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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.

A. Information and Assumptions Regarding Oil Spills
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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




Contents

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
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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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5D 3 3] 33PN, 33D 3D 3S|D 35S DS 3D S|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
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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

A. Definitions and Assumptions for the Economic Model

B. Economic Analysis C. Modeling Results



Contents

Appendix D-1. ECONOMIC ANALYSIS OF LIBERTY ALTERNATIVES

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
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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 $16.00 60.00 (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00%)
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00%) 5000 F
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%) o
Growth | Period 1 Begin Year 2000 g 40.00 £
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000 £
=
Gas Price: Suggested Distribution to be used 8 2000 p T A
Wellhead Starting Price ($/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 $16.00 60,00 ¢ (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00%)
Real | Period 2 Rate 0.00% 1.80% 2.10% 0.00%) 50.00 F
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%)| =
Growth | Period 1 Begin Year 2000 g 40.00
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000 £
<
Gas Price: Suggested Distribution to be used g0 N
Wellhead Starting Price ($/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 $16.00 60.00 (constant 1999%)
Period 1 Rate 3.30% 3.40% 4.10% 0.00% gas price RAC
Real | Period 2 Rate 0.00% 1.80% 2.10%|  0.00% 50.00 e
Price | Period 3 Rate 0.00% 0.70% 0.80% 0.00%
Growth | Period 1 Begin Year 2000 g 40.00
Period 2 Begin Year 2005 5
Period 3 Begin Year 2011 o 3000
<
Gas Price: Suggested Distribution to be used g0 - TN
Wellhead Starting Price ($/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

D-3-3

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
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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.
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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 by pressure fluctuations in the annulus before
the burst pressure of the HDPE sleeve was reached. Furthermore, the bulkheads at
each end of the pipeline could be fitted with a pressure relief system that keeps the
pressure in the annulus from exceeding the burst pressure of the HDPE sleeve. This
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pressure relief system could be connected to a reservoir which would prevent any oil

leaked into the annulus from entering the environment.

. The outer pipe of the steel pipe-in-pipe could not only contain small leaks, but could

also contain the operating pressure of the pipeline. This design, like the pipe-in-
HDPE design, could also be fitted with sensors to monitor the pressure of the annulus
and areservoir which would prevent any oil leaked into the annulus from entering the
environment. Since the outer steel pipe can withstand the operating pressure of the
pipeling, it is feasible that the pipeline could remain in operation even if there was a
leak in theinner pipe. At a minimum this would mean that if the inner pipe develops
a leak, the oil could be pumped from the pipeline before repairs are made. Unless
both the inner and outer pipes were leaking simultaneously, this would prevent oil
from entering the environment. This contrasts with the single wall pipe concept in
which any leak would cause both an oil spill and an automatic shut-in of production

from the facility until the pipelineis repaired.

. We are concerned that the INTEC report has chosen to minimize the burial depth of

each concept. This choice prejudices the equal comparison of the different concepts.
Another issue which makes the comparison of the designs unequal is that the inner
pipe (flowline) of the steel pipe-in-pipe concept is thinner than the single wall pipe.
We would have preferred that the burial depths and the flowline wall thicknesses of
all the alternatives be identical to that used in the single wall pipe concept. However,
the effect of the change in pipe wall thickness on the equal weighing of the
alternatives is minor in comparison to the effect of the burial depth. By assigning
different burial depths to the different concepts, the benefit of using an aternative
design (as opposed to a single wall pipe) can be lost. The single wall pipeis picked
as the best pipeline system candidate. However, the risk of an oil leak is primarily a
function of the burial depth and the single wall pipe is buried the deepest. While the
chosen depths appear appropriate for each design concept, we would adopt a different
approach. The depth of cover for the single wall pipeis 7 feet. We would prefer to
keep this depth constant for al of the concepts. If this were done, questions would be
answered as to how much benefit do you get when an outer pipe is added to a single
wall pipe (i.e., If the only change is adding the outer pipe, what is the benefit?).
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5. The driving forces behind considering the aternative concepts are not stated. The

purpose of considering such alternatives would be some perceived improvement over
atraditional single wall design. We feel that there should be a clear statement of the
perceived benefits of the pipe-in-pipe, pipe-in-HDPE, and flexible pipe concepts.

Technical Merits

1. As mentioned in our intermediate report, we have concerns about the finite element

modeling of the ice keel soil/pipe interaction using ANSYS. The cause of concern
here is that the geometric nonlinearity was not included in the analysis. We have
spoken with the INTEC representatives, Michael Paulin and Andre Nogueira, about
the exclusion of the nonlinear geometric effects from the finite element analysis.
Their reasoning behind neglecting the nonlinear geometric effects appears to be due
to the increased run time which would have resulted. There were some checks made
of the pipe-in-pipe and single wall steel pipe which included the nonlinear geometric
effects. However, these check runs have not been through INTEC' s quality assurance
checks. From our conversation with INTEC, the check runs showed that the trends in
the strains remained the same when the nonlinear geometric effects were included as
when the nonlinear geometric effects were neglected. Therefore, they used the runs
that neglect the nonlinear geometric effects for the conceptual design. We think that
this topic is in a gray area between conceptual and preliminary design. In our
opinion, if the finite element analysis was felt to be needed at this level, then both the
geometric and material nonlinearity should have been included. It may be prudent to
use the conceptual design phase to narrow the candidates from four to two and
perform the finite element analysis on the two final candidates including the nonlinear

geometry effects before selecting the final candidate.

. We understand that there is another contract for the review of the spillage probability

and damage calculations. We consider this an important activity since, the INTEC
report definition of a small chronic leak (Category 3 damage, see p 5-38) appears
unrealistically low at only 1 barrel aday. Even alinch long crack 0.001 inches wide
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could discharge approximately 29 bbls/day from an 1100 psi line. A 1 barrel/day leak

from an 1100 psi line corresponds to a0.007 inch diameter hole.

I nspection I ssues

1. The main method for inspection of the pipeline, with regards to internal and external

corrosion will rely on the use of smart pigs to be run inside the pipe. In the event the
pipe curvature is changed by loads such as ice keel gouging or upheaval buckling,
there is a possibility the instrumented pig may not be able to go through the pipe. We
recommend that INTEC review this possibility, and investigate methods for solving
this problem, in case it arises. The point is that the ability of the pig to pass through

the line may be more limiting than the allowable strain in the pipe.

. As we understand the current LEOS system, the system uses a small tube which is

permeable to hydrocarbons and the contents of this tube would be checked once every
24 hours to determine if a small leak is present. The time required to check the
contents of the tube would be approximately six hours. Therefore, there is an
eighteen hour hold time during which the hydrocarbons have time to permeate the
LEOS tube. As the system exists, Siemens estimates that a leak as small as 0.3
bbls/day could be detected. However, we understand that for the steel pipe-in-pipe
and pipe-in-HDPE alternatives that the air in the annulus might be sampled instead of
installing a sampling hose. Our concern with this method has to do with the ability to
detect the location of aleak. The leak locating abilities of the LEOS system depend
on determining where in the flow stream the hydrocarbons are located. The proposed
pipe-in-pipe and pipe-in-HDPE designs have centralizers in the annulus. This makes
the flow characteristics in the annulus more complex than in a tube and mixing of the
air in the flow stream would be expected. We expect that the more complex flow
characteristics will make it more difficult to locate aleak. However, there may be an
advantage in that the hydrocarbons do not need to permeate a LEOS tube before
being detected if the entire annulus is sampled. Whichever method is chosen, we

would recommend that a third party demonstration test be conducted on the
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supplemental leak detection system in the same configuration as would be
implemented in the Liberty project.

In terms of the mass balance and pressure point systems, our primary concern is with
false alarms. The concern here is that if the system does not contain self diagnostics
that minimize false alarms, the operators will summarily dismiss an actual leak as a
false alarm. In order to prevent this, a system should be adopted that has capabilities
that allow the operator to accurately determine the difference between an actual leak

and afase alarm and self diagnostics to minimize false darms.

. For the flexible pipe system, a disadvantage that is not mentioned in the INTEC

report is that the flow balance calculations become more complex. The flexible line
can be expected to expand under pressure more than a steel pipe would. This would
mean that the variation in the internal volume of the line due to interna pressure will

be greater than for a steel pipe and may affect the flow balance calculations.

. The leak detection threshold of 0.3 BOPD by Siemens is stated, in the LEOS reports,

to have been based on experience. The accuracy of this estimate is difficult to assess
because it depends on a variety of factors such as the permeability of the soil if the
tube is buried beside a pipeline, the size of the annulus if the tube is in the annulus,
the permeability of the sensor tube, the location of the tube in relation to the leak, and
the hold time between sampling runs. The ability to detect a leak using the LEOS
system is dependent on the concentration of oil around the sampling tube. Therefore,
the question one should ask in regards to the leak detection threshold is what
concentration of oil around the sampling tube is required before a leak can be
detected. Once this is known, one would assume that the tube is located at the
furthest possible position from the leak and determine either experimentally or
numerically the time necessary for the oil concentration around the tube to reach a
detectable level for a given leak rate. Such analysis/experimentation is beyond the
scope of this review. We would recommend that a third party demonstration test be
conducted using the configuration proposed for the Liberty project supplementary
leak detection system.

. For the flexible pipe system, there is not atrue annulus. The INTEC report states that

the sampling for leak detection would occur in the annulus, but this annulus is filled
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with stedl strips. One would be counting on being able to pump clean air through an
annulus that contains steel wraps. This seems unlikely to work. It aso seems
unlikely that oil could be extracted from this annulus. The ability of the system to
sample from this annulus, with internal pressure applied to the pipe, needs to be
confirmed. Does BP have any data to confirm that this sampling is possible?

For the flexible pipe system, jumpers across the connections are to be used to provide
a continuous pathway for the leak detection system to sample the air in the annulus.
It is not clear how this would be accomplished. Have any conceptual designs of these

jumpers been proposed?

Operations I ssues

1. TheINTEC report states that the pipeline will be shut down if pressure or temperature

limits are exceeded. Our concern about this is that flow assurance problems may be
encountered if the pipeline cools with oil in the line. If the oil properties at ground
temperature are such that the oil can still flow, this may not be a problem. However,
for some oil compositions at low temperatures, blockages could form when thelineis
shut down and make it difficult to restart the line. We would be interested in seeing a

restarting procedure in case such a shutdown takes place.

. We would suggest that the annulus pressure be monitored for the pipe-in-pipe and

pipe-in-HDPE concepts. A pressure buildup in the annulus could be indicative of a
leak in the inner pipe. This would provide another avenue for leak detection in
addition to the mass balance and pressure point systems which operate continuously
and monitoring either the annulus contents or the contents of a LEOS tube which

would be done once a day.

Repair Issues

It is stated that repair could not occur at some times during the year, specificaly
during break-up and freeze-up of the ice sheet (pages 1-6 and 3-33 of the INTEC
report). This amounts to approximately 5-6 months out of the year. It would seem
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4.

that this would have an effect on the amount of oil lost. The pipeline would be
shutdown, and clean-up would proceed, but there would still be oil in some parts of
the line. Isit possible for oil that remains in the pipeline to continue to leak before
repairs could be made? Has this been taken into account in the oil spillage
calculations?

For cases where there is an annulus, in order to prevent corrosion, all moisture would
need to be removed from the annulus after arepair. The drying operations following
arepair would be more difficult than the drying operations after initial construction
because of debris drawn into the annulus during the damage period and the
subsequent repair activities. Such debris would include soil, sand, and gravel, in
addition to seawater and hydrocarbons. Not all of these materials and objects would
be removed by the drying process and may increase the time necessary to dry the
annulus. As a result, a significant amount of moisture could be present for a long
period of time (i.e., the 2.5-3 month period when repairs could not be made during a
freeze-up or break-up plus the drying time). We would expect that drying the annulus
could take a month or more. This means that moisture would be present on the order
of 4 months. This would be more than enough time for corrosion to begin in the
annulus. Therefore, installing a cathodic protection system on the inner pipe should
be considered. Such a system could consist of a sprayed aluminum or other cathodic
coating applied to the inner pipe to provide in-situ cathodic protection. Another
method would be to attach anodes to the inner pipe. Either of these methods should
supply adequate cathodic protection for the inner pipe. The drawback to this is that
the cathodic protection of the inner pipe could not be monitored.

Mechanical repair devices are used as permanent repairs around the world. These
devices include external leak repair clamps as well as in-line pipe coupling devices.
However, the INTEC report states that mechanical repairs are not considered
appropriate for permanent arctic offshore repairs. Is there engineering evidence that
supports this or is this based on a perceived risk?

We are aware that both bolted and welded split sleeves are commonly used for the

repair of small leaks. However, it is not clear which kind of sleeve is being
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5.

referenced in the INTEC report. It would be helpful if drawings of the candidate
repair equipment and installation method were included in the report.

We agree that the repair of the pipe-in-pipe design would be much more involved and
that the restoration of the outer pipe to original integrity is doubtful given the types of
repairs described. From the INTEC report, we envision the proposed repair of the
outer pipe to consist of a clamshell that has a larger diameter than the outer pipe.
Using such arepair would result in having to use fillet welds on the ends of the repair
section and would include longitudinal welds to join the clamshell sections. Thistype
of repair isillustrated in Figure 3 and would not restore the outer pipe to its original
integrity. However, if the repair pipe has the same diameter, wall thickness, and
material properties as the origina pipe and is installed using butt welds that are
inspected by UT examination, it should be possible to restore the pipe to near its
original integrity. This type of repair is included in Figure 4. The repair includes
longitudinal welds, but the fillet welds are replaced by butt welds. In order to
implement this type of repair, the ends of the pipe would have to be prepared and the
repair section cut to length in the field. When designing the pipeline, the designers
should consider the capacity of a repaired pipe when establishing the design
allowables. If the repaired pipeline would not be as sound as the new line, the design
allowables should be based on the repaired pipe strength.

We have afew questions concerning the repair of the flexible pipe alternative. Why is
a flanged connection considered temporary? |s there standard repair equipment for
flexible pipe? What do the repair connections look like? How could/would end
fittings be installed in the field? It appears that any permanent repair to the flexible
pipe system would consist of replacing an entire 2800 ft section. This significant
effort may increase the repair costs of the line enough to offset any initial savings of
using the flexible pipe system. Replacement sections would have to be kept on site,
or production could be halted for months waiting for a replacement section.

The INTEC report discusses both repair time frames and methods of repair. Our
experience has been that the delivery of mechanical connectors or bolted split sleeves

can be on the order of two months. We would also expect that connectors constructed
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of materials appropriate for the arctic environment could take even longer to obtain.

Isthere a plan for stocking the discussed products locally?

Construction | ssues

. There is no mention of the procedures which would be required to abandon an

uncompleted line and then successfully resume construction. Has this been

considered?

. For the concepts involving inserting the inner pipe into an outer pipe or sleeve, there

is a possibility of damage to the corrosion protection coating during this operation.
Emphasisis placed on keeping the annulus dry to prevent corrosion and that the inner
pipe would not be cathodically protected. It would seem prudent to include some
cathodic protection of the inner pipe. This cathodic protection could consist of a
sprayed aluminum or other cathodic coating or anodes attached to the inner pipe. The
drawback here is that the cathodic protection in the annulus could not be monitored.
However, the system would be in place and could provide some benefit.

In the pipe-in-pipe construction sequence, it is stated that the “inner pipe extends
beyond the outer pipe’. The inner and outer pipes must be the same lengths
eventually so this statement is not clear. It would seem that the first section should be
made with a short outer pipe. The rest of the inner and outer pipes should be made the
same length but the inner pipe sticks out at the first field weld so that this weld can be
made and inspected. The outer pipe would then be dlid over this weld and the outer
field weld made and inspected. Isthis the intended method?

Induction heating is mentioned as a method of joining the HDPE pipe and later a
fusion joining machine is mentioned. Which is the intended method and what are the

implications of the joining method to the construction process?

. For the flexible pipe aternative an area of concern is the welding of the connectors

and their subsequent coating. The integrity of this system depends on these joints so

the fabrication and long term performance needs careful attention.

. For the pipe-in-HDPE concept, it is stated that only visua inspection of the fusion

weldsis possible. We agree with this and that the best avenue for assuring the quality
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of the fusion welds is to qualify the procedure using test samples fusion welded by

the same machine and operators as would be used during installation.

. We agree that both the steel pipe-in-pipe and pipe-in-HDPE alternatives would be

more difficult to construct than either the single wall steel pipe or the flexible pipe.
However, there are some refinements to the construction process that could reduce
the time required to install the steel pipe-in-pipe and pipe-in-HDPE alternatives.
First, the single wall steel pipe strings that are to be towed to the trench are 3000 ft
long. However, the pipe-in-pipe and pipe-in-HDPE strings are only 1000 ft long.
This increases the number of tie-in locations by afactor of three. In addition, the time
to make each connection is longer for the pipe-in-pipe and pipe-in-HDPE alternatives
because of the additional connection of the outer pipes or sleeves. It would seem that
the main factor affecting the length of the string that can be towed is the weight of the
string. For the steel pipe-in-pipe, a 1300 ft string is approximately the same weight as
the 3000 ft single wall steel pipe string. If 1300 ft strings were used, the number of
tie-in locations would be reduced from 33 to 25 and the connections could be made in
approximately 8 fewer days. For the pipe-in-HDPE alternative, 2600 ft strings weigh
approximately the same as the single wall steel pipe 3000 ft string. Using 2600 ft
long pipe-in-HDPE strings would reduce the time for the field joints from 22 days to
9 days. In both cases, preparing longer strings would increase the pipe string make-
up time. However, this could be offset by increasing the size of the crew. Another
way to speed up the construction would be to use two pipelaying spreads either
starting in the middle of the route and working toward opposite shores or starting
onshore and working toward a central tie-in. In the INTEC report, the construction
timelines for the single wall, steel pipe-in-pipe, and pipe-in-HDPE, start in mid
December and end in mid April. The timeline for the flexible pipeline is shorter
running from mid December to mid March. However, the INTEC report states that
the ice is stable in Zone 1 by December and break-up occurs a the end of May.
Therefore, it would seem that equipment mobilization, road construction, and make-
up site preparation could begin December 1% and construction could continue through
May. This amounts to eight weeks that are currently not included in the construction
timeline. If half of thistimeis discounted for weather variations, there are four weeks
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that could be included in the construction timeline or 28 days more time available for
construction than included in the current timeline. The longest timeline is currently
107 days for the pipe-in-HDPE dternative. An increase in the timeline of 28 days
constitutes a 25 % increase. Therefore, we feel that with proper scheduling and the
mobilization of adequate numbers of trained personnel it should be possible to
complete the construction of any of the four designs in one season. The keys to
completing the work in one season are to make sure that the preparation of the pipe
strings proceeds at a rate that keeps up with or exceeds the trenching activities and
minimizing the number of field joints. In other words, the trenching activities should
be the limiting factor in the construction timeline. The main advantage to the
construction method presented in the report is that the strings can be fabricated before
trenching is started. If the pipe strings could be completed in the fal, before the
winter freeze-up or enough manpower is alocated to ensure that the pipe string
preparation exceeds the trenching rate, it should be possible to complete the pipeline
in one season. With any of the alternatives, the possibility of construction requiring a
second season is present and should be considered when the construction is planned.
However, we fedl that if asingle wall pipe can be constructed in one season, then the
other alternatives could also be completed in one season. It would be the factors that
are unpredictable, such as an unusually short winter, which one would expect to result
in a second construction season and these unpredictable factors would affect any of

the designs.

. We would suggest, if scheduling permits, that the hydrotest of the pipeline be

conducted before backfilling. The main factor affecting the ability to hydrotest
before backfilling is scheduling. The INTEC report estimates that backfilling
activities will take between 30 and 44 days, a significant percentage of the
construction season. |If waiting to backfill until after hydrotesting would result in a
second construction season, then backfilling should proceed as the pipe is installed.
However, if the hydrotest could be conducted before backfilling, thiswould facilitate
any repairs that need to be made. In addition, maintaining some pressure in the line

during the backfilling operation should be considered. This would lock in some
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tensile stresses in the pipeline, which would help reduce the effects of the thermal

expansion that will occur as the pipeline heats up to its operating temperature.

. As an dternative to a hydrotest of the annulus of the pipe-in-pipe and pipe-in-HDPE

aternatives, the annulus could be tested using pressurized dry air or dry nitrogen.
During thistest, adiver or ROV could “walk” the pipeline route and look for bubbles.
Any leaks in the outer pipe or sleeve would be indicated by bubbles.

10. The INTEC report mentions that localized jetting may be necessary to fluidize the

trench bottom in order to lower a pipe that has become “high grounded” during
installation. This means that jetting equipment will need to be on site throughout the
pipelaying process. Otherwise, if jetting is required, delays in getting the equipment
could prevent the completion of the pipeline in one season. In addition, suction

equipment may be needed to remove material from localized high spots.

Costs

1. The 5 million dollar contingency for a second construction season of the pipe-in-

HDPE candidate appears low. We understand that INTEC based this on the
perceived likelihood of a second season being required to complete construction.
However, the costs for mobilization, ice thickening/road construction, and
demobilization for the pipe-in-HDPE concept total 9.7 million dollars. There are also
no costs included for the abandonment of the line at the end of the first construction
season and the retrieval of the partially completed pipeline so that construction can be
resumed. Therefore, the 5 million dollar contingency for the second season work
seems low. For the steel pipe-in-pipe, the contingency cost allocated for a second

season of 15 million dollars is more reasonable.

. Wefed that it should be possible to complete construction of any of the aternatives

in one season. This would have the most effect, in terms of cost, on the stedl pipe-in-
pipe alternative. Completing the construction of the steel pipe-in-pipe in one season
would reduce the cost by 15 million dollars and bring the pipe-in-pipe costs closer to

the single wall steel pipe cost.
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Alternative Design Concepts

1. We would be interested in knowing if concepts such as putting a flexible, composite,

or polymer pipe inside a steel pipe have been considered. If so, what factors
eliminated this option from consideration? It would be more difficult to install than a
single wall pipe, but we would think that it would be easier to construct than the steel
pipe-in-pipe. If theinner pipe was nonmetallic, the concern about cathodic protection
of the inner pipe would be eliminated. One issue that would need to be addressed is
how to prevent damaging the inner nonmetallic pipe when the outer steel pipe is
welded.

. There is a modification to the steel pipe-in-HDPE concept that we would suggest

investigating. The HDPE sleeve could be prefabricated as a unit with an inner thin
wall HDPE pipe and an outer HDPE pipe with the foam in-between. In order to use
this HDPE sleeve with the foam in place, an adequate installation clearance between
the thin wall HDPE pipe and the inner pipe would be required. A further variation
would be to perforate the thin wall HDPE pipe and replace the polyurethane foam
with an oil absorbent material. In this scenario, the HDPE dleeve assembly becomes
an oil containment barrier and a leak detection system could monitor the annulus
between the steel pipe and the perforated thin wall HDPE pipe. A sketch of this

aternativeisincluded as Figure 1 in this report.

. Another variation to the steel pipe-in-HDPE concept would be to use a thick wall (16

inch O.D. x 1.25 inch wall) HDPE sleeve without centralizers. The closer fit between
the HDPE sleeve and the inner pipe and elimination of the centralizers would provide
better distribution of the inner pipe weight to the HDPE sleeve. This may lower the
risk of damaging the HDPE sleeve when handling the assembled pipe strings. The
thicker wall HDPE sleeve would also have a higher allowable pressure and the
elimination of the centralizers would simplify construction.
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Itemsto be Considered in Preliminary Design

1. For the pipe-in-pipe concept, it is stated that there will be a locked in compressive

load in the inner pipe. There will be centralizers/spacers in the design to keep the
curvature of the two pipes approximately equal. The inner pipe should be checked
for buckling between the centralizers due to the therma expansion if this design
concept is carried forward. Buckling could lead to a fatigue failure or to fretting at

points of contact between the two pipes if the temperature fluctuations are sufficient.

. A possible hydrostatic test of the outer pipe is mentioned on page 5-17 of the INTEC

report. This would require drying of the annulus after the hydrotest. In addition, if
such atest is done the inner pipe must be pressurized or otherwise assured of being
collapse resistant. Collapse should not be a problem with the currently proposed

inner pipes, but should be included in the preliminary design checks.

. For the pipe-in-HDPE concept, the pipe transport method mentioned is the same as

for the pipe-in-pipe technique. The spacers between the inner pipe and the HDPE
outer sleeve are not described in any detail. However, the spacers must be designed
so that the weight of the inner pipe is distributed along the length of the HDPE sleeve.
The inner pipe is so heavy that the ability of the HDPE sleeve to carry this load,
unless it is well distributed, is doubtful. An alternative would be to use a thicker
walled HDPE sleeve and a smaller annulus size and omit the centralizers. Thiswould
distribute the weight of the inner pipe over a larger area than if centralizers were
present. This would aso aid in construction since the centralizers would not be
installed. Buckling of the inner pipe would have to be considered in detail in the
preliminary design phase if such a concept were adopted. The possible impact loads
during construction/transport should also be considered since the impact strength of
HDPE at -50°F can be expected to be approximately ¥4 that of HDPE at 73°F.
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DISCLAIMER

Stress Engineering Services has performed a review of the documentation provided by
the Minerals Management Service and INTEC. This documentation consisted of the
November 1, 1999 report “Pipeline System Alternatives’, the July 1999 report “Northstar
Development Project Prototype Leak Detection System Design Interim Report”, the
August 1999 report “Northstar Development Project Buried Leak Detection System
Preliminary Design and System Description™ prepared by INTEC Engineering, Inc. for
BP Exploration, conversations with David Roby of MMS, a conversation with Michael
Paulin and Andre Nogueira of INTEC, and a package of information from INTEC on the
ice keel gouge finite element anaysis consisting of calculation numbers CN
0851.02.T19.301 and CN 0851.02.T19.302. This review is at the level of conceptual
design only. Stress Engineering Services has not performed any detailed design or stress
analysis work that would be required to ensure that any of the pipeline design concepts
discussed in this document are safe to install and operate.
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LIBERTY DEVELOPMENT PROJECT

EVALUATION OF PIPELINE SYSTEM ALTERNATIVES:
EXECUTIVE SUMMARY

BP Exploration (Alaska), Inc. (BPXA) submitted a Development and Production Plan (DPP) for
its proposed Liberty Development in February 1998. As discussed in the DPP, BPXA plans to
produce sales-quality crude oil at Liberty Island, located iggiFdsland Bay approximately 6
miles offshore of Alaska’'s North Slope in the Beaufort Sea. Liberty will be a self-contained
drilling and production facility built on a manmade 5-acre gravel island in about 22 feet of water
(Figure 1). According to the DPP, the oil will be delivered from Liberty to the trans-Alaska
pipeline by means of a 12-inch-diameter pipeline approximately 7.6 miles from Liberty Island to
a tie-in with the existing Badami oil pipeline, which connects with the Endicott oil pipeline.

The 6.1-mile offshore segment of the Liberty oil pipeline is the most challenging aspect of the
project, since the pipeline must be built in the nearshore landfast ice zone of the Beaufort Sea.
BPXA retained INTEC Engineering, Inc. of Houston, Texas, to prepare a conceptual engineering
report to evaluate and present the design alternatives for the pipeline. The report provides
permitting and resource agencies information for evaluating alternatives in the Liberty
Environmental Impact Statement. A peer review of these conceptual designs will be conducted
by an independent engineering contractor selected by the agencies.

The INTEC report reviews four design alternatives, which are shown in Figure 2:

Single wall steel pipeline

Steel pipe-in-pipe system

Single wall steel pipe inside HDPE (high-density polyethylene) sleeve
Flexible pipe system

In order to fully evaluate these alternatives, the report covers:

Project design criteria applicable to all alternatives
Installation methods available for all alternatives
Construction costs

Operations and maintenance issues

System reliability

Leak detection systems
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1. SUBSEA PIPELINE DESIGN BASIS
1.1 Safety Requirements
Any pipeline alternative must be designed for safe installation and operation. Safety

requirements for a subsea arctic crude oil pipeline are based on a combination of government
regulations, industry design codes, and project-specific engineering evaluations:

U.S. Department of Transportation (DOT) Pipeline Safety Regulations, 49 CFR Part 195,
Transportation of Hazardous Liquid by Pipeline.

ASME B31.4 Code for Pipeline Transportation Systems for Liquid Hydrocarbons and
Other Liquids.

APl RP 2N, Recommended Practice for Planning, Designing, and Constructing
Structures and Pipelines for Arctic Conditions.

Pipeline Design Technical Review — Liberty system alternatives are reviewed through
the ongoing U.S. Minerals Management Service (30 CFR 250 Subpart J) and Alaska
right-of-way lease procedures (A.S. 38.35), and industry peer reviews.

State of Alaska Regulations — 18 AAC 75 includes specific design requirements for leak
detection and also requires a best available technology review of certain pipeline system
components (e.g., leak detection, cathodic protection, and communications systems).

1.2 Additional BP Design Obijectives

In addition to regulatory and project-specific design requirements, the subsea pipeline system
alternative should satisfy the following design objectives:

Exceeding minimum Alaska State regulatory requirements for crude oil pipeline leak
detection (18 AAC 75). The two state-of-the-art leak detection systems presently in use
on existing North Slope pipelines and proposed for all Liberty pipeline system
alternatives exceed these requirements.

A supplemental leak detection system is desirable to detect smaller leaks before they can
accumulate large volumes of spilled oil during the ice-covered season.

Pipeline inspection pigging should monitor pipe conditions which could lead to a
potential leak formation if uncorrected. This includes periodic wall thickness
measurement, pipe body ovalization, and pipe geometry (bending) monitoring
inspections with tools run through the pipeline.

