36 million). Thereisan $88 million
differencein NPV between Alternative | and Alternative

V11 with nearly identical P/l ratios. Alternative V11 appears
comparable, because drilling expenses are stretched out over
time and partially offset by production income early in the
field life.

Thefirst five potential alternatives have NPV >0 and
therefore could be considered commercially viable.
However, the difference in NPV between the BPXA
Proposal (Alternativel) and the least viable alternative (V)
is$11 million. Thelast two potential alternatives (VI and
VI1) have NPV <0 and therefore are nonviable as
commercial projects.

Therangein NPV to the government varies from $123-49
million, or $16 million between the most economically
attractive (Alternative I11) and least attractive (Alternative
V) commercial option. Itisimportant to recognize that the
value to government (NPV-GOV) is generally over twice
the NPV to the company, and the government does not risk
in any capital to gainthisincome. Thisfact qualifiesthe
government as amajor stakeholder in the profitability of the
Liberty Project.

A. Definitions and Assumptions for the Economic Model

B. Economic Analysis C. Modeling Results
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Appendix D-1. ECONOMIC ANALYSIS OF LIBERTY ALTERNATIVES

3. Recommendations for the Liberty EIS

Five potential development options are economically viable
and could be considered as feasible alternatives for
environmental analysisin the Liberty EIS (Alternatives |-V,
Table D-1-4). Theremaining two potential options are
nonviable and should not be considered as feasible
alternatives for the Liberty Project.

The Endicott pipeline alternative (11) has the highest actual
profit and NPV to both BPXA and the Government. Using
only economic criteria, this option isthe most attractive
alternative for the Liberty Project. However, potential
environmental impacts or other corporate objectives could
negate the economic advantage of this option.

The BPXA Proposal (Alternativel) is closest in value to the
high-ranked Endicott alternative (111), with an NPV $10.6
million lower.

Three of the other potential alternatives (11, IV, and V) have
very similar economics. These options have NPV
approximately $10 million lower than the NPV of the
BPXA Proposal (Alternativel).

Options #6 and #7 (bottomfast-ice zone and onshore sites)
are clearly uneconomic and should be excluded from further
environmental impact analysis. Their economics are so
poor compared to the other alternatives that neither islikely
to be accepted by any company as arealistic development
option. From atechnical standpoint, these alternatives
would require drilling far beyond the existing capabilities on
the North Slope. It is speculative as to whether the
necessary wells could be drilled and successfully managed.

The preceding economic analysis serves as a screen to
separate feasible alternatives from nonviable ideas. We
should assume that options that are uneconomic will not be
pursued, so they will have no environmental impact.
Economic analysis should not be the only criteria used to
judge project feasibility. Technical and legal aspects should
also be considered. Ultimately, private investors will make
the final decision of whether or not to develop the Liberty
prospect. Mandated alternatives with poor economics are
not likely to be accepted, considering the economic risks
and competitive opportunities elsewhere. Should this
project be abandoned, the government stands to forfeit twice
the potential income as the leaseholder.
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Table D-1-1 Inflation Adjustment Factors

Year CPl Index Inflation Rate Factor (%)
1995 152.4

1996 156.9 0.030 1.093
1997 160.5 0.023 1.062
1998 163.0 0.016 1.038
1999 166.6 0.022 1.022

Source: Bureau of Labor Statistics Data, Consumer Price

Appendix D-1. ECONOMIC ANALYSIS OF LIBERTY ALTERNATIVES

Index-All Urban Consumers, as of March 6, 2000. Inflation
for 1999 is taken from AEO-2000 (Energy Information
Agency, 1999).

Table D-1-2 Average Market Price of Imported

Crude Oil and Alaska North Slope Crude Oil

Year Imports ANS Difference
1982 $33.18 $32.04 ($1.14)
1983 $28.93 $30.31 $1.38
1984 $28.54 $29.26 $0.72
1985 $26.67 $27.89 $1.22
1986 $13.49 $22.03 $8.54
1987 $17.65 $14.98 ($2.67)
1988 $14.08 $16.45 $2.37
1989 $17.68 $14.80 ($2.88)
1990 $21.13 $17.34 ($3.79)
1991 $19.06 $21.72 $2.66
1992 $17.75 $16.88 ($0.87)
1993 $15.72 $17.93 $2.21
1994 $15.18 $14.22 ($0.96)
1995 $16.78 $16.83 $0.05
1996 $20.31 $17.77 ($2.54)
1997 $18.11 $20.85 $2.74
1998 $11.84 $16.03 $4.19

Data sources: Imports (Energy Information Agency, 1999, in
http: eia.doe.gov/pub/ oil_gas/ petroleum/ data_publications/
...tables01.tx). ANS (Alasks Department of Revenue,
Revenue Sources Book, Spring 1999, Table 18).

A. Definitions and Assumptions for the Economic Model

B. Economic Analysis C. Modeling Results



Contents

Appendix D-1. ECONOMIC ANALYSIS OF LIBERTY ALTERNATIVES

Table D-1-3 Summary of Development Costs for

the Liberty Alternatives

Cost (millions of $)

Component Expected Minimum Maximum

BPX Proposal (Alt 1)

Island 50 47 72
Pipeline 52 44 72
Facilities 181 169 230
Drilling 81 76 107
Total 364 336 481
Eastern Pipeline Route (Alt 2)

Island 50 47 72
Pipeline 57 44 72
Facilities 181 169 230
Drilling 81 76 107
Total 369 336 481
Endicott Pipeline Route (Alt 3)

Island 50 47 72
Pipeline 58 48 78
Facilities 181 169 230
Drilling 81 76 107
Total 370 340 487
Southern Island Location (Alt 4)

Island 50 a7 72
Pipeline 49 44 72
Facilities 181 169 230
Drilling 93 86 121
Total 373 346 495
Tern Island Location (Alt 5)

Island 40 a7 72
Pipeline 58 44 72
Facilities 181 169 230
Drilling 99 91 128
Total 378 351 502
Bottomfast Ice Zone (Alt 6)

Island 25 47 72
Pipeline 11 44 72
Facilities 181 169 230
Drilling 225 210 294
Total 442 470 668
Onshore Location (Alt 7)

Island 35 47 72
Pipeline 9 44 72
Facilities 181 169 230
Drilling 283 263 370
Total 508 523 744
Feeder Pipeline Tariffs ($ per barrel)

Alt 1 $1.00

Alt 2 $1.25

Alt 3 $0.49

Alt 4 $1.25

Alt5 $1.25

Alt 6 $1.00

Alt 7 $1.25

D-1-13
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D-1-14 Appendix D-1. ECONOMIC ANALYSIS OF LIBERTY ALTERNATIVES

Table D-1-4 Summary of Economic Analysis

Max Negative Actual Value

Cash Flow Payout Profit P/ NPV NPV-GOV
Alternative ($millions) (yr) ($millions) Ratio ($millions)  ($millions)
1BPX ($261.81) 2005 $371.55 1.42 $51.39 $113.50
2 Eastern pipeline ($266.45) 2005 $348.50 131 $42.52 $107.95
3 Endicott pipeline ($267.51) 2005 $409.35 1.53 $62.03 $123.00
4 Southern Island ($258.99) 2005 $345.22 1.33 $41.96 $107.03
5 Tern Island ($258.87) 2005 $342.19 1.32 $40.41 $106.94
6 Bottomfast zone ($209.16) 2007 $354.60 1.70 ($8.09) $68.96
7 Onshore ($212.06) 2008 $303.28 1.43 ($36.44) $49.03

A. Definitions and Assumptions for the Economic Model B. Economic Analysis C. Modeling Results
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Project: Liberty Case (Alternative): BPX proposal
Planning Area: Beaufort Sea Analyst: Jim Craig
Company: BPX-Alaska Date of Analysis: 29-Nov-00
Economic Parameters
Suggested Distribution to be used
Base Year: 2000 Inflation Rate 1.70%  2.30% 2.90% 2.30%)
Geologic Probability (1- Risk): 100% Real, After-Tax Discount Rate: 8.70% 12.70% 15.70% 12.70%)
Max. gas price as a % of oil price: 100.00%)|
BOE Conversion Factor (Mcf/bbl): 5.62  Mcf/bbl
Qil Price: Suggested Distribution to be used Oil and Gas Market Prices
Landed Starting Price ($/bbl): $11.51 $15.78 $20.31 $16.00 60.00 (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00%)
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00%) 5000 F
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) o
Growth | Period 1 Begin Year 2000 g 40.00 £
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000 £
=
Gas Price: Suggested Distribution to be used 8 2000 A
Wellhead Starting Price ($/Mc $0.53 $0.72 $0.93 $0.00 1000 F
Period 1 Rate 3.30% 3.40% 4.10% 0.00%)
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00%| 0.00 :
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) 1960 1970 1980 1990 2000 2010 2020 2030
Growth | Period 1 Begin Year 2000 Year
Period 2 Begin Year 2005
Period 3 Begin Year 2011
Tax and Royalty Inputs
Tangible Portion of Costs: with IDC w/o IDC ACRS Schedule: Federal Tax Rate: 35.00%
Lease (bonus bid): 0% 0% Year 1: 14.29% State Tax Rate: 0.00%
Delineation/Appraisal (wells & seismic): 0% 0% Year 2: 24.49% Property Tax Rate: 2.00% (use AdValorem sheet)
Exploration well converted to producer: 51% 30% Year 3: 17.49%
Development Well: 51% 30% Year 4: 12.49% Royalty Rate: 12.50%
ERD Well: 51% 30% Year 5: 8.93%
Platform & Production Equipment: 72% 60% Year 6: 8.92%
New Shorebase: 83% 75% Year 7: 8.93%
Pipeline: 100% 100% Year 8: 4.46%
Abandonment: 0% 0%
Infrastructure Costs
Sunk Costs ($MM): Platform Cost ($MM):  (Island + Production Facility) As-Spent Costs ($MM):
Lease: $11.80 depth minimum  most likely maximum to be used Shorebase: $0
Appraisal: $7.10 0-6ft $150 $250.00 $300.00 $206.50 Platform: $231
7-25ft $200 $270.00 $340.00 $220.80 Pipeline: $52
Well Costs ($MM/well) 26 - 50 ft $225 $300.00 $375.00  $270.00 Drilling: $81
Exploration (Productive): $6.60 Abandonment: $18
Development: $3.38 Pipeline Cost ($MM):
ERD well: $12.05 Unit cost ($MM/mi): $6.54 Total Development Cost :
Miles: 7.6 (enter in Schedule) As-spent ($/bbl): $3.35
Shorebase ($MM): $0.00 Constant ($/bbl): $2.97
Production Scenario
Operating Costs: Transportation Costs:
Variable (per-unit): Qil: $5.46 $/bbl Field Life: 16 years
Qil: $0.30 $/bbl Gas: $0.00 $/Mcf
Gas: $0.00 $/Mcf Abandonment ($MM):  $12.00
Fixed (facility): Oil feeder pipelines: $1.00 $/bbl
(per-well basis) $0.60 $MM/welliyr TAPS tariff: $2.88 $/bbl
Tanker tariff: $1.58 $/bbl National Stockpile
Total Operating Cost: Imported oil expected to be embargoed (%): 45.40%
As-spent: $2.50 ($/bbl) Gas feeder pipeline: 0 Percent of year embargo lasts: 83.33%
Constant$: $1.97 ($/bbl) Handling costs: o] NPV Stockpile Reserve Value ($MM): $40.14

Notes

Enter data in cells with blue fonts.

Cells with black fonts contain calculations or guidelines.

(s

) Costs and prices are input in 2000$ (blue) and inflated to the year as-spent (black). End-of-year accounting is used.

) Expenses prior to the Base Year (Sunk costs) are inflated to constant Base Year dollars.

(3) Development cost categories include all expenses associated with activity: management, engineering, studies, materials, installation, logistics.
)
)

Operating costs include all expenses associated with transportation, communication, maintenance, repair, project management, inspections, well workovers, supplies
Property tax should be included for all project infrastructure located on State lands (use Ad Valorem sheet).

Summary of Results

Unrisked
Estimated Resources:
Qil (MMbbl): 120.00
Gas (Bcf): 78.35
Estimated Values (MM$):
Net Income (BFIT): $746.93
Income to F&S governments: $386.06
Taxes: $205.00
Royalties: $181.06
Net Present Value (MM$):
NPV of Net Income (BFIT): $161.13
NPV Income to F&S governments: $113.50
NPV of Taxes: $54.53
NPV of Royalties: $58.96

NPV of Cash Flow:

$51.39

Risked

120.00
78.35

$746.93
$386.06
$205.00
$181.06

$161.13

$113.50
$54.53
$58.96
$51.39

Cash Flow
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Project: Liberty Case (Alternative): Eastern Pipeline
Planning Area: Beaufort Sea Analyst: Jim Craig
Company: BPX-Alaska Date of Analysis: 29-Nov-00
Economic Parameters
Suggested Distribution to be used
Base Year: 2000 Inflation Rate 1.70%  2.30% 2.90% 2.30%)
Geologic Probability (1- Risk): 100% Real, After-Tax Discount Rate: 8.70% 12.70% 15.70% 12.70%)
Max. gas price as a % of oil price: 100.00%)|
BOE Conversion Factor (Mcf/bbl): 5.62  Mcf/bbl
Qil Price: Suggested Distribution to be used Oil and Gas Market Prices
Landed Starting Price ($/bbl): $11.51 $15.78 $20.31 $16.00 60,00 ¢ (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00%)
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00%) 50.00 F
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%)| =
Growth | Period 1 Begin Year 2000 g 40.00
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000 £
<
Gas Price: Suggested Distribution to be used g0 A
Wellhead Starting Price ($/Mcl $0.53 $0.72 $0.93 $0.00 1000 F
Period 1 Rate 3.30% 3.40% 4.10% 0.00%)
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00% 0.00 ;
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%| 1960 1970 1980 1990 2000 2010 2020 2030
Growth | Period 1 Begin Year 2000 Year
Period 2 Begin Year 2005
Period 3 Begin Year 2011
Tax and Royalty Inputs
Tangible Portion of Costs: with IDC w/o IDC ACRS Schedule: Federal Tax Rate: 35.00%
Lease (bonus bid): 0% 0% Year 1: 14.29% State Tax Rate: 0.00%
Delineation/Appraisal (wells & seismic): 0% 0% Year 2: 24.49% Property Tax Rate: 2.00% (use AdValorem sheet)
Exploration well converted to producer: 51% 30% Year 3: 17.49%
Development Well: 51% 30% Year 4: 12.49% Royalty Rate: 12.50%
ERD Well: 51% 30% Year 5: 8.93%
Platform & Production Equipment: 72% 60% Year 6: 8.92%
New Shorebase: 83% 75% Year 7: 8.93%
Pipeline: 100% 100% Year 8: 4.46%
Abandonment: 0% 0%
Infrastructure Costs
Sunk Costs ($MM): Platform Cost ($MM):  (Island + Production Facility) As-Spent Costs ($MM):
Lease: $11.80 depth minimum  most likely maximum to be used Shorebase: $0
Appraisal: $7.10 0-6ft $150 $250.00 $300.00 $206.50 Platform: $231
7-25ft $200 $270.00 $340.00 $220.80 Pipeline: $57
Well Costs ($MM/well) 26 - 50 ft $225 $300.00 $375.00  $270.00 Drilling: $81
Exploration (Productive): $6.60 Abandonment: $18
Development: $3.38 Pipeline Cost ($MM):
ERD well: $12.05 Unit cost ($MM/mi): $6.25 Total Development Cost :
Miles: 8.7 (enter in Schedule) As-spent ($/bbl): $3.39
Shorebase ($MM): $0.00 Constant ($/bbl): $3.01
Production Scenario
Operating Costs: Transportation Costs:
Variable (per-unit): Qil: $5.71 $/bbl Field Life: 16 years
Qil: $0.30 $/bbl Gas: $0.00 $/Mcf
Gas: $0.00 $/Mcf Abandonment ($MM):  $12.00
Fixed (facility): Oil feeder pipelines: $1.25 $/bbl
(per-well basis) $0.60 $MM/welliyr TAPS tariff: $2.88 $/bbl
Tanker tariff: $1.58 $/bbl National Stockpile
Total Operating Cost: Imported oil expected to be embargoed (%): 45.40%
As-spent: $2.50 ($/bbl) Gas feeder pipeline: 0 Percent of year embargo lasts: 83.33%
Constant$: $1.97 ($/bbl) Handling costs: o] NPV Stockpile Reserve Value ($MM): $40.14

Notes

Enter data in cells with blue fonts.

Cells with black fonts contain calculations or guidelines.

(s

) Costs and prices are input in 2000$ (blue) and inflated to the year as-spent (black). End-of-year accounting is used.

) Expenses prior to the Base Year (Sunk costs) are inflated to constant Base Year dollars.

(3) Development cost categories include all expenses associated with activity: management, engineering, studies, materials, installation, logistics.
)
)

Operating costs include all expenses associated with transportation, communication, maintenance, repair, project management, inspections, well workovers, supplies
Property tax should be included for all project infrastructure located on State lands (use Ad Valorem sheet).

Summary of Results

Unrisked
Estimated Resources:
Qil (MMbbl): 120.00
Gas (Bcf): 78.35
Estimated Values (MM$):
Net Income (BFIT): $706.47
Income to F&S governments: $369.67
Taxes: $193.06
Royalties: $176.61
Net Present Value (MM$):
NPV of Net Income (BFIT): $146.36
NPV Income to F&S governments: $107.95
NPV of Taxes: $50.44
NPV of Royalties: $57.51

NPV of Cash Flow:

$42.52

Risked
Ske Cash Flow
4.E+08
120.00
78.35 3.E+08 T
2.E+08 1
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Project: Liberty Case (Alternative): Endicott Pipeline
Planning Area: Beaufort Sea Analyst: Jim Craig
Company: BPX-Alaska Date of Analysis: 29-Nov-00
Economic Parameters
Suggested Distribution to be used
Base Year: 2000 Inflation Rate 1.70%  2.30% 2.90% 2.30%)
Geologic Probability (1- Risk): 100% Real, After-Tax Discount Rate: 8.70% 12.70% 15.70% 12.70%)
Max. gas price as a % of oil price: 100.00%)|
BOE Conversion Factor (Mcf/bbl): 5.62  Mcf/bbl
Qil Price: Suggested Distribution to be used Oil and Gas Market Prices
Landed Starting Price ($/bbl): $11.51 $15.78 $20.31 $16.00 5000 (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00%)
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00% 5000 F
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) _
Growth | Period 1 Begin Year 2000 5 4000 |
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011] o 3000
<
Gas Price: Suggested Distribution to be used g0 A
Wellhead Starting Price ($/Mc $0.53 $0.72 $0.93 $0.00 1000 F
Period 1 Rate 3.30% 3.40% 4.10% 0.00%) :
Real | Period 2 Rate 0.00% 1.80% 2.10%|  0.00% 0.00 :
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) 1960 1970 1080 1990 2000 2010 2020 2030
Growth | Period 1 Begin Year 2000 Year
Period 2 Begin Year 2005
Period 3 Begin Year 2011
Tax and Royalty Inputs
Tangible Portion of Costs: with IDC w/o IDC ACRS Schedule: Federal Tax Rate: 35.00%
Lease (bonus bid): 0% 0% Year 1: 14.29% State Tax Rate: 0.00%
Delineation/Appraisal (wells & seismic): 0% 0% Year 2: 24.49% Property Tax Rate: 2.00% (use AdValorem sheet)
Exploration well converted to producer: 51% 30% Year 3: 17.49%
Development Well: 51% 30% Year 4: 12.49% Royalty Rate: 12.50%
ERD Well: 51% 30% Year 5: 8.93%
Platform & Production Equipment: 72% 60% Year 6: 8.92%
New Shorebase: 83% 75% Year 7: 8.93%
Pipeline: 100% 100% Year 8: 4.46%
Abandonment: 0% 0%

Infrastructure Costs

Sunk Costs ($MM):

Platform Cost ($MM):

(Island + Production Facility)

As-Spent Costs ($MM):

Lease: $11.80 depth minimum  most likely maximum to be used Shorebase: $0
Appraisal: $7.10 0-6ft $150 $250.00 $300.00 $206.50 Platform: $231
7-25ft $200 $270.00 $340.00 $220.80 Pipeline: $58
Well Costs ($MM/well) 26 - 50 ft $225 $300.00 $375.00  $270.00 Drilling: $81
Exploration (Productive): $6.60 Abandonment: $18
Development: $3.38 Pipeline Cost ($MM):
ERD well: $12.05 Unit cost ($MM/mi): $7.20 Total Development Cost :
Miles: 7.7 (enter in Schedule) As-spent ($/bbl): $3.40
Shorebase ($MM): $0.00 Constant ($/bbl): $3.02
Production Scenario
Operating Costs: Transportation Costs:
Variable (per-unit): Qil: $4.95 $/bbl Field Life: 16 years
Oil: $0.30 $/bbl Gas: $0.00 $/Mcf
Gas: $0.00 $/Mcf Abandonment ($MM):  $12.00
Fixed (facility): Oil feeder pipelines: $0.49 s$/bbl
(per-well basis) $0.60 $MM/welliyr TAPS tariff: $2.88 $/bbl
Tanker tariff: $1.58 $/bbl National Stockpile
Total Operating Cost: Imported oil expected to be embargoed (%): 45.40%
As-spent: $2.50 ($/bbl) Gas feeder pipeline: 0 Percent of year embargo lasts: 83.33%
Constant$: $1.97 ($/bbl) Handling costs: o] NPV Stockpile Reserve Value ($MM): $40.14

Notes

Enter data in cells with blue fonts.