Pipeline construction during the winter ice-covered season is desirable for minimizing
environmental impacts.

Reasonable pipeline capital costs are required to support development economics.

1.3 Pipeline Design Criteria

A buried subsea pipeline must be designed to withstand the forces applied to it by the oil in the
pipe and by any environmental events that have the potential to act on the pipeline. Table 1
summarizes these forces.
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TABLE 1

DESIGN BASIS FOR LIBERTY PIPELINE ALTERNATIVES

CRITERIA SPECIFICATION
Crude Oil API Gravity 25.4°
Crude Oil Specific Gravity 0.9 (@60°F)
Design Oil Flowrate 65,000 bbl per day
Pipeline Length (subsea section) 6.1 miles
Maximum Pressure at Badami Tie-in 1,050 psig
Maximum Allowable Operating Pressure 1,415 psig
Maximum Operating Temperature (at inlet) 150°F
Minimum Flowing Temperature: (at inlet) 120°F
Lowest Ambient Air Temperature: -50°F
Design Ice Gouge Depth in Seafloor 3 feet
Design Strudel Scour Span =1 foot
Design Thaw Settlement (single wall steel) 1 foot
Design Prop Height for Upheaval Buckling 1.5 feet

The design oil flowrate is 65,000 barrels per day based on reservoir and field production
considerations. This, in turn, establishes the minimum temperature and inlet pressure at the tie-in
of the Liberty pipeline with the Badami pipeline. The pipeline internal diameter is established
based ompipeline length, flowrate, andpressure

The pipe submerged weights a key design parameter since the pipeline must be heavy enough
to sink and stay in the trench during installation. When the trench is excavated and then
backfilled after the pipeline is installed, a slurry of soil and sea water may form in the trench
bottom. The required pipeline submerged weight to counteract the buoyancy imparted by the
slurry affects the pipeline configuration and installation procedure.

Two key factors determine how deep the pipeline would be buried in the seabed. The first is the
depth of cover, which is defined as the distance from the top of pipe to the original undisturbed
seafloor. Adequate depth of cover is important for protecting the buried pipe from loads induced
by “ice keel gouging” and “strudel scour.”

» Ice Keel Gouging:During fall freeze-up and spring breakup, sea ice in the Beaufort Sea
tends to pile up at some locations creating pressure ridges, some of which have keels that
periodically form gouges into the seabed. Therefore, proper design requires establishing
the extreme-event ice gouge depth along the pipeline route. However, in addition to being
buried below the design expected ice gouge depth, the pipeline must resist strains caused
by potential seabed soil movements from the gouge (Figure 3). The pipeline depth of
cover (measured from the original seabed to top of pipe) performs this task. Based on an
analysis of extensive data on the pipeline route, a design gouge depth of 3 feet will be
used which is more than two times deeper than observed values.
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» Strudel Sour: Scouring of the seafloor by water draining through “strudel” holes in the
ice. This occurs in spring when rivers thaw before the nearshore ice sheet, and river water
flows out over the ice. Strudel scour can expose the pipeline and erode material under the
pipe, causing strain on the pipeline (Figure 3).

Another design consideration is theackfill thickness. This is important where the difference
between the ambient temperature and pressure during the installation and pipeline operation is
great. This pipe expansion due to temperature differences — in combination with the pipe wall
thickness, backfill soil properties, and the levelness of the trench — affects the pipe vertical
stability due toupheaval buckling (Figure 3). When a buried steel pipeline operates at a
temperature and pressure higher than at installation, it will try to expand lengthwise, and at
individual high points along the pipe, the pipe exerts an upward force into the soil cover. If the
upward force exceeds the resistance of the soil cover, the pipeline stiffness, and the pipeline
weight, the pipeline will move up and may be become exposed on the seafloor. This phenomenon
is known as upheaval buckling.

Another external pipe load directly caused by backfill thickness is the reshdwfsettlement

(Figure 4). In nearshore shallow waters of Foggy Island Bay, theisddr the pipeline could
contain permafrost. Because the pipeline will be warm, a “thaw bulb” will develop around the
pipe. If the frozen soil has a high ice content, this thawing can cause the soil to settle, and the soil
cover on the pipeline loads it, placing strain on the pipeline. Deeper pipeline trenching can
increase the backfill thickness and thus leads to an increased overburden load during thaw
settlement, but it also can reduce the amount of settlement. However, deeper pipeline trenching
protects the pipeline from strudel scour and ice gouging.

Finally, the pipeline must avoid excessive internal and external corrosion over the project life,
and external corrosion control is required for each pipeline alternatives.

2. INSTALLATION METHODS

Possible methods for excavating the trench and installing the pipeline were reviewed. Trenching
methods include conventional excavation with dredging, plowing, jetting, and mechanical
trenching. Installation methods include use of lay vessels, reel vessels, tow or pull methods, and
installation in winter through an ice slot. The possibility of using directional drilling from shore
was also examined, but too many technical difficulties were identified. Completing one hole and
installing a pipeline by directional drilling is a relatively complex undertaking, but is
nevertheless technically feasible. However, a series of directional drilling operations would
magnify the complexity of the installation, would likely require two construction seasons, and
would also require the design of protection of the seabed connections between drilled sections.

Only one hydrocarbon pipeline has been built in an arctic offshore environment, and it was
installed using a bottom-pull method for the bundle installation and a plow for trenching. The
project was installed off Melville Island in the Canadian High Arctic between 1976 and 1979.
The Drake Field experience shows that a high level of quality assurance was needed during
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construction. However, it is important that the pipeline was only 4,000 feet long (12% of the
proposed pipeline length), but the make-up of the pipe bundle lasted 4.5 months, not including
pipeline installation. Thus, considerably more time was needed than for a more conventional
pipeline configuration.

The different configurations of the alternatives have different implications on the construction
and installation program. For example, the single wall pipeline would be buried in a deeper
trench, whereas the pipe-in-pipe alternative requires extensive make-up assembly and more
equipment. On balance, the pipe-in-pipe and pipe-in-HDPE alternatives are much more difficult
to construct than the single wall or flexible pipe alternatives. Therefore, the risk will be much
higher that the construction work will not be completed in a single season.

The preferred construction method is from an ice platform in winter using conventional
excavation equipment and off-ice installation techniques. Reasons include the following:

» This method uses conventional, proven equipment available locally.

* Ice-strengthening and ice-cutting techniques are well understood.

» Athrough-ice test trenching program has been carried out on the North Slope to prove the
feasibility.

» Other construction methods would require that significant equipment be mobilized to the
North Slope, which may require the equipment to over-winter (i.e., barges).

» Open-water construction equipment is not designed for these shallow water depths.

» A skilled labor force is available.

» Alaskan content in the project is maximized.

3. COST AND SCHEDULE

Cost estimates range from $31 million for the single-wall steel pipe to $61 million for the steel
pipe-in-pipe, including the base case cost plus a contingency value. The contingency value is
estimated based on the confidence associated with meeting the proposed schedule. For the pipe-
in-pipe and the pipe-in-HDPE alternatives, there is a high likelihood that an additional
construction season will be required to complete these more complex construction programs.
Therefore, the contingency includes a portion of the additional season construction costs.

4. OPERATIONS AND MAINTENANCE CONCERNS

The main difference in maintenance of the pipeline systems is that monitoring cannot be
accomplished in all structural components of some alternatives. It is not presently feasible to
monitor the integrity of the outer jacket pipe of the pipe-in-pipe, pipe-in-HDPE, and flexible pipe
alternatives. Post-failure monitoring could be achieved for these two systems using the annular
leak detection system to detect the presence of water and oil. However, no preventive monitoring
of the outer jacket pipe can be performed for these systems.
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TABLE 2

SUMMARY COMPARISON OF ALTERNATIVES

Descri ption Pi peline Alternative
Single Wall Pipe-in-Pipe Pipe-in-HDPE Flexible Pipe

Configuration

Depth of Cover (feet) 7 5 6 5

Duration of Trenching (days) 33 26 30 24

Gravel Backfill (yds3) [Does not 9,000 0 10,000 10,000

include 50% contingency] (in gravel mats) (30 yds3 every 100 feet) (30 yds3 every 100 feet)

Pipe Specific Gravity 1.6 2.2 1.2 1.1

Number of Welds/ Connections 808 welds; 11 are tie- 1616 welds; 66 are tie-ins 808 welds, 808 fusions; 13 connections; 11 tie-ins

ins 66 connections are tie-ins

Cost

Budgetary Cost ($ millions) 31 61 44 37

Relative Cost (%) 100 195 140 120

Schedule
Estimated Schedule Basis

Single winter season

Single winter season

Single winter season

Single winter season

Likelihood of Additional Season 10 80 60 10
for Construction (%)

Installation
Ice Thickness (feet) 8.5 10.5 8.5 8.5
Relative Quantity of Construction 100 120 115 90

Equipment per Season (%)
Considerations

Identification of vertical
pipeline profiles that do
not meet the design
criteria

*Pipe-in-pipe assembly
logistics

 Assurance of dryness of 12-in.
pipe prior to pipe-in-pipe
assembly

*Achieving pull-in of 12-in. to
outer jacket

*Handling pipe-in-pipe system
(210 Ib/ft) and large stiffness

*Thicker ice platform needed

*Assurance of dryness of
12-in. pipe prior to pipe-in-
HDPE assembly

*Executing pipe-in-HDPE
assembly

*Maintaining pipeline
stability in trench

*First application of the
HDPE of this type

* Logistics for transporting and
handling heavy reels

* Maintaining pipeline stability in
trench

Operation & Maintenance Conventional Monitoring of outer pipe Monitoring of outer pipe Monitoring of flexible cross-
Concerns operations integrity integrity section
Leak Detection

Standard Mass Balance and Yes Yes Yes Yes

Pressure Point Analysis

Supplemental System LEOS Annulus monitoring Annulus monitoring Annulus monitoring

10
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Cleanup strategies for a potential spill would be similar for any of the pipeline alternatives. The
manpower and capabilities would be in place to successfully monitor, control, and clean up any
spill at any time of the year, however remote the possibility. There is a risk of a secondary spill
volume during repair of alternatives with an annulus; this risk must be considered during the
development of detailed repair procedures.

* For all pipeline alternatives, there are periods (breakup and freeze-up) when a repair
could not be carried out.

» For alternatives with an annulus, all moisture and oil would need to be removed from the
annulus during repair. Any moisture that remains in the annulus could potentially cause
corrosion of the inner or outer pipe. Any oil that remained in the annulus could
potentially leak out at a later time if the integrity of outer pipe, jacket, or sheath was
compromised.

* Not all repairs are able to return some pipeline systems to the same integrity level as
originally constructed.

For all alternatives except the single wall pipe, repair is difficult, if not prohibitive. The issues
include pipe retrieval, repair splicing and annulus purging (for pipe-in-pipe and pipe-in-HDPE),
and long-term pipe integrity.

5. LEAK DETECTION SYSTEMS

Conventional state-of-the-art leak detection for any of the pipeline alternatives can be achieved
using two independent systems. Mass balance line pack compensation (MBLPC) and pressure
point analysis (PPA) can be applied to any of the alternatives and combined have an expected
threshold of 0.15% of the volumetric flow. Leaks beneath this threshold would be detected using
a supplemental system such as LEOS, which is a commercially available system installed
alongside the pipe in the trench. LEOS is able to detect leaks smaller than the 0.15% threshold
and is currently considered the best available technology. Annulus monitoring has been
recommended as a supplemental leak detection system for those configurations with an annulus
and would be expected to provide a threshold of detection as good as LEOS. However, if desired,
LEOS could be applied to any of the pipeline alternative systems.

The offshore oil pipeline would be continuously monitored, and all system parameters would be
relayed back as electronic signals to a standalone computer. The system parameters would be
compared to predetermined alarm set-points and calculated values.

6. RISK ASSESSMENT

In order to determine the probability of the pipeline being damaged from external forces, a risk
assessment was performed which evaluated the likelihood of four categories of damage to each

alternative:

1. Displaced pipeline with no leak
2. Cross-section buckle in the pipe with no leak
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3. Small or medium leak (125 bbl to environment)
4. Large leak or rupture (1,567 bbl to environment)

Figure 5 identifies the initiating events and causes of a failure.

The main conclusion of the risk analysis is that the risk, expressed in barrels of oil spilled into
the environment, is negligible for all alternatives. The safeguards in the single wall pipeline
alternative (i.e., depth of cover; trench backfill material and procedures; pipe wall thickness;
cathodic protection system, anodes and coating; routine geometry pig inspections; and leak
detection systems) provide a total system reliability that minimizes the risk of environmental olil
spills. The single wall pipeline system is also relatively easier to repair.

The double wall systems are the second best. Their risk of oil spills is more than an order of
magnitude greater than the single wall pipe, but the risk is still very small and acceptable and can
be further reduced with the increased cost of greater depth of cover. Given the higher risk, cost,
and the difficulty of repair, these systems are less suitable than the single wall system. The
flexible pipe system has a risk of oil spill nearly 100 times greater than the single wall pipeline.
This risk is still relatively low and can be decreased by increasing its burial depth. However,
even if the depth of cover is increased, this alternative is unattractive because of the extra
difficulties for installation with heavy reels and the possible repair of 2,800-foot segments. This
system is not recommended for this application.

Initiating event Cause/category

Seabed ice gouging Il

Subsea permafrost thaw Environmental

subsidence 12 loading
Strudel scour I3
Upheaval buckling 14 ——

Damage

Internal pressure Is Pipeline < during
External pressure 16/[ failure —— /" operation \ 1PO
Internal corrosion I7
External corrosion Ig —
Vessel accidents 9 ——
Anchor dragging 110 :% Third party
Third party construction 111 < activity
Sabotage I2——

FIGURE 5
POTENTIAL DAMAGE-CAUSING EVENTS EVALUATED IN RISK ASSESSMENT
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The shallower depth of cover for the pipe-in-pipe system is the main factor increasing the risk of
oil spilled into the environment. To make this risk similar to that of the single wall pipe, the
depth of cover needs to be increased to 7 feet — at an increased cost of about $10 million.

TABLE 3
RISK OF OIL SPILLED INTO ENVIRONMENT FOR DIFFERENT ALTERNATIVES
Alternative Single Wall Pipe-In-Pipe Pipe-In-HDPE Flexible Pipe
Risk (bbls) 0.0016 0.028 0.014 0.14
Relative risk 1 18 9 88

“Risk” = frequency x consequences, in units of the consequence
Example: Single wall risk = (1 x 10®) x 125 bbls + (2 x 107) x 1,567 = 1.6 x 10 bbls
“Relative risk” = system risk divide single wall pipe system risk

7. CONCLUSIONS AND OBSERVATIONS

The evaluation of pipeline alternatives for BP Exploration’s Liberty Development concluded that
any of the alternatives can be designed structurally to meet the functional requirement of
transporting oil and resisting forces imposed by environmental factors. However, the single wall
steel pipeline offers the most advantages over the other alternatives by providing the lowest risk
of a spill to the environment.

The primary aim of pipeline design is to engineer a pipe or conduit that will transport a product
from one location to another without failing from internal or external forces. A significant part of
the design effort is to economically optimize the pipe diameter, wall thickness, and material
strength, while still safely achieving the design throughput. In the case of steel pipe materials,
close attention is paid to protecting the pipe from corrosion. Internal corrosion may be due to the
product transported in the line or the unintentional introduction of a corrosive substance at some
point during pipeline operation. External corrosion may be due to the surrounding soil or water if
the line is buried or installed under water. Generally, steps are always taken to limit corrosion by
application of an external corrosion coating, installation of cathodic protection, and if required,
the injection of corrosion inhibitors into the product stream during pumping or compression.

Pipeline design codes and standards do not suggest a requirement to provide an outside pipe
jacket whose sole purpose is to contain any loss of contents of the pipeline it surrounds. The
conditions that might give rise to a loss of product from the inner pipe would also affect the outer
pipe. Specific conditions such as the corrosiveness of the transported product are always
considered in the design. Pipe-in-pipe systems are used in some cases, but the outer pipe does not
serve as a back-up in the event that something has been omitted in the original design effort.
Their prime function is to satisfy installation economics or another design condition, such as to
thermally insulate or facilitate field installation.

13 DRAFT 11/1/99



Contents

The pipe-in-pipe and pipe-in-HDPE alternatives are more expensive and would most likely
require an additional construction season compared to the single wall and flexible alternatives.
Monitoring of the pipeline’s integrity during operation is required to allow for preventive

maintenance. The single wall pipe alternative is the only solution that allows all the design

aspects to be monitored during operation — a very important consideration for a buried subsea
pipeline.
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MMS Letter of March 17", 2000

Request #1: We request BPXA provide a thorough explanation as to why different depths of
cover were selected for the various pipeline systems.

Response #1: All pipeline systems have been conceptually evaluated against the most pressing
environmental loadings (ice gouging and upheaval buckling), with the 7-foot of depth of cover as
a basis. Based on this evaluation, it appeared some of the pipeline systems could safely have the
depth of cover reduced and still satisfy upheaval buckling and other loading requirements. The
report philosophy was to treat each alternative design as a potential actual project that might be
built. Reducing cover reduces construction time, reduces construction risk, reduces cost, makes
repair easier if necessary, and in some cases reduces pipeline loading (e.g. in some cases of
permafrost thaw settlement). In practice, a designer seeks to reduce these aspects if possible and,
thus, the necessary depth of cover has been assessed for each option. If depth of cover or wall
thickness, for example, are not determined based on performance requirements, there is no
apparent basis for objectively defining cases for subsequent environmental nsk assessment. In
other words, as would be the case in actual design practice, the analysis sought to optimize
design factors to arrive at an overall optimized design. This has resulted in a reduced cover
depth for the other alternatives. Completion of this analysis would not preclude a subsequent
decision to bury any alternative pipeline deeper.

Thus, an Addendum to the Pipeline System Alternatives report has been generated (Attachment
A) which looks at a constant burial depth for all alternatives. This Addendum also addresses

-single season construction for the pipe-in-pipe and pipe-in-HDPE alternatives.

Request #2: We request BPXA address the apparent disregard of the benefits of the PIP and PIH
to provide secondary product containment.

Response #2: The ability of the outer pipe to contain small leaks of the inner pipe has not been
discounted. All four pipeline alternatives are designed, at a conceptual level, to safely transport
oil from Liberty Island to shore. Two of the altemnatives, pipe-in-pipe, and pipe-in-HDPE have
the ability to contain leaks of the carrier (or inner) pipe in certain conditions. These conditions
are such that the outer pipe remains integral while the inner pipe experiences a leak. The
corresponding failure mode is then corrosion of the inner pipe. This has been accounted for,
since the frequency of corrosion failure does not translate into an oil spill into the environment
for the double-walled pipe alternatives. See and compare Tables 5-14 and 9-2 of the Pipeline
System Alternatives report.

H-0851.02 -1- 25-Apr-2000
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More specifically, Damage Category 3 in Table 5-14 has been split into 3 different types as
described in the footnotes associated with that table. In summary, due to the pipe-in-pipe
redundancy, the frequency of corrosion damage of the inner or outer pipe does not translate into a
spill frequency. In other words, Category 3 damage frequency in Table 5-14 adds up to 3x107;
however, in Table 9-2, the corresponding entry for the Category 3 for the pipe-in-pipe is only
1x10™ since the consequence of corrosion damage does not imply immediate spill to the
environment.

In the Addendum to the Pipeline System Alternatives report, further narrative has been added
addressing the potential benefits of secondary containment using pipe-in-pipe and pipe-in-HDPE
systems and Table 9-2 of the original report has been revisited.

Request #3: We request BPXA address single season construction for the PIP and PIH
alternatives.

Response #3: The implications of a single season construction for the pipe-in-pipe and pipe-in-
HDPE are presented in the Addendum to the Pipeline System Alternatives report. Recent North
Slope construction experience with the Northstar pipelines indicates that the pipeline was
completed approximately 2 weeks prior to an anticipated end of construction cut-off date for
Liberty. Given the added complexity of a pipe-in-pipe or pipe-in-HDPE system, engineering
judgement suggests that it would have been very difficult to complete such a system during this
year’s construction window, Therefore, even though the Addendum proposes a single season
scenario, there is still significant risk of not completing either of these two alternative designs in
a single season.

Stress Engineering Services Draft Final Report of March, 2000

The response to the comments, observations and issues presented by Stress Engineering Services
are presented in Attachment B.

MMS _Comments on Pipeline System Alternatives — Liberty Development Project
Conceptual Engineering Report

The response to the comments made by the MMS are presented in Attachment C.

H-0851.02 -2- 25-Apr-2000
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Fish and Wildlife Service Letter of December 3rd, 1999

Issue #1, Secondary Containment - See BPXA’s response to Request #2 of the MMS letter of
March 17th, 200C (above). In the Addendum to the Pipeline System Alternatives report
(Attachment A), further narrative has been added addressing secondary containment using pipe-
in-pipe and pipe-in-HDPE systems.

Issue #2. Leak Detection - As part of the US Army Corps of Engineer stipulations for Northstar,
BPXA agreed to design, construct, operate and maintain a prototype leak detection system that

would be installed with the offshore pipelines. This system would have the ability to detect an
oil spill beneath current threshold detection limits (from PPA and MBLPC). The system design
had to be submitted and approved by the Corps prior to initiating pipeline trenching. INTEC
Engineering investigated a number of supplemental leak detection strategies for Northstar and
recommended the usc of the LEOS system as it was considered the best available technology.
This system is currently being installed with the Northstar pipelines.

It should be noted that although the LEOS system is considered the best available technology, by
the time the Liberty pipeline is ready to be installed, another system may be identified that would
be considered the best available technology. This could partially result from lessons to be
learned from the Northstar installation and operation.

Issue #3, Pipe-in-Pipe Design - Pipeline system alternatives evaluated in the INTEC report were
the result of MMS and agency input at several meetings in 1999. Based on these meetings,
several pipe-in-pipe options were carried to the conceptual design selection process where the
preferred alternative was then carried forward for further analysis. This was agreed to limit the
number of options to be analyzed.

As pointed out in page 5-8 of the Pipeline System Alternatives report, the calculations assumed
that the inner and outer pipe had the same radius of curvature. In other words, the inner and outer
pipe acted as a unit with a stiffness equal to the sum of the individual pipeline’s stiffness. If the
inner and outer pipe wall thickness was reduced, the stiffness of each individual pipe would be

- reduced and, therefore; the overall system stiffness is-reduced. For-a given load-condition, ———

pipeiine strains wouid increase with a decrease in stiffness.

While assuming that both pipes have the same curvature is a valid approximation of the average
structural behavior under bending at the conceptual level, the loads between the outer pipe and
the inner pipe would actually be transferred at discrete points along the pipeline length where the
spacers are located. The localized load transfer at spacers would magnify pipe bending strain at

H-0851.02 -3- 25-Apr-2000
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these locations. This localized strain increase would need to be assessed in detailed design and
the spacers designed accordingly.

Issue # 4, Single Season Construction - The implications of a single season construction for the

pipe-in-pipe and pipe-in-HDPE are presented in the Addendum to the Pipeline System
Alternatives report (Attachment A). However, even though the Addendum proposes a single
season scenario, there is still a schedule risk associated with completing the construction of either
of these two alternative designs in a single season. In fact, there is even a risk that a single wall
steel pipeline could not be compieted in a single season.

Issue #5. Conclusions - See BPXA'’s response to Request #2 of the MMS letter of March 17th,
2000 (above). In the Addendum to the Pipeline System Alternatives report (Attachment A),
further narrative has been added addressing secondary containment using a pipe-in-pipe or pipe-
in-HDPE alternative.

Department of the Army Letter of December 23rd, 1999

An Addendum to the Pipeline System Alternatives report is attached (Attachment A). This
Addendum presents an analysis of a constant burial depth for all alternatives and addresses single
season construction for the pipe-in-pipe and pipe-in-HDPE alternatives. Further narrative has
also been added addressing secondary containment using a pipe-in-pipe or pipe-in-HDPE
alternative. Specific to concerns outlined in the DOA letter:

Pipeline Performance Standards (Paragraph 1, Page 2) — The pipeline performance standards of
minimizing the likelihood of oil entering the environment, and facilitating leak detection and
containment are further addressed in the attached Addendum (Attachment C).

Secondary Centainment (Paragraph 2, Page 2) - Please see the response to Request #2 of the
MMS letter of March 17th 2000, and response to Issue # 1 of the Fish and Wildlife Service letter
of Dec. 3rd 1999. Further narrative has been included in the Addendum to the original report
addressing secondary containment using a pipe-in-pipe or pipe-in-HDPE alternative.

Pipe-in-Pipe Design (Paragraph 2, Page 2) - Please see the response to Issue # 3 of the Fish and
Wildlife Service letter of Dec. 3rd 1999.

Leak Detection {Paragraph 2, Page 2) - Please see the response to Issue # 2 of the Fish and

Wildlife Service letter of Dec. 3rd 1999. Additional nairative on leak detection in the annulus of

H-0851.02 -4- 25-Apr-2000
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the pipe-in-pipe and pipe-in-HDPE alternatives is provided in the secondary containment section
of the attached Addendum.

Construction Season (Paragraph 2, Page 2) - Please see the Response to Request #3 of the MMS
letter of March 17th 2000, and response to Issue # 4 of the Fish and Wildlife Service letter of
Dec. 3rd 1999. Further information has been included in the Addendum regarding a single season

construction for the pipe-in-pipe and pipe-in-HDPE alternatives.

Department of the Army Letter of December 30th, 1999

Again, the Addendumn to the Pipeline System Alternatives report (Attachment A) provides further
narrative addressing secondary containment using a pipe-in-pipe or pipe-in-HDPE alternative,
including leak detection in the annulus. Specific to concerns outlined in the DOA letter:

Cathodic Protection (Paragraph 3, Page 1) — The use of cathodic coatings such as thermal
sprayed aluminum or discrete anodes for the inner pipeline has not been investigated at this
conceptual level. Stress Engineering, in their evaluation of the INTEC report, has suggested the
use of such protection but points out that the cathodic protection of the inner pipe could not be
monitored. As such, it could not be verified to be effective. Providing cathodic protection
between closely spaced metal components or on metal shielded by plastic is generally more
difficult than on the exterior of a single wall pipeline. The conceptual evaluation addressed
maintaining an inert environment of dry air, nitrogen, or a vacuum in the pipe-in-pipe or pipe-in-
HDPE annulus to limit the potential for corrosion.

It is pointed out in the Stress Engineering report (p. 18) that CFR 49 195.242 requires, “... a test
procedure that will be used to evaluate adequacy of the CP system” and “The code requirement
will not be waived and therefore it makes the design of the CP system the critical issue”™. Stress
Engineering notes, ‘... the cathodic protection of the inner pipe could not be monitored”.

Leak Detection in the Annulus (Paragraph 3, Page 1) — The attached Addendum to the original
report further addresses leak detection in the annulus of the pipe-in-pipe and pipe-in-HDPE

system alternatives.

Leak detection within a pressure-tight, continuous annulus (e.g. pipe-in-pipe without
intermediate bulkheads) is in fact considered in the report as a highly reliable early warning
system for leaks (e.g. page 5-32). Details on annulus pressure monitoring procedures, gas
sampling, or fiber optic sensor systems would be determined during preliminary/detailed pipeline
design. These systems would be expected to be significantly more reliable than ice borehole
sampling and maybe slightly more sensitive or reliable than an external LEOS system.

H-0851.02 -5- 25-Apr-2000
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Leak Detection Technology (Paragraph 3, Page 1) — As stated on page 3-37 of the INTEC report,

a wide range of leak sensors and leak detection systems was researched (by INTEC) for the

Northstar project. Details were not provided in the Liberty Pipeline System Alternatives report

but are contained in the document, “Northstar Development Project, Prototype Leak Detection
System, Design Interim Report” (INTEC Engineering, 1999). Over 30 sensing technologies were

considered of the following generic sensor types:

¢ Chemical (Subsea)

e Electrical (Subsea)

e Optical Fiber

® Well Logging Technology
® Acoustic

® Electromagnetic

® Soil Resistivity / Capacitance

This study came about as the result of the US Army Corps of Engineer stipulations for Northstar.
BPXA agreed to design, construct, operate and maintain a prototype leak detection system that

would be installed with the offshore pipelines. This system would have the ability to detect an
oil spill beneath current threshold detection limits (from PPA and MBLPC). The system design
had to be submitted and approved by the Corps prior to initiating pipeline trenching. INTEC

Engineering investigated a number of supplemental leak detection strategies for Northstar and

recommended the use of the LEOS system as it was considered the best available technology.

This system is currently being installed with the Northstar pipelines.

It should be noted that although the LEOS system is considered the best available technology, by
the time the Liberty pipeline is ready to be installed, another system may be identified that would

___be considered the best available technology. This could partially result from lessons to be
learned from the Northstar installation and operation.

Risk Assessment Accounting for Secondary Containment (Paragraph 1, Page 2) — The risk

assessment did account for the benefit of secondary containment of the pipe-in-pipe system.
Please refer to the response to Request #2 of the MMS letter of March 17th and the attached

Addendum.

Risk Assessment Accounting for Increased Structural Integrity (Paragraph 1, Page 2) — The

increased structural integrity of the pipe-in-pipe system has been accounted for in the operational

H-0851.02
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failure assessment (for example, see Subsections 5.9.1.2 or 5.9.1.3. However, the increased
structural integrity is coupled with the fact that the depth of cover is less than that for a single
wall steel pipeline. This results from the increased bending stiffness and reduced potential for
upheaval buckling of a pipe-in-pipe system. The attached Addendum addresses a constant burial

denth for all alternatives
pth tor all alt wve

R ARCALL YV .

Probability of Spill (Paragraph 1. Page 2) - The failure assessment sections of the report provide

narrative on and tables indicating the number of event occurrences during the project lifetime.
The probability of each category of leak is presented for the different environmental loadings,
failure mechamisms, and third party activities. The sections indicate which events would not
result in a spill to the environment (e.g. corrosion of the inner pipe only of a pipe-in-pipe
system). See also Response #2 to the MMS letter of March 17", 2000.

Secondary Containment (Paragraph 1, Page 2) — The Pipeline Systern Alternatives report has
considered the effect of a pipe-in-pipe system when looking at pipeline system failure due to ice

gouging. It is expected that if an ice gouge event occurred and loaded the system to such an
extent that the carrier pipe failed, that event would also cause the outer pipe to fail. Secondary
containment is only effective when the inner pipe fails and the outer doesn’t — such as when there
is corrosion of the inner pipe only.

Expected Oi]l Leak (Paragraph 3, Page 2) — The rationale behind a leak rate of 97.5 barrels of oil
per day is presented in Subsection 3.8.4.1. The 125 barrels loss prior to detection is the result of
an assumed leak detection reading every 24 hours; 97.5 + 0.4 + 27 = 124.9 = 125 barrels. If the
final selection of a leak detection system on a pipe-in-pipe or pipe-in-HDPE system allows a

shorter leak detection reading time, then this volume may be reduced. Calculations have also

been carried out in Section 3.8.4.1 to arrive at the 27 barrels due to expansion of the oil in the
overland as well as the offshore segment of the pipeline.

Detection Response Time Along the Pipeline Route (Paragraph 3, Page 2) — No site-specific

calculations have been conducted to determine the LEOS response time along the Liberty
Pipeline route. However, LEOS is a commercially available leak detection system. It has been
used onshore and for river crossings for 21 years. The manufacturer estimates that the system
would be capable of detecting hydrocarbon concentrations resulting from leak rates as low as
0.3 barrels of oil per day for Northstar. The response of the system would be expected to be
similar for Liberty. The manufacturer has conducted a number of documented tests in the field
and the laboratory on the performance of the system in different soil conditions and water depths
to 400 feet. The manufacturer has estimated that a leak occurring farthest from the sensor tube
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(1.e. 180° opposite on the pipe circumference) would still result in the diffusion layer contacting
the sensor tube within 4 to 6 hours.

125-Barrel Qil Leak Applied to Pipe-in-Pipe (Paragraph 3, Page 2} — The medium leak volume of

125 barrels also applies to the pipe-in-pipe system. But, as previously noted, this volume will
vary with the specific system detection time. Soil conditions around any of the pipeline
alternatives will vary from alternative to alternative and will also vary along the line. The
migration path of the oil outside of the pipeline system will depend on these soil conditions and
will change somewhat as a result. However, as the hydrocarbon molecules diffuse through the
water-soil matrix, the system response is not significantly affected by the tube position relative to
the actual leak location on the pipe circumference (and therefore visible-migration pattern of the—— —
oil). As part of the validation process of the LEOS system for Northstar, numerical simulations of
oil migrations in submerged soils saturated with seawater were performed. (“Northstar
Development Project, Prototype Leak Detection System, Design Interim Report”, INTEC
Engineering, Inc., July 1999). The effect of leak rate, soil type, and water depth were
investigated. Results indicated the oil would migrate into the surrounding oil and encapsulate the
entire pipe circumference, even when the leak in inttiated at the outboard side of the pipe.

In the attached Addendum to the Pipeline System Alternatives report, further narrative has been
added addressing the potential benefits of secondary containment using pipe-in-pipe and pipe-in-
HDPE systems. Other factors which may be investigated in a detailed pipe-in-pipe leak
assessment may be the relative time between inner/outer pipe leakage and potential oil water
flow within the annulus.

Early Detection (Paragraph 3, Page 2) — It is correct that any altemmative which could limit the
quantity of release such as by early detection would have less damage. The fact that a system has

an annulus, does not necessarily mean that detection of the leak will be any earlier. It does mean
that some leaks could be contained and detected. In the attached Addendum to the Pipeline
System Alternatives Report, further discussion is provided on secondary containment and annular
leak detection.
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EXECUTIVE SUMMARY

Conclusions

Basisfor Conclusions - A detailed analysis has been carried out to determine the risk for each of the concept
pipeline designs produced by Intec, 1999; 2000. Risk (which isthe product of the event probabilities and event
conseguences) was defined in terms of the volume of oil expected to be released over the 20-year life of the Liberty
Pipeline.

The study investigated and quantified the following:

(a) the hazards for the pipeline. The hazards investigated included ice gouging, strudel scour, permafrost thaw
subsidence, thermal loads leading to upheaval buckling, corrosion, operational failures, and third party
activities;

(b) the response of the pipeline to these hazards; and

(c) the consequences of pipeline failure for each hazard, taking into account the monitoring systems that will be
used. Consequences were evaluated for three types of pipeline failure: (i) rupture, (ii) flow through the
maximum stable crack, and (iii) flow through pinholes (termed seepage).

Review Process - A draft final report was submitted by FTL in July, 2000, which was extensively reviewed. The
comments received, and FTL’s direct reply to them, are provided in Appendices F and G, respectively. The main
text of the report was revised as well in response to the comments received.

Approach — Risks due to ice gouging and strudel scour were determined by establishing and quantifying event trees.
Risks due to permafrost thaw subsidence, thermal loads leading to upheaval buckling, corrosion, operational
failures, and third party activities were eval uated by analyzing failure statistics for pipelinesin other regions.

Summary Results - The risk was evaluated first for a base case that represented FTL's best estimate for all input
parameters. Therisk for the base case for each pipeline design is summarized in Table 1.

Table1: Total Risk* for the Base Case for Each Pipeline Design

Single Steel Pipe’ Steel Pipe-in-Pipe’ Pipe-in-HDPE” Flexible Pipe

28,28 8,13 24,24 29,28

Notes:
1. Allrisk valuesarein bbls.
2. Therisk values are for the pipe designs produced by Intec, 1999; 2000, respectively.

Most Significant Hazards - Qil releases resulting from operational failures were found to pose the vast majority
(about 95%) of the total risk for the single stedl pipe, the pipe-in-HDPE, and the flexible pipe designs.

The most significant risks for the steel pipe-in-pipe design were oil spilled as aresult of operational failures that
breach both the inner and outer pipes, and oil spilled during repair operations.

Comparison of Pipe Designs — For the base case, the steel pipe-in-pipe design was found to have about 30 to 50 %
less risk than the single steel pipe, the pipe-in-HDPE, and the flexible pipe designs. This was primarily due to the
secondary containment provided by the steel pipe-in-pipe design.

The single steel pipe, the pipe-in-HDPE, and the flexible pipe designs all had comparable risk within the accuracy of
the analyses conducted.

Sensitivity Analyses - An extensive sensitivity analysis was conducted. The following factors had the greatest effect
on the total risk for the Liberty Pipeline:

(a) the water depth at which the hazard occurs;
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(b) the performance of the monitoring systems;

(c) the assumptions made regarding secondary contai nment;

(d) the occurrence frequency, and hence, risk, for oil releases due to operational failures and third party activities;
and

(e) the assumptions made regarding the pipeline failure mode.

Maximum Expected Risk for Each Pipeline Design — This was evaluated using a simplified approach that accounted
for the risk augmentation factors listed above. The maximum expected risk was about 60% more than the base case
values for the single steel pipe, the pipe-in-HDPE, and the flexible pipe designs (Table 2). The maximum risk for
the steel pipe-in-pipe design was about 2 to 3 times more than the base case value (i.e., 24 bbls vs 8-13 bbls,

respectively).

Thus, the differences between the four designs reduced somewhat as a result of the sensitivity analyses.
Nevertheless, the relative rankings of the four pipe designs was unchanged compared to the base case (Table 1) as
follows:

(8) the steel pipe-in-pipe design had the least risk, and;
(b) thesingle steel pipe, the pipe-in-HDPE, and the flexible pipe all had more risk than the steel pipe-in-pipe.
Furthermore, these three designs had equal risk within the accuracy of the analyses.

Table2: Total Expected Maximum Risk* for Each Pipeline Design

Single Steel Pipe’ Steel Pipe-in-Pipe’ Pipe-in-HDPE® Flexible Pipe®

45 24 44 45

Notes:
1. Allrisk valuesarein bbls.
2. Therisk values are the maximums for the pipe designs produced by Intec, 1999 ; 2000, respectively.

Probability of a Spill Larger Than 1000 Barrels— The steel pipe-in-pipe design was found to
have the lowest probability of alarge spill (Table 3). The single steel pipe, the pipe-in-HDPE,
and the flexible pipe designs were found to be equivalent within the accuracy of the analyses
conducted.

Table3: Total Probability of a Spill Exceeding 1000 Barrels

Single Steel Pipe’ Steel Pipe-in-Pipe’ Pipe-in-HDPE® Flexible Pipe®
0.0138 ; 0.0138 0.00158 ; 0.00234 0.0138 ; 0.0138 0.0138 ; 0.0138
Notes:

1. All valuesarefor the base case.
2. Thelisted probahilities are for the pipe designs produced by Intec, 1999 ; 2000, respectively.

Uncertainties - The most important uncertainties are considered to be:

(8) thesignificance of the risk variations determined for the four pipeline designs. Thisissue was not investigated
asit was beyond the Terms of Reference or scope of work. However, because thisis considered to be the most
significant uncertainty affecting the interpretation of the results, this would be a useful follow-on investigation.

(b) theinformation available to assess oil releases arising from operational failuresis very limited as pipelines have
not yet been operated offshore in the Arctic. Asaresult, the study was forced to rely on failure statistics from
other regions to evaluate the risk due to this hazard.
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The determination of the risk due to operational failures was also hindered by the fact that the Liberty Pipeline
has only been developed to the concept design stage. This risk will be affected and controlled by issues such as
operator training schedules, mai ntenance plans, surveillance, and monitoring which have not yet been finalized.

(c) the assumptions necessary to evaluate the secondary containment provided by the steel pipe-in-pipe and the
pipe-in-HDPE designs.

(d) theinformation available to define the material properties and behaviour for the pipe-in-HDPE and flexible pipe
designs.

Recommendations - The study results as well as the key uncertainties identified suggest logical

areas for further study, or for the future application of resources as follows:

(8) thesignificance of the risk variations determined for the four pipeline designs should be investigated.

(b) operational failures were found to be the most significant hazard. Two actions are recommended:

() this finding should be investigated further. In particular, this finding should be re-examined after key
issues such as operator training, surveillance, and monitoring plans have been developed further for the
Liberty Pipeline.

(i) future efforts aimed at ensuring the safety of the Liberty Pipeline should be focussed on minimizing
the risk posed by operational failures and third party activities. This suggests that efforts should be
focused on such activities as operator training, surveillance, and monitoring.

(c) the behaviour of a steel pipe-in-pipe that is exposed to operational failures should be investigated further. The
work should be aimed at obtaining better definition of the scenarios that will occur, and the pipe response to
these events.
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E-1
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SCOPING
DOCUMENTS

Scoping Report—Liberty Development and Production Plan (MMS, 1998)

Liberty Information Update Meetings (MMS, 2000)
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Scoping Report — Liberty Development and
Production Plan (MMS, 1998)

Scoping Documents
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Appendix E-1

E-1-1

Scoping Report—Liberty Development and Production

Plan

by Minerals M anagement Service, June 26, 1998

The scoping report isincluded in this EIS, because some of
the issues that were identified during the scoping process are
discussed and evaluated only in thisreport. Key issuesfrom
the scoping report are summarized in Section | of the EIS;
however, the scoping report itself contains important
information that we feel should be available to people
interested in this proposed project. Because scoping is an
ongoing process, some scoping issues were identified after
this report was completed. These issues are discussed in
Section |.E of thisEIS.

A. PURPOSE OF THE SCOPING
REPORT

Thisreport:

e contains asummary of the responses to the Notice of
Intent to Prepare an EIS;

o identifiesthe significant environmental issues and
alternatives that will be evaluated in greater detail in the
ElS for the proposed BPXA Plan; and

e identifies other issues and alternatives that will not be
evaluated and states the rationale for not doing so.

The National Environmental Policy Act of 1969 requires

that an EIS be prepared for any significant Federal project

that can be expected to have a significant impact on the

environment. An EIS must include:

e any adverse environmental effects that cannot be
avoided or mitigated,

e reasonable alternatives to the proposed action,

o therelationship between short-term uses and long-term
productivity of the environment, and

e anyirreversible and irretrievable commitments of
resources.

“Scoping” isthe term used to identify the scope and
significance of important environmental issues associated
with the proposed Plan through the coordination of Federal,
State, and local regulators; the public and interested
individuals and organizations prior to the writing of the
EIS. During the scoping process, information that may
relate to the proposed Plan and any alternatives to the
proposal is sought from various sources. This process also
identifies and discusses issues that are not “significant” as
defined by the National Environmental Policy Act; are not
relevant to the Liberty Project; have been covered by
previous environmental reviews; or are beyond the scope of
the EIS for this Plan.

This Scoping Report discusses a variety of issues and
concernsraised in the scoping process. Pipeline design and
safety (risk of oil spills), gravel isand design, and surface
|ocation were some of the major concerns raised.

The scoping process will continue asthe draft EISis
prepared. Asnew issuesareidentified or clarified, the EIS
draft will be modified accordingly.

B. SUMMARY OF THE SCOPING
PROCESS

On February 23, 1998, the Minerals Management Service
(MMYS) initiated the scoping process by publishing a Notice
of Intent to Prepare an EIS for the proposed Liberty Plan.
We deemed the Plan submitted under 30 CFR 250.34(f) on
February 19, 1998. Copies of the plan were distributed to
Federal and State agencies, the North Slope Borough, and
local communities (Barrow, Nuigsut, Kaktovik). Copies of
the Plan are on file and available from the MMS officein
Anchorage, the Noel Wien Library in Fairbanks, and the
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Tuzzy Consortium Library in Barrow. Notices on the
availability of the Plan for review were distributed to
MMS' s mailing list of interested parties. Following
distribution of the Plan, scoping meetings were held in
Anchorage, Barrow, Nuigsut, Kaktovik, and Fairbanks. The
Plan also was discussed on aradio talk show broadcast
North Slope-wide on Station KBRW in Barrow.

1. Summary of Written Comments
Received in Response to the Notice

The MMS received seven written comments on the

proposed Plan. Below are summaries of the comments

received from

U.S. Department of Energy

State of Alaska, Division of Governmental Coordination

Greenpeace, et al.

U.S. Department of the Interior, Office of the Secretary,
Office of Environmental Policy and Compliance

Alaska Public Campaigns and Media Center

David von den Berg

Petersburg Energy LLC

More detailed comments and responses appear in Sections |
through V.

a. U.S. Department of Energy

1) referred MM Sto their comments submitted on the
Bureau of Land Management’s National Petroleum
Reserve-Alaska draft EIS

2) re-emphasized that the USDOE supports rational,
responsible, and environmentally protective
development of domestic energy resources

b. State of Alaska

Division of Governmental Coordination:

1) recognized the contribution of the project to the local
and State economy

2) enclosed scoping comments from various State of
Alaska departments

State Pipeline Coor dinator’s Office:
3) requested that the Liberty EIS include the following
analyses:

a) public access, including across transition and tie-in
areas as well as across the onshore pipeline
corridor

b) subsistence, specifically the impacts on individuals
who rely on fish, wildlife, and flora for subsistence
purposes

¢) health and safety concerns, including risksto the
public from pipeline operation, maintenance, and
abandonment
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4) did not review the Oil Discharge Prevention and
Contingency Plan, as the Department of Environmental
Conservation will provide substantive comments

Alaska Department of Fish and Game:

5) supports the concept of an offshore drilling and
production facility on an artificia island with a subsea
pipeline connection with onshore transportation
facilities

6) prefers offshore structures and subsea pipelinesto
gravel causeways

7) endorsesthe use of the Kadleroshilik River floodplain
site asa gravel source as the extraction of the gravel
would provide a deepwater overwintering habitat for
fish

8) requeststhat the EIS explore issues relating to
human/bear interactions issues that might occur during
construction and operation

9) requests at least five feet of clearance between ground
cover and the bottom of elevated pipelinesto minimize
effects on migrating caribou

10) did not identify any concerns that could not be resolved
through the normal consultation and permitting process

Alaska Department of Environmental Conservation,

Division of Spill Prevention and Response:

11) identified extensive detailed revisions and additions to
the Qil Discharge Prevention and Contingency Plan;
these comments focused on the following
topicgheadings:

a) Response Action Plan: planning standards, storage
tank failure; well blowout; deployment strategies,
emergency action checklist; transportation of
personnel and equipment to spill site; well control
plan; trajectory analysis; and general response
procedures for containment, recovery, and
protection and clean-up of environmentally
sensitive areas and areas of public concern;

b) Prevention Plan: overfill prevention for diesel,
slop oil, and produced water tanks; description of
secondary containment for offshore tanks and
facility piping requirements for corrosion control;
operating regquirements for exploration and
productions facilities; pipeline surveillance;
potential discharge; and operational conditions
increasing risk of adischarge; and discharge
detection;

¢) Supplementation Information be provided for oil
storage containers; process and flowline
description; pipeline details; command system spill
response organization; realistic maximum response
operation limitation; logistical support; response
equipment; nonmechanical response information;
response contractor and training program
information; and protection of environmentally
sensitive areas and areas of concern;

d) Best Available Technology on leak detection
system for tanks; pipeline leak detection,
monitoring, and operations,
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€) Appendix B: Response Scenarios; revise and
update.

Alaska Department of Natural Resour ces, Division of Oil
and Gas:
12) Included a summary of major issues from State Sale 86

(1997), which included:

a) Reduced access to once-open range. | mpediments
to access include facilities and pipelines. Avoid
traditional use sites.

b) Increased presence of non-Natives and
nonresidents near Nuigsut which may offset the
bal ance between traditional and modern lifestyles
of the residents. Developers need to respect
ancestral graves and provide education on Inupiat
cultural values.

¢) Aircraft overflights and vehicular traffic may
disturb nesting birds and migratory routes of
caribou.

d) Offshore seismic, drilling, and support craft noise
disturb migrating whales; resulting in increased
danger and decreased chance of success, for
subsi stence whalers.

€) Technology does not exist to clean up oil spilled
under seaice, or in whiteout or ice fog conditions.

f)  Project could mean loss of fish and wildlife habitat
aswell asanincrease in air and water pollution.

g) Limit accessto some barrier islands which are
important to whalers and nesting birds.

h) Siting of causeways or other structuresin rivers
mouths and nearshore waters may adversely affect
water quality and fish migration.

Alaska Department of Environmental Conservation,

Division of Air and Water Quality:

13) Discuss methods to reduce the transport of sediment
away from the construction site for both island and
trench construction.

14) Evaluate real-time leak-detection systems for
submerged pipelines and publish a detailed comparison
of the threshold sensitivities of various |eak-detecting
systems.

15) Discussthe impact of discharges on water quality.

16) Analyze theincrease in solid-waste generation and
options of disposal at existing facilities and the impact
on those facilities.

17) Discuss potential impacts on air quality.

18) Discuss abandonment procedures and alternatives for
the island and the offshore pipeline.

19) The office supports the comments received from the
Alaska Division of Spill Prevention and Response.
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2) Include comprehensive analysis of how the project will
affect climate change in the American Arctic and,
conversaly, how climate change might affect the
project.

3) Addresstraditional knowledge and the project’s impact
on subsistence species.

4) Evaluate spill prevention and contingency plans,
including ice gouging, pipeline failure, blowouts,
cleanup in various ice conditions, and the toxic impact
on wildlife, habitat, and marine flora and fauna.

5) Explore alternative sources for renewable energy.

d. U.S. Department of the Interior, Office of
the Secretary, Office of Environmental
Policy and Compliance

1) Disagreeswith the statement “implementation of an
approved Oil Spill Contingency Plan will effectively
limit the potential for adverse impacts to wildlife and
habitats as aresult of aspill.” Agency feelsthat the
discharge prevention and contingency plan does not
support the above statement.

2) Comments were primarily about the Oil Discharge
Prevention and Contingency Plan and requested
additions or revisions to selected sections, specifically,
that BPXA:

a) revisethe wildlife protection section of the
contingency plan to specify how BPXA plansto
fulfill tasks identified in the January 1997 Wildlife
Protection Guidelines for Alaska;

b) list al categories of environmentally sensitive
areas and areas of public concern; ;

¢) update U. S. Fish & Wildlife contact information;

d) adopt apolicy for immediate notification of
appropriate wildlife resource agencies for wildlife
which would be at risk during an oil spil;

e) modify their “Oil Spill Response Checklist for
Wildlife Hazing” to specify pre-approval from
wildlife resource agencies for hazing activities for
particular species; including migratory birds;

f) revise the Response Checklist for Capture,
Stabilization and Transport of Wildlife to include
appropriate wildlife resource agencies and Federal
and State on-scene coordinators approvals; and
recognize that the U.S. Fish and Wildlife Service
(FWS) isresponsible for decisions concerning
euthanasia of migratory birds and polar bears; and

g) develop incident-specific plans for the salvage and
disposal of dead oiled birds and mammals.

c. Greenpeace et al.

1) Discussall the potential direct, indirect, and cumulative
impacts of the Liberty project on the Beaufort Sea
region and the Arctic, both onshore and offshore.

e. Alaska Public Campaigns

1) Have concerns about the apparent lack of appropriate
pathways to seek consent of the “indigenous peoples’
of the Arctic.
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2) Conduct aimpact analysis of the effects of the oil and
gas industry infrastructure on the wildlife, fish, and
environment of the North Slope. Efforts should be
made to incorporate the results of the traditional
subsistence survey now under way.

3) Conduct more study on ice gouging to develop reliable
estimates of potential impacts.

4) Undertake an exhaustive survey of the Boulder Patch
areas.

5) Provide acomplete range of alternatives that the public
may review. Explore alternatives to offshore drilling
and include cost comparisons.
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f. David von den Berg

1) Wait until Northstar is resolved.

2) Need to address cumulative impactsin the Arctic
resulting from oil and gas development.

3) Provideafull range of aternativesin the EIS.

g. Petersburg Energy LLC

1) The Plan failsto meet basic requirements of the Code
of Federal Regulations and provides no basis for
informed eval uation.

2) ThePlanisinconsistent with conservation of natural
resources and prevention of waste.

3) The Plan underestimates the reservesin the Liberty
prospect.

4) The Plan does not serve the best interests of the public
or adjacent private mineral interest owners.

2. Summary of Oral Comments Received
at Scoping Meetings

Scoping meetings were held in Nuigsut (March 18), Barrow
(March 19) , Anchorage (March 25 and April 8), Kaktovik
(March 31), and Fairbanks (April 1). Staff from MMS and
representatives from BPXA attended these meetings,
provided an overview of the project, answered questions
about the proposed Liberty project and the ongoing process
and schedule, listened to and noted the concerns voiced
about the proposed project. Oral comments were received
from 82 individuals who attended at |east one of the scoping
meetings. A summary of these comments follow. Some
traditional knowledge appearsin Section I1.H. of thisreport.
Thelist of attendees at the scoping meetingsisincluded at
the end of this chapter.

a. Nuigsut Meeting, March 18, 1998

(1) Island Construction

1) Gravel bags pose a problem to navigation and, even if
they sink to the bottom, they may be dangerousto the
environment, particularly bowheads,

2) Questions were raised as to why the Liberty production
facility was not designed like Northstar, and whether
the project design as presented was final or preliminary.

3) Expression of concern with regard to the ice override,
and whether the island, as designed, could withstand the
force of the moving ice.

4) Concernsthat the idand berm could not contain alarge
oil spill.

5) Statements were made regarding the need for more
subsistence studiesin the Beaufort Sea as well as
concern that the scientists and consultants were only
using “Western” science and not relying heavily
enough on the traditional knowledge of the people who
live there.

(2) Pipeline Design

1) Concernsthat the pipeline construction would disrupt
fish habitats.

2) Questions asto how BPXA would detect oil spills.

3) Concernsthat the heat from the pipeline will affect the
permafrost layer, and the lack of technical information
that has been made available on this subject.

4) Questions as to the depth the depth that the pipeline will
be buried.

(3) Ice Override, Wave & Oil Spill Concerns
1) Iceoverride was an important issue that cannot be
overlooked and there were concerns that the island
could not withstand the force of theice.
2) Concerns about the island’ s ability to withstand the
wave forces in its present location.
3) Oil Spills:
a) Questions as to whether BPXA could prevent
and/or clean up an oil spill.
b) Concerns about the lack of a proven method to
clean up spilled oil in the Beaufort Seaand restore
the environment.

(4) Impact Assistance

1) Thelocal residents aren't getting their share of 8(g)
monies from the State.

2) TheMMSisnot doing a good job lobbying Congress
for impact assistance.

(5) Island Access

1) Subsistence hunters must be allowed to land on the
Liberty Island in the case of an emergency and should
not be treated like criminals as they have been at other
offshore oil and gas gravel pads.

2) Suggestionsthat BPXA should consider having alocal
Native Corporation provide security for theisland.
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(6) Public Process
1) Moretimeto comment on the draft DPP is needed.

b. Barrow Meeting, March 19, 1998

(1) Island Construction

1) Questions asto what plans there are to use the gravel
from Tern Island to construct Liberty as well as any
intention to use Tern Island as a drill site.

2) Recommendations that BPXA directionally drill the
Liberty project from onshore. If directional drilling
from onshore was not technically feasible, then the
island should be constructed as close to shore as
possible — though a depth of 15 to 20 feet of water
would be better.

(2) Pipeline Design

1) North Slope residents are opposed to the project,
because the offshore pipeline could threaten their
environment and way of life.

2) Concernsthat the back fill areas will be more prone to
damage from ice and wave activity.

3) Concerns about the effects of ice scour and movement
of the ice sheets against the idand.

4) Concerns about the burial depth of the pipeline with
many residents stating that seven to nine feet deep was
not adequate.

(3) Subsistence Activities

1) Concernsthat noise levels will cause the whales to alter
their migration path.

2) Concernsthat the proposed island islocated in an
important whale feeding area.

3) Expressionsthat the NSB needs funding to conduct the
subsi stence studies required to provide information
about the impacts of the project.

4) Concerns about the leaching of chemicals or oil from
cement blocks and emissions from industrial stacks
which leave a sheen on and disburses scents into the
water, a change in the character of the water which
Bowhead sense. This may cause them to alter their
migration route.

5) Concernsthat any change in the whale migration route
can affect subsistence hunting.

6) Statementsfrom some residents to the effect that the
NSB opposes offshore oil and gas development,
because the industry cannot guarantee subsistence and
whaling activities will not be affected.

(4) Oil spills

1) Questioned whether BPXA will have to demonstrate to
MMS that it can clean up oil in broken ice.

2) Expressions of concerns that the EI'S should
acknowledge oil spillsin the Arctic must be cleaned up.
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(5) Impact Assistance

1) Statementsto the effect that local communities should
receive more of the economic benefitsif the project
goes forward since sharing is an important part of the
Inupiat culture.

(6) Island Access

1) A suggestion was made to establish a marine radio
repeater station on Liberty island.

2) Statements were made that if the project goes forward,
hunters who have to stop on the island should be treated
with respect and not like criminals.

(7) Economic Effects

1) Questions were raised asto what kind of economic
return the local residents and village corporations
would receive if the project goes forward.

2) Statements were made regarding how the village
corporations should be involved in the planning,
construction, and development of the project.

3) Recommendations for long-term training for local
residents were voiced.

(8) Scouring and Ice Data
1) Concernsthat ice-scour data was adequate.

(9) Other Issues

1) Questions asto other criteria BPXA was considering
besides oil spillswhen it was evaluating potential
problems with Liberty.

2) Questions asto what monitoring for air quality would
be required.

3) Statementsthat there would be a need for an icebreaker
in case of a blowout.

4) Statementsthat the Beaufort Sea should be the last
place the oil industry should explore for oil.

(10) Alternatives

1) Several residents stated that something should be
constructed at Point Brower to support the Liberty
project from onshore.

2) It wasrecommended that Liberty island be in water no
deeper than 6 feet to allow bowheads to maintain their
traditional migration patterns.

c. Kaktovik Meeting, March 31, 1998

(1) Project Description and Environmental Report

1) Therewas concern that Kaktovik was being neglected
when it came to discussions of the effect of the project
on Arctic communities.

2) Concerns about the displacement of bearded seals
(ugruk) from the area when construction begins. The
seals are an important food source to the village
because each family needs 5 gallons of seal oil per
family per year.
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3) The need to discuss the impact of the development on
beluga whales was voiced.

(2) Pipeline Design

1) There were concerns as to the ability of the oil company
to shut down the pipeline quickly in case of arupture

2) There was discussion and concern as to the impact of
the project on the permafrost along the pipeline route.

3) Concerns were raised as to the impact on Boulder Patch
communities.

4) Concerns were raised about the silt being deposited
around Tigvarik Island.

5) Concerns about the island depth, pipeline depth,
trenching, and the onshore portion of the pipeline.

6) Questions were also raised regarding Native allotments
where the pipeline comes ashore.

(3) Subsistence Activities/Whaling

1) Concerns about the effectiveness of the Qil/Whalers
Agreement.

2) Concerns about the effect of noise on bearded seals.

(4) Oil Spills

1) Many resident of North Slope communities are
uncomfortable with offshore drilling because they feel
there isno way to handle spills.