Cells with black fonts contain calculations or guidelines.

(s

) Costs and prices are input in 2000$ (blue) and inflated to the year as-spent (black). End-of-year accounting is used.

) Expenses prior to the Base Year (Sunk costs) are inflated to constant Base Year dollars.

(3) Development cost categories include all expenses associated with activity: management, engineering, studies, materials, installation, logistics.
)
)

Operating costs include all expenses associated with transportation, communication, maintenance, repair, project management, inspections, well workovers, supplies
Property tax should be included for all project infrastructure located on State lands (use Ad Valorem sheet).

Summary of Results

Estimated Resources:
Oil (MMbbl):
Gas (Bcf):

Estimated Values (MM$):
Net Income (BFIT):
Income to F&S governments:
Taxes:
Royalties:

Net Present Value (MM$):
NPV of Net Income (BFIT):
NPV Income to F&S governments:
NPV of Taxes:
NPV of Royalties:
NPV of Cash Flow:

Unrisked Risked

120.00 120.00
78.35 78.35
$813.49 $813.49
$416.05 $416.05
$225.92 $225.92
$190.13 $190.13
$180.85 $180.85
$123.00 $123.00
$61.09 $61.09
$61.92 $61.92
$62.03 $62.03
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Cash Flow
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Project: Liberty Case (Alternative): Southern Island
Planning Area: Beaufort Sea Analyst: Jim Craig
Company: BPX-Alaska Date of Analysis: 29-Nov-00

Economic Parameters
Suggested Distribution to be used
| Base Year: 2000 Inflation Rate 1.70%  2.30% 2.90% 2.30%)
N Geologic Probability (1- Risk): 100% Real, After-Tax Discount Rate: 8.70% 12.70% 15.70% 12.70%)
P Max. gas price as a % of oil price: 100.00%)|
V] BOE Conversion Factor (Mcf/bbl): 5.62  Mcf/bbl
T
S Qil Price: Suggested Distribution to be used Oil and Gas Market Prices
Landed Starting Price ($/bbl): $11.51 $15.78 $20.31 $16.00 5000 - (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00%) .
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00% 5000 F
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%)
Growth | Period 1 Begin Year 2000 g 4000 F
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000
<
Gas Price: Suggested Distribution to be used g0 T TAA
Wellhead Starting Price ($/Mcf): $0.53 $0.72 $0.93 $0.00
Period 1 Rate 3:30% 3.40% 410%|  0.00% 1000 ¢
Real | Period 2 Rate 0.00% 1.80% 2.10%|  0.00% 000 e
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) 1960 1970 1980 1990 2000 2010 2020 2030
Growth | Period 1 Begin Year 2000 Year
Period 2 Begin Year 2005
Period 3 Begin Year 2011
Tax and Royalty Inputs
Tangible Portion of Costs: with IDC w/o IDC ACRS Schedule: Federal Tax Rate: 35.00%
Lease (bonus bid): 0% 0% Year 1: 14.29% State Tax Rate: 0.00%
Delineation/Appraisal (wells & seismic): 0% 0% Year 2: 24.49% Property Tax Rate: 2.00% (use AdValorem sheet)
Exploration well converted to producer: 51% 30% Year 3: 17.49%
Development Well: 51% 30% Year 4: 12.49% Royalty Rate: 12.50%
ERD Well: 51% 30% Year 5: 8.93%
Platform & Production Equipment: 72% 60% Year 6: 8.92%
New Shorebase: 83% 75% Year 7: 8.93%
Pipeline: 100% 100% Year 8: 4.46%
Abandonment: 0% 0%
Infrastructure Costs
Sunk Costs ($MM): Platform Cost ($MM):  (Island + Production Facility) As-Spent Costs ($MM):
Lease: $11.80 depth minimum  most likely maximum to be used Shorebase: $0
Appraisal: $7.10 0-6ft $150 $250.00 $300.00 $206.50 Platform: $231
7-25ft $200 $270.00 $340.00 $220.80 Pipeline: $49
Well Costs ($MM/well) 26 - 50 ft $225 $300.00 $375.00  $270.00 Drilling: $93
Exploration (Productive): $6.60 Abandonment: $18
Development: $3.88 Pipeline Cost ($MM):
ERD well: $12.05 Unit cost ($MM/mi): $6.25 Total Development Cost :
Miles: 7.5 (enter in Schedule) As-spent ($/bbl): $3.42
Shorebase ($MM): $0.00 Constant ($/bbl): $3.04
Production Scenario
Operating Costs: Transportation Costs:
Variable (per-unit): Qil: $5.71 $/bbl Field Life: 16 years
Qil: $0.30 $/bbl Gas: $0.00 $/Mcf
Gas: $0.00 $/Mcf Abandonment ($MM):  $12.00
Fixed (facility): Oil feeder pipelines: $1.25 $/bbl
(per-well basis) $0.60 $MM/welliyr TAPS tariff: $2.88 $/bbl
Tanker tariff: $1.58 $/bbl National Stockpile
Total Operating Cost: Imported oil expected to be embargoed (%): 45.40%
As-spent: $2.50 ($/bbl) Gas feeder pipeline: 0 Percent of year embargo lasts: 83.33%
Constant$: $1.97 ($/bbl) Handling costs: o] NPV Stockpile Reserve Value ($MM): $40.14
Notes
Enter data in cells with blue fonts.
Cells with black fonts contain calculations or guidelines.
(1) Costs and prices are input in 2000$ (blue) and inflated to the year as-spent (black). End-of-year accounting is used.
(2) Expenses prior to the Base Year (Sunk costs) are inflated to constant Base Year dollars.
(3) Development cost categories include all expenses associated with activity: management, engineering, studies, materials, installation, logistics.
(4) Operating costs include all expenses associated with transportation, communication, maintenance, repair, project management, inspections, well workovers, supplies
(5) Property tax should be included for all project infrastructure located on State lands (use Ad Valorem sheet).
Summary of Results
R Unrisked Risked
E Estimated Resources: 4.E+08 Cash Flow
S Qil (MMbbl): 120.00 120.00
u Gas (Bcf): 78.35 78.35 3E+08 T
L
T Estimated Values (MM$): 2E+08
S Net Income (BFIT): $702.31 $702.31
Income to F&S governments: $367.15 $367.15 LLE08
Taxes: $190.53 $190.53 3
Royalties: $176.61 $176.61 Q0E+00
199 2004 2009 2014 2019 2024 2029 2034
Net Present Value (MM$): LE08 1
NPV of Net Income (BFIT): $145.46 $145.46
2E+08 } Year
NPV Income to F&S governments: $107.03 $107.03
NPV of Taxes: $49.52 $49.52 3E+08
NPV of Royalties: $57.51 $57.51 .
NPV of Cash Flow: $41.96 $41.96 ——Annual — Cumulative
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Project: Liberty Case (Alternative): Tern Island
Planning Area: Beaufort Sea Analyst: Jim Craig
Company: BPX-Alaska Date of Analysis: 29-Nov-00
Economic Parameters
Suggested Distribution to be used
Base Year: 2000 Inflation Rate 1.70% 2.30% 2.90% 2.30%)
Geologic Probability (1- Risk): 100% Real, After-Tax Discount Rate 8.70% 12.70% 15.70% 12.70%
Max. gas price as a % of oil price: 100.00%
BOE Conversion Factor (Mcf/bbl): 5.62 Mcf/bbl
0il Price: Suggested Distribution to be used Oil and Gas Market Prices
Landed Starting Price ($/bbl): $11.51 $15.78 $20.31 $16.00 60.00 (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00% gas price RAC
Real | Period 2 Rate 0.00% 1.80% 2.10%|  0.00% 50.00 e
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%
Growth | Period 1 Begin Year 2000 g 40.00
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000
<
Gas Price: Suggested Distribution to be used g0 - SN
Wellhead Starting Price ($/Mcf): $0.53 $0.72 $0.93 $0.00
Period 1 Rate 330% 3.40%  4.10%| 0.00% 1000
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00%, 0.00 e
Price | Period 3 Rate 0.00% 0.70% 0.80%|  0.00% 1960 1970 1980 1990 2000 2010 2020 2030
Growth | Period 1 Begin Year 2000 Year
Period 2 Begin Year 2005
Period 3 Begin Year 2011
Tax and Royalty Inputs
Tangible Portion of Costs: with IDC w/o IDC ACRS Schedule: Federal Tax Rate: 35.00%
Lease (bonus bid): 0% 0% Year 1: 14.29% State Tax Rate: 0.00%
Delineation/Appraisal (wells & seismic): 0% 0% Year 2: 24.49% Property Tax Rate 2.00% (use AdValorem sheet)
Exploration well converted to producer: 51% 30% Year 3: 17.49%
Development Well: 51% 30% Year 4: 12.49% Royalty Rate: 12.50%
ERD Well: 51% 30% Year 5: 8.93%
Platform & Production Equipment: 72% 60% Year 6: 8.92%
New Shorebase: 83% 75% Year 7: 8.93%
Pipeline: 100% 100% Year 8: 4.46%
Abandonment: 0% 0%
Infrastructure Costs
Sunk Costs ($MM): Platform Cost ($MM): (Island + Production Facility) As-Spent Costs ($MM):
Lease: $11.80 depth minimum  most likely maximum:o be used Shorebase: $0
Appraisal: $7.10 0-6ft $150 $250.00 $300.00 $206.50 Platform: $221
7-25ft $200 $270.00 $340.00 $211.20 Pipeline: $58
Well Costs ($MM/well) 26 - 50 ft $225  $300.00 $375.00 $270.00 Drilling: $99
Exploration (Productive): $6.60 Abandonment: $19
Development: $4.12 Pipeline Cost ($MM):
ERD well: $12.05 Unit cost ($MM/mi): $6.53 Total Development Cost :
Miles: 8.5 (enter in Schedule) As-spent ($/bbl): $3.47
Shorebase ($MM): $0.00 Constant ($/bbl): $3.08
Production Scenario
Operating Costs: Transportation Costs:
Variable (per-unit): Qil: $5.71 $ibbl Field Life: 16  years
Qil: $0.30 $/bbl Gas: $0.00 $/Mcf
Gas: $0.00 $/Mcf Abandonment ($MM $12.60
Fixed (facility): Oil feeder pipelines: $1.25 $/bbl
(per-well basis) $0.60 $MM/welllyr TAPS tariff: $2.88 $/bbl
Tanker tariff: $1.58 $/bbl National Stockpile
Total Operating Cost: Imported oil expected to be embargoed ( 45.40%
As-spent: $2.50 ($/bbl) Gas feeder pipeline: 0 Percent of year embargo lasts: 83.33%)
Constant$: $1.97 ($/bbl) Handling costs: 0 NPV Stockpile Reserve Value ($MM): $40.14