(5) Impact Assistance
1) Concerns about the lack of impact assistance.

(6) Alternatives
1) Expression of confusion about what the alternatives to
the project were.

(7) Public Process
1) Kaktovik would like to be involved in the major
milestones of the project.

d. Anchorage Meeting, March 25, 1998

(1) Pipeline Design

1) Concernsover the design of the proposed route.

2) Concerns about future development and the effects of
additional pipelines.

3) Concerns about impacts on climate change on the
subsea pipeline

(2) Liberty Plan Project Description

1) Expression of concern that discharge sources were not
included and several individuals asked when the
National Pollution Discharge Elimination System
(NPDES) permit application would be filed.

2) Concerns that there were no baseline or site-specific
studies of floraand fauna at either the gravel site or the
island site.
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(3) Oil Spills

1) Concernsthat there was no mention of a catastrophic
oil spill and the feeling that the oil spill plan as
presented by BPXA was just wishful thinking.

2) Concernsover the quality of spill/leak detection
systems.

3) Concernsthat the NEPA review was being done
independently of the response planning.

(4) Global Warming/Arctic Climate Change

1) Itwasasked if BPXA evaluated the impacts of Arctic
climate change on the pipeline and the impact of oil
production from Liberty on the climate.

2) Severa public members stated that MM S should
support and study renewable energy sources.

(5) Public Process

1) Expressionsof concern about the validity of the NEPA
process.

2) Expressions of concern about the short notice for the
meetings.

3) Statementsthat it was difficult for the public to identify
cumulative effects of project such as Liberty and others
which may be online.

4) Concerns that there needed to be an open public process
on pipeline engineering.

5) There needs to be more publicity about the meetings.

(6) Reservoir Management/Boundaries
1) Thereservoir ispoorly defined.

(7) Cumulative Effects
1) Concerns about the development of satellite facilities
extending out from Liberty.

(8) Biological/Environmental Concerns

1) Concerns about the lack of baseline studies for bird
migration, fish population and polar bears dispersal
data.

2) Concerns about oil spills, sedimentation, and damage to
Boulder Patch communities.

3) Concerns asto a comprehensive index of what data was
available,

e. Anchorage Meeting, April 8, 1998

(1) Pipeline Design

1) Concerns about monitoring the pipeline construction.

2) Concerns about pipeline burial depth and the effects of
ice gouging on pipeline safety.

3) Concerns about a breach under the pipeline and the
effects of permafrost.

4) Concerns about the effects of climate change on the
pipeline including melting permafrost, melting seaiice,
and sea level changes.
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5) Concerns about the shoreline crossing and how it was
selected.

(2) Liberty Plan Project Description

1) Concerns about the abandonment procedures after the
field is depleted.

2) Concerns about natural gasin the area, blowouts,
transportation impacts, and field depletion.

3) Interest was expressed in the feasibility of directional
drilling from onshore locations.

(3) Oil Spills

1) Concerns about the industry’ s track record for oil
cleanup and there were some requests that cleanup
equipment be onsite to handle more than one spill at a
time.

2) At least one person stated that the contingency plan was
inadequate.

3) It was stated there was a need for more field work and
less reliance on computer models.

(4) Global Warming/Arctic Climate Change

1) Concerned about real numbers for greenhouse gas
projections. Must quantify the effect of burning 120
million barrels of oil.

2) Concerned about the impacts of Arctic climate change.

(5) Public Process

1) Needsto address aternative energy sources.

2) Needsto provide more lead time for meetings.

3) Delay the Liberty EIS until Northstar is completed so
the public has the benefit of that information.

(6) Cumulative Effects

1) Must consider cumulative effects from all projects on
the North Slope.

2) Therewas an expression of concern over radioactive
meaterials.

3) Concerns were expressed over long-term air pollution
impacts.

(7) Traditional Knowledge

1) There were suggestions that MM S should make certain
to incorporate traditional knowledge into the document.

2) There were expressions of concern that local
indigenous people were not being adequately
represented in the EIS.

f. Fairbanks Meeting, April 1, 1998

(2) Island Construction

1) There was concern about the proposed number of
helicopter overflights expected during construction, the
size of the expected workforce, and other construction
activity especially during the periods when birds are
molting and cannot fly away.
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2) Therewas asuggestion to use Tern Island for
development instead of building another island.

(2) Pipeline Design

1) Concerns about the effects of heat on the permafrost.

2) It was suggested that the EIS clarify technical design
features and rationale so the public can determineif it is
worth the risk.

(3) Biological Concerns

1) Concerns about the impacts to marine mammals and
birds.

2) Concerns about disturbances to biological populations,
in spite of small footprint.

3) Concerns about the many unsubstantiated statements of
effectsin the Environmental Report.

4) Concerns about the increased number of predators
(foxes and gulls specifically) in the area lured by
artificial food sources on theisland.

(4) Public Process

1) Therewas an expression of need for MM S to improve
wording on newspaper ads.

2) Concerns about the Liberty project in relation to
Northstar and the suggestion that the Liberty Project be
put on hold for the moment.

3) What isthe difference between a scoping meeting and
public meeting?

4) Concerned that MM S look at the science and not just
pull material from previous EIS's.

(5) Cumulative Effects

1) The MMS should consider this project in light of other
projects that will follow and address all the potential
cumulative effects.

C. ENVIRONMENTAL ISSUES
ANALYZED IN THE EIS

The following environmental, socioeconomic, technical, or
designissues are identified for analysisin this EIS, because
they are related to important resources, activities, systems,
or programs that could be affected by petroleum
development and production and the transportation
associated with production.

The EIS also will analyze the cumulative effects of the
proposed Liberty Plan and other present and anticipated
major activities.
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1. Offshore Platform and Pipeline Oil
Spills

The impacts of a potential oil spill from this proposed
project on the various resources will be evaluated in this
EIS. The EISwill:

e addressthe impacts of an ail spill from ablowout or
from apipeline leak;

e include an independent oil-spill-risk analysis and
several different receiving environments based on
differing seasons, weather and ice conditions, including
avery large but unlikely oil spill event;

e analyze the fate and effects of an oil spill in open water,
solid ice, and broken ice; and

e explain the differences between BPXA's estimated oil
spill sizesin the project description and the sizesMMS
usesin our oil spill risk analysis.

2. Oil Spill Response Capabilities and
Contingency Planning

As part of its development and production plan, BPXA is
required to have an Qil Spill Contingency Plan (OSCP). No
development and production operations may be started until
an OSCP has been approved. Under MM S' s regulatory
regquirements (30 CFR 250.34), the applicant must
demonstrate response capability before project construction
begins. This process includes review and approval of the
Qil Spill Contingency Plan/Qil Discharge Prevention &
Contingency Plan (OSCP/ODPCP) and the North Slope
Spill Response Project Team (NSSRPT) Planning process.
The Liberty OSCP includes the essential elements required
by MM S regulations. The information on response
equipment, strategies, trajectory models and other
information is consistent with response plans that have been
approved for offshore exploratory drilling programsin the
Beaufort Sea, with additional information, as appropriate,
for long-term development and the subsea pipeline. The
State of Alaska, Department of Environmental
Conservation, has oil spill planning standards that will apply
to the Liberty Development Project through the Alaska
Coastal Zone Management Program enforceable policies,
and the State portion of the Liberty pipeline right-of-way.
The effectiveness of the OSCP will be evaluated during the
regulatory and coastal zone management review processes,
which occur concurrently with the EIS. The OSCP be
distributed with the draft EIS. The EIS will describe
BPXA’sail spill response capabilities and contingency
planning under Arctic conditions, and analyzes the effects of
possible ail spillsinto the environment, but it doesn’t judge
the effectiveness of the OSCP to clean up or lessen the oil
spill’ s effects.

3. Pipeline Design

Many individual s expressed concern about risk to the
environment from pipeline failure. BPXA’s proposed
pipeline design incorporates measures the company believes
will mitigate these concerns. For example, the pipeline will
be buried at a depth that BPXA feels optimizes protection
against strudel scours and ice keels. The MMS and the State
of Alaska Pipeline Coordinator’s Office (SPCO) are
evaluating BPXA's proposed pipeline as part of the right-of-
way leasing process. Thetrench and burial depth are among
the many factors that will be considered. If the agencies
determine that additional measures are required for
environmental protection or design integrity, the design
must be modified. The EISwill contain an analysis of
pipeline design issues. In addition, an alternative to
BPXA's pipeline proposal has been developed by MMS; in
conjunction with the SPCO. This alternative is being
prepared should the technical review determine a depth
greater than BPXA’s proposed 7-9 foot depth is needed to
ensure the safety and integrity of the pipeline. Alternative
V1 will analyze burying the pipeline deeper, and includes an
evaluation of the pipeline trench and burial depthto a
maximum of 15 feet (see Section IV.F. of this scoping

report.)

4. Island Design and Location

The EIS will analyze the proposed production facility
design and location. BPXA proposes to construct asingle
manmade gravel island. The Liberty gravel island will be
reviewed under the MMS's platform verification program.
Through this program, all aspects of the island design and
construction will be reviewed by an independent
engineering firm certified by the MMS. The review will
include the following:

e Design criteria examining ice loads; wave, current, and
storm conditions; working surface elevation; facility
setback; and soil conditions and foundation stability.

e Construction materialsincluding gravel type, density,
and size distribution; slope armor/defense materials.

e Performance with regard to the movement, compaction
and settlement, ice ride up and override.

e Construction and verification that as-built meets design
specifications.

Alternatives to BPXA's proposal have been developed by
MMS and will be analyzed as Alternatives 111 (Southern
Island Location and Eastern Pipeline Route) and 1V (Use
Steel Sheetpile to Protect the Upper Slope of the Iland) in
the EIS (see Sections 1V.C. and D. of thisreport).
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5. Habitat Disturbance and Alteration
and Effects on Key Species

The effects of oil spills, discharges, noise from industrial
activities, and increases of human interactions with key
species and habitat have been identified asimportant
concerns of this project. The EIS will analyze the potential
impacts of the proposed development and production
operations on:

e the Boulder Patch, including proposed pipeline
construction (trenching and backfilling)

e hirds; especialy to the oldsquaw ducks, from helicopter
flights during their nesting and molting periods; and
potential risks to nesting birds by predators from
increased activities;

e polar bears, particularly denning bears, (thereis
concern about the sufficiency of baseline information
on polar bears);

e marine mammals; including, bowhead and beluga
whales; ringed, spotted and bearded sedls; and walrus;

e caribou, and other terrestrial species; and

e fish, including proposed pipeline construction
(trenching and backfilling).

e known archaeological sitesin the area onshore, and the
impacts of silt from island construction to the area near
Tigvarik Island.

6. Discharges into Water

The impacts and risks from an oil spill to the shoreline that
would be at risk; the widespread effects that oil may have
from a spill in broken ice that drifts a considerable distance
before the oil can be extracted; and the toxic impact of oil
on subtidal organisms and all potentially impacted species
will be evaluated.

7. Cumulative Effects on Biological and
Physical Resources & Social Systems

A major concern of many individuals was the cumulative
impact of oil-development activity, including pipelines, on
the habitat and key species (particularly the impact on
bowhead whales) in the Beaufort Sea. The EIS will:

e evaluate the cumulative effects of the Plan on the
resources and people of the North Slope;

e identify the cumulative impacts of the Plan with the
other existing and potential new activities, including
other potential Outer Continental Shelf (OCS)
developments and proposed projects on BLM- and
State-managed lands.

8. Protection of Inupiat Culture and Way
of Life

Many scoping comments included suggestions that MM S
incorporate traditional knowledge into the EIS. The MMS
will continue to include traditional knowledge as a key
element in our EIS analysis, as has been done for OCS
Lease 144 and 170 EISs. The following specific comments
based on traditional knowledge were received:

e A Nuigsut Elder stated that waves at Liberty were
usually bigger and more ferocious than those at
Northstar, though the ice is not as bad (Sarah
Kunaknana).

e Another Nuigsut Elder commented that he had seenice
in the area pileup more than 20 feet high at Bullen
Point. When there is a south wind and incoming tide,
the ice can pile up and overrun any facilities on the
island (Thomas Napageak).

e Inthelate 1970's, there were three years of very heavy
ice buildup in the area (Thomas Napageak).

e AnElder indicated that, within the Liberty area, ice had
piled up and killed her brother when they were living at
Crossldand. The changing character of thewind in
that area had also caused three hunters to be pushed
under theice. Although they survived the dunking,
they froze while walking home (1935). In a separate
incident, the elder also related that other hunters have
become stuck on the moving ice, and could not get off
the ice floe until they were well past Flaxman Island
(Sarah Kunaknana).

Ugruk (bearded seal) is Kaktovik’s most highly prized
delicacy. There used to be many Ugruk in the area but
today there are not enough for the village. Twenty-five
gallons of seal 0il come from each bearded seal; 5
gallons are needed by each Native family each year.
There are 60 familiesin Kaktovik and we did not get
enough bearded seal to allow each family afull supply.
There are concerns that the Oil/Whalers Agreement
should be expanded to cover al marine mammals, not
just bowheads. Bearded seals have been affected by
industrial noise and boat traffic. When out subsistence
hunting, we have seen the mile-long seismic tow lines
during the fall (Fenton Rexford).

e Bearded seals come from the west and they can be seen
during the summer after the ice breaks up. It would be
interesting to see, through monitoring studies, if
bearded seals are diverted as a result of boat traffic,
noise, or other drilling activity (Fenton Rexford).

9. Effects of Petroleum-Development
Activities on Subsistence Harvests
Another scoping concern is the impact on subsistence

hunting and gathering activities on the North Slope. The
EIS will analyze the effects of noise generated by the
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proposed activities to the feeding and migration routes of
marine mammals, especially bowhead whale. Subsistence
hunters are concerned that industrial noise will cause the
whale migration to move further away from shore, which
will increase the risk to hunters and increase the amount of
spoilage whale meat. In response to the concern regarding
noise disturbance to whales and the commenter’s
recommended alternative to move the proposed gravel
island into shallower waters or to directionally drill from
onshore, the EIS also will analyze the effects of an
alternative location for the idand (see Sec. 1V.C, Southern
Island Location and Eastern Pipeline Route for a detailed
discussion on the site alternative).

During scoping, comments were made as to the of the
importance Liberty Iland location to subsistence activities.
The MM S will evaluate the potential effects of the proposed
project to these activities. Oneindividual asked if the
potential air emissions from the stacks associated with
onshore construction processes would affect whale feeding
and migration. Others expressed concern about the onshore
pipelines and how they might impede access to traditional
subsistence sites and which sites will be analyzed. Others
were concerned that caribou and moose populations are
already declining and additional air and water pollution
could threaten them further. These concernsall will be
analyzed inthe EIS.
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organisms and species that feed on these organisms. In the
ElS, the MM S will evaluate dope protection design,
including the effects of the use of gravel bags. MMS will
also examine an alternative which will analyze an
aternative sope design that uses a vertical steel sheet pile
wall instead of gravel bags (see Section IV.D., Alternative
1V (Use Steel Sheetpile to Protect the Upper Slope of the
Island) which describes this alternative).

12. Island Access

During scoping, subsistence hunters voiced concerns about
island access. Will subsistence whalers be accepted, or
turned away, if they land on the island? In the past
subsistence whalers felt that the industrial employees at
other sites had not shown respect to the local subsistence
hunters. Residents feel they should not be treated like
criminalsif they stop at the island because they need water
or they must seek shelter from a storm. If the project goes
forward, they should be treated with respect. The EIS will
evaluate this potential impact.

10. Sociocultural and Economic Impacts
to Villages and Native Communities

The EIS will:

e evauate the potential effects to sociocultural systems
and the economy of local communities from the
proposed development, including the effects on
population growth;

e evaluate theincrease of non-Natives in the communities
and how that might affect the balance between the
traditional and modern lifestyles of the Inupiat people;

e identify the seasonality and size of the workforce that
will be created by the project and the potential
economic effects to the community;

e identify solid-waste storage disposal sites; and

e evauate the methods for handling solid wastes and their
effects on local communities.

13. Air Quality

The EIS will evaluate the impactsto air quality from the
proposed construction activities for the island facility and
the pipeline, plus long-term development and production
impacts. During scoping, someone asked whether flaring of
gas would be evaluated in the EIS. As proposed, flaring at
the Liberty facility will be intermittent. The flaring
emissions will be evaluated for impacts in the EIS and
during the USEPA’ s review and permitting processes.

11. Gravel Bags

Many scoping comments were concerned about the use of
the proposed gravel bagsin the idand design. Comments
were made that, in the past, gravel bags presented problems
to navigation. Because these bags are heavier than bags
previously used, they will sink if they enter the water
column. Once on the bottom, they may affect benthic

14. Water Quality

The EIS will evaluate the effect on water quality from the
project. Thiswill include the impacts of the marine water
discharges for construction of the island and pipeline, the
seawater treatment plant, and the domestic wastewater
treatment plant. BPXA plans no discharge of drilling muds
and cuttings. Instead, drilling wastes will be stored, if
needed, then ground and reinjected into a permitted disposal
well.

15. Facilities Abandonment

During scoping, a question was raised asto MMS's
abandonment procedures, and whether everything installed
for the field would be removed. The EISwill evaluate the
potential effects of abandonment of the production facility
at the end of the project life. Exact abandonment
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procedures will be developed prior to the end of the project
life. Based on the existing environmental conditions and
environmental regulations enforced at that time, itis
anticipated that all equipment, slope protection, and
buildings will be removed from the island at abandonment.
The pipeline riser and well casings will be removed below
the mud line. Pipeline removal will be evaluated prior to
the time of abandonment. The Corps of Engineers and other
agencies treat abandonment as a permit modification subject
to full public review.

16. Other Agency Regulatory Permits
and Requirements

During scoping, some comments suggested MM S identify
the other agency regulatory and permitting requirements.
Sections X1.B. and C. of the Liberty EIS will identify these
statutory, regulatory and permit requirements.

D. ISSUES ADDRESSED IN THIS
SCOPING REPORT BUT NOT
ELSEWHERE IN THE EIS

A number of other issues were raised during scoping. On
examination, MM S determined that they warranted a
detailed explanation in the Scoping Report but would not be
evaluated elsewhere in the EIS, in accordance with CEQ
guidelines (40 CFR 1501.7(3), since they are not expected to
have a significant effect on the environment. In determining
significance, MMS considered CEQ criteria under Section
1508.27, which defines “significant” by consideration of
such factors as affected species being rare and endangered,
unique characteristics of the geographical area, level of
public controversy and concern, degree of likely impact, and
uncertain risks.

These issues/concerns are identified and discussed below.
These are presented as bolded questions. The analysis and
rationale for why these questions and issues are not
analyzed elsewherein the EISis contained in the adjoining
text below.
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at thistime. After the completion of the EIS, results of
coordination with the NSB and subsistence communities (as
required by Sale 144 Lease Stipulation No. 5, Subsistence
Whaling and Other Subsistence Activities), the Section 7
consultation process, and other permit reviews (NPDES,
PSD, Corps Section 10 of the Rivers and Harbors Act),
Section 404 (Clean Water Act), and Section 103 (Marine
Protection, Research, and Sanctuary Act)) and Letter of
Authorization/Incidental Harassment Authorization
authorities, any number of project-specific monitoring
programs could be identified. The MMS would involve the
NSB in reviewing and commenting on any proposed
monitoring programs within MM S's jurisdiction.

Will MMS monitor the bearded seal to see if it is
impacted by noises from drilling and boat traffic?

Effects on the bearded seal from the proposed Liberty Plan
will be analyzed inthe EIS. Thisisone of the species on
the NMFS marine mammal protection list, and they can
require monitoring as part of their Letter of Authorization as
required under the Marine Mammal Protection Act for the
project; such a monitoring study could analyze the effects of
noise on the species. The MMS will coordinate and
cooperate with NMFS, but MM S will not implement a
requirement for monitoring unless NMFS requiresiit.

Will there be an air quality monitoring program?

No air quality monitoring is currently proposed.
Information on existing air quality isincluded in the
USEPA Prevention of Significant Deterioration (PSD)
permit application and used in modeling the incremental
increases in selected emissions resulting from proposed
Liberty plan activities. Some emission-related monitoring
typicaly is required under USEPA permits, such as visual
inspection of plume opacity; however, the final
determination is left up to the permitting agency at the
conclusion of the PSD permit review process.

1. Monitoring Studies

Will the NSB be involved in the design of monitoring
studies? Can the NSB suggest modification?

Monitoring studies are usually suggested and designed at

the conclusion of the EIS process. The MMS is committed
to working with the State, NSB, and affected communities
and will seek their involvement in the design of monitoring
studies. No project-specific monitoring has been proposed

2. Conflict Resolution/Agreements

Is MMS considering expanding the Oil/Whalers
Agreement to include other marine mammals and not
just bowheads?

The Sale 144 | ease Stipulation 5, Subsistence Whaling and
Other/Subsi stence Activities, requires lessees to minimize
potential conflicts with subsistence whaling activities
through consultation prior to conducting proposed activities.
This stipulation requires that “...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,
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timing, and methods of proposed operations and safeguards
or mitigating measures which could be implemented by the
operator to prevent unreasonable conflicts...” Thisincludes
all subsistence activities, not just those associated with
bowhead whales.

What is the effectiveness of the Oil/Whalers Agreement?

The stipulation in the previous response also applies here.
In response to a similar MMS stipulation and the Letter of
Agreement between the oil industry and the National
Marine Fisheries Service (NMFS), oil-industry operators
signed an Open Water Conflict Avoidance Agreement (July
29, 1997) with the AEWC and the Whaling Captains’
Associations for Barrow, Kaktovik, and Nuigsut. Thistype
of agreement (negotiated annually) has been successful in
defining appropriate working guidelines and
communications procedures for implementation during fall
migrations of bowhead whales. The proposed Plan
acknowledges that coordination with subsistence
communitiesis ongoing and will continue through the life
of the project. We anticipate this type of interaction will
continue and will help to mitigate potential conflicts.

BPXA has successfully negotiated two Conflict Avoidance
Agreements with AEWC and whaling captains to address
the effects of the 1996 and the 1997 summer ocean bottom
cable seismic exploration programs. Successful negotiation
of these agreements was a condition required before NMFS
would issue an Incidental Harassment Authorization for the
seismic programs. Such coordination will continue
throughout the design and planning stages of the project.
BPXA will be required to submit updated documentation
related to coordination efforts with subsistence
communities. The communities will have the opportunity to
review and comment on this documentation. No
development activities will be allowed until the coordination
efforts required under the Conflict Avoidance Mechanisms
Stipulation have been completed. Based on consultation
with NMFS, BPXA plansto secure an IHA to cover
construction activities, and to propose rule making to allow
issuance of Letters of Authorization to cover drilling and
production operations.
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emissions of gaseous hydrocarbons by 99.98 percent and
dlightly increase emissions of other pollutants. However,
incomplete combustion of oil would inject about 10 percent
of burned crude ail as oily soot, plus minor quantities of
other pollutantsin the air. The Regional Response Team
has guidelines to evaluate in-situ burn options which would
be followed prior to any in-situ burn approval.

3. In Situ Burning

What are the effects of in situ burning on the
environment?

The effects of burning oil in situ were evaluated in the
Beaufort Sea Lease Sale 144 EIS (MMS 96-0012), effects
onair quality (IV-M-9). Asindicated in the EIS, in situ
burning is a preferred technique for cleanup and disposal of
spilled ail in oil spill contingency plans. Burning could
affect air quality in two ways. Burning would reduce

4. Climate Change and Alternative
Energy Sources

Will MMS evaluate the greenhouse gases for the project,
including the eventual combustion of 120 million barrels
of oil projected to be produced over the lifetime of the
project? Will MMS consider alternative energy sources
in the EIS?

Scoping comments under the categories of Global Warming
and Alternative Energy Sources were addressed inthe MM S
Outer Continental Shelf Qil and Gas Leasing Program:
1997-2002 Final EIS on pages 1V-63-68 and 1V -482-489,
respectively. In addition, the Council on Environmental
Quality, in its Draft Guidance Regarding Consideration of
Global Climate Change in Environmental Documents
Prepared Pursuant to the National Environmental Policy
Act, October 8, 1997, recommends addressing this issue at
the program level rather than at the project level.

Have the impacts of climate change (melting permafrost,
sea level rise, ice conditions; or increase in the amount
and severity of storms) on the project been considered?

The effects of climate change are more appropriately
considered in NEPA documents at the program stage, not
for individual projects (see OCS Qil & Gas Leasing
Program 1997 to 2002 Final Environmental |mpact
Statement (August 1996) which isincorporated by
reference). Thelife of this project isrelatively short and the
effects of major climate warming remain relatively long
term. Changes to the Arctic environment are expected to be
within the range of the current data over the life of the
project, and regular monitoring and maintenance of the
pipeline and island will ensure adequate corrective action is
taken to maintain their integrity. If animmediate threat is
encountered, the flow in the pipeline can be stopped, and the
wells and the facility can be shut down and if necessary the
island can be vacated.
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5. Increased Federal Revenue Sharing

Will the Federal Government provide impact assistance
to local communities?

Congress, not the MMS,; isresponsible for the allocation
and commitment of Federal funds and, therefore, it will not
be analyzed in the EIS. Although MM S hears and
understands the concerns and positions stated by the
communities, MMS is not authorized to provide the relief
requested. Concerns about impact assistance have been
passed to MM S management in Washington, D.C., but the
ultimate resolution will occur outside of the EI'S process.
The State of Alaska will receive 27.5% of the revenues from
this project and other Federal OCS leases in the 8(g) area
(from 3-6 miles offshore) and these funds will become part
of the State of Alaska s revenue stream from which the local
communities will benefit.

6. Other Comments Not Related to the
EIS

BPXA representatives attended all of the scoping meetings

and provided an overview of the proposed Plan. Numerous

guestions at the scoping meetings were directed towards

BPXA, which they answered. Some of these questions and

concerns follow:

e |sthe gas sweet or sour?

e Canaradio repeater be installed on the island?

e  Will there be long-term training programs for locals?

e What other incidents, besides oil spills, did BPXA
consider when they designed Liberty?

e |sthe deep, 20-foot channel designed to move water
away from or towards the shore?

e Wil there be opportunities for NSB residents to learn
more about the project?

e  Describe the wave model used to test the island.

e Spend money protecting subsistence resources, not on
additional western studies.

e What isthe dope of the seabed?

Questions and comments that were not related to the
environmental analysis for a Development and Production
Plan are not included in this scoping report; they will not be
included in the main body of the EIS. An example of such a
comment is: “MMS should analyze the effects of
radioactive material and pollution.”

Various administrative comments and concerns were raised
and passed along to the appropriate MM S managers for
action. One such concern was that the meetings were
scheduled only during the day which prevented some people
from attending. In response to this concern, an additional
evening in Anchorage was scheduled. Although such
concerns are not directly related to an EISissue, MM S
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acknowledges their receipt and has passed them on to the
appropriate MM S manager. Also, MMS notes concerns
voiced by the public about other projects and MM S-related
issues, but these comments are not included in this scoping
report asthey are not related to the Liberty EIS. Some
comments criticized the public notification process MM S
used for announcing the scoping meetings and the
information provided in those natifications. Although these
processes meet the legal requirements, MM S is always
interested in feedback from the public and will strive to
improve how it interfaces with the public and the quality of
the information we provide.

Will village corporations be involved in the planning,
construction, and development of the project?

BPXA commitments for local community involvement
during the project were noted in the DPP. In addition to
conducting meetingsin local communities to provide
updated information on the project and discuss issues of
concern, BPXA will organize a program to incorporate
traditional knowledge of village eldersinto project planning;
will negotiate conflict avoidance agreements through the
AEWC and Whaling Captains Associations of Nuigsut and
Kaktovik for any regquired monitoring of construction and
development activities for potential marine mammal and
wildlife impacts; involve community residents and local
ingtitutions and organizationsin oil spill prevention and
response, and in development and i mplementation of a
training program in cultural and environmental awareness
for BPXA and contractor employeesinvolved in Liberty
development and subsequent production. Specifically,
BPXA has developed its Itganaiyagvik job recruitment and
training program intended to train more North Slope
residents for jobs in producing fields. Thisprogramisa
joint venture with Arctic Slope Regional Corporation and its
oilfield subsidiaries.

What is the relationship and timing between the
proposed Liberty project and the Northstar project?

The cumulative analysis of both documents will analyze the
combined effects of both projects. However, each project is
unique and must meet the economic constraints and
environmental concerns on their own merits. Although
BPXA isthe applicant on both projects, it is possible that
either or both of the projects could be denied, restructured,
or delayed. The uncertainty surrounding the timing and
distribution of the environmental documents associated with
the Northstar project was a factor in MM S's decision to
prepare an environmental analysis for the Liberty project.
The MMS s aware of the information and technical analysis
generated by the Northstar project, and will include the
pertinent information from the Northstar draft EIS
(published June 1, 1998) into the Liberty draft EIS, either
directly or by reference.
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Are the resource numbers correct?

The MMS has reviewed and analyzed both the public and
proprietary information concerning the resources and
proposed BPXA Plan. MMS feels the resource numbers are
reasonable.

What is the seismic activity in the area?

Thereisvery little seismic activity in the area, thus, it is not
afactor in the design and safety of the project, and will not
be analyzed further in the EIS.

The EIS should plan for catastrophic events and
incorporate them into the Liberty design?

The NEPA requires that MM S look at reasonably
foreseeable activities and analyze the environmental effects
associated with those activities. The MM S will include
analysisin the EIS for avery large but very unlikely ail
spill. However, it does not seem reasonable to analyze the
potential of other very unlikely catastrophic events.

Will the pipeline engineering process be open to the
public?

The pipeline review process with the State Pipeline
Coordination Office (SPCO) is open to the public, and the
data and the analysis are available for review by the public
at the SPCO office. The MM S and the SPCO have entered
into a Cooperating Agency Agreement. Review of the
Federal portion of the pipelineis a so open to the public
from both MM S and the SPCO.

Will MMS evaluate the OSCP in the EIS?

The Oil Spill Contingency Plan, which identifies the
response capabilities, will be distributed for pubic review
and comment with the draft EIS. Also, Section Il and I11 of
the EIS discuss oil spill response capability and the effects
on the resourcesif a spill event occurs and hits the resource,
but the EI'S does not assume any level of clean up in our oil
spill analysis.

Why develop these oil and gas resources now? Why
not save them for later?

BPXA purchased the rights to develop these resources from
the Federal Government in Sale 144. The decision to
develop the Liberty prospect now is based on a variety of
considerations, including logistics, economics and
infrastructure associated with the devel opment of the
adjacent Badami oil field being developed by BPXA. The
Liberty offshore pipeline will tie into the Badami onshore
pipeline. Development of domestic oil and gas resourcesis
consistent with the Outer Continental Shelf Lands Act and
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U.S. Department of Energy (DOE) Policy. The USDOE is
very concerned with the high level of foreign oil and gas
imports and our dependence upon those foreign energy
resources, and thus supports OCS devel opment.

Will MMS help fund requests for additional subsistence
data that are to be conducted by the NSB Wildlife
Department for inclusion in the EIS?

The MM S does not anticipate the need to request additional
subsistence information or data from the NSB Wildlife
Department. We have cooperated with the NSB in previous
MM S-funded studies, and we consider currently available
information to be adequate for the analysisin the Liberty
ElIS.

Will MMS evaluate causeways and other structures in
the nearshore waters that could adversely affect water
quality and fish migration?

The plan submitted by BPXA does not include a causeway
or other nearshore structure that might affect fish migration
or water quality.

Comments received from the State of Alaskaincluded
comments from the Alaska Department of Fish and Game
(ADF&G) concerning their preference for the proposed
island design verses a plan that would include causeways.
ADF&G also stated its preference for the proposed gravel
mining site over other potential sites on the North Slope.
Where appropriate, these preferences have been used in the
evaluation of alternatives; MM S appreciates the position
taken by ADF& G concerning those issues.

Will MMS seek the consent of the indigenous people,
keeping in mind that the Alaska Native Claims
Settlement Act Corporations do not have the authority
under international law to speak for the traditional
Inupiat people?

MMS isworking with the State of Alaska, the NSB, the
City of Barrow, and the village leadersin Nuigsut and
Kaktovik. Everyoneisinvited to attend our meetings and to
voice their opinions and concerns. These concerns and
issues are considered here or in the main body of the EIS.
The draft EIS will be available to everyone for review and
comment. The MM S feel s this coordination is adequate.

E. ALTERNATIVES TO BE
EVALUATED IN THE EIS

The CEQ guidelines require an agency identify and evaluate
reasonable alternatives to the proposal for consideration in
the EIS, and for aternatives which were eliminated from
detailed study, briefly discuss the reasons for their having
been eliminated (40 CFR 1502.14). “Reasonable
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alternative” means feasibility, practicability, environmental
benefit, meets statutory regquirements of the OCS Lands Act,
Rivers and Harbor Act of 1899, the Clean Water Act, etc.
Under the CWA 404(b)1) guidelines, The Corps of
Engineers must evaluate technically feasible and reasonable
alternatives which have alesser impact from the project on
the environment. Based on issues and concerns identified
during scoping, the MM S has eval uated and determined, for
the reasons stated, the following alternativesto BPXA’s
proposal will be analyzed in the EIS.
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aternative is supported by the Corps, EPA, and the NSB for
analysisin the EIS.

1. Alternative |, The Proposal

The MM S will evaluate the environmental impacts of the
BPXA proposed action as described in the Development and
Production Plan.

4. Alternative IV, Use Steel Sheetpile to
Protect the Upper Slope of the Island

A major issue identified in scoping in Nuigsut and in
Barrow was whether the gravel bag island designis
adequate, and whether the gravel bags present athreat to
navigation and to the environment. Inthe EIS, MM S will
analyze an alternative isand construction design using a
steel sheet pile wall (as at Northstar) rather than the gravel
bags. Analysis of this alternative is supported by the Corps,
EPA, and the NSB.

2. Alternative Il, No Action

The EISwill include a“No Action” alternative as required
by NEPA.

3. Alternative lll, Southern Island
Location and Eastern Pipeline Route

At the Barrow Scoping Meeting, one individual suggested
that MM S look for alternatives that would use an island
located in 15-20 feet of water, because such alocation
would reduce the impacts to bowhead whales. In evaluating
this suggestion, it was discovered that most locations that
meet the criteria were too far away or placed the island
closer to the Boulder Patch. Because of the oblong shape of
the Liberty prospect, extended-reach drilling already is
being used. To move the site off the Federal leaseinto 15
feet of water would increase the risks and costs. It also
would decrease the amount of resources that could be
extracted such that the prospect would no longer be
economically feasible. In effect, the alternatives would
become the same as the no action aternative. The MMS did
identify one site near the southern boundary of the Federal
leasein 20 feet of water. It islocated along the alternative
eastern pipeline that was considered by BPXA inits
evaluation process. Thislocation is farther away from the
Boulder Patch than the proposed island location, and it
reduces the offshore pipeline length requirements from 5.5
miles to approximately 4 miles. However, thislocation
increases construction of the onshore portion of the pipeline
by more than a mile and will require additional drag-
reducing agents to be added to the product in order to
maintain product flow.

The MMS isincluding this Southern Island Location and
Eastern Pipeline Route as an alternativein the EIS. This

5. Alternative V, Use Duck Island as the
Gravel Source

Several commenters suggested that the existing Duck Island
gravel mine site should be examined as the source for gravel
extraction for the Liberty project development. Analysis of
this alternative is supported by the Corps, EPA, and the
NSB. The Duck Island mine site (about 90 acres) is located
within the Prudhoe Bay Unit. The mine site is within the
Sagavanirktok River Delta between the east and west
channels of the river and on the north side of the Endicott
Access Road about 6 miles south of the mouth of theriver.
It is bordered on the west by Washout Creek and on the East
by Duck Idland Creek. Most of the mine site is covered by
water, primarily from melting snow in the spring and rain
during the summer. The mine site has estimated reserves of
13 million yards of useable gravel if the pit is mined to
depths between 70 and 75 feet. Currently, the mine siteis
used primarily as a source of gravel for ongoing
maintenance of roads, the Endicott causeway, and islands.
Approximately 1,300,000 cubic yards of overburden are
stockpiled around the north, east, and west perimeters of the
mine site.

In order to mine the Duck Idand site, water needs to be
pumped into designated receiving waters (Washout Creek,
Duck Island Creek, and adjacent wetlands as authorized by
the NPDES permit. BPXA estimates about 600 million
gallons of water occupy the site. The current maximum rate
per day is 1.5 million gallons authorized by the NPDES
permit and it would take approximately 400 days of
pumping to drain the site. If this siteis chosen, then BPXA
may need to modify or apply for another NPDES permit to
pump at ahigher rate. If ahigher pumping rate is not
approved, then this option would result in delay of the
project for at least ayear. Thissite has an approved
rehabilitation plan that includes islands for nesting for birds
and a lake that will provide overwinter habitat for various
fish species.
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Since thisis an existing active gravel mine site, the surface
disturbances have aready occurred and the rehabilitation
plan will occur after the site has been mined. There would
still be about 12 million yards of gravel remaining after the
gravel removal for Liberty, and the site rehabilitation would
not occur until abandonment, between the years 2010 and
2015. This alternative will be analyzed in the EIS.

6. Alternative VI, Bury the Pipeline
Deeper

During the scoping meetings, several people suggested that
we bury the pipeline deeper. The MMS and the State
Pipeline Coordination Office are evaluating BPXA's
proposed pipeline design. The trench and burial depth are
among the many factors that will be considered. This
alternative is being prepared should the technical review
determine a depth greater than BPXA’s proposed 7-9 foot
depth is needed to ensure the safety and integrity of the
pipeline. The aternative includes an evaluation of the
pipeline trench and burial depth to a maximum of 15 feet.

F. ALTERNATIVES EVALUATED IN
THIS SCOPING REPORT BUT NOT
ELSEWHERE IN THE EIS

A number of other potential aternatives were identified
during scoping. Potentia alternatives identified included
alternative island construction design types, existing sites,
alternative locations; alterative pipeline routes, and
alternative gravel sources and mine sites. For the reasons
stated, MM S has evaluated and determined that the
following suggested alternatives do not warrant further
detailed analysisin the EIS:

1. Alternative Island Construction

A number of different island locations and design types
were identified during the scoping process as potential
alternativesto the proposed Liberty Iland site location. In
assessing commenters' suggestions, MM S has evaluated the
various locations in the Scoping Report, such as the use of
satellite facilities to Liberty, using existing Tern Island
instead of building another island, moving theisland into
shallow water, building a caisson-retained island, or
developing the Liberty prospect from onshore using
extended-reach drilling. For the reasons stated, the MM S
determined that further analysis of these alternativesin the
main body of the EIS was not warranted or required.
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Will satellite facilities be necessary?

A concern was raised during scoping that the existence of
the Liberty development could trigger incremental
development in the area that would otherwise be
uneconomic. The MMS has evaluated the Liberty reservoir
and potential for satellite facilities based on both BPXA's
and MM S sindependent assessments. A satellite facility is
one that has limited drilling capabilities but no processing
facilities; for example, the Endicott Facility hasamain
production island (MPI) and a satellite drilling island (SDI)
to the southeast of the MPI. The MMS believes that
BPXA's proposal is appropriate for developing the Liberty
reservoir. There is no evidence to indicate that a satellite
facility currently is necessary or would be necessary in the
future to properly develop the reservoir. In fact, the cost of
an additional satellite facility would make the project
uneconomical given our current assessment of costs and
potential revenues from the oil and gas resources. Section 3
of the DPP includes provisions for eval uating additional
prospectivity of the reservoir as new well information is
obtained. The major design feature allowing this evaluation
isthe inclusion of more well sots than needed for
development of the currently delineated Liberty reservoir.
Those slots could be used in the future for appraisal or
development well drilling. If economically recoverable
prospects were defined by drilling from Liberty Island, the
plan would be to use existing island infrastructure for
production of those hydrocarbons.

Can the lessee use Tern Island to develop and produce
Liberty resources?

The Tern Island remnant is located about 1.5 miles from the
proposed Liberty Island site. Similar to an onshore
development option, development from Tern island would
necessitate high departure wells in the range of 18,000-
22,000 feet to complete production wells in the structurally
high portion of the reservoir. While some of the Liberty
reservoir probably could be produced from the Tern Island
location, the largest volume of reserves are located to the far
west and would be more difficult and expensive to be
produced. Development from Tern Island would not allow
for the highest recovery of resources for the Liberty
development area. Proper and efficient depletion of the
reservoir is mandated by the OCS Lands Act, and it isin the
public interest to ensure fair return to the public through
royalty. The MMS does not consider development of the
Liberty reserves from Tern Island to be technically
preferable to the proposed Liberty site. Potential impacts
from the use of Tern Island include increased risks of well
control and more deviated wells, which increases the waste
stream. Waste streams from more deviated wells would be
ground and injected into a disposal well.
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Can theisland location be moved into 6 feet of water or
less?

Similar to the Tern Island or onshore development option,
moving the island location farther away from the reservoir
only servesto reduce the volume of recoverable reserves;
see the response to the comment on the Tern Island
Alternative. Moving theisland to the 6-foot water depth
would result in well offsetsin the range of 25,000-27,000
feet. Thiswould make the project cost prohibitive. The
MMS does not consider such an option to bein the public
interest or to meet the legal obligations of the OCS Lands
Act.

Various type of islands could be considered for this project.
Most of them were considered for the Northstar project and
additional information and analysesisincluded in Chapters
3 and 4 of the Northstar draft EIS. The Liberty
Development and Production Plan and Environmental
Report discuss other options considered by BPXA and
provide the rationale for why these options were not
considered any further. The MMS has reviewed all of these
documents and analysis and concur with those decisions.

Can a caisson-retained island be used instead of a
gravel island?

The caisson-retained island (CRI) was used to drill three
exploration wellsin the Beaufort Sea. The rig would
require redesign and extensive modification before it could
be used for this project; currently, it is uneconomic to
proceed in thisdirection. The CRI, asis, could be used as a
drilling surface but isinadequate for all of the other
facilities. A gravel idand surrounding the CRI still would
need to be constructed, and the environmental effects would
be similar to those in the proposal.

Can Liberty be developed from onshore?

Development of the Liberty field from onshore would
require extended-reach drilling and completions, with
stepouts in the range of 25,000-40,000 feet. The current
record for a development/production well is 18,000 feet.
Further discussion of extended reach drilling isavailable in
the Northstar draft EIS, Chapter 3. The MM S does not
believe that the development of the Liberty field from an
onshore location is technically viable, and this option would
be cost prohibitive.

2. Alternative Pipeline Routes

Several aternative pipeline routes were considered in
MMS's evaluation of potential alternativesto BPXA's
proposal. The proposed pipeline route avoids
environmental ly-sensitive benthic-boulder patch habitats,
avoids areas of deep and frequent ice scour, and comes
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ashore at alandfall site avoiding coastal wetlands and areas
with highest erosion. The scoping process also identified
potential aternatives, including using Endicott facilities and
corresponding pipeline to Endicott, using the Badami
processing unit and pipeline route, requiring use of casing
around the proposed Liberty pipeline, using a remote-
sensing system in the middle of the pipeline for monitoring
potential breaks, and burying the pipeline in deeper water.
In ng suggestions, MM S has eval uated these
comments as follows and, for the reasons stated, determined
that analyzing these alternatives further in the main body of
the EI'S was not required.

Is it reasonable to use the Endicott facilities and
construct a pipeline to Endicott?

This alternative would require pipeline construction through
the environmentally sensitive “Boulder Patch.” The
pipeline would carry crude oil with dissolved natural gases
and some water to Endicott. Control of internal corrosion
and leak detection would both be more complex than what
isbeing proposed. The processing facilities on Liberty
Island would include primary stages of production
separation and complete gas dehydration and compression,
asin the proposed full processing. This alternative was
dropped because of the potential environmental
consequences to the Boulder Patch. BPXA rejected the
Endicott option for reasons in addition to minimizing
environmental impact, including technical uncertainty and
no economic advantages.

Can the lessee use the Badami processing unit and
pipeline route?

If no processing takes place on Liberty Island, then the
pipeline would carry carbon dioxide, water, natural gas, and
crude ail. Internal corrosion potentials would require the
pipeline to be made from special corrosion resistant alloys.
Pipeline leak detection is more difficult (less sensitive) for
three-phase pipelines (water, natural gas, and oil) than a
single phase oil pipeline. During low flow periods, the
temperature may fall low enough to enable hydrates to plug
the pipeline. Issuesrelated to carrying three phase flow to
Badami for processing are the same for processing at
Endicott, but the pipeline to Badami would be much longer.

Can the pipeline be designed with a casing around it to
contain and allow monitoring for oil leaks? Can the
pipeline be directionally drilled through the transition
zone?

Casing is used to protect pipelines from external loads such
asin deep horizontal directionally drilled river crossings or
under aroad bed. The magnitude of the external load from
an ice keel is beyond the level of protection provided by
casing. BPXA’s proposed burial depthisintended to be
sufficient to avoid damage or unacceptable strain on the
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pipeline. Thisdesign will be reviewed and verified by
MMS and SPCO prior to any pipeline approval. In any
case, using casing as a secondary containment measure is
not without problems. Industry experience shows that
buried casings are a prime location for corrosion. The best
effortsto electrically insulate the pipeline from the casing
do not prevent a small amount of moisture from providing
an electrical path. Oncethisoccurs, it is nearly impossible
to know the direction of current flow or to control it. The
worst caseisif the pipeline becomes anodic in relation to
the casing, meaning the pipelineis actively corroding and
the casing is being protected. The annular space between
the pipelinesis normally vented to the atmosphere. The use
of various monitoring devices, such as pressure-sensors and
pigs in the pipeline, are effective means to detect pipeline
leaks.

To directionally drill the pipeline through the transition
zone, it would need to be installed in casing, which exposes
the pipeline to potential corrosion and other problems.

Wouldn’t an additional remote-sensing system in the
middle of the pipeline provide useful information?

The proposed pipeline is only about 7.5 mileslong.
Installing instrumentation at the midpoint would yield very
little information that would contribute to pipeline integrity.
All of the pipeline segments are welded except for flanges at
the very ends. Each weld isthoroughly inspected. Welding
the pipeline segments together provides the highest level of
protection against leaks. Installing instrumentation at the
midpoint would most likely require a threaded or flanged
connection. These types of connections do not have the
integrity of aweld and would be more subject to leaks. The
instrumentation would require a power source and a
communications link to Liberty Island.

Can the pipeline be buried deeper to make it safer?

It istechnically feasible to bury the pipeline deeper than the
7 feet currently proposed if the final technical review of the
pipeline indicates that deeper burial is necessary to ensure
the pipelineis safe. Proper burial depth will be afunction of
multiple factorsincluding soil conditions, pipeline operating
conditions (temperature)), external loads, and pipeline
material specifications. BPXA's proposed burial depth will
be fully evaluated during the MM S and SPCO detailed
technical review of the pipeline design. If the technical
review verifies that the proposed design is sufficient, there
would be no basis or increased safety to the pipeline to
indiscriminately require deeper burial. To do so would only
serve to place additional and unnecessary loads on the
pipeline from additional overburden, and complicate the
timing and ability to install (and, if necessary, repair) the
pipeline. Although the EIS will not analyze the adequacy of
the pipeline safety (which is conducted through the MM S
and SPCO right-of-way process), the EIS will analyze the
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effects of constructing a 15-foot trench in the event the final
pipeline review concludes that deeper burial is necessary
(see section IV, Alternative VI, Bury the Pipeline Deeper, of
this report). BPXA has indicated that a 15-foot trench is the
economical limit for the Liberty project; an additional
aternative for deeper trenching will not be evaluated as a
viable aternative.

Why not use horizontal directional drilling from a series
of islands to get a pipeline from shore to the production
island?

Current horizontal directional drilling technology for soil
conditions along the route is limited to about 5,000 feet.
This method would require about six satellite island
locations. Each island would need to be large enough for a
horizontal drilling rig and all associated support equipment,
probably close to the size of exploratory drilling islands.
Drilling fluids and cuttings would still have to be disposed
of. The pipeline would be inside of a casing potentially
causing cathodic protection problems. The finished pipeline
would be undulating and poorly aligned, potentially causing
flow and measurement problems. The engineering
complexities of this proposal make it prohibitive.

3. Alternative Gravel Sources

During scoping, several individuals asked whether BPXA
had considered alternative gravel mine sites from which to
obtain gravel for the Liberty project. Potential alternative
gravel sources could include using the Kadleroshilik River
Oxbow site, the existing Duck I1sland mine site, an island in
the Sagavanirktok River, or the nearby abandoned Tern
Idand. The MMS evaluation determined these alternative
gravel sources, other than the Duck Island mine site, do not
require further analysisin the main body of the EIS. The
Duck Island Mine site will be analyzed as an alternative
gravel location in the EIS (Alternative V, Use Duck Island
asthe Gravel Source).

a. Kadleroshilik Oxbow Mine Site

Can the Kadleroshilik River Oxbow site be used as a
gravel mine site for the project?

Another potential gravel siteisin a nearby Oxbow lake
system on the Kadleroshilik River. Thissiteis vegetated
with tundra. Mining at this site would occur during the
winter and, while it wouldn’t cause direct harm to nesting
birds, it could destroy potent nesting sites and feeding areas.
Caribou also may feed on the tundra. While this site may
provide a deep freshwater pool for overwintering fish, the
disturbance to the existing vegetation would be much
greater. The ADF&G believes that mining wetland
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complexes potentially would have greater environmental
impacts, certainly greater wetland impacts, than excavating
the Kadleroshilik River. The mining of gravel from the
oxbow lake would disturb more tundra vegetation than the
proposed location, and the projected impacts would be
greater than the proposed location. BPXA evaluated use of
the Kadleroshilik Oxbow mine site prior to submitting its
DPP.
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b. Sagavanirktok River Site

Can a gravel mine site in the Sagavanirktok River be
used?

The ADF& G has been working closely with BPXA to
determine feasible gravel sites. The Sagavanirktok River
already provides fish-overwintering habitat, while the lower
Kadleroshilik does not. Potential gravel mine site locations
in either the Kadleroshilik or the Sagavanirktok River could
provide new overwintering habitat but the speed of
colonization, species mix, and relative value to each system
would differ. The ADF&G prefers a Kadleroshilik site for
the Liberty Project because overwintering habitat is not
currently present in the lower portions of this system.

The Kadleroshilik River has no existing overwintering
habitat in the lower portion of the system; the proposed pit
would add habitat that is completely lacking. Colonization
of the pit would take place over several years, and some
time may pass before the benefits are fully realized because
existing grayling and Dolly Varden populations are adapted
to overwintering in upstream spring areas. The pit may
become brackish, although the pit design allows exchange
with river flow. The Sagavanirktok River (Sag) has existing
overwintering habitat in the lower portion of the system; the
proposed pit would supplement a habitat that is present but
limited. Colonization would be rapid because existing
grayling and whitefish populations are adapted to
overwintering in the lower river (Dolly Varden overwinter
in upstream tributary rivers). The pit would remain as fresh
water habitat if located in the upper delta, but would be
brackish if located in the lower delta, although design of the
pit would influence exchange with river flow.

In summary, a Kadleroshilik mine site would have a greater
relative value in terms of creating habitat than would a Sag
River mine site. In contrast, a Sag River mine site might
have a greater absolute value in terms of fish numbers
supported and species diversity (the Sag system supports
many more species from the start), at least in the short term.
The choice between systems with respect to mine site
location ultimately may be a value judgment with respect to
fisheries enhancement.

c. Tern Island Gravel

Can the lessee use gravel from Tern Island?

The existing gravel at Tern Idand is both insufficient and
unsuitable asagravel source. Thegravel at Ternisland is
frozen in place and would require more extensive mining
(including potential blasting and dredging) and processing
of the gravel to make it suitable for reuse at the Liberty site.
Several seasons would be necessary to mine the gravel at
the Tern island, extending the overall construction season
for the Liberty project and causing multi year effectsto the
offshore construction area. Available gravel at Tern Island
isinsufficient to accommodate Liberty. Additional gravel
sources would be required, with resultant spatial and
temporal disturbances. The MMS does not believe the Tern
Island gravel provides a reasonable alternative gravel source
that provides the properties necessary for the proper, safe,
and timely engineering and construction of the Liberty
development island and would result in an overall increases
in impacts.

d. Other Mine Sites

Are there other gravel sources that could be used?

Although other abandoned gravel sources exist, none of the
sources reasonably near the site are considered to be large
enough, and additional testing would be required to
determine if thereis contamination in the gravel. Because
none of the sitesis adequate to meet the total gravel needs
of the project, the proposed gravel site still would be
required.

G. PERSONS WHO ATTENDED THE
SCOPING MEETINGS

Nuigsut, March 18, 1998
Phil Allison

Jonny Ahtuangaruak
Tom Cook

Sarah Kunaknana
Leonard Lampe
Thomas Napageak
Isaac Nukapigak
Lucy Nukapigak
Joe Nukapigak
George Sielak
Eunice Sielak

Fred Tukle, Sr.

Barrow, March 19, 1998
Duncan Adams
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Bart Ahsogeak

Dr. Tom Albert
Arnold Brower
Harry Brower, Jr.
Ronald Brower, Sr.
Karen Burnell
Mary Core

Jon Dunham
Taqulik Hepa

Jay Marble

Emily Nusunginya
Taqulik Obie-Hepa
John Tichotsky
Jim Vorderstrasse

Anchorage, March 25, 1998
Phil Allison
Melanie Duchin
John Ellsworth
Katie Farley

Glenn Gray

Peter Hanley

Bill Higgs

Jim Lewis
Pamela A. Miller
Kristen Nelson
Erik Opstat

Simon Potter

Dan Rice

Ted Rockwell
Caryn Rosenberg
Jim Sykes

Mary Weger

Karen Wuestenfeld

Kaktovik, March 31, 1998
Berdell Akootchook
Daniel Akootchook
George Akootchook
I saac Akootchook
Walt Audi

Archie Brower

Tom Cook

Leonard Gordon
Susan Gordon
Roland Kayotuk
Fenton Rexford
Chris Ruthven

Lon Sonsalla
Sharon Thompson
Merylin Traynor

Fairbanks, April 1, 1998
Sara Callaghan

Kathleen Done

Frances Mann

Ann Morkhill

John Ringstad

Chris Ruthven

Pat Sousa
Eric Taylor

Anchorage, April 8, 1998
Ron Barnes
Charles Bingham
Tim Bradner
Geoff Butler
Janet Daniels
Melanie Duchin
Katie Farley
Peter Gadd
Jeanne Hanson
Al Larson

Jim Lewis
Stacey Marz

Pam Miller

Chris Ruthven
Sdllie Schullinger
Marlo Shedlok
Richard Sloan
Jay Stange

Don Williams
Karen Wuestenfeld
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Liberty Information Update Meetings

by Minerals M anagement Service, Mar ch 23, 2000

Five meetings were held:

A. Fairbanks, October 28, 1999

B. Barrow, November 1, 1999

C. Nuigsut, November 2, 1999

D. Kaktovik, November 5,1999

E. Anchorage, November 9 and 10, 1999

A. FAIRBANKS

October 28, 1999,
7:00 pm at the Noel Wien Public Library

MMS Attendees were:
Paul Stang, 271-6045
Fred King, 271-6696
Dave Roby, 271-6557

Attendees:

Julene Abrams, 455-8073, 100 Cushman St, Suite 201,
Fairbanks, AK 99701

Jim Aldrich, 455-8073, 100 Cushman St., Suit 201,
Fairbanks, AK 99701

Charles Paskvan, 456-2537, 1028 Dogwood, #404,
Fairbanks, AK 99709

Gabe Strong, 452-5123, 205 Madcap Lake, Fairbanks, AK
99709

John Ringstad, 456-6891, 757 Illinois St., Fairbanks, AK
99701

Karl Hannamen

Cliff Burglin, 17 Adak St., Fairbanks, AK 99701

Moon Lew, 564-4530, BP Exploration, P.O. Box 196612,
Anchorage, AK 99519

Karen Wuestenfeld, 564-5490, BP Exploration, P.O. Box
196612, Anchorage, AK 99519

Charles Paskvan said that over-dependence on foreign oil
was a problem 25 years ago. We had oil embargoes in the
1970'sand gasrationing. We are an oil resource based State
and we should be supporting new development, which leads

to astrong and healthy economy. The best thing we can do
is have new fields come on line.

One individual has been working on the Northstar project.
His job was coating the pipeline with fusion bonded epoxy
(FBE). He personally did poly coating on every elbow on
the pipelines of Badami and Endicott. He heated pipe to
480 F and sprayed on a furim-based coating (plastic coating)
to protect pipe from corrosion. He has personally seen the
quality of work and has confidence in the quality of the
workmanship and the integrity of the pipelines being built.
He said “ The sooner the better for development of Liberty.”

We should be supporting additional production.

One person asked whether there was any basisto do arisk
assessment of the depth of strudel scour and ice gouging.
What istheice and strudel scour data for the proposed
pipeline route? Dave Roby responded with a general
answer. With strudel scour, isthere a correlation between
the size of the river, the water depth, and the amount and
size of strudel scour?

The MMS process takes too long. The projects are geared
for big operators, and don't allow small operatorsto join.
MM S should treat small independent operators differently
than big operators.

In 1977 Hickel said there were 600 billion barrels of oil in
Alaska. We should lease the whole state and live off the
|eases.

B. BARROW,
Nov. 1, 1999,
7:00pm at the Inupiat Heritage Center

Attendees:
Dr. Drew Hageman, Ilisagvik College
Charles Neakok, Native Village of Barrow
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Harry Brower, Jr., NSB Wildlife Management
Maggie Ahmaogak, AEWC

R.E. Peetook, AEWC/Wainwright

Abel Akpik, ICAS

Tom Albert, NSB Wildlife Management

Paul Kinglow

Johnny Aiken

Edna MacLean, Illisagvik College

Jane Combs

Taqulik Hepa, NSB Wildlife Management

Norm Goldstein, KBRW-AM News

Ned Arey, NSB Planning Dept.

Rex Okakok, Head, NSB Planning Dept.

Doreen Lampe, NSB Planning Dept.

Anne Jensen, Barrow Arctic Research Consortium
Fred Kanayurak, Pres. Barrow Whaling Captains,
Ronald Brower, Inupiat Heritage Center

Maribel 1zquierdo-Rodriguez, Inupiat Heritage Center
Charles Brower, Head NSB Wildlife Management
Arnold Brower, Jr. ICAS

Jana Harcharek, IHLC

The meeting began at 7:00pm with MM S introducing its
team: Paul Stang, Fred King, Albert Barros, Dave Roby,
and Mike Burwell. At Fred's request the audience
introduced themselves, and then he began his PowerPoint
presentation that gave an intro. to the Liberty Project,
discussed the delay, ongoing project planning, schedules,
alternatives, and issues. The presentation concluded with
Mike Burwell giving a brief presentation on Environmental
Justice.