Notes

Enter data in cells with blue fonts.
(1
(2

(@
G

Cells with black fonts contain calculations or guidelines.

) Costs and prices are input in 2000$ (blue) and inflated to the year as-spent (black). End-of-year accounting is used.
) Expenses prior to the Base Year (Sunk costs) are inflated to constant Base Year dollars.
(3) Development cost categories include all expenses associated with activity: management, engineering, studies, materials, installation, logistics.
) Operating costs include all expenses associated with transportation, communication, maintenance, repair, project management, inspections, well workovers, supplies
) Property tax should be included for all project infrastructure located on State lands (use Ad Valorem sheet).

Summary of Results

Estimated Resources:
Oil (MMbbl):
Gas (Bcf):

Estimated Values (MM$):
Net Income (BFIT):

Taxes:
Royalties:

Net Present Value (MM$):
NPV of Net Income (BFIT):

NPV of Taxes:
NPV of Royalties:
NPV of Cash Flow:

Income to F&S governments:

NPV Income to F&S governments:

Unrisked

120.00
78.35

$696.64
$366.37
$189.75
$176.61

$143.17
$106.94
$49.43
$57.51
$40.41

Risked Cash Flow
4.E+08
120.00
78.35 3.E+08
2.E+08
$696.64
$366.37 g.sma
$189.75 3
$176.61 D.E+00
1P 2Q04 2009 2014 2019 2024 2029 2034
-LE+08
$143.17
$106.94 -2.E+08 Year
$49.43
$57.51 -3.E+08 -
$40.41 —Annual — Cumulative
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Project: Liberty Case (Alternative): Bottomfast Ice Zone
Planning Area: Beaufort Sea Analyst: Jim Craig
Company: BPX-Alaska Date of Analysis: 29-Nov-00
Economic Parameters
Suggested Distribution to be used
Base Year: 2000 Inflation Rate 1.70%  2.30% 2.90% 2.30%)
Geologic Probability (1- Risk): 100% Real, After-Tax Discount Rate: 8.70% 12.70% 15.70% 15.70%)
Max. gas price as a % of oil price: 100.00%)|
BOE Conversion Factor (Mcf/bbl): 5.62  Mcf/bbl

Qil Price: Suggested Distribution to be used 000 Oil and Gas Market Prices
Landed Starting Price ($/bbl): $11.51 $15.78 $20.31 $16.00 ’ (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00%) gas price RAC
Real | Period 2 Rate 0.00% 1.80% 2106 0.00% 000 e T e
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) -
Growth | Period 1 Begin Year 2000 £ 4000
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000 b
<
Gas Price: Suggested Distribution to be used 8 2000 |
Wellhead Starting Price ($/Mci $0.53 $0.72 $0.93 000 | F N\
Period 1 Rate 3.30% 3.40% 4.10% 0.00%) 1000
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00%)
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) 0.00
Growth | Period 1 Begin Year 2000) 1960 1970 1980 1990 2000 2010 2020 2030
Period 2 Begin Year 2005 Year
Period 3 Begin Year 2011
Tax and Royalty Inputs
Tangible Portion of Costs: with IDC w/o IDC ACRS Schedule: Federal Tax Rate: 35.00%
Lease (bonus bid): 0% 0% Year 1: 14.29% State Tax Rate: 3.00%
Delineation/Appraisal (wells & seismic): 0% 0% Year 2: 24.49% Property Tax Rate: 2.00% (use AdValorem sheet)
Exploration well converted to producer: 51% 30% Year 3: 17.49%
Development Well: 51% 30% Year 4: 12.49% Royalty Rate: 12.50%
ERD Well: 51% 30% Year 5: 8.93%
Platform & Production Equipment: 72% 60% Year 6: 8.92%
New Shorebase: 83% 75% Year 7: 8.93%
Pipeline: 100% 100% Year 8: 4.46%
Abandonment: 0% 0%
Infrastructure Costs
Sunk Costs ($MM): Platform Cost ($MM):  (Island + Production Facility) As-Spent Costs ($MM):
Lease: $11.80 depth minimum  most likely maximum to be used Shorebase: $0
Appraisal: $17.10 0-6ft $150 $250.00 $300.00 $197.00 Platform: $206
7-25ft $200 $270.00 $340.00 $211.20 Pipeline: $11
Well Costs ($MM/well) 26 - 50 ft $225 $300.00 $375.00  $270.00 Drilling: $225
Exploration (Productive): $6.60 Abandonment: $22
Development: $4.22 Pipeline Cost ($MM):
ERD well: $9.12 Unit cost ($MM/mi): $3.40 Total Development Cost :
Miles: 3.2 (enter in Schedule) As-spent ($/bbl): $4.10
Shorebase ($MM): $0.00 Constant ($/bbl): $3.51
Production Scenario
Operating Costs: Transportation Costs:
Variable (per-unit): Qil: $5.46 $/bbl Field Life: 16 years
Oil: $0.30 $/bbl Gas: $0.00 $/Mcf
Gas: $0.00 $/Mcf Abandonment ($MM):  $14.50
Fixed (facility): Oil feeder pipelines: $1.00 $/bbl
(per-well basis) $0.60 $MM/welliyr TAPS tariff: $2.88 $/bbl
Tanker tariff: $1.58 $/bbl National Stockpile
Total Operating Cost: Imported oil expected to be embargoed (%): 45.40%
As-spent: $2.35 ($/bbl) Gas feeder pipeline: 0 Percent of year embargo lasts: 83.33%
Constant$: $1.82 ($/bbl) Handling costs: o] NPV Stockpile Reserve Value ($MM): $35.67

Notes

Enter data in cells with blue fonts.

Cells with black fonts contain calculations or guidelines.

(s

) Costs and prices are input in 2000$ (blue) and inflated to the year as-spent (black). End-of-year accounting is used.

) Expenses prior to the Base Year (Sunk costs) are inflated to constant Base Year dollars.

(3) Development cost categories include all expenses associated with activity: management, engineering, studies, materials, installation, logistics.
)
)

Operating costs include all expenses associated with transportation, communication, maintenance, repair, project management, inspections, well workovers, supplies
Property tax should be included for all project infrastructure located on State lands (use Ad Valorem sheet).

Summary of Results

Unrisked
Estimated Resources:
Qil (MMbbl): 120.53
Gas (Bcf): 78.38
Estimated Values (MM$):
Net Income (BFIT): $718.70
Income to F&S governments: $415.71
Taxes: $228.70
Royalties: $187.01
Net Present Value (MM$):
NPV of Net Income (BFIT): $47.21
NPV Income to F&S governments: $68.96
NPV of Taxes: $27.67
NPV of Royalties: $41.28

NPV of Cash Flow:

($8.09)

Risked
Sxe Cash Flow
4.E+08
120.53
78.38 3.E+08
2.E+08
$718.70
$415.71 £ 1E«08
$228.70 =
$187.01 Q 0E+00
1P 2004 2009 2014 2019 2024 2029 2034
-1.E+08
$47.21
$68.96 208 Year
:izg; -3.E+08
($8l09) — Annual — Cumulative
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Project: Liberty Case (Alternative): Onshore Location
Planning Area: Beaufort Sea Analyst: Jim Craig
Company: BPX-Alaska Date of Analysis: 29-Nov-00
Economic Parameters
Suggested Distribution to be used
Base Year: 2000 Inflation Rate 1.70%  2.30% 2.90% 2.30%)
Geologic Probability (1- Risk): 100% Real, After-Tax Discount Rate: 8.70% 12.70% 15.70% 15.70%)
Max. gas price as a % of oil price: 100.00%)|
BOE Conversion Factor (Mcf/bbl): 5.62  Mcf/bbl