People felt free to stop Fred and ask questions. What
follows are their comments and concerns:

Edna MacL ean was concerned about pipeline aternatives
and wondered how MM S was going to do an Qil Spill Risk
Analysis (OSRA) for each pipeline aternative/design. Dave
explained it would be afailure probability computer
analysis done by the firm, INTEC . Maggie Ahmaogak
asked if the test would happen in a particular Arctic
location, and Dave said it would not be onsite but done by
computersin alaboratory setting. Drew Hageman wondered
if these analyses would be looking at local and actual
environmental conditions and Fred said no that it would be a
computer analysis of data.

Maggie A. wondered who would determine what would
break a pipe. “Do they know enough local knowledge of ice
movements?’ She said locals say ice can gouge 6 to 9 feet
into the sea floor and believes apipelineis still not safe at 8
feet. It's 6 to 9 feet for Northstar, so why not the same for
Liberty? Dave responded that the State Pipeline
Coordination Office and the MM S contractor raised several
issues regarding BP's statistical analysis of ice gouging and
strudel scour and that new models are being prepared by BP.

Edna M. asked if we were considering the knowledge of
whaling captains. Fred said we were and that their concerns
and information areinthe EIS. Also, when the DEIS comes
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out the whaling captains can comment on our treatment of
their information. Paul Stang added that MM S was working
on getting better data/spill statistics for the Arctic, was
doing a number of conceptual studies, developing a new
statistical approach, and was including much new traditional
and technical knowledge.

Jana Harcharek mentioned that the Inupiat History,
Language, and Culture Commission (IHLC) had many
Traditional Knowledge (TK) sources (tapes, written
sources) for ice dynamics. She asked about the agencies
participating and Fred listed who the cooperating and
participating agencies were for Liberty. Paul added that the
agency distinctionsin Liberty are not the same as those used
for Northstar, and that it was our intention to have the
broadest cooperation/participation from affected agencies as
possible.

Edna M. asked how MM S made a particular TK observation
into a data point for analysis. Mike talked about the MM S
TK Study being done by UIC in Barrow and that part of the
study was to develop just such a protocol for using TK in
the way she was asking. Paul stressed that MM S would
aways try to be respectful in using TK and did not want to
pit Western science against TK.

Arnold Brower talked about his work asaNSB Coordinator
for NPR-A and wondered if by being a cooperative agency
on Liberty an agency’ sright to litigate was protected. Paul
said that the right was protected and that there were no hard
and fast rules for these agreements. Fred interjected that the
NSB cooperating agreement gives them the right to litigate.

Doreen Lampe said that in terms of participation, village
concerns were very important but that a conference call
from the villages was a long distance charge. Paul said
MM S was happy to come up and meet with the
communities whenever they liked and that Albert Barros,
our Outreach Coordinator, would be the point of contact.

Rex Okakok said that with the turnover in administrations,
the NSB Planning Dept needed time to study what’s been
done to this point and that NSB planning needed a
participant in the Liberty planning process.

Maggie A. said that when the first Liberty scoping occurred,
they were al involved with Northstar and she wondered if
new scoping was needed for Liberty. Paul affirmed that this
meeting was to accomplish just that, but that we certainly
would come back if people thought it was needed. Maggie
liked the idea of coming back because she wasn't originally
contacted. She wanted to know what studies would be
incorporated and stated that the Oil Spill Contingency Plan
(for Northstar) was not adequate. “We are all worried about
the Oil Spill Contingency Plan...We need a thorough
review of it.”

Paul explained that we wanted to include the new ongoing
studies data in the DEIS and that we would be analyzing the
OSCP. Maggie said that noise impacts [to whales?] would
be double the ones we are accustomed to and that they were

A. Fairbanks B. Barrow C. Nuigsut D. Kaktovik E. Anchorage
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opposed to this. They were trying to protect their interests
[whales/subsistence] and are worried about the advent of
subsea pipelines. They want to know if BP is using the best
technology. Will the pipeline stand up to big huge icebergs
that TK says are coming? Maggie says the elders don’t think
so: “We all need to discuss these things and be comfortable
before the DEIS.”

Fred Kanayurak told MM S that he had received no
information about this meeting from AEWC, and the
implication was that MM S had not done itsjob getting the
word out to whaling captains. Because of this, he said there
were only six whaling captains present, but if he’d known,
he would have had a full house. He told MM S to get it right
and invite everyone next time.

Arnold B. took MM S to task and assumed we'd be
including lots of the Nothstar narrative for under-ice
cleanup. He objected to such an approach because it
disregarded the destruction of sealife. Liberty isan area
where whales go and belugas, especially, arein adrastic
decline. He is concerned that if we follow the Northstar
model that we will be telling people the situation is all right
when things are dying. New and more solid research is
needed on under-ice cleanup. There is no data on the effect
of oil being left through the winter on fish and marine
mammals, and this research then needs to be incorporated
into the EIS. We need better research from you to properly
address our Inupiat understanding of these things. There are
fewer shrimp and octopus in stomachs of bearded seals, and
belugas are going away in Kotzebue.

There needs to be a point of contact in Barrow. FWS had
used Arnold B. asalocal contact.

The elder Agutak [?], who had been patiently waiting,
finally spoke in Inupiag and Jana H. trandated. Loosely
guoted, Agutak said: | want to say this but will you listen?
Wind makes the water table rise. Wind raises up the ocean.
The winds start and get stronger. With winds and currents
and rising water, conditions are very perilous. | have seen
this more than several timesin my life. Very large bergs get
beached because of these strong forces. When a big berg
moves against the ocean floor, they are like big bulldozers.
Very forceful. These icebergs weigh alot. Because I’ ve seen
this more than once, | am fearful of what will happento a
pipeline under the ocean floor because | have seen al this
happen. | wanted to share this with you.

Abel Akpik supplied us with a written that he proceeded to
read. He told MM S to “Cease and desist al activity on
Liberty,” and that ICAS was opposed to Northstar from the
beginning. ICAS thought its comments on Northstar would
be recorded and used because these comments are meant to
be heard and weighed. “We at ICAS will fight offshore
development.” Abel went on to demand that the Chukchi
Sea communities be included in the Liberty planning
process. They need to be included in the public hearing
process. Paul thanked him for his comments and responded
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that he would take his written statement and this request
back to John Goll.

Ron Brower asked about future schedules and noted that we
were doing these projects piece by piece when we should be
doing cumulative impacts. He believes new data and new
projections are needed. There needs to be a new blueprint
from aeria flights to underwater impacts. Paul explained
how Liberty fit into the overall matrix of lease sales (Sale
176), the 5-year, and the energy needs of the nation. He
explained how a draft development plan from industry
tripped the process for writing a development EIS—in this
case Liberty. He said that at thistime MM S had no other
development plans. He also made it very clear that MM S
was working on a better process for cumulative effects
analysis. Mike and Paul explained a bit about ongoing MM S
studies—ANIMIDA and BWASP--that pertained to
cumulative effects.

Ron B. talked about the potential destruction of habitat—
from whales to krill—from devel opment, asserting that
“loss of habitat was aloss of opportunity.” Will ANIMIDA
address this concern? He talked too about tidal wave action
in the Arctic and how at Cape Simpson ice was pushed
1,500 feet over gravel islands on the mainland. MM S needs
to look into the question of earthquakes affecting tidal
action. He also mentioned the need for impact assistance,
and Paul said MM S had just talked to Mayor Ahmaogak
about it the same day. Paul described his history with
impact assistance and agreed it was a major issue. Mike said
he thought it was time for a sociocultural study like
ANIMIDA, and that a good way to address many of these
concerns was by getting your study ideasinto the MM S
study process. One participant stated that MM S needs to
make its monitoring program the top priority before actual
construction starts.

Arnold B. wanted to know where MMS stood on the
position ICAStook at a meeting at Alyeska where they and
40 coastal communities put forth their comments on impact
assistance. Paul said that MM S was working hard on the
issue, that the MM S director supported it, and that our
efforts will continue. He said, however, that he personally
was hot very optimistic about impact assistance given the
current situation in Congress. Arnold said that “We [the
Inupiat people] need some compensation for dealing with
your projects...you sever our lifestyle, [so] welook at it like
a severance tax.”

Abel A. said that biological studies were needed for
Northstar, and that they were not done. He called FWS
about this and the only thing they talked about was eider
ducks. There was nothing about polar bears or whales, yet
the project was permitted. He questioned Alaska Clean Seas
doing spill drills during a calm part of the year (August) and
not in other conditions.

Maggie A. agreed that the compensation issue was
important, and that she had already talked to Albert about
compensation language for impact assistance. “The OCS got
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lots of money and we don’t get any.” "What about
compensation to whaling captains? How will conflicts be
resolved - who will pay?' She said that MM S can expect
them to be more aggressive in the public forum for Sale 176
because “we need to get something concrete done. We're
tired of repeating ourselves...” Maggie A. said “We know
the money is being stolen from our ocean out there. We
need something...1% of the lease sale. Put something in
writing and go forward paying for impacts.” Fred talked
briefly about 8 (g) monies and how 27% goes to the State
and that how it isn’t passed on to the NSB.

Maggie A. talked about the bowhead census that they need
to do every 5 years and that even with the money they get
from NMFS, they don’t have enough to cover census
expenses. They are presently getting $100,000 and that
doesn't cover expenses. Maybe MM S could contribute
$100,000 for the census..." One gives the quota [NMFS];
one sellsthe ocean [MMS].”

Harry Brower, Jr. wondered if wave action had been
considered in pipeline and island design. Fred said that it
had been folded into the considerations for strudel scour
considered on any pipeline that crossed in front of the Sag
River Delta. Maggie asked a question about how deep the
permafrost was under the undersea portion of the pipeline.
Paul said we would get an answer for her.

Paul talked about the “sniffer” tube monitoring system and
there was ongoing discussion with Arnold B., Maggie A.,
Harry Brower, Jr., and Peter Hanley. Paul explained how
there was a continuous check always happening when the
systemisworking. Abel A. wondered if the material coating
the sniffer tube would be affected by the Arctic
environment.

Arnold B. wanted to know how we could assure quality
control. Peter Hanley explained that the Siemens people
would install the system and check it once a year, and that
the hydrogen in the line will accomplish the check to seeif
it's operating. European systems have been working for
many years. Paul added that the key is proper installation.
Maggie wondered where the check points were for the
system. Peter Hanley said at either end and that there were
no intermediate valves or checks along the line. An extra
valve increased the likelihood of alesk. He conceded that
gouging or line failure in the middle of the line would cause
aleak.

The question was raised about how the pipe would be
repaired under ice. Moon Lew said it depended on the
conditions, as they would be very different between open
water and when the ice was frozen fast. Arnold B.
suggested a “reverse pump” that would pump oil back to
shore and theidand. Abel A. observed that if both pipelines
broke you would have oil and gas in the environment. Paul
explained leak detection in more detail and the pumping
shutdown procedure.
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Harry Brower asked what the underlying purpose was for
this meeting and Paul said it was to explain the slowdown in
the Liberty process, restate the concerns we'd heard in
scoping, to field new concerns, and to fold all thisinto the
DEIS process.

Doreen Lampe wanted to know who to call for al the
different parts of the process. EIS concerns, OSCP
concerns, pipeline concerns, ail spills, etc., and Paul said we
needed to make this all clearer.

Taqulik Hepa wanted to know if there was a response plan
for Liberty. Someone said that it would be addressed in the
DEIS.

Jana H. said we must properly address effects to human
beings. She said that this was not done adequately for NPR-
A. Shecited (Sec. 4.4 or Sec. 6-6077) apart in the
Executive Order for Environmental Justice (EJ) where it
described the need to pay for subsistence data collection and
suggested it created a mechanism for Federal money to go
directly to the NSB Wildlife Management Dept. to help
them in their ongoing community subsistence surveys. She
believes the EI'S process needs to pay greater heed to
addressing the human element in the EI'S process and that it
was not done in previous EIS's. Mike talked about how
MMS addresses EJ. Maggie A. said “So who's going to fix
thisEJ? MMS? MMS and us?’ Regarding EJ, Taqulik H.
said that now was the time to get a Subsistence Advisory
Panel going, before, not after, development activity begins.

Ron B. mentioned how agreements between Alyeska and
the State guaranteed 25% of the pipeline jobs go to Natives
and that that never happened. In thislight, he wondered
what assurances MM S and BP could make about the
promises for Liberty. Paul ssid MMS could not require
Native hire of BP. Edna M. asked if there were training
programs for Natives in impacted areas and did the
University of the Interior have any programs.

Jana H. cited some BLM guidelines that specified particular
types of consultation, and asked if MM S had similar
guidelines.

Maggie. A. requested that MM S take into account
cumulative risks and compensation for impacts and that past
miti gating measure—that were the product of extensive
consultation with the AEWC and others--be included in any
new actions, so people know what happens when and who
will do what. She affirmed that all communities need to take
part in the EJ process.

Doreen Lampe mentioned a Nov. 4th meeting in Barrow on
contaminated sites with the Navy, the Army Corps, EPA,
and the State to figure out the why, when, and where of
cleaning up contaminated sites in the vicinity. In terms of
contamination, she said the onshore has had enough.

Tom Albert spoke last and offered 7 observations/points to
consider:
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(1) Mayor Ahmaogak has stated in his Sale 176 comment
letter the Borough' s position on offshore development.

(2) Therearestill oil spill problems; cleanupiniceisstill a
problem for people on the Slope. The “sniffer” tube
ideaisinteresting and we need more info.

(3) Noiseeffects are still an issue. With Endicott,
Northstar, and Liberty, you have a chain of
development. Is this sort of chain going to push fall
migrating bowhead whales farther out to sea? Thisisan
ongoing concern.

(4) Pay attention to local comments. I’'m sure MM S will do
thisin the DEIS.

(5) Use good study data; analyze honestly and correctly.
The Bowhead Whale Feeding Study has limitations. Be
careful or there will be confrontation.

(6) We need good monitoring, and pay attention to results.
We need a good monitoring process that is peer
reviewed.

(7) Seismic noise. An old MMS study showed the distance
at which bowhead were disturbed to be 7.5 kilometers
but now the area has increased to 12 miles due to new
studies, but they start to react at about 30 miles. Thisis
areal good reason to listen to what people say...and
hear their fears. We don't want a fight on this like we
had in the past. If the DEIS doesn't look good wel'll be
mad...

Doreen L. asked about what studies were used to determine
where we leased. Paul explained MM S's basic mandate as
an agency and how the 5-year program and lease sale
processes work.

Taqulik H. asked that we communicate the concerns we
hear in Nuigsut and Kaktovik back to Barrow.

Maggie A. said they wanted another meeting so the whaling
captains can voice their concerns and MM can capture the
TK. The end of January or the first week in February was
discussed as a possible date, because thisis the approximate
date of the whaling captains' annual meeting. Her final
comment was one EJ: "What are we going to do on EJ? You
do more projects, but still there is no compensation.”

The meeting adjourned at approximately 10:30 but the
MMS team stayed later to discuss the finer points of certain
issues with those who remained.

C. NUIQSUT
Nov. 2, 1999,
7:00pm at the Nuigsut Community Center

Before the public meeting, we had a 2:30pm meeting with
Mayor Leonard Lampe because he could not make the
evening meeting; he gave us his concerns at thistime:

Leonard Lampe's comments/concerns:
e ACSail spill cleanup plans are not accurate.
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e Loca eldersfeel the waters are more different here than
anywhere else in the world, making a spill in them
impossible to cleanup.

e Noisefrom aproduction island will interfere with
bowheads.

e Time of pipeline construction will cause disturbance.
Fred and Paul assured Leonard that construction would
occur almost entirely in winter.

e They have asked BP for a study of effects on Arctic
cisco from construction and other activitiesin Camden
Bay. They are seeing a decline in cisco now. BP has
not responded to their request.

e The peoplein Nuigsut want BP to study caribou in the
area.

¢ Nuigsut has concerns about the design of the Liberty
island. Concrete won't work, and bags break down and
cause environmental hazardsto whales, seals, and polar
bears. Paul and Fred described the new bag material
and the sheet pile alternative.

e Thevillage still has concerns about air pollution from
Prudhoe Bay. State standards are not strict enough.

e Drilling wastes. Fred and Paul explained they will be
reinjected.

After Fred and Paul talked about alternatives and alternate
pipeline routes, Leonard said he preferred the direct route to
shore and definitely did not like any pipeline routed toward
Endicott. He thinks the permafrost where the pipeline comes
ashore could be an issue. Fred explained the “sniffer” tube
technology to Leonard, and he felt that such a system would
give them “more confidence” about a pipeline.

Leonard told us that the City of Nuigsut is going to hirein
the next 3 months alocal Cultural Guardian half-time
position whose job will be to concentrate on development
projects and permits. He will serve as aliai son between the
village and industry and agencies such as MMS or the State.
He will provide adequate local notification of meetings, read
EIS's, comment at meetings, etc. The Cultural Guardian will
also collect TK from the elders for any area slated for
development. He will gather this TK and get it to industry
and the appropriate agencies. Albert Barros said later that EJ
may empower us & other DOI agencies to pay some of the
Cultural Guardian's salary.

Leonard also talked about ice:

e Shorefast iceistheiceto look out for. Young ice comes
and goes and causes unpredictable ice movement onto
islands. On the east side of No Name Island [ SE of
Cross Idand] they saw a piece of ice 50 feet thick and
100 feet wide while hunting ugruk in August. Now it
has melted alot, but they wonder how such a huge
piece of ice could pass through the shallow water near
Cross Island. They think it must have come from the
south. Thomas Napageak said this sighting confirmed
what he knew from old stories about ice movement
from the past.
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e Thomas N. gave BP adesign for Northstar suggesting
they build arecurved steel wall that curves the ice back
on itself, but BP said they couldn’t build awall like
this.

About ail spills:

o Leonard talked about past oil spill drillsand that itis
ACS policy not to go out on theiceif it's dangerous—
even when those in Nuigsut know it's safe. He
described a spill drill where the Nuigsut villagers were
forced to take it over and become the trainers because
ACS people couldn’t perform in the conditions.

e Weknow about ail spillsinice and snow. “The high
risk of an oil spill iswhat upsets people the most.”

o Village Response Teams. He affirmed that BP has not
utilized Nuigsut. There used to be 12 members of the
VRT, but they disbanded, and now thereisonly 1. BP
says that ACS will get in contact with them but ACS
doesn't. It is disturbing to him and the village that BP,
for PR purposes, talks like their VRT isactive. We
want training in airboats, on booms, on ice so we can
stay up to date with certification and get compensated
at an acceptable rate.

About fish:

He said Nuigsut istrying to set up a Nuigsut Fishing
Association because no one islooking out for cisco,
broadfish, and whitefish. Fred asked if there would be a
problem with a 500 foot causeway. Leonard said to talk to
Sara Kunaknana because she knows about ice conditionsin
the area; she knows winds, currents, animals, the area
around Prudhoe and Foggy Island Bays. She’sthe TK
source for the area. She knows the Endicott areatoo and
whales and birds.

About caribou:

Leonard said they don’t see as many calving caribou as they
did before. The Tarn well has changed their south/north
migration and Alpine may affect their east/west migration.
Caribou have to cross 3 pipelines now. Thereis some
concern with the Liberty pipeline especially toward shore
because it comes ashore in an insect relief area; for this
reason, he' d like to see the onshore portion buried.

About aeria flights:

He doesn’t want too many to come with development
because there are aready too many from local hunters.

Evening Meeting Attendees: Christopher Long, Annie
Stern [Skin?], Marjorie Ahnupkana, Alice I palook, Lloyd
I palook, Steve Leavitt, Dora Nukapigak, Virginia“Virgie”
Kasak, Della Dreggs, Ruth Nukapigak, Richard Tukle,
Frederick Tukle

The meeting began at 7:00pm with MM S introducing its
team: Paul Stang, Fred King, Albert Barros, Dave Roby,
and Mike Burwell; our interpreter, Virgie Kasak, introduced
the people from Nuigsut. Fred did his PowerPoint
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presentation that gave an introduction to the Liberty Project,
discussed the delay, ongoing project planning, schedules,
aternatives, and issues. The presentation concluded with
Mike Burwell giving a brief presentation on Environmental
Justice.

People felt free to stop Fred and ask questions. What
follows are their comments and concerns;

Before the meeting began, Steve Leavitt and LIoyd I palook
were standing around talking to Mike Burwell about the fact
that there are no fish right now. They think BP activities are
driving them out. There are no caribou and helicopters are
scaring the moose.

Paul began the meeting by introducing the MM S team

Ruth Nukapigak, the resident elder for the meeting, came in
after Fred had started, and he backed up and showed her the
Liberty area map.

After Fred got to the alternative pipeline routes, Ruth
immediately voiced her concerns (in Inupiat—Virgie
translated). She was very concerned that fish habitat would
be disturbed by any routing toward Endicott. She knows the
areawell and feelsit will be affected. In fact, all the
aternatives will affect fish.

There was much discussion—in | nupiat—about the best
aternative. They asked usif we were aware of gravesites on
the shoreline of Foggy Island Bay, and we said we were not.
They said that the other elders who would know more about
this are Abraham Woods and Sara Kunaknana from Nuigsut
and Lucy Ahvakana from Barrow. The elders at the meeting
could not remember where the gravesites were;
nevertheless, they were concerned with the potential of
disturbing them. Ruth N. preferred the pipeline that went
straight south because it wouldn’t affect migrating fish as
much. She wanted to know the water depths and Dave R.
showed her the map indicating depths of 22 feet. Again, she
affirmed that regardless of the type of construction, there
will be disturbance to fish. She said they’ ve noted a
decrease in whitefish since the work at Kalubik. There used
to be 100-200 fish caught per day vs. 6 to 9 per day now.
[“Freeze up till December—noticed change this year” =
Does anyone remember the context of this statement?)]

After Mike spoke on EJ and mentioned that Thomas
Napageak had served on the OCS Advisory Committee,
most everyone in the room said they didn’t know what the
OCS Advisory Committee was, didn’t know Thomas N. was
onit, and didn’t even know how he had been selected.

Mike explained the selection process, and they said that
there were better ways to | et the whole village know about
things like this and public meetings: afax to the village
coordinator, the local powerplant, other city departments
(Leonard has alist), aletter to each boxholder, a message on
KBRW.

Fred and Albert asked what were the best times for bigger
and more representative meetings. The 7:00pm timeframe
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seemed good, but they did want the meeting announced and
posted 3 weeks before we came.

A big issue was the fact that the observers on the seismic
boats are handpicked by the AEWC in Barrow and then
referred to Western Geo. and LGL. It upset the peoplein
Nuigsut that Barrow people were chosen to monitor in
Nuigsut’ s traditional areas and that these monitors did not
even have the courtesy to come to the village and talk to
them about the monitoring. They want alocal person asa
part of the monitoring effort for seismic, and they want an
Inupiat observer on BWASP. The points of contact for
identifying these people are Leonard Lampe and the Village
Coordinator.

When Fred and Paul kept asking for further concerns, the
elders said that it was hard for them to voice concerns when
other elders and tribal council members were not present.
Albert asked when was a good time to meet with elders and
the people said the elders were usually together on
Thanksgiving and we could get alot of concerns then.

Ruth N. was concerned about effects on the food fish eat,
and observed that she had seen many of these meetings, and
it was always the same thing [i.e., We are not heard.]. Paul
again asked for more concerns and Ruth spoke about
subsistence: We can buy food from the store but we prefer
subsistence foods. She has fished every year and she
believes the fishing is going to be affected by Alpine and
Kaubik. She can tell a contaminated fish and has already
caught some. They have been contaminated by the spill of
drilling mud under the Colville River. There are red
dots/punctures all over the fish, and it comes from
contamination from drilling muds spilled in the Colville.
They used to catch 150 fish a day, and now they get 9. She
grew up hunting and fished as a girl and she still hunts
today. She remembers once when a girl washed dishesin
the river and the fish disappeared from that spot. She
believes contamination is happening to the caribou as well.
Caribou smell the Alpine smoke [air pollution] and scatter.
Caribou are known for smelling humans and going the other
direction.

Basically, the biggest concern from the elders present was
that we come back and get more concerns when more elders
are present. Albert asked if they would like to see our notes
from the meeting, to see what we got and if we got it
accurately. He asked if they would you liketo seea
summary of what we did so they could discussit with the
other elders? He asked the group if it would be helpful to
haveit in English and Inupiat?

Ruth N., Alice Apalook, and Marjorie Ahnupkana said the
best thing to do would be to attend the elder potluck that
happens once a month. All the elders would be there and we
could bring the summary and maps, pass them around, have
some food, and ask them for concerns then. They said we
could coordinate this through Village Coordinator, Carolyn
Ahkiviana. They felt that in such a setting we would get
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plenty of concerns and more knowledge of the land and
resources.

Marjorie A. and Ruth N. talked about how the Eskimo
traditions of long ago were going away with the oil
companies coming in. They were losing their old hunting
grounds and have noticed fewer caribou. Caribou have
changed their routes since the Alpine pipeline. They used to
go from Fish Creek to Ocean Point, and on the way, cross
the river near the village. Now, to avoid the Alpine drill site
and pipeline, they go around to the east avoiding the village
in the process. Part of the problem is that caribou won't put
their antlers down to cross under a pipeline. They will go
around it instead. It takes years for them to be willing to
cross under. Also, 5 feet istoo low for a pipeline with
wintertime snow drift. Before the pipeline, we had the
Porcupine Herd going to Fish Creek. Now there are going
way out. There are very few caribou. It could be that they
are afraid of the muskox. Paul asked if the muskox and the
caribou were natural enemies and the reply was they must
be. Over on the Itkillik River, the muskox chase the caribou
and the eldersdon’t like it.

In light of Mayor Lampe’ s comments earlier in the day, Paul
and Fred asked if burying the pipeline or raising it would
solve some of these problems. There was no consensus.
Some people said the caribou would go under if it were
higher and some said burying it was better. Ruth N. and
Marjorie A. wanted to know what were the results of recent
caribou studies. Does the FWS know these answers? They
knew BP did some caribou studies at Badami but they never
heard what the results were. Paul and Fred said they’d check
on these studies and get back to the village.

Ruth N. said again that more elders needed to comment on
these issues and that we should come for the potluck. The
meeting adjourned about 9:30pm.

After the meeting, Frederick Tukle said his family had been
in the area for 5 generations. He told us that Abraham
Woods was an elder we should talk to and that he
(Frederick) would like to be considered as a translator for
future meetings.

D. KAKTOVIK
Nov. 5, 1999,
7:00pm at the Kaktovik Community Center

MMS Attendees were: Fred King, Albert Barros, Dave
Roby, and Mike Burwell

Attendees: Susie Akootchook, Tom Cook, BP, Isaac
Akootchook, Ida Angasan, Herman Aishanna, Vice-mayor,
M. Aishanna, Merylin Traynor, Clarice Akootchook,
Leonard Gordon

The meeting opened with an invocation by elder I1saac
Akootchook in Inupiat. Then our trandator Clarice
Akootchook asked if we needed to trandate the whole
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meeting and the consensus was that people would ask her to
trand ate as needed; the meeting was conducted in English.

Fred introduced the MM S team as well as the BP folks
present: Tom Cook, and two other BP people, Erin Ford and
Tom Reddin, running a United Way outreach to the village.
Fred went through his PowerPoint presentation, with
guestions raised and answers given along the way.

Clarice Akootchook asked about job opportunities with
Liberty, and Tom C. said there were some ongoing job
program joint ventures with ASRC and that he would have
Cindy Bailey send the details to her and Lon Sonsalla. Ida
Angasan said that the local kids really needed job training.

Susie Akootchook asked for more information on the
Boulder Patch, and Fred and Mike explained a bit about the
Boulder Patch area. She said she didn't like any pipeline
routing that would go through the area.

Isaac Akootchook asked about where permafrost was; Fred
said there was none under the island site or the pipeline
route but from the shoreline out 500 feet there was. 1saac
talked about Foggy |sland Bay, saying he had seen lots of
rough water, wind, and waves there. He said these forces
needed to be studied. He asked about gravel bags, and Fred
and Tom C. told him that there would be cement armoring
to above the waterline. Tom said this type of armoring had
been used in Endicott and since 1986, they had never had to
do maintenance on it. Tom assured those at the meeting that
BP would be back to explain Liberty Island construction in
more depth. Tom seemed to be saying that the use of gravel
bags was over and that Liberty would follow Northstar in
thisregard.

Herman Aishanna wondered who was getting environmental
impact funds. Fred replied that, as yet, there was no
legislation for impact assistance. Fred and Mike explained
the various impact assistance bills on the Hill.

Merylin Traynor asked what would happen if theisland
were moved south. Fred explained that the whole taxation
regime would change but that the royalty arrangement
would stay the same. Dave R. explained that it was the
location of the oil reservoir that determined jurisdiction.

Susie A. asked about the foundation for the pipeline and
Fred and Dave explained the undersea cross section and the
onshore configuration. Merylin asked for clarification about
two lines running from the island and Fred explained their
would be oil and gas lines running together.

Merylin asked what the currentsin the area were like. Fred
said they were low but, offhand, he didn't know how fast
they ran. He told her they would be trenching the route for
the pipeline in winter when currents would be minimal and
sedimentation less. Merylin also asked if there would be
polar bears and sealsin the vicinity of construction and Fred
said that, yes, there were, and it was possible they would be
disturbed. Mike talked about disturbance strategy plans that
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were required to be in place and Fred stressed that winter
construction would limit disturbance.