Qil Price: Suggested Distribution to be used Oil and Gas Market Prices
Landed Starting Price ($/bbl): $11.51 $15.78 $20.31 $16.00 6000 (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00%) gas price
Real | Period 2 Rate 0.00% 1.80% 2.10%  0.00% s000 future oi
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) -
Growth | Period 1 Begin Year 2000 | § 4000
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000
(3
Gas Price: Suggested Distribution to be used 8 2000
Wellhead Starting Price ($/Mc $0.53 $0.72 $0.93 $o00f| B N\
Period 1 Rate 3.30% 3.40% 4.10% 0.00%) 10.00
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00%)
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) 0.00 e
Growth | Period 1 Begin Year 2000| 1960 1970 1980 1990 2000 2010 2020 2030
Period 2 Begin Year 2005 Year
Period 3 Begin Year 2011
Tax and Royalty Inputs
Tangible Portion of Costs: with IDC w/o IDC ACRS Schedule: Federal Tax Rate: 35.00%
Lease (bonus bid): 0% 0% Year 1: 14.29% State Tax Rate: 3.00%
Delineation/Appraisal (wells & seismic): 0% 0% Year 2: 24.49% Property Tax Rate: 2.00% (use AdValorem sheet)
Exploration well converted to producer: 51% 30% Year 3: 17.49%
Development Well: 51% 30% Year 4: 12.49% Royalty Rate: 12.50%
ERD Well: 51% 30% Year 5: 8.93%
Platform & Production Equipment: 72% 60% Year 6: 8.92%
New Shorebase: 83% 75% Year 7: 8.93%
Pipeline: 100% 100% Year 8: 4.46%
Abandonment: 0% 0%
Infrastructure Costs
Sunk Costs ($MM): Platform Cost ($MM):  (Island + Production Facility) As-Spent Costs ($MM):
Lease: $11.80 depth minimum  most likely maximum to be used Shorebase: $0
Appraisal: $17.10 0-6ft $150 $250.00 $300.00 $206.50 Platform: $216
7-25ft $200 $270.00 $340.00 $211.20 Pipeline: $9
Well Costs ($MM/well) 26 - 50 ft $225 $300.00 $375.00  $270.00 Drilling: $283
Exploration (Productive): $6.60 Abandonment: $25
Development: $4.22 Pipeline Cost ($MM):
ERD well: $11.22 Unit cost ($MM/mi): $2.80 Total Development Cost :
Miles: 3.2 (enter in Schedule) As-spent ($/bbl): $4.67
Shorebase ($MM): $0.00 Constant ($/bbl): $3.97
Production Scenario
Operating Costs: Transportation Costs:
Variable (per-unit): Qil: $5.71 $/bbl Field Life: 16 years
Oil: $0.30 $/bbl Gas: $0.00 $/Mcf
Gas: $0.00 $/Mcf Abandonment ($MM):  $16.00
Fixed (facility): Oil feeder pipelines: $1.25 $/bbl
(per-well basis) $0.60 $MM/welliyr TAPS tariff: $2.88 $/bbl
Tanker tariff: $1.58 $/bbl National Stockpile
Total Operating Cost: Imported oil expected to be embargoed (%): 45.40%
As-spent: $2.42 ($/bbl) Gas feeder pipeline: 0 Percent of year embargo lasts: 83.33%
Constant$: $1.84 ($/bbl) Handling costs: o] NPV Stockpile Reserve Value ($MM): $32.00

Notes

Enter data in cells with blue fonts.
Cells with black fonts contain calculations or guidelines.

Operating costs include all expenses associated with transportation, communication, maintenance, repair, project management, inspections, well workovers, supplies

4.E+08

3.E+08

2.E+08

1.E+08

Dollars

0.E+00

-1.E+08

-2.E+08

-3.E+08

Cash Flow
1D9¢ 2004 2009 2014 2019 2024 2029 2034
I Year

—— Annual — Cumulative

(1) Costs and prices are input in 2000$ (blue) and inflated to the year as-spent (black). End-of-year accounting is used.
(2) Expenses prior to the Base Year (Sunk costs) are inflated to constant Base Year dollars.
(3) Development cost categories include all expenses associated with activity: management, engineering, studies, materials, installation, logistics.
(4)
(5) Property tax should be included for all project infrastructure located on State lands (use Ad Valorem sheet).
Summary of Results
Unrisked Risked
Estimated Resources:
Qil (MMbbl): 120.41 120.41
Gas (Bcf): 78.10 78.10
Estimated Values (MM$):
Net Income (BFIT): $632.46 $632.46
Income to F&S governments: $386.90 $386.90
Taxes: $201.15 $201.15
Royalties: $185.75 $185.75
Net Present Value (MM$):
NPV of Net Income (BFIT): ($2.11) ($2.11)
NPV Income to F&S governments: $49.03 $49.03
NPV of Taxes: $12.91 $12.91
NPV of Royalties: $36.12 $36.12
NPV of Cash Flow: ($36.44) ($36.44)
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MMS — Arctic Offshore Pipeline Comparative Assessment

31

EXECUTIVE SUMMARY

Background

The principal rationale for conducting this study is: “to assess if a double
walled design provides the same or a greater degree of engineering integrity
and environmental robustness as compared to a thicker walled single pipe
design for an arctic offshore application and to appraise the economics of one
selection over the other relative to the potentia risks (real and/or perceived)
associated with either application”.

The objective of the study as stated in the contract authorizing the work is:
“to conduct an extensive, non bias engineering and environmental
assessment, considering both pro’s and con’s, of single versus double walled
designs for offshore pipelines in an arctic environment”. It responds to a
number of issues raised by stakeholders in relation to proposed offshore
pipelinesin Alaskan arctic.

The study team was provided with the issues that had been documented and
they set out a program that was designed to address advantages and
disadvantages.

A great deal of information was provided to the study team. Extensive
background information was gathered from the July 28, 1999 kick off
meeting from the stakeholders who attended. Of particular value was a
workshop sponsored by the Minerals Management Services in Anchorage on
November 8 and 9, 1999. The presentations covered a wide spectrum of
design, construction and monitoring experience for offshore pipelines. The
discussions were extensive and incisive. The team was aso provided with
selected documents from the proposed Northstar Pipeline and Liberty
Pipeline projects. The study included an extensive review of the literature and
a survey of offshore pipeline operators. Double wall pipe usage in the
petroleum, petrochemical and chemical industry was identified to document
current applications. Several offshore double wall pipe systems were
identified, some of which have been in existence for over 20 years.

No existing offshore double wall pipe systems have been constructed to
provide secondary containment in the event of a failure of the product line.
Most were configured to provide insulation for the inner pipe. The Colville
River crossing of the Alpine pipeline is the only pipeline known to have been
designed to provide product containment in the event of aleak.

Final Report
April 17, 2000
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MMS — Arctic Offshore Pipeline Comparative Assessment

3.2

At the time the literature and operator survey was carried out, there were no
known failures of offshore double wall pipes during operation. As the
original draft of the report was being completed the study team became aware
of afailure of a double wall pipeline in the Erskine field of North Sea. The
cause of the failure is unknown but both the inner and outer pipes failed.
Considering the total miles and length of service of existing double wall
pipelines, this failure would indicate an annual probability of containment
failure of 2x10°3, which is comparable to offshore pipeline failure statistics
presented at the Alaskan workshop.

Project Basis

A project design basis was formed in consultation with MMS for general
conditions for offshore pipelines near Prudhoe Bay. The study parameters are
documented in the report in Table 7.1-1. The detailed results of this study are
senditive to some of the parameters selected. The general conclusions
presented are valid for the project basis and study assumptions considered
(sections 7.1.1 and 7.6.1.5). The conclusions may change with changes to the
project basis or assumptions.

For the base case, study Case A, the single walled pipeline was considered to
be a grade X52 12.75" outside diameter (O.D.) pipe with a 0.500" wall
thickness. The double walled system comprised two grade X52 pipes both
with a 0.375" wall thickness. The inner pipe was 12.75" O.D. and the outer
pipe was 14.00" O.D. Three aternative double wall pipe systems, designated
Cases B, C & D, were studied and compared to Case A. Cases B and C
considered fixed solid bulkheads and shear rings respectively. Case D is
simply one pipe within another with approximately 0.5" clearance between
the two outer pipes (section 7.7).

Only the outermost wall of al four pipeline study case configurations was
considered to require a coating, as the annulus of double wall configurations
isa potentially low corrosive environment (section 7.1).

Double walled systems have been adopted elsewhere for both onshore and
offshore industrial applications for thermal insulation, leak containment and
protection of flowlines (section 6.1). The project basis assumed the primary
reason to use a double wall system, rather than a single wall pipeline, buried
offshore in an arctic environment is leak containment.

Final Report
April 17, 2000
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MMS — Arctic Offshore Pipeline Comparative Assessment

3.3

34

Assumptions

A number of assumptions were necessary during the course of the study. The
most important of these relate to 'functional failure' and ‘containment failure'.
A functional failure is defined as pipeline system damage without loss of
product containment integrity to the environment. A containment failure is
defined as pipeline system damage with loss of product containment
integrity, that is product loss to the external environment. Hence a breach of
either the inner or outer wall of a double wall pipe is considered as a
functional failure, provided the other pipe retains its integrity or containment.
Loss of containment through only one of the two pipes comprising the double
wall system is not considered to be a containment failure of the system.

It is assumed that construction will take place during the winter season
working from an ice-strengthened surface and that work will be completed
within one season (sections 7.7 and 9.3).

It is assumed that the tensile strain capacity in the vicinity of the pipeline
girth welds is about an order of magnitude lower than that of the parent pipe.
The lower capacity in the weld vicinity dictates the tensile strain limit for the
pipeline. Recent advances in welding and inspection techniques may increase
this lower capacity under certain conditions towards that of the parent pipe
material. This potential increase in tensile strain capacity is ignored in this
study. Instead, for the double wall pipeline system, the girth welds on the
inner and outer pipes are considered to be significantly offset (staggered) by
several meters along the length of the system. The tensile strain limit of at
least one pipe in any double wall cross section is then controlled by that of
the parent pipe rather than the girth weld. This staggering of the welds is
considered to be of benefit in maximising the structural integrity of the
double wall system under flexure.

Design and Construction

The design and construction of a double wall pipe is more complex than a
single wall pipe because of the additional pipe, associated welds and tie in
procedures. There are numerous design, operating and monitoring difficulties
associated with spacers and bulkheads or shear rings. There is no compelling
reason to use them when the primary function of the outer pipe is secondary
containment.

Final Report
April 17, 2000
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The study team selected Case D for the base case since it was the smplest,
yet most viable aternative. This double wall system was subjected to detailed
analysis of costs and risks, and was deemed to be viable for arctic conditions.
The pipeline design process for an actual project may indicate that a robust
single wall pipeline is the preferred solution over a double wall pipeline
system due to specific project considerations.

The double wall pipe system may be assembled by pulling outer pipe lengths
over the inner pipe lengths (section 7.7).

If the tensile strain limits of both systems are exceeded the single wall pipe
could lose containment before both walls of the double wall pipe would lose
containment provided the girth welds of the inner and outer pipes were
staggered. Following section 7.6.1 and the tensile strain assumptions
presented in section 3.3, the probability of a significant defect existing in
both the inner and outer pipelines of the double wall system within a region
of peak tensile strain is very remote. Considering these factors, the study
team has concluded the probability of simultaneous failure of both walls of
double wall pipeislower than acontainment failure of asingle wall pipeline.

The strains induced in both pipeline systems during installation from the ice
surface are considered to be less than those imposed under extreme
environmental loads, such as an ice scour event.