Susie A. wondered how big the island was going to be; Fred
told her it would be about the size of three football fields.
She wondered about noise and Fred said there would be two
types, construction noise and production noise. Mike
explained that noise from the island would hit the Barrier
Islands first and disperse before it reached the areas of
whale migration. She said that " noise underwater goes an
long way," and Fred said noise would be discussed at length
inthe DEIS.

Herman A. said that he would like to see us "deviate those
wellsinto State waters." He asked about trenching depth
and Fred said it would be 8 feet deep with 7 feet of cover
and that there was an alternative to bury it 15 feet. Herman
observed: "I bet AEWC doesn't like this project." Fred said
that yes, they were opposed to offshore development.
Herman said with all the acreage in ANWR that the
government should develop there before they go offshore.
Fred said many people would like to do that, but at thistime
there's no development allowed.

Merlyn T. asked for more on the islands specifications and
Fred showed his dlide of theisland in cross section. He
talked some about the location and function of concrete
mats and gravel bags and the steel sheet pile alternative.
Tom C. told her that Northstar went away from using gravel
bags and that the engineers for Liberty should be aware this
may need to be changed for the Liberty island, as well. Dave
explained that the island was 140 feet wider than the work
surface on al sides.

Ida Angasan asked about the BP/State flap over BP'sfiling
with the FTC. Dave R. explained that a proposed
agreement had just been announced today.

Herman A. asked about the expected lifespan of theisland,
and Fred said it was 20 years. Herman asked if the bags
would stay for 20 years and Fred told him yes. Herman
asked about the shutdown of production at Badami. Tom C.
said the wells weren't producing like expected. Ida A. said
they'd laid off 150 people and Dave R. explained that the
field would be shut in for this winter. Susie added that it
was because the oil wastoo thick, and they were afraid it
would freeze. Fred explained that Liberty oil was more like
Endicott oil.

Merylin T. asked what would be |eft behind when the island
was abandoned. Fred said that BP had to provide MM S with
and environmental plan for island abandonment. Dave R.
explained that, normally, they would have to remove all
surface fecilities. It could be decided to |eave the island —it
might at that point be potentially valuable habitat. The
wells, of course, will be plugged and abandoned in
accordance with MM S regulations.

Herman A. stated that the State got 27% of all
revenue/royalties, but that the NSB would not get anything.
In terms of Liberty, "they can't even tax it."

A. Fairbanks B. Barrow C. Nuigsut D. Kaktovik E. Anchorage
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Isaac A. said the project should not be done because there
were lots of waves, lots of rough water, but not really lots of
ice pile up in the lagoons. It was not like around Barrow or
Oliktok although he does remember this ice being picked up
and deposited ashore by wave action that accompanied the
1964 Earthquake.

Clarice A. remembers a time when there was a sick polar
bear in the village and they didn't know at the time who to
call. Fred said he would provide her with a FWS contact.

The meeting ended with a brief talk by BP's United Way
team saying there were there to see what they could do to
help the village. Herman A. said "United Way. Welcome!."

E. ANCHORAGE
November 9, 1999, 7:00-9:00 pm
November 10, 1999, 12:00-5:00 pm
MMS, Alaska OCS Region

Third Floor Conference Room

MMS Attendees for both meetings were:
Paul Stang, 271-6045

Fred King, 271-6696

Dave Roby. 271-6557

Attendees on November 9:

Kristen Nelson, 564-5490, PNA, 2613 McRae Rd,
Anchorage, AK 99517

Ed LaFehr, 868-3592, BP Exploration, P.O. Box 196612,
Anchorage, AK 99519

Moon Lew, 564-4530, BP Exploration, P.O. Box 196612,
Anchorage, AK 99519

Karen Wuestenfeld, 564-5490, BP Exploration, P.O. Box
196612, Anchorage, AK 99519

Glen Gray, P.O. Box 33646, Juneau, AK

Pam Miller, 279-1909, P.O. Box 101811, Anchorage, AK
99510-1811

Emerson Milenski, 564-5362, BP Exploration, P.O. Box
196612, Anchorage, AK 99519

Dan Ritzman, 277-8234, Greenpeace

Melanie Duchin, 277-8234, Greenpeace

Michael Foster, 696-6200, Michael L. Foster & Associates

Attendees on November 10:

Moon Lew, 564-4530, BP Exploration, P.O. Box 196612,
Anchorage, AK 99519

Karen Wuestenfeld, 564-5490, BP Exploration, P.O. Box
196612, Anchorage, AK 99519

Katie Farley, 271-4476, SPCO/ADNR

Walt Johnson, 703-450-7956, MM S, Herndon

Melanie Duchin said that the MM S pipeline workshop

indicated that directional drilling technology could extend to

approximately 7 miles. MMS should consider and evaluate
in the EIS developing the Liberty Prospect from onshore.
The EIS should provide additional information about
directional drilling.
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She said that there are still concerns about climate change.
The EIS section on cumulative impacts should include
reasonable and foreseeable impacts.

She said that the cumulative effects analysis should also
analyze the combined effects of Northstar and Liberty and
future offshore developments. The analysis should evaluate
the cumulative effects of such things as supply flight routes
that travel in aloop from one production island to another
and so forth. Also, MMS should indicate in the EIS what
happens when the weather doesn't allow for such flights.
The analysis should indicate the number of days per year of
flights and the consequent impacts of the Liberty project on
the whales if you can’t fly above 1500 feet.

The EIS should do original analysis and not just reference
Northstar or past MMS EISs.

Pam Miller endorsed Melanie’ s comments and asked that
we do a separate alternative in the EIS on directional
drilling, especialy if we are considering a 4-mile
aternative. She also said that monitoring plans (both
MMS'sand BP's) programs should be part of the EIS. She
felt that BP being on the ANIMIDA panel is an outrage.
She wants a better definition of where the Boulder Patchis,
as well as species distribution and composition.

The EIS should identify the biological speciesthat are
inhabiting the areas. Pam Miller stated that she is against
the potential alternative route through the Boulder Patch to
the Endicott Satellite Drilling Island. She also stated that it
would be a waste of taxpayer’s money to even consider such
an outrageous alternative.

There are too many impacts associated with causeways to
consider even a short causeway in the nearshore permafrost
zone. Shesaid MMS should require BP to submit a new C-
plan (Oil Spill Contingency Plan) and it should be eval uated
inthe EIS. BPXA representatives indicated that they did
submit arevised plan in June of thisyear. MMS should
evaluate island locations that are in shallower water where
oil cleanup may be more difficult because the shallow water
depth may prevent some vessels from operating. The MM S
study for North Slope ail spills should look at all sizes of
spills. They have concerns about al oil spills, including
small chronic spills.

Dan Ritzman said that watching the C-Plan trials made him
even more worried about clean-up capability. He aso
suggested that if MM S considers an Endicott route for the
pipeline, we need to describe costs of the monitoring
program.

A. Fairbanks B. Barrow C. Nuigsut

D. Kaktovik E. Anchorage
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Ongoing MMS-Sponsored Environmental Studies
Applicable to Beaufort Sea Planning Areas, March 15, 2000

Circulation, Thermohaline Structure, and
Cross-Shelf Transport in the Alaskan
Beaufort Sea

Background: Current, temperature, and salinity time series
are largely unavailable for the Arctic Ocean, including the
in the Alaskan Beaufort Sea. Forcing and time and space
scales are hypothesized rather than identified and
confirmed. There are high interannual differencesin flow
and coastal salinity, but insufficient datato decipher
whether these differences are due to long term trends or just
inherent variability. Although thereis salinity, temperature,
and other data available for the Arctic Ocean, thereis only
one full year of cross-shelf mooring data along the Alaskan
Beaufort coast. Datafrom elsewhere in the Arctic Ocean
indicate that the oceanographic state of the Arctic Ocean
may have changed since the earlier study. This study will
provide a second year of data.

Objectives:. The objectives of this study are to:

e  Determine the mean transport over the outer continental
shelf and slope and the cross-shelf and vertical scales of
the mean flow field.

e  Determine the magnitudes of transport variability and
the dominant temporal and spatial scales associated
with this variability.

o Determine the relation between variationsin
temperature and salinity and variationsin the flow field
at time scales between the synoptic to the seasonal.
Determine if changes in the baroclinic flow are
consistent with changes in the cross-shelf density
structure.

e Determine the cross-shelf fluxes of heat, salt, and
momentum. Determine if these are related to
instabilities (eddy generation mechanisms) of the
alongshore flow.

e Determine the relationship between observed flow and
density variations and the surface wind field.

e Compare the results obtained from the proposed field
program with those collected in 1987/88 in prior MM S
research, to determine whether recent large changesin
the Arctic Ocean are also reflected in the Beaufort Sea.

e Combinethis data set with other measurements recently
acquired from around the Arctic Ocean to provide an
updated synthesis that relates the Beaufort Seato the
large-scale circulation of the Arctic Ocean.

Status Summary: Six moorings with multiple currents
meters were deployed along the Beaufort Continental Slope
in summer 1998, and five of the moorings were recovered in
summer 1999. The sixth mooring was not recovered
because of harsh weather and its recovery is proposed for
fall 2000.

Evaluation of Sub-Sea Physical
Environmental Data for the Beaufort Sea
OCS and Incorporation into a Geographic
Information System (GIS) Database

Background: Biologica habitats and potential
archaeological sitesin the Beaufort Sea are directly related
to sea-floor morphology, substrate, and sediment cover;
water depth; and the severity and cyclicity of dynamic
physical processes. Recent exploration and development
activities in the Beaufort Sea have highlighted the need for
the careful interpretation, and in some cases, reinterpretation
of shallow geological and high-resolution geophysical data
in evaluating sea floor environmental conditions, biological
habitats, potential archaeological sites, and critical pipeline
routes for the distribution of oil and gas from OCS
development activities. This study will be completed in the
year 2001 and will be used in order to evaluate future
exploration and development drilling and pipeline plans for
the Beaufort Sea.

Objectives. The objective of this study isto develop an
integrated seafloor characterization and data set for the



Contents

F-2

Beaufort Sea Outer Continental Shelf . All available high-
resolution seismic data and shallow subsurface geologic
data from various site-specific surveys datais to be
identified and compiled. The datawill be interpreted and
quantified in appropriate formats to describe environmental
features of the seafloor surface and shallow strata.
Analytical tools and manuals will be developed for use by
analysts.

Status Summary: The award for this contract was signed
on June 30, 1999. The contract callsfor atwo-year study.
The contractor isin the first year of data compilation and
database design.

Synthesis and Collection of Meteorological
Data in the Nearshore Beaufort Sea

Background: Near future development in the Alaska OCS
will bein the nearshore region of the Beaufort Sea. We
know from Kozo's research in the 1970's and 1980's that the
upper air pressure fields on which modeled wind fields used
in Arctic regiona circulation models are based give
increasing inaccurate results for surface winds within 20-30
kilometers of the Beaufort Sea coast. In OCS areas off the
contiguous 48 States and in the Bering Sea, MMS has
established a network of meteorological buoysto monitor
the lower atmosphere over long periods (10 years). Existing
public domain datasets for the Beaufort nearshore are
limited and with time seriesin terms of months, too short to
provide sufficient time series for usein MM S models, such
as COZOIL, the MMS oil weathering model, or the
nearshore circulation model proposed within this strategic
plan. Recent CMI studies comparing simulated winds from
different Arctic and hemispheric wind modelsto Pt. Barrow
winds are not relevant to this study. Thisisbecause aong
the Beaufort Sea coast towards the east, orographic and sea
breeze effects are too great.

Objectives: The objectives of this study are to collate and
collect meteorological datain Beaufort Sea locations subject
to immediate development. This study will develop awind
time series for sensitivity testing of MMS's nearshore and
general regional circulation and trajectory models for the
Beaufort Sea.

Status Summary: This study isin procurement phases. An
RFP is planned to be issued this Fiscal Year.

Beaufort Sea Nearshore Under-lce Currents:
Science, Analysis, and Logistics

Background: Understanding the underice currentsisa
necessary precursor to estimating potential effects on
sensitive resources from oil spills or in the landfast ice zone,
and in particularly at the Liberty and Northstar projects.
The one study of underice currentsby MMS (in 1978)
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indicated that underice oil spills could pose risk to off-site,
and in particular, shoreward resources. An important
question is whether the underice currents could transport
suspended sediments from the project areato the nearby
Boulder Patch, and endanger kelp during critical underice
growth period.

The 1978 study found that average currents under landfast
ice appeared to be related to brine drainage and peak
currents to negative surges, with neither related to the
regional circulation pattern. The study was unable to
measure currents directly under theice, but instead
calculated them from mass-balance considerations to
average of 6 centimeters per second (cm/s) and to peak up
to 37 cm/s towards the coast. Depending on the
shallowness of the unmeasured pycnocline, these currents
may have been faster. Underice current speed and direction
are important because currents of 10-20 c/s will move
spilled oil along the underside of theiice.

Objectives. The objectives of this study are to:

e Measure currents, temperature, and salinity hourly at
three locations in the landfast ice zone in the vicinities
of Northstar and Liberty prospects.

e  Quantify the magnitude of current variability and to
describe the relationship between currents and local
winds.

e Determine the vertical structure of the currents
throughout the water column and how the structure
changes with the development of the landfast ice
through the winter and in summer when the ice melts
and rivers flood the inner shelf.

Status Summary: Bottom mounted Doppler current meters
were deployed at three sites in the Northstar/Liberty areain
August 1999. These meters will be recovered in August
2000 and will provide vertical current profiles for that
period. These will be the first long-term winter current
profiles obtained in the nearshore Beaufort Sea.

Beaufort Sea and Chukchi Sea Seasonal
Variability for Two Arctic Climate States

Background: Proshutinsky and Johnson (1997) recently
showed evidence for the existence of two regimes or climate
states for arctic atmosphere-ice-ocean circulation. Wind-
driven motion in the Arctic was found to alternate between
anticyclonic and cyclonic circulation with each regime
persisting for 5-7 years, based on analysis of modeled sea
level and ice motion. Anticyclonic wind-driven motionin
the Arctic and Beaufort Sea appeared during 1946-1952,
1958-1962, 1972-1979, and 1984-1988. Cyclonic motion
appeared during 1953-1957, 1963-1971, 1980-1983, and
1989-1997. The two climate states should differ inice
cover, ice thickness and drift, circulation (including reversal
of the Beaufort gyre), ocean temperature and salinity, heat
fluxes, wind speed, atmospheric pressure, cloudiness, and
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precipitation and runoff. Confirmation of significant
climate state differences has strong implications for both
circulation and oil spill modeling in the Arctic

Objectives: The objectives of this study are to:

e Comparetemporal and spatial variability of
environmental fields at seasonal and interannual time
scales.

e Comparecirculation and ice drift data for the two
climate states.

e Compare differences between ice cover for the two
climate states.

e Compare differencesin 3D temperature and salinity
distributions for the two climate states.

Status Summary: This study isin the early steps of looking
at how environmental parameters over the last 50 years;
such seasonal ice thickness, ice concentration, sea
temperature, wind speed, etc., have varied between the two
multi-year climate states of Arctic atmosphere-ice-ocean
circulation.

F-3

Revision of the OCS Oil-Weathering Model:
Phases Il and IlI

Background: This study will follow the recommendations
made in the recently completed study “Revision of the OCS
Oil-Weathering Model: Evaluation.” The OCS Oil-
Weathering Model (OWM) has been used as a magjor
analytical tool in every Alaska OCS EIS since the model
was developed in 1983. The algorithms used in the model
date from the late 1970's and early 1980’s. The primary
findings from the Sintef study were that the existing MM S
model was difficult to use because of antiquated code, that it
was likely to produce erroneous results for many crudes,
and that its algorithms needed to be updated or replaced
with ones that incorporated the past two decade and a half of
oil spill research. The primary recommendation was that
rather than updating algorithms and code in the MM S
model, MM S would find it more cost-effective for MMS to
utilize an existing state-of-the-art OWM.

Objectives: The objectives of this study are to obtain an
existing state-of-the-art OWM for MM S use and to upgrade
the model to meet MM S needs.

Status Summary: We have obtained a DOI-wide license
for Sintef ‘s Oil Weathering Model. Sintef is making
additional improvementsto the model for MMS, including
addition of more Alaskan oils to the model data base.

Update of Circulation and Oil-Spill-
Trajectory Model for Beaufort Sea
Nearshore Development Areas

Background: Since 1991, the MM S has been funding work
on the adaptation of the SPEM model to the Alaskan Arctic
coastal region. The SPEM originaly stood for Semi-
Spectral Primitive Equation Model, but the current 5.1
version of SPEM retains the acronym while no longer using
a spectral component. The SPEM has the advantage of
being a public-domain model with an international scientific
users' group that has been making improvementsin the
model beyond those contracted for by MMS. The MMSis
currently funding Rutgers University to implement a
curvilinear grid to enhance SPEM resolution and to execute
a 10-year simulation using historical data. SPEM should
provide needed information for MM S's assessments for
regional oil and gas lease sales. However, SPEM is unable
to resolve the small barrier islands and ocean circulation
within the first 10-20 kilometers beyond the State 3-mile
line, where Federal OCS development is accelerating.

This study will build on the recommendations and results
from multi year ssimulations of Arctic circulation using the
SPEM 5.1 model in an FY 1996-1999 study, recently
completed CMI Arctic 2-D and 1.5-D modeling
experiments, and additional Chukchi and Beaufort Sea
circulation data derived from ongoing CMI and international
Arctic oceanographic studies. The MMS and other current
ice models are based on ice physics, which cannot be
reliably scaled down to the approximately 1-km grid scale
useful to resolve OCS leasing issues or to the finer scales
needed postlease to eval uate specific development issues.
However, improved ice algorithms are currently being
developed in Navy-sponsored research for the necessary
scale. Thewind fields available for the current modeling
effort do not have accurate corrections for nearshore sea-
breeze or orographic effects. Winds near Barrow are
correctly depicted in the data, but winds farther south along
the Chukchi Sea coast or eastward along the Beaufort Sea
coast are known to be wrong in magnitude and direction, out
to 20 or more kilometers. Thisis about as far offshore as
current oil industry interest extends in the Beaufort Sea.

Objectives. The objective of this study isto obtain afiner
resolution model to simulate circulation in the nearshore
Beaufort Sea, with emphasis on the first 25 kilometers
beyond land between the Colville River and Canning
Rivers. The model will be designed to provide the
information for the MM S oil spill trajectory model and will
also provide surface circulation fields that can be used to
drivethe MM S COZOIL model.

Status Summary: This study isin procurement phases. An
RFP is planned to be issued this Fiscal Y ear.
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Environmental Sensitivity Index Shoreline
Classification in the Beaufort Sea

Background:_ Industry and State and Federal Agencies
including MMS form the Alaska North Slope Task Force.
Of this group Industry, NOAA and the USCG are funding
the compilation of Industry’s Environmental Sensitivity
Index (ESI) shoreline classification and biological datafrom
the Colville River to the Canning River.

The ESI shoreline classification contains water and land
features, rivers and streams, source codes and
Environmental Sensitivity Index classification for shoreline.
These data are needed for use in the MM S Corporate
Environmental Database and for computer analysis using
ArcView. The MMS Coastal and Offshore Resource
Information System (CORIS) database specifications, part
of the MM S corporate Technical Information Management
System (TIMS) database, are designed to provide an
authoritative database for environmental analysisin MMS.
With the use of peripheral programs, analysts will be able
quickly to identify resources at risk and run analytical
routines to determine potential impacts. Currently the oil
industry has mapped ESI types from the Colville River to
the Canning River. NOAA has published at a scale of
1:250,000 a set of four maps (NOAA 1999, North Sope,
Alaska: Environmentally Sensitive Areas, Seattle:
Hazardous Materials Response Division, National Oceanic
and Atmospheric Administration, 4 maps) which are
partially based upon these data and show the mapping of
"Sensitive Shoreline Habitats" between the Colville and the
Canning Rivers. Dataon ESI shoreline types for the
Beaufort Sea from Barrow to the Colville River and from
the Canning River to the Canadian Border are more than 20
yearsold and are very generalized. They are not compatible
with the precision required for the CORI S data structure and
arenot in adigital format.

Objectives: The primary objective of this study isto obtain
an updated ESI shoreline data set for use in ArcView/Arc
Info. The ESI shoreline data set will also be used in
analysis of ail spill prevention plans and to facilitate faster
and more accurate environmental analysisin the Beaufort
Sea environmental impact statements and environmental
assessments.

Status Summary: A contract for this study was awarded in
August, 2000. Field work should be done in June or July,
2001.
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Previous CMI-funded studies of lower Cook Inlet sediments
have shown that a substantial part of PAH adsorption is not
rapidly reversible. Further study is needed to develop the
ability to predict how adsorption and desorption would
affect the longer term persistence (and toxicity) of PAH
contamination in Alaska marine sediments. Recent Exxon
Valdez studies have shown that the residual PAH
concentrationsin contaminated sediments are more toxic at
much lower concentrations that previously estimated.

Objectives. The objectives of this study are to test the

hypotheses:

e PAH adsorption found apparently irreversible in earlier
CMI experimentsis reversible with longer reaction
times or greater water:particle ratios.

e Interactions of PAH with sediment organic matter are
responsible for adsorption that appearsto be
irreversible.

e The properties of sediment organic matter govern
adsorption and desorption of PAH by marine sediments.

Status Summary: Humic acids have been extracted from
Beaufort Sea and Cook Inlet sediments. The humic acids are
being chemically characterized. Subsequent experiments
will establish the kinetics of PAH sorption on to these
humics.

Kinetics and Mechanisms of Slow PAH
Desorption from Lower Cook Inlet and
Beaufort Sea Sediments

Background: Adsorption to sediment particlesis akey
processin determining the transport and fate of polycyclic
aromatic hydrocarbons (PAH) in the marine environment.

Petroleum Hydrocarbon Degrading
Communities in Beaufort Sea Sediments

Background: High latitude marine oil spills have
demonstrated that the composition of microbial
communities affects rates of hydrocarbon degradation.

Prior MM S research in the Beaufort Seaiin the late 1970's
and early 1980’ s indicated that indigenous microbesin this
environment were poorly suited for rapid hydrocarbon
destruction. Little research has been performed on Beaufort
hydrocarbon degraders since then, and little is known about
whether sediment microbes have acclimated to hydrocarbon
inputsin the last 20 years.

Objectives. The objectives of this study are to:

e Evaluate the current degree of microbial community
acclimation to hydrocarbons from Barrow to the
Prudhoe Bay/Northstar/Liberty area.

e Evaluate the effects of fine-grained Beaufort Sea
sediments on rates of community acclimation.

e Evaluate how Beaufort Sea sediments might affect
bioavailability of petroleum to communities of
acclimated microbes.

Status Summary: The first year of this study collected
samples from 15 sites near Barrow. The samples were
analyzed for present numbers and activity of microbes, and
are being used for experiments on petroleum hydrocarbon
degradation. The study will move to the central Beaufort
nearshore in the second year.
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The Role of Zooplankton in the Distribution
of Hydrocarbons

Background:_ Copepods play an important role in carbon
flux in marine ecosystems. Vertical transport of carbon
from the euphoatic surface water to the benthos occurs when
copepods feed on diatoms and incorporate them into larger,
negatively buoyant fecal pellets. Therefore, analysis of
hydrocarbon content of fecal pellets would provide insights
in understanding the role of copepods in distribution and
remediation of hydrocarbons. Data derived from analysis of
copepod fecal pellets will provide baseline information for
experimentation and modeling of ecosystem processes,
which include accumulation of hydrocarbons in higher
trophic levels such as commercial fish species.

Objectives: The objectives of this study are to determine
the role of copepods in the distribution and bioremediation
of hydrocarbons in the environment. Specifically, this study
will:

e  Determine the composition and seasonal variation of
lipids in forage plankton in Prince William Sound.

e  Determine the relationships between lipid content and
lipid composition in forage plankton and patterns of
accumulation of hydrocarbons in copepod body tissue.

e Determine the role of the copepods Neocalanus spp.
and Pseudocalanus spp. in the distribution of mineral
hydrocarbons in the environment.

Status Summary: Preliminary experiments to culture
zooplankton have been successful. Progress has been made
on the sampling design. Fieldwork will begin this summer.

Historical Changes in Trace-Metal and
Hydrocarbon Contaminants on the Inner
Shelf, Beaufort Sea: Prior and Subsequent
to Petroleum-Related Industrial
Developments

Background: Inthe 1970's, MMS funded the University of
Alaskato conduct nearshore, inner shelf, contaminant
studies in sediments of the Beaufort Sea, under the Outer
Continental Shelf Environmental Assessment Program.
MMS also initiated aregional monitoring programin the
Beaufort Seain 1984 designed to detect and quantify long-
term changes in the concentrations of metals and
hydrocarbons in sediments and animal tissues.

Objectives: The objectives of this study are to determine
historical changes in the accumulation of Cu, Cr, Ni, V, Pb,
Zn, Ba, Cd, methyl mercury, and selected petroleum
hydrocarbons in nearshore sediments of the Beaufort Sea, in
the vicinity of proposed or ongoing development.

Status Summary: A preliminary draft report has been
received and reviewed by MMS. An edited draft Final
Report is due for review.

Seabird Samples as Resources for Marine
Environmental Assessment

Background: The birds of Alaskathat are dependent upon
marine environments comprise a complex array of more
than 100 species occupying three trophic levels. These
birds are a major component of Alaska’'s marine ecosystems
and are vulnerable to both natural and anthropogenic
changes (e.g., Outer Continental Shelf activities). Many
species provide an important source of food for humans, and
more generally, are heavily used for a variety of subsistence
purposes by Alaskan natives. If analyses contrasting places
or events are to be used to monitor the environment and
biological systems, archival samples must be routinely
preserved. Birds are excellent environmental indicators, and
can be thought of as small biological filters sampling
various aspects of marine ecosystems, and thus represent a
useful model for such analyses. Further, many avian
species are protected by various U. S. Laws and
international treaties.

Objectives. The objectives of this study are to:

e Preserve and make available to the research community
asubstantially increased number of high-quality
samples from marine and coastal birdsin Alaska.

e Make samples available to the research community for
studies ranging from contaminants and stable isotopes
to genetics and morphology.

Status Summary: A Ph.D. student has been recruited to the
project. Collaborations with various field investigations
have been established. Samples have been obtained from
Barrow and Cook Inlet.

Monitoring Beaufort Sea Waterfowl and
Marine Birds

Background: Oldsguaw, eiders, and other waterbirds feed,
molt, stage and/or migrate in various Beaufort Sea marine
habitats. Recent data show that threatened spectacled
eiders, as well as other species of concern, stagein
nearshore and offshore Beaufort Sea waters. An existing
protocol, entitled “Design and Testing of a Monitoring
Program for Beaufort Sea Waterfowl and Marine Birds’
(OCS Study MM S 92-0060), was developed and tested in
the Beaufort Sea area that includes the Northstar, Sandpiper,
and Liberty Units. This study covers the areas and species
most likely to be affected by activities associated with ail
and gas development in these units.

Objectives: The overall goal of this study isto monitor the
effects of potentially disturbing activities associated with oil
and gas development on the distribution and abundance of
waterfowl and other waterbirds using marine habitats in the
east-central Beaufort Sea. Specific objectives are to:

«» Usean existing protocol (Johnson and Gazey, 1992) to
monitor numbers of Oldsquaw and other speciesin
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industrial and control areas defined by these

investigators.

» Perform replicate aerial surveys along previously
established transects in a manner that will alow
comparison with the earlier results.

» Expand the survey to include nearshore areas
between the original industrial (Jones-Return
Islands) and control (Stockton-Maguire-Flaxman
Islands) areas.

» Define the range of variation for area waterfowl
and marine bird populations, and correlate with
environmental factors and oil and gas devel opment
activities.

« Expand aerial monitoring about 50 km offshore to
determine the extent of use of this habitat by eiders, in
particular, where they would be vulnerable to oil spills
originating in the Northstar and Liberty Units;
determine if the use of specific areasis predictable.

+ Develop amonitoring protocol to determine distribution
and abundance of Common Eiders breeding on barrier
islands.

< Investigate potential effects of disturbance on
Oldsguaw and Common Eider annual cycle parameters
that could cause changesin their distribution and
abundance.

«» Compare the results with historical datato detect
trends; coordinate with ongoing studies and incorporate
pertinent interpretation of their findingsinto the final
report.

+» Recommend cost-effective and feasible options for
future monitoring.

Status Summary: The first field season has been
completed. A seriesof aircraft surveys of waterfowl in
offshore habitat was completed and behavioral observations
were undertaken. The first annual report has been
submitted.
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the fall migration of bowhead whales across the
Alaskan Beaufort Sea.

e Monitor temporal and spatial trends in the distribution,
relative abundance, habitat, and behaviors (e.g.,
feeding) of endangered whalesin arctic waters.

e Defineand analyze for significant interyear differences
and long-term trends in the distance from shore and the
water depth at which whales migrate.

e Provide an objective area-wide context for management
interpretation of the overall fall migration of bowhead
whales and site-specific study results.

Status Summary: The Project Manager is continuing work
onthe FY 1998-FY 1999 Draft Final Report.

Monitoring the Distribution of Arctic Whales

Background: The MMS has conducted aerial surveys of
the fall migration of bowhead whales each year since 1987.
Methods are comparable from year to year, based on similar
monitoring dating to 1979. Real-time data are used to
implement overall seasonal restrictions and limitations on
geological and geophysical exploration. The study provides
the only long-term database for evaluating potential
cumulative effects of oil- and gas-exploration activities on
the entire bowhead-migration corridor across the Alaskan
Beaufort Sea. Project reports compare distances from shore
and the water depths used by migrating bowheads. Dataare
collected in arobust Gl S-compatible data structure.

Objectives: The primary goals of the project are to:
e Providereal-time datato MM S and the National Marine
Fisheries Service (NMFS) on the general progress of

Alaskan Marine Mammal Tissues Archival
Project

Background: Alaskan Natives use many marine mammal
species for subsistence and thus are concerned about
possible contamination from OCS-related discharges. Also,
chemical pollution can have adverse effects on marine
mammals. The collection of marine mammal tissues over a
period of years allows for determination of baseline
contaminant loads for comparisons with levels in specimens
associated with oil spills or in the vicinity of drilling
operations. Since adding a part-time USGS-BRD
Biological Technician to the Project, the number of samples
collected hasincreased. The project aso has linkages with
NOAA, alead agency for AEPS/AMAP. Tissues collected
so far have come from Barrow, Point Lay, Point Hope,
Nome, St. Paul 1sland, English Bay, Cook Inlet, Prince
William Sound, the Aleutian I1slands, St. Lawrence Island,
and Round Idland. Marine mammals species sampled so far
include ringed seals, bearded seals, beluga whales, bowhead
whales, spotted seals, harbor seals, Steller sealions,
northern fur seals, Pacific walrus, and polar bears. Aliquots
have been analyzed from a representative number of these
samples.

Objectives. The objectives of this study are to:

e Collect tissues from Alaskan marine mammals for long-
term cryogenic archival.

e  Determine and monitor levels of heavy metals, PAH's,
and other contaminants associated with the oil and gas
industry in marine mammals, with special emphasis on
subsi stence resources.

e Monitor the condition of archived samples over time.

e Develop new parameters and indices to describe
contaminant burdens.

e Relate contaminant burdens to human-health-risk
assessment.

Status Summary: Tissues from Alaskan marine mammals
continue to be collected and archived cryogenically for
hydrocarbon and heavy metal analysis.
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The Alaskan Frozen-Tissue Collection and
Associated Electronic Database: A
Resource for Marine Biotechnology

Background: The Alaska Frozen Tissue Collection
(AFTC) collects animal tissues from a variety of species,
thus addressing concerns of Alaskan Native subsistence
hunters over possible contamination of food from various
industrial sources. The AFTC has been collecting animal
tissues for years, but it has been difficult to access the
information on tissue analyses. Thetissue inventory isfully
computerized and, where available, shows latitudes and
longitudes of collected specimens for potential GIS
mapping.

Objectives: The objectives of this study are to:

e Expand the scope of the existing collection of tissues
from marine mammals and other specimens of the
Beaufort Sea, Cook Inlet, Shelikof Strait, and other
planning areas.

e Develop an electronic database that is accessible
through the Internet, thus facilitating the transfer of
information and sharing genetic resources among tissue
investigators.

e Ensure along-term systematic record of frozen tissues
from Alaska s marine ecosystems.

Status Summary: Tissues from marine mammal and other
species continue to be collected and frozen. AFTC tissues
arelisted at:

http://zorba.uaf adm.al aska.edu/museunyaf/index.
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e Edtimate relative abundance and density of molting
ringed seals on fast ice in the Beaufort Sea during 1996-
1998 and compare these estimates with data collected
during 1985-1987.

e Correlate ringed seal densities on fast ice with
environmental parameters.

e Determine abundance and density of molting ringed
seals at and near industrial operations, and compare
these with otherwise comparable nonindustrial areas.

e Review adequacy of ringed seal data collected by past
industry site-specific monitoring programs, and make
recommendations for protocols to be used in future
industry studies.

e Provide reports of findings that result from ringed seal
monitoring to local residents and subsistence users.

Status Summary: Ringed seals were counted along a series
of aeria survey transectsin June. With the completion of
the fourth field season, al field work is now finished on this
project. A final report isduein late March.

Monitoring Key Marine Mammals: Arctic

Background: Ringed seals have been identified asa
“keystone” speciesin the Arctic marine environment. They
represent atop-level predator in the food chain and an
abundant species that occurs on the OCS year-around.
Their distribution is affected by operations, and their
abundance probably could be affected by a substantial oil
spill. During 1985-1987 a program conducted by the
Alaska Department of Fish and Game (ADF& G), with
support from the MM S, developed aformal protocol for
aerial surveysto monitor the distribution and abundance of
ringed seals of f the coast of northern Alaska. Using this
protocol, ringed seal surveys were conducted during 1985,
1986, and 1987 along the Beaufort Sea coast. The 1989
monitoring report described their typical abundance and
noted the range of natural variation. Sincethen, site-
specific data have been collected during industry
exploratory operations. All of thisinformation was
reviewed before additional monitoring surveys were
conducted.

Objectives: The objectives of this study are to:
e Review and define the previoudy established protocol
for monitoring ringed seals by aeria surveys.

Bowhead Whale Feeding in the Eastern
Alaskan Beaufort Sea: Update of Scientific
and Traditional Information

Background: The extent to which the bowhead whale
population utilizes OCS areas in the eastern Alaskan
Beaufort Sea for feeding, as well asthis area’simportance
to individual whales, isbeing studied to yield more
definitive quantitative estimates. The study updates and
improves on amajor scientific report which estimated that
the eastern Alaskan Beaufort Seais not an important feeding
habitat for bowhead whales.

Objectives. The objectives of this study are to:

e Collaboratively (with key stakeholders), design and
conduct research appropriate for quantifying the
importance of the eastern Alaskan Beaufort Seaas a
feeding area for bowhead whales.

e Analyzetheliterature and other available sources,
including traditional -knowledge sources, for previous
years and, where possible, test the above hypotheses for
those years.

e Update available information on disturbance to feeding
bowhead whales.

e  Characterize the ambient acoustic environment in the
eastern Alaskan Beaufort Sea and predict sound levels
of oil-and-gas-industry activity received by potentially
feeding whales.

Status Summary: Three of four field seasons have been
completed. Following the final field season (Fall 2000) an
overall final report will be submitted.
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Correction Factor for Ringed Seal Surveys
in Northern Alaska

Background: A protocol for monitoring ringed seal
distribution and relative densitiesin Arctic waters has
already been developed for MM S and implemented over 6
field seasons during spring basking periods when the
greatest number of seals are hauled out on theice. This
study will augment previous monitoring by permitting
estimation of true ringed seal densities based on the number
visible from an airplane. Good information exists on ringed
seal ecology and distribution in industrial versus control
areas, but not enough to estimate true densities correctly.
Correction factors developed for harbor seals have been
found to be applicable to other years, aslong as they and the
survey estimates were developed in the same areas at similar
times of the year. Most aerial surveys for ringed seals have
attempted to standardize to late May to early June and to
mid-day. The correction factor will facilitate re-analysis of
historical data collected in GIS-compatible formats.

Objectives: The goal of the study isto estimate a correction
factor for the proportion of ringed seals not visible during
aerial surveys and thereby, enhance the protocol for
estimating Arctic ringed seal densities from aerial
monitoring results. Useful quantitative information on
ringed seal behavior will also be obtained, asidentified in
the methods section.

Status Summary: Two field seasons have been successfully
completed. Telemetry data, including 4,961 hourly
observations of the locations of radio-tagged seals, are being
analyzed with on-site meteorological data from the same
time period, to determine the environmental influences on
haul-out behavior.

Appendix F. MMS-SPONSORED ENVIRONMENTAL STUDIES

Objectives: The goal isto reliably identify subnivean polar
bear dens along the North Slope of Alaska. Specific
objectives are to:

Phase |

e Test forward-looking infrared (FLIR) imaging devices
from aircraft near Prudhoe Bay, Alaska.

e  Conduct aworkshop to evaluate the effectiveness of
FLIR imagery in detecting subnivean polar bear
maternal dens.

Phase Il (depending on the success of Phase I)

e Develop avalid repeatable aerial remote-sensing
protocol for surveying polar bear dens.

e Usethe protocol to identify polar bear denning sites
aong the eastern Alaskan Beaufort Sea and correlate
with habitat features.

Status Summary: A workshop is planned for May, 2000
pending successful completion of field tests of Forward
Looking Infra-Red (FLIR) technology for detecting polar
bear dens.

Polar Bear Den Surveys

Background: Two stocks of polar bear inhabit the Arctic
OCSregion. The Beaufort stock is shared with Canada and
dens partly in the eastern Alaskan Beaufort Sea. Remote
sensing of polar bear dens might be more reliable and safer
than ground surveys. Aerial denning surveys would provide
ameasure of reproductive effort and success, and an index
to population trends. Such surveys in prospective
exploration areas could provide information for avoiding
site-specific effects. A scientifically valid estimate of the
Chukchi/Bering Sea population size is not currently
available and current information on the population
dynamics of the polar bear population isincomplete. The
USGS-BRD, USFWS, and Russian scientists have
conducted previous surveys of polar bear dens. Past survey
efforts have been complicated by inconsistenciesin survey
methodologies, timing, and location and by the large
variation in den estimates.

Simulation Modeling of the Effects of Arctic
Oil Spills on the Population Dynamics of
Polar Bears

Background: The USGS-BRD maintains alarge dataset on
polar bear distribution in Arctic waters. The MMS has an
arctic oil-spill trgjectory model which is used each time
thereis a Beaufort Sea Environmental |mpact Statement.
The study would be coordinated as appropriate with MM S
oil-spill modelers. A great dedl is already known about the
distribution and movements of polar bearsin Alaska OCS
Beaufort Sea planning areas through an ongoing program of
satellite tagging and tracking conducted by USGS-BRD.
The MMS already has an updateable oil-spill model for the
Beaufort Sea. Information is also available on the potential
effects of oil on individual polar bears.

Objectives: The goal isto predict the effects of hypothetical
Beaufort Sea oil spills and other postulated mortality on the
population recovery of polar bears. Specific objectives are
to:

e Develop/refine an independent, conceptual, polar bear
population-dynamics model for Alaskan waters, with
assumptions and initial conditions that can respond to
hypothetical removals. Conduct a sensitivity analysis
of thismodel.

e Produce an interactive model compatible with MM S
hardware and software standards at the time of
completion and a users manual for testing revised data
input and model assumptions as may be appropriate for
future lease sales.

Status Summary: Data from polar bear locations, based on
satellite telemetry, have been analyzed using BRD' s polar
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bear distribution/density model. The polar bear population
dynamics model continues to be developed.

Exxon Valdez Oil Spill, Cleanup, and
Litigation: A Community-Based Collection
of Social-Impacts Information and Analysis,
1989-1996

Background: The oil spill from the Exxon Valdez
grounding not only contaminated natural habitat and
resources but also produced a cleanup effort that was a
major causal agent for ongoing social impacts among
communitiesin Southcentral Alaska. The effects from the
oil spill, cleanup, and subsequent litigation have been
documented variously in media coverage and by research
initiated by MMS, the Alaska Conference of Mayors, the
State of Alaska, Federal resource and response agencies,
academic ingtitutions, and individual researchers. The level
of information regarding the changesin the human
environment related to the Exxon Valdez oil spill, cleanup,
and litigation is varied—without a comprehensive formal,
comparative, quantitative, and qualitative analysis of
existing data, thisinformation is of limited use to decision
makers.

Objectives. The objectives of this study are to:

e Callect, organize and synthesize all community-based
social information associated with the Exxon Valdez oil
spill, cleanup, and associated litigation for the period
1989—the year of the spill—through the date this
contract was awarded that shows the effects on the
human environment.

o |dentify key social factors and analyze the literature by
these factors showing effects resulting from the Exxon
Valdez oil spill, cleanup, and litigation. The Contractor
was required to solicit input and concurrence of the key
social factors from representatives of MMS, the State of
Alaska, local communities, and Native organizations.

e Prepare a CD-ROM, which is PC-based, containing an
annotated bibliography, abstracts, social factors,
analytical findings of this study, and source documents.

Status Summary: The main synthesis is completed with
source documents available on CD-ROM and a hard copy
final report. Additional reports will be added to the CD-
ROM by September, 2000.
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generation to the next by word of mouth. Little of itisin
published form and even lessisindexed. Much traditional
knowledge has, however, been written, audio-recorded,
archived and, in some cases, published. Thisinformation
has not been collected, indexed, or fully abstracted.
Because of this, much traditional knowledge has not been
readily available to the scientific community. Potential
closure of the BIA ANCSA Office could leave the 8,000
interview files unavailable.

Objectives. The objectives of this study are to:

e Locate, collect and organize all “traditional-knowledge’
information associated with the Alaska North Slope
Borough (NSB), encompassing oral-history-taped
interviews, written transcripts, published sources, and
textual and video recordsincluding any CD-ROM
“jukeboxes’ produced for the North Slope Borough
(NSB) by the Alaska Oral History Project at the
University of Alaska-Fairbanks (UAF) of elder
interviews and Elders’ Conferences and the Bureau of
Indian Affairs (BIA) Alaska Native Claims Settlement
Act (ANCSA) Office Native-allotment-interview files
(8,000).

e Identify key traditional-knowledge indices for
structuring and abstracting.

e Prepare a PC-based CD-ROM containing an annotated
bibliography, abstracts, traditional-knowledge indices
and findings of this study.

e Prepare an Inupiat epistemology.

Status Summary Approximately onethird of the traditional
knowledge sources have been added to the Annotated
Bibliography. A draft Epistemology and list of key words
have been prepared. The project is scheduled for
completion in December, 2001.

Collection of Traditional Knowledge of the
Alaskan North Slope

Background: The Native people of Arctic Alaska have
many years of experiencein living in Arctic environments
and have much knowledge on the biological and physical
environment of both the marine and terrestrial ecosystems.
Much of this knowledge has been passed on from one

Subsistence Economics And Oil
Development: Case Studies From Nuigsut
And Kaktovik, Alaska

Results from an investigation focusing on evidence of
harvest disruption effects from expanding oil and gas
development on the mixed subsi stence-cash economies of
two northern Alaska Inupiat communities, Nuigsut and
Kaktovik, is presented. Systematic household and key
respondent information collected by the Division of
Subsistence, Alaska Department of Fish and Game, in 1985,
1986, 1992, 1993, and 1998 supplied the analytic basis of
this effort.

Harvest effects from increasing industrialization on

subsi stence harvests were documented in the two
communities through this study. Comparisons with similar
datafrom SW Alaska communities indicate that variability
in resource harvests between years is less strong in Nuigsut
and Kaktovik. Unsuccessful harvest of a major subsistence
resource in Kaktovik in 1985, and harvest area displacement
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inthe Nuigsut areain 1993 (and 1994), recorded in
community harvest data sets, are events firmly connected to
anthropogenic effects rather than seasonal or population
variations asis the case SW Alaska community data sets.

Recent changes in timing of Nuigsut bowhead whale harvest
processing and transportation are documented as taking
place due to industry safety concerns in the near-shore area
of the mid-Beaufort Sea. Harvest and transportation
regulations limiting subsi stence hunting optionsin portions
of the industrializing area and other, more subtle,
subsistence harvest effects resulting from increasing
industrial infrastructure, industry support activities, and
personnel within traditional resource harvest areas of both
Nuigsut and Kaktovik will also be discussed.

We recommend steps be taken to devise improved ways for
communities near industrial development on Alaska's North
Slope to be meaningfully involved in land use planning and
evaluation of proposed industry activities. In addition, long-
term systematic monitoring, assessment, and eval uation of
effectiveness of subsistence protection and mitigation
measures now in common use must be undertaken. Finally,
increased efforts by government and industry are needed to
develop afunctional understanding of cumulative impact
effects on subsistence resources, harvester access,
harvesting activities and productivity resulting from
continuing industrialization in northern Alaska.

Appendix F. MMS-SPONSORED ENVIRONMENTAL STUDIES

Thelevel of information regarding changesin the
socioeconomic environment related to OCS activitiesis
varied—without a comprehensive formal, comparative,
quantitative, and qualitative documentation of existing data,
thisinformation is of limited use to decision makers.

Objectives. The objective of this study isto coordinate and
prepare a peer-reviewed book/synthesis of available
information about the potential socioeconomic effects of ail-
and gas-industry activity on the Alaska OCS.

Status Summary: The prime contractor isworking on
author designations and is preparing a revised schedule for
this project.

Publication of a Book/Synthesis on the
Socioeconomic Effects of Oil and Gas
Industry Activity on the Alaska OCS

Background: The Alaska OCS Region has implemented an
important socioeconomic component of its overall
Environmental Studies Program, resulting in the publication
of more than 160 Technical Reports (TR’s) addressing
statewide socioeconomic study topics. Methodologies have
included case studies, institutional profile analysis and
analysis of secondary-source materials, modeling and
econometrics analysis, and survey research. In recent years,
socioeconomic studies have become more focused and
issue-oriented, emphasizing the critical points between OCS
development and social systems with which potential
development would interact. For example, studies have
collected time-series information and measures of
community and regional well-being as bases for social-
indicators monitoring.

Considering the extent of MM S's social research in Alaska
and the substantial information accumulated, a workshop
examining the usability of the current research in its original
forms versus the costs and benefits of further synthesis was
recently conducted. In planning for the preparation of a
useful resource document resulting from the workshop
efforts, the workshop participants identified a tentative
outline, chapter integration, and potential co-sponsors.

Update Oil Industry Labor Factors for
Alaska Manpower Model

Background: The Manpower Model was created in the late
1970's and early 1980’ s to project the number of workers
directly employed in proposed OCS exploration and
development activities. Thisdatais used in another model
to predict secondary employment and population. The
employment data from the Manpower Model and the
secondary employment and population data are used in
ElIS's. Theinput factorsto the Manpower Model were
based on information, no more current than the early 1980’s,
from industry on the actual number of workers used for 20
different tasks and numerous subtasks through the full range
of activity from exploration and development to production.
Technology has changed sufficiently that the input variables
to this model should be re-examined and adjusted. The
employment and population projections in recent EIS' s do
not reflect current industry practices and technology.
Information about current industry practices is best obtained
from industry representatives and consultants to industry.

Objectives. The objective of this study isto update the
Manpower Model with input variables that accurately reflect
the number of workers needed to complete tasks associated
with exploration, development, and production on the OCS.

Status Summary: The updated Manpower Model with
linkages to the IMPLAN Modd is scheduled for completion
in April, 2000.

Regional Economic Impact Analysis of
Subsistence Bowhead Whaling:
Accounting for Non-Market Activities on
Alaska’s North Slope

Background: Subsistence activities by Inupiat of the North
Slope including whaling are difficult for contemporary
western researchers to evaluate or to quantify. Two
economic theories, home production theory and regional,
input-output modeling (IMPLAN) are appropriate for policy
and resource development analysisin Alaska and analysis of
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the economics of subsistence whale harvest. Using these
two theories and gathering data to apply to the theories can
help answer questions more precisely about the economics
of subsistence whale harvest. Barrow, Nuigsut, and
Kaktovik are the primary communities where subsistence
whale hunting is done that potentially could be impacted by
OCS activities in the Beaufort Sea.

Objectives: The overall objective of this study isto provide
community economic profiles and a working regional
economic model for the communities of Barrow, Kaktovik,
and Nuigsut.

Status Summary: This three-year project isjust starting.
Thefirst step of obtaining endorsement from the Barrow,
Kaktovik and Nuigsut communitiesis planned for an
unspecified date after March , 2000.
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Reference Manual and GIS Overlays of Oil-
Industry and Other Human Activity (1970-
1995) in the Beaufort Sea

Background: Analysis of the potential effects on wildlife
of oil-industry and other human activities has been limited
by the quality and resolution of data available on these
activities. This study will provide wildlife scientists, Native
organizations, and others with the authoritative historic
information on human activity needed to analyze the
potential effects of such activities on whale migrations,
wildlife distributions, shipwrecks, etc.

Objectives: The objectives of this study are to:

e  Quantify offshore drilling, seismic exploration, vessel-
and helicopter-support activity in the Beaufort Seain
small units that are comparabl e between areas and years
(e.g., line miles shot by area).

e  Quantify other human activity in the Beaufort Sea such
as number and types of commercial vessels, subsistence
hunting, and aircraft on an annual basis, specifying
when and where such human activity occurred.

e  Compile measures for the above human activitiesin an
interyear, cross-indexed reference manual and as
ARC/INFO overlays—both useful for defining
“industrial” versus control zones, in identifying
between-year trends, and in comparing levels of various
types of oil- industry activity with other human
activities and wildlife distributions.

Status Summary: The study has completed the first year
and half of data compilation on human activities from ail
and gas operations within the Federal OCS in the Beaufort
Sea. Consideration of revisions to scope and obtaining
clearance for accessto proprietary data has impacted
progress.

ANIMIDA - Arctic Nearshore Impact
Monitoring In Development Area

Background: Residents of the villages of Nuigsut,
Kaktovik and Barrow are particularly concerned about long
term effects of offshore developments at Liberty and
Northstar as well as long term effects of any development
from Lease Sales 170 and 176. Interagency reviews of
related EIS's and Devel opment and Production Plans
recommend monitoring impacts of Northstar and Liberty.
Current information on selected topicsis available but likely
to be out of date or not of sufficient geographic or seasonal
focus to meet the needs of this effort.

This study gathers long term monitoring data which will
provide a basis of continuity and consistency in evaluation
of potential impacts from site-specific, upcoming
development and production in the Beaufort Sea.  Priority
monitoring issues are being determined through public and
interagency comment, and coordinated with lessees and
other organizations.

Objectives. Due to the scale and scope of this study, the
objectives are phased.

Objective 1 - Year 1/Phase 1: Environmental Baselines:

e Perform abrief and focused literature review for the
Liberty and Northstar aress.

e Initiate baseline efforts on underwater noise and
vibration, sediment quality, and
resuspension/deposition.

e Coordinate the above baseline efforts with any ongoing
or previous applicable MMS or industry site specific
monitoring.

Objective 2 - Years 2-5/Phase 2: Integrated Physical,
Chemical, Biological, and Subsistence Impact Monitoring in
Nearshore Development Area:

e Detailed interdisciplinary monitoring objectives, with
increased scope to include future key impact receptors
will be identified by December, 1999 following
available comments for Northstar and Liberty EIS's. It
is anticipated that specific living resource and
socioeconomic components such as benthic/kelp
communities, local vertebrate populations, and local
subsistence harvest/use patterns will be included.

e  Compile future monitoring results into statistical,
graphical/mapped, and other formats of spatial,
temporal, and pattern analysis useful to decision
making and operational evaluation.

Status Summary: Phase | sampling (sediment and
suspended sediment chemistry, ambient noise) occurred in
summer 1999, with winter sampling scheduled for April
2000. Phase Il (2000-2003) is planned for procurement this
Fiscal Year.
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Estimation of OCS Oil Spill Risk from
Alaska North Slope, Trans-Alaska Pipeline,
and Arctic Canada Spill Data Sets

Background: The historical record for the OCS statistics
used to calculate the national OCS oil spill ratesis mostly
from the Gulf of Mexico. This spill record does not include
pipeline spillsinshore of the OCS, in State waters or on
land. The MMS Alaska OCS Region intends to calculate
spill frequency based on the Alaska North Slope and Arctic
Canada rather than on the Gulf of Mexico experience, and to
include all major pipeline spills, both onshore and offshore,
in environmental impact assessment. This study isthe first
step in this process and will collate available information on
oil industry spills of > 100 bbl in the Alaska North Slope
and Arctic Canada, verify spill information for the larger
spills (> 500 bbl), and estimate provisional spill rates for use
for the Liberty EIS.

Objectives:. The objectives of this study are to:

e Obtain and collate data on oil industry spills of > 100
bbl.

e Review datareliability and completeness.

e Obtain and collate crude oil production, pipeline
throughput, and pipeline mileage data by year.

e Evaluate appropriateness and statistical robustness of
the oil spill datafor estimating spill risks and provide
provisional spill rate estimators.

Status Summary: The draft final report was reviewed by
MMS, the contractor is completing the revised Final Report.
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Objectives. The objectives of this study are to:

e Provide statistical support to MMS in evaluating best
statistical methods to estimate oil spill rates.

e Evauate the applicability of the results from the
preliminary study to deeper tracts that could be offered
in Sale 176 or in subsequent sales.

e Evauate alternative approaches to estimating oil spill
risk for Beaufort Sea lease sdles.

Status Summary: This study isin procurement phases. An
RFP is planned to be issued this Fiscal Y ear.

Alternative Oil Spill Occurrence Estimators
for the Beaufort/Chukchi Sea OCS

Background: The historical record for the OCS statistics
used to calculate the national OCS oil spill rates is mostly
from the Gulf of Mexico. This spill record does not include
pipeline spillsinshore of the OCS, in State waters or on
land. The MMS Alaska OCS Region intends to calculate
spill frequency based on the Alaska North Slope and Arctic
Canada rather than on the Gulf of Mexico experience, and to
include all major pipeline spills, both onshore and offshore,
in environmental impact assessment. Thefirst step in this
process was a preliminary study in FY 1999-2000 to collate
readily available information on oil industry spills of > 100
bbl in the Alaska North Slope and Arctic Canada, verify
spill information for the larger spills (= 500 bbl), and to
estimate provisional spill rates for use in the nearshore
Beaufort Sea OCS.

The premise of this preliminary study wasthat in the
nearshore, pipeline and platform spill rates can be
extrapolated from the Alaska and Arctic Canada onshore oil
spill experience. The validity of this premise cannot be
assumed for locations further from shore that might be
offered in future oil and gas lease sales.

Conference Management and Reports on
MMS Results

Background: The Alaska ESP has organized many
meetings on environmental studies information. Initialy,
synthesis meetings were sponsored through NOAA’s OCS
Environmental Assessment Program; the mestings involved
scientists from many disciplines, and the main purpose was
to synthesize their Alaska OCS information. During the
past decade, the main focus has changed to small workshop
for resolution of environmental issues and to large
Information Transfer Meetings (ITMs) for the exchange of
studies information among Principal Investigators and the
genera public. Also, the scope of the program changed to
focus on a few prospective oil provinces on the Alaska
OCS. During the 1970'sand 1980's, most of the OCS
environmental assessment information was collected
through government-sponsored programs; however, during
the past decade of exploration and development, asimilar
amount of environmental information has been collected
through industry-sponsored, site-specific programs. In
addition to the transfer of information through meetings, the
ESP has transferred information through ITM Proceedings,
reports and publications on MM S results.

Objectives. The objectives are to produce ITM’s, small
workshops, and publications on OCS environmental studies
information. We will plan and fund the eighth Alaska I TM
during FY 2000 and anticipate the need for a small
workshop during FY 2001. AnITM will be funded in FY
2002.

Status Summary: The contractor is providing support to an
Information Update Meeting in Fiscal Year 2000. The
meeting is planned to be held in Barrow, Alaskain March,
2000.
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Preliminary Section 404(b)(1) Evaluation
Department of Army, Corps of Engineers
Alaska District

Liberty Development Project

Notation: Thisisa preliminary Section 404(b)(1) Evaluation. Assuch it isaworking draft with
work (data collection and analysis) still in progress and without a Finding of Compliance or Non-
compliance'to the guidelines. The intent of circulating this preliminary evaluation is to foster
coordination with the public and to solicit and focus public comment on the current direction of the
404 (b)(1) evaluation. A draft 404(b)(1) evaluation will be circulated with the Final Environmental
Impact Statement.

The remaining data collection will include the additional collection of sediment samplesfor grain
size analysis along the proposed pipeline routes during the current winter (2000-2001) season. The
grain size analysis would include the silt and clay particle sizes analysis since these particle sizes
have the greatest potential for movement and deposition away from proposed dredging and
backfilling operations along the pipeline route. Additional analysiswill include a state-of-the art
modeling effort for prediction of suspended sediment transport. This advance modeling effort will
utilized a modified SSFATE (Suspended Sediment FATE) software program to compute suspended
sediments fiel ds resulting from both dredging/excavation and placement of fill material through the
water column. The SSFATE model would improve the prediction capability of the particle
(suspended sediment) movement for quantity, duration and dispersion area effected by pipeline
construction activity. The model efforts discussed in this evaluation assume a worst case analysis
of a uniform Total Suspended Sediment (TSS) concentration of 1,000 mg/L along the pipeline route.
The primary reason of additional data collection, advanced modeling effort and additional analysis
isto further evaluate and assure that the potential for adverse impacts to the Boulder Patch; a
unique biological community within the Beaufort Sea, is remote. Incorporation of the SSFATE
model within this evaluation would also assist in the development of a construction-monitoring plan
to include operational threshold criteria, should the Liberty Development Project be authorized.

l. Introduction

The primary Federal environmental statute governing the discharge of dredged or fill material into
waters of the United States (inland of and including the 3-mile Territorial Sea) is the Federal Water
Pollution Control Act, also called the Clean Water Act (CWA). Regulation of dredged materia
disposa within waters of the United States and ocean waters is a shared responsibility of the US
Environmental Protection Agency (EPA) and the US Army Corps of Engineers (USACE). The
primary Federa environmenta statute governing the transportation of dredged material for the
purpose of ocean disposa is the Marine Protection, Research and Sanctuaries Act (MPRSA) also
called the Ocean Dumping Act. The geographical jurisdiction of the MPRSA and CWA overlap
within the Territorial Sea concerning the disposal of dredged material. The precedence of MPRSA or
the CWA in the area of the Territorial Sea is defined in 40 CFR §230.2(b) and 33 CFR §336.0(b).
Appendix H provides the §103 evaluation for the proposed ocean water disposal of dredged materia
in Foggy Island Bay. Materia dredged from navigable waters of the United States (for example,
excess dredged material resulting from pipeline trench excavation), transported and disposed of in the
Territorial Sea is evaluated under MPRSA. Dredged materia discharged