The single wall pipe is simpler to construct than the double wall pipe (section
7.7). The double wall pipe has twice the number of girth welds as a single
wall pipe. Construction requires inserting one pipe within the other with
associated outer pipe tie-in welds, pressure testing, drying and charging the
annulus following construction. The welds of the outer pipe can be inspected
with the same techniques used for a single wall pipe except for the tie-ins
(section 7.8). The tie-ins can be inspected by ultrasonic testing.

The double wall pipe restrains the monitoring of the outer pipe (section 9.5).
It can be checked routinely for total integrity using a pressure based annulus
leak detection system. This system can provide continuous integrity
monitoring of both inner and outer pipes on a passfail basis only. The
annulus also provides space for an externa leak detection system, such as
hydrocarbon sensing tape or a local corrosion monitoring system (section
7.9). Conventional pigging during operations with present day technology
cannot reliably inspect the outer pipe of a double wall system, but pigging is
equally reliable for the inner pipe as for a single wall system.
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3.6

Interior corrosion rates of both product (inner) pipelines are similar as they
are carrying the same product (section 7.6.2). External corrosion of the
product (inner) pipe would be less in a double wall pipe since the annulus
should provide a potentially low corrosive environment (section 7.6.2). The
exterior wall of the outer pipe will operate at a dightly lower temperature
than a single wall pipe and thus may have a dlightly lower rate of corrosion.
Corrosion failure of both the inner and outer pipes in a double wall pipeline
would be required for loss of containment to occur.

Abrasion between the inner and outer pipesis not considered to be significant
given the expected operating conditions of the system when no significant
repetitive fluctuations in product pressure or temperature occur.

Operations and Maintenance

It is the opinion of the study team that double wall pipeline configurations
offer moderate-to-significant operating and maintenance advantages relative
to single wall pipelines because of the ability for secondary containment of
oil in the event of an inner pipe failure (section 7.9).

The main operating and maintenance disadvantages of a double wall pipeline
relative to single wall pipelines are the limited capability to inspect and
monitor the condition of the outer pipe.

Double wall and single wall pipeline configurations have similar operating
and maintenance requirements on the product (inner) pipe for operational
condition monitoring, leak detection, chemical inhibition application, pipe
cleaning, defect monitoring and evaluation, and cathodic protection testing,
monitoring and maintenance (section 7.9).

Repairs

A double wall pipe would be more complex to repair than a single wall pipe
but the greatest component of repair costs would be similar for both systems.
A double wall section could be prepared during construction and stored for
use in the unlikely event of afailure. The difference in repair costs in the case
for a functional fallure would be proportional to the difference in initial
materials and fabrication costs. Similarly, repair costs of a double wall pipe
for a total containment failure (failure of inner and outer pipes) would be
greater than a single wall pipe by about the same proportion (about 25%
higher).
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3.7

3.8

Costs

The comparison of design, material and fabrication costs indicates the double
wall pipe to be 1.27 +25% times greater than a single wall pipe. Other costs
such as the civil works costs comprising excavation, backfill and ice road
during construction and abandonment are estimated to be the same for both
alternatives. The operations and maintenance costs are estimate to be similar
to the double wall pipe costs are estimated to be only 3.5% higher at present
value over life relative to single wall pipeline configuration (section 8.5).

The greatest components of life cycle costs are civil works costs and
operations and maintenance costs. They are similar for both alternatives. The
upfront costs for a double wall pipe are greater but are less significant in life
cycle costs at present value because of the dominance of the other cost
factors, such as civil works and operations & maintenance costs.

If a containment failure occurs in both pipes of the double wall pipeline, the
product loss would be the same as a containment failure of a single wall pipe
of comparable robustness. Any leak to the external environment associated
with a single wall (or double wall) pipe will require cleanup. The cost could
be very high, depending on the length of time it goes undetected and the
amount of product released to the environment. The potential cost of cleanup
is not included in life cycle costs as the probability is so low and the cost so
variable that it would distort life cycle costs.

Risk

No fallure statistics exist on the probability of failure for arctic offshore
pipelines, but experts have produced statistics for other offshore pipelines,
relating these to different hazards such as internal corrosion, external
corrosion, external loading and so on. Although the dtatistics differ
somewhat in hazard source characterization and distribution, the data proved
to be valuable in establishing a risk framework for arctic pipelines, taking
into account the different environmental factors. This framework was used to
evaluate the probability of failure of a double wall pipe and a single wall

pipe.

The existing statistics cover a range of design standards, construction quality,
inspection and operation & maintenance. They include failure statistics for
pipelines constructed, operated and maintained to standards that would not be
accepted for arctic offshore pipelines today. Such arctic pipelines are
expected to have a probability of failure an order of magnitude lower than
older pipelines.
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The anaysis of hazard frequency estimates for buried arctic offshore oil
pipeline systems was framed with respect to the project basis. The hazard
frequency estimates were representative probabilities based on the historical
record of offshore pipeline system failures for single wall pipelines located
outside an arctic environment in the Gulf of Mexico. The historical records
were subjectively reinterpreted for consideration of the hazards and
associated causal events appropriate to a buried offshore arctic pipeline to
estimate the hazard frequencies (section 10.3.2). Increased arctic pipeline
experience and a more comprehensive quantitative risk assessment, that
includes risk uncertainty, may present a basis for redefining the currently
proposed hazard recurrence rates.

For the study parameters investigated and the underlying assumptions
considered to develop the inferred hazard statistics, the double wall
aternative has a lower risk of containment failure (i.e. loss of product)
compared with the single wall pipeline. This is primarily due to the
combined probabilities associated with simultaneous girth weld failure of
both the inner and outer pipelines, as well as combined corrosion failure of
the double wall system. Conversely, the double wall pipeline system has an
increased risk of functional failure, primarily related to serviceability. The
failure probabilities for both pipeline systems, however, meet or exceed the
current practice for the target safety levels recommended by DnV (1996).

From the perspective of environmental damage, the primary concern is the
risk of containment failure and product loss. Although the annual system
failure probability of the double wall pipeline system (6" 10* system
failures/year) is marginally lower than the conventional single wall pipeline
(1 10 system failures/year), this cannot be considered in isolation or as a
generalized conclusion for double wall pipeline systems. The comparative
assessment must also be viewed in terms of the defined parameters and
constraints of the overal risk analysis framework. The costs associated with
reduction of the potential hazard frequency would typically be only afraction
of the costs of responding to a containment failure. In general terms, pipeline
expenditure is best directed to reduction in hazard frequency rates (i.e.
probability of an event occurrence) as opposed to mitigation of event
consequence (i.e. severity of the event). Any one or a combination of
engineering design considerations can reduce the probability of an event
occurrence. Either a single wall pipeline or double wall pipeline can be
designed to satisfy a target safety level. Optimization of the design requires
consideration of severa factors, including potential environmental loads,
properties of the seabed, properties of the product, geotechnical conditions,
transmission temperature and costs. For example, increasing the depth of
burial can reduce the probability of an event due to ice scour.
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Tensile strain limits are typically based on crack-tip opening displacement
tests during the welding procedure qualification and control development.
The tensile strain limit is defined by a complex relationship between material
toughness, flaw acceptance criteria (size, shape and position) and tensile
strain limits. The engineered critical assessment (ECA) determines the tensile
strain limit. To establish a greater pipeline resistance to weld failure, the weld
toughness needs to increase (considering the pipeline, heat-affected zone and
weldment) and/or the maximum acceptable flaw size needs to decrease.
Increasing toughness is generaly synonymous with a lower pipeline grade
and thus a greater wall thickness would be required in order to satisfy the
specified strain limits. Decreasing the acceptable flaw size tends to increase
pipeline construction costs by raising the welding and weld quality control
standards.

Statistics for pipeline failures (Bea 1999, Farmer 1999) indicate corrosion to
be the greatest single factor that accounts for pipeline failures. However, they
reflect a spectrum of pipelines over a span of time where design protocols,
construction technique and inspection procedures have not been of the same
standard as applied today. One or more of several methods can be applied to
mitigate corrosion so that with modern pipelines, it will very likely not
dominate failure statistics.

If a given target safety level for containment failure is accepted, for example
an annual failure probability of 10™ it can be met by proper engineering
design that takes into account all significant factors including constructability
and cost. For certain conditions a robust single wall pipe may be preferable to
a double wall pipe. Alternatively, the probability of a containment failure
may best be reduced to the target level by the proper design of a double wall
pipe. For this study, a generic arctic offshore regime has been assumed. It is
not linked to any specific project. Each pipeline must be designed for the
specific potential loads, seabed conditions, product properties, environmental
considerations, constructability and life cycle costs.

There are peripheral issues, related to the level of inspection, detection,
integrity monitoring and maintenance of the outer wall pipeline as well as the
associated risk uncertainty. These factors must be considered with respect to
the objectives of the pipeline operators, regulatory authorities and the adopted
risk evaluation/risk management procedures throughout the life cycle.
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3.9

Advantages and Disadvantages

Selection of the most appropriate pipeline, whether it be single wall or double
wall, will be influenced by severa factors. There is no basis for a simple
conclusion that one is better than the other as each has advantages and
disadvantages. The only basis would be a project specific risk assessment that
concluded that the risk of oil getting into the environment was lower for
double wall pipe. Both robust single wall pipe and double wall pipe meet or
exceed specified code requirements; for example DNV (1996).

The most compelling reason for a double wall pipe, instead of arobust single
wall pipeline, is the containment of a product leak. The annulus can also be
monitored for evidence of aleak (or even pipe degradation). In these respects
it has advantages over a single wall pipe. However, aleak in a robust single
wall pipe has a very low probability. The thicker wall than normally used
provides greater strength to resist environmental loads and greater resistance
to erosion and corrosion than is the case for most of the offshore pipes (if not
al) that have experienced leaks or faillures. The maor advantages of a single
wall pipe are simpler construction, lower construction costs, lower life cycle
costs and greater inspection reliability. The maor disadvantage is that any
size of leak will release product into the environment. The major advantage
of the double wall pipe is that the probability of afailure or leak in both pipes
at the same time is very low. It has a lower risk of product release to the
environment than a single wall pipe. The disadvantages of the double wall
pipe include its relative complexity and potential difficulties with integrity
monitoring of the outer pipe.
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Assessment Of Extended Reach Drilling Technology To
Develop The Liberty Reservoir From Alternative Surface

Locations

Kyle Monkelien, Minerals Management Service, Alaska, February 24, 2000

A. INTRODUCTION

This paper reviews extended-reach drilling experience and
technology. It also reviewswhether the use of this
technology from alternative surface locations can be
considered technically reasonable to meet the objectives of
BPXA'’s proposed Liberty development project. Three
aternative surface locations have been identified: (1)
offshore, south of the proposed island location; (2)
bottomfast-ice location; and (3) an onshore location (Fig. D-
3-1).

The Liberty reservoir islocated approximately 5 miles
offshore in Foggy Island Bay. BPXA proposes to develop
the reservoir using production and drilling facilities located
on amanmade gravel island centrally located over the
reservoir (Fig. D-3-1). The proposed location (Alternative
I) was chosen by BPXA asits preferred site, because it
provided the most economical location to develop the
prospect using standard technology.

During aMinerals Mangement Service (MM S) workshop
on arctic pipelines, one speaker stated that extended-reach
drilling efforts with horizontal displacements of up to 10
kilometers (6.22 miles) are possible. “Distances may be
limited to about 10 kilometersYa may require intermediate
traction devices not yet developed” (USDOI, MMS, and C-
Core, 2000:Attachment D, 2. Construction (2)). The
professional literature al so supportsthe potential for
extended-reach drilling to achieve greater distances than
have been achieved to date. The MMS hastaken into
consideration these projected extended-reach drilling
capabilities and existing experience and reasonable
assumptions relative to developing the Liberty reservoir.

B. NORTHSTAR FINAL EIS
CONCLUSIONS

The Northstar Final EIS concluded that the maximum
extended-reach drilling for the purpose of analyzing
alternative drill siteswas ahorizontal displacement of
approximately 4 miles (U.S. Army Corps of Engineers,
1999:Fig. 3-6, footnote 1). Thiswas based on extended-
reach drilling experiences, predominantly Wytch Farm in
the United Kingdom, with a4.23-mile horizontal offset, and
Niakuk in Alaska, with a 3.5-mile horizontal offset. The
Northstar Final EIS further concluded that reservoir geology
and depth also might limit the well “reach” to distances
much less than 4 milesin some areas. Since publication of
the Northstar Final EIS, an extended-reach drilling well with
a horizontal displacement of 6.67 miles has been drilled at
Wytch Farm. Thiswell and itsimplications will be
discussed in more detail latter in the report.

C. EXTENDED-REACH EXPERIENCE

1. Drilling

Figure D-3-2 “Comparison of Existing Extended Reach
Technology to Proposed Liberty Development Wells”
shows aplot of current-record extended-reach drilling wells
by true vertical depth and horizontal departure (modified
from O’'Hare and Hart's E& P, 1999). Typically, extended-
reach drilling wells are considered to be those wells that
have a horizontal reach to atrue vertical depth ratio greater
than 1:5. That document further defines an envelope
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between standard technology and advanced technol ogy.
The envelope reflects a break between clusters of wells
within the same depth/horizontal offset range that use
standard technology to achieve total depth and individual
wells that surpass these clusters and require advanced
technology to drill. The MMS considers this areasonable
basis to begin assessing extended-reach drilling capabilities
for use in developing the Liberty prospect.

Figure D-3-2 also shows several world-record extended-
reach drilling wells that have been drilled to date by
multiple companies. The current world record for a
horizontal departureis the Wytch Farm M-16 well; drilled
with a horizontal departure of over 35,000 feet (6.67 miles).
Thiswas the fifteenth well in aseries of progressively
longer offset wellsin the stage |11 development of the
Sherwood reservoir. Based on the Wytch Farm success,
BPXA has suggested that step outs (horizontal departures)
of 15 kilometers (9.3 miles) should not be dismissed asa
possibility in the future (Hart’s E& P, 1999).

The Wytch Farm field has been under development since
the early 1990’'s. The stage | and |1 developments of the
Sherwood reservoir were first drilled and developed in the
mid-1970’s from onshore locations. The initial
development program used existing technology ; “ standard
wellsdrilled from onshore drill sites” (Oil and Gas Journal,
1998). Subsequent development of the offshore portion of
the reservoir employed extended-reach drilling methods
from onshore facilities. BPXA originally anticipated that
horizontal departure wells of 10,000 feet were possible with
the technology that existed in 1992. BPXA was successful
with the first wells and has built on the knowledge gained
from those wellsto increase the reach of extended-reach
drilling at Wytch Farm to the current record.

British Petroleum also successfully has used extended-reach
drilling for development wellsfor the Niakuk and Milne
Point reservoirs on the North Slope. The current-record
extended-reach drilling well on the North Slopeisthe
Niakuk, NK-11A well, which was drilled with a horizontal
displacement of 19,804 feet (3.75 miles) and measured
depth of 23,885 feet (4.52 miles). Similar to Wytch Farm,
the Niakuk reservoir was originally developed using
conventional drilling practices (the first 14 wells) and
designs (Hart's E& P, 1999). The Niakuk NK-11A well was
the fifteenth well in a series of progressively longer offset
wells.

Extended-reach drilling technology has not been used in the
startup of any known developments. All current extended-
reach drilling records have been achieved in existing,
mature fields. These records have been set where an
established drilling history and cumulative experience was
built on conventional drilling programs. Experienceisa
significant component of any extended-reach drilling
program. When considering the Wytch Farm project,;
“[S]uch long wells would not have been economical had it
not been for some impressive drilling performance, which
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has been continuously improved over the life of the project”
(Hart' se&P, 1999). For the Wytch Farm M-11 well, the
fourteenth extended-reach drilling well drilled into the
reservoir; British Petroleum still took 1 year to plan the well
(Oil and Gas Journal, 1998). Despite the experience of
seven previous extended-reach drilling wells, both the
Niakuk NK-11 and NK-41 wells experienced significant
drilling problems that resulted in drilling suspensions, plug
backs, sidetracks, and abandonment (Society of Petroleum
Engineers, Inc., 1999). When developing extended-reach
drilling projects, even in areas where multiple extended-
reach drilling wells have been drilled, “as the rock
environment changed, operators have had to start over”
(Offshore, 1996).

2. Production

Little professional literature regarding extended-reach
drilling experience exists, and even lessinformationis
available on the overall performance and lifecycle of
extended-reach drilling wells during production. Currently
producing extended-reach drilling development wells have
been in production for only 5-7 years. Whilethereisno
literature regarding the use of extended-reach drilling wells
for water or gasinjection, at least one is proposed for the
Wytch Farm field (Oil and Gas Journal, 1998). None of the
Niakuk extended-reach drilling wellsis an injection well.
Due to the short production history and no information on
extended-reach drilling injection wells, thereislittle or no
information available on the long-term maintenance and
serviceability of extended-reach drilling development wells.

Extended-reach drilling wells also can present problems for
handling completions and conducting workover operations.
The measured depths of most extended-reach drilling wells
place them outside the reach of many of the conventional
intervention tools (Hart’ sE& P, 1999). Intervention would
require either the construction of a specially designed coiled
tubing unit or maintaining the original drilling rig on sight
for use asaservicerig. Other intervention tools would need
to be developed to perform workover or other downhole
work (Reeves, 2000, pers. commun.). The cost benefits of
future intervention versus well abandonment would need to
be assessed on awell-by-well basis.

Discussion: Since publication of the Northstar Final EIS, an
extended-reach drilling well with a 6.67 mile horizontal
departure has been drilled at Wytch Farm. The MM S
believes that there are several factors that make it
inappropriate to extrapolate from the documented successes
associated with extended reach drilling to justify the
exclusive use of extended-reach drilling for developing the
Liberty reservoir. We believeit is unreasonable to assume
that an exclusive extended-reach drilling devel opment
project could achieve the same success rate and cost benefit
ratio as a conventional drilling program specifically
designed for the Liberty Project. Thisisbased in part on (1)

A. Introduction  B. Northstar EIS Conclusions C. Extended-Reach Experience D. Considerations for Using Extended-Reach Drilling
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the lack of an adequate drilling history for the project, which
can be obtained only through drilling experience, and (2) on
the lack of comparabl e extended-reach drilling experience
on the North Slope. Thisknowledgeis essential in
developing an extended-reach drilling strategy for the
Liberty Project areg, if these alternative surface locations are
considered. In each instance (whereinformationis
available), the development of record extended-reach
drilling distances is predicated on initial geological
information obtained from previous wellsdrilled into the
reservoir and surrounding geology.

To date, no extended-reach drilling wells drilled on the
North Slope would be equivalent to any well necessary to
develop the Liberty reservoir from the onshore or
bottomfast-ice zone. Because of thislack of site-specific
well data, it is unrealistic to expect to accurately project the
extended-reach drilling limits for the Liberty development.

For the purpose of comparison, the MM S will assume that
the future of extended-reach drilling development for the
North Slope can be extrapol ated using a straight line that
intersects with the departure distance of the Niakuk record
well. The NK-11A well, which was drilled in asimilar
geological environment as that projected for the Liberty
Project, provides areasonable basis for this extrapol ation.
Because the Liberty reservoir is deeper than the Niakuk
reservoir, the depth ratio for the Niakuk well has been
extrapolated to intersect the potential Liberty well regime.
Using this extrapolation, we find that the intersection of
horizontal distance and the depth ratio line is 21,000 feet.
To alow for near-term advancesin the extended-reach
drilling process, we assume a 10% increase in the horizontal
distance and establish a 23,000-foot (4.36-mile) achievable
offset at reservoir depth for the Liberty development. This
equates to adepth ratio of approximately 2. We can use this
number to determine the number of wellsthat can be drilled
for Liberty, providing that geological and technical abilities
remain similar. Figure D-3-2 shows that the onshore and
bottomfast-ice locations fall outside the standard technol ogy
envelope, and that approximately half of the bottomfast-ice
location wells are outside the depth-ratio 2.0 envelope.
Figure D-3-2 also shows that the wells for the proposed
Liberty Island location and for the southern island location
are within the envelope of current standard technology as
well asthe envelope created by extrapolating the Niakuk
experience.

Table D-3-1 shows the horizontal departures requiredto
drill the same suite of wells to the bottom-hole locations
proposed by BPXA for the surface locations for each of the
proposed alternatives. Based on an estimated maximum
23,000-foot horizontal displacement, 2 of the 22 proposed
development wells could be drilled from the onshore
location, and only 11 could be drilled from the bottomfast-
icezone. All thewells could be drilled from the southern
island location. Of the 11 wellsthat could be drilled from
the bottom fast-ice zone, 7 are producing wells and 4 are
water-injection wells; none of the gas-injection wells could
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bedrilled. Thishas significant implications for proper
reservoir management. The Liberty reservoir will require a
gas reinjection program to maintain reservoir pressure and
provide for efficient production.

D. TECHNICAL CONSIDERATIONS
FOR USING EXTENDED-REACH
DRILLING

When planning extended-reach drilling wells, a combination
of several factors needsto be considered. Theseincluderig
capacity and capability, well design, geological conditions,
and production capabilities. Drill-rig capacity can limit the
loads that can be handled safely when using longer drilling
strings and casing lengths. A drilling rig’ s horsepower
places limits on the ability to overcome increasingly higher
torque and frictional forces encountered in high-angle wells.
Thedrilling rig’s mud-pumping capacity, both volume and
pressure, limits the ability to circulate cuttings out from
highly deviated wells, lubricate and cool the drill bit, and
control well-bore pressures. Current drilling rigs on the
North Slope have a maximum rated capacity of
approximately 25,000 feet.

The well design must calculate for the target depth,
increasing the departure angle, long lengths of uncased open
bore hole, and managing the well-bore environment to allow
casing and down-hol e tools to move freely through the
highly deviated extended-reach drilling well bore. Planning
must be conducted to establish procedures necessary to
reduce the potential for stuck pipe and maintain hole
stability.

Geologic considerations include fault penetrations, unstable
or reactive formations, and abnormal pressures. All of these
factors become more as the horizontal and vertical offset of
the bottom hole location increases. While the Niakuk
drilling experience indicates that these factors are either not
present or can be accommodated, the Niakuk experience
also demonstrates that complications often occur and that a
general applicability of anew “record well” isinappropriate.

1. Geological Considerations

Some of the geology of the Liberty reservoir is uncertain,
including the extent of the gas cap for the reservoir and the
location of the tar mat at the base of the reservoir. Both of
these factors have significant implications to the well
pattern and the total number of wells that would be required
to efficiently produce the Liberty reservoir. Gathering
information to evaluate the gas cap and the extent of the tar
mat would require that extended-reach drilling wells,
outside the envelope discussed earlier, be drilled early in the
process. The higher risks and extended planning times
associated with drilling these wells effectively would
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increase the development cost as compared to a
conventional drilling program.

Conservation of Resource: The MMSisresponsible for
ensuring that reservoirs are produced at rates that will
provide for economic development and depl etion of the
hydrocarbon resources in a manner that would maximize the
ultimate recovery of the resource (30 CFR 250.1101 (a)).
BPXA has submitted a proposal that uses standard
technology to develop Liberty and proposesto achievethis
result. Asstated previously, MMS has extrapolated alimit
of 23,000 feet horizontal displacement as the maximum
displacement for anew start development such as Liberty.
Based on this limitation, we have determined that, of the 14
production wells needed to produce Liberty, only 7 would
fall within thislimit. In addition, none of the gas- and only
four of the water-injection wellswould fall within thislimit.
With this decrease in the number of wells, we do not
consider it possible to maximize the recovery of the
resource contained in the Liberty structure.

2. Other Considerations

The 22 wells proposed for the Liberty devel opment project
are directed at producing a primary reservoir. Additional
potential reserves may exist in the reservoir in fault blocks
to the north of the primary target. Additional accumulations
of hydrocarbons are known to exist in azone below the
target formation, which also extends to the north and east of
BPXA’s proposed island location. BPXA's proposal
provides for additional delineation and development of these
other potential reserves as part of the Liberty devel opment
project. Development of these potential accumulations
would require even greater extended-reach drilling
horizontal displacements. Realistically, these potential
reserves could be explored or produced from the alternative
surface locations.

Conclusion: Based on current technology and the drilling
and production history of current extended-reach drilling
technology, MM S concludes that the maximum reasonable
horizontal offset for analyzing alternative drilling locations
to develop the Liberty reservoir is 23,000 feet or 4.36 miles.
While all wellsdrilled from the southern island location
would fall within this offset, none of the onshore wells, and
only half of the bottom fast ice location production wells
would.

One of MM S’ s primary responsibilitiesis to monitor
production activitiesto ensure that oil and gas resources are
developed in aresponsible manner. Approval of a
development plan that cannot demonstrate this directive
would be irresponsible management of the Nation’s
resources.

The extended-reach drilling records have been set in mature
development areas based on an accumulation of drilling
experience and geologic knowledge. Extended-reach
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drilling has not been used, or proposed, for a new startup
development project. Additionally, extended-reach drilling
wells are planned and approved as single-well projects, not
as a comprehensive development program. Information on
the long-term viability of extended-reach drilling wellsfor
productionislimited, and industry has little experiencein
the use of extended-reach drilling wells for gas- or water-
injection wells.

Geologic knowledge of the area and an understanding of the
potential drilling constraints that could be encountered must
be acquired early in the development process. The
extended-reach drilling projects have acquired the necessary
drilling experience and geol ogic models through the drilling
of conventional wellsin the specific area. We do not have
this advantage if either the onshore or bottom fast iceis
chosen. Asshown, each of the proposed locations would
require that wells be drilled as extended-reach drilling wells
beyond currently demonstrated capabilities.
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Table D-3-1 Comparison of True Vertical Depths to Horizontal Departure Distances for
Selected Liberty Island Location

Well Type TVD Proposed Southern Bottomfast Onshore
# Island Ice
1 Oil Producer 11,050 1,800 8,270 22,490 28,380
2 Gas Injector 10,600 9,500 15,510 25,960 34,760
3 Oil Producer 11,050 1,700 7,160 23,420 27,810
4 Oil Producer 10,950 4,700 10,590 23,190 30,310
5 Oil Producer 11,050 1,400 5,050 20,740 25,380
6 Water Injector 11,300 8,100 3,770 21,510 21,380
7 Oil Producer 10,950 4,000 3,740 24,440 27,260
8 Oil Producer 11,000 1,000 6,700 21,540 26,960
9 Water Injector 11,100 3,300 3,130 19,750 23,710
10 Water Injector 11,000 5,500 6,400 24,790 26,340
11 Oil Producer 10,800 7,500 13,460 25,330 33,130
12 Water Injector 11,100 4,500 2,400 20,370 23,110
13 Oil Producer 11,200 4,800 4,160 22,360 24,300
14 Oil Producer 10,900 6,200 12,200 23,640 31,610
15 Oil Producer 11,150 2,900 5,050 22,570 25,630
16 Water Injector 11,150 6,000 4,810 23,160 24,050
17 Oil Producer 10,950 4,800 11,040 24,570 31,240
18 Oil Producer 10,950 3,200 9,710 24,300 30,220
19 Oil Producer 10,950 4,300 9,700 21,550 28,960
20 Oil Producer 10,800 7,800 13,080 22,920 31,870
21 Water Injector 11,300 6,100 2,580 21,010 22,300
22 Gas Injector 10,750 8,300 14,040 24,260 33,000

D-3-5
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SUMMARY

This report describes the work performed by Stress Engineering Services, Inc. (SES) in

reviewing four candidate pipeline design concepts for the Liberty Development Project.

The proposed Liberty pipeline consists of a 12 inch nomina diameter pipeline
approximately 7.6 miles in length. The pipeline will connect Liberty I1sland, a manmade
island in Foggy Island Bay, to the existing Badami oil pipeline onshore. The 7.6 mile
route includes approximately 6.12 miles which are offshore. The maximum water depth
along the route is 22 ft at Liberty Island. Since the region is environmentally sensitive, it
is of utmost importance that all reasonable measures be taken to protect the environment

during the construction and operation of the pipeline.

The material provided for review consists of the November 1, 1999 report “Pipeline
System Alternatives’ prepared by INTEC Engineering, Inc. for BP Exploration. This
report is referred to as the INTEC report throughout this document. We were also
supplied with the July 1999 report “Northstar Development Project Prototype Leak
Detection System Design Interim Report” and the August 1999 report “Northstar
Development Project Buried Leak Detection System Preliminary Design and System
Description” which were also prepared by INTEC Engineering, Inc. for BP Exploration.
In this document, these reports are referred to as the LEOS reports. On February 29,
2000, we received a package of information from INTEC on the ice keel gouge finite
element analysis. The package consisted of calculation numbers CN 0851.02.719.301
and CN 0851.02.T19.302, both of which wereissued July 20, 1999.

The INTEC report presents four primary candidate concepts, a single wall steel pipe, a
steel pipe-in-pipe, a steel pipe-in-HDPE (high density polyethylene), and a flexible pipe
system. Subalternatives are presented for three of the four candidates (there is not a
subalternative presented for the flexible pipe system). The LEOS reports present
information on the LEOS leak detection system which is part of the proposed Liberty

pipeline monitoring system.

D:\MMS_Liberty\Review\ Final_report.doc ii Prepared by Stress Engineering Services, Inc.
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The primary goal of the review was to ensure that all of the candidate designs were
considered equally and that the conceptual designs, construction methods, inspection
techniques, repair methods, loads, cost estimates, and operations/maintenance practices

were reasonable.

As part of the review we have come across a large number of items about which we have
guestions and/or comments/observations. Most of these comments are on minor issues
which we are sure can be addressed easily or which the designers may intend to address
during the preliminary or detailed design phases. We are confident that any of the four
candidate concepts could be designed to fulfill the intended function of the pipeline.
However, the concepts do have different levels of risk and different anticipated costs,
both during installation and during the twenty year design life. Our

comments/observations and questions are presented in the following subsections.

Design Issues

1. The INTEC report states that pipe-in-pipe designs are used for insulation or
installation reasons. While this is true, this past practice should not exclude the
potential for using a pipe-in-pipe system for leak containment or other legitimate
reasons. It seems that the main advantage of the pipe-in-pipe and pipe-in-HDPE
systems, the ability to contain small leaks, has been discounted.

2. It is our opinion that the HDPE dSeeve used in the pipe-in-HDPE concept could
contain small leaks, but could not contain the operating pressure of the pipeline.
However, it should be noted that a small leak in the inner pipe would not result in the
HDPE sleeve being immediately subjected to the operating pressure of the pipeline.
Therefore, we expect that there would be time to detect the presence of oil in the
annulus with either the LEOS system or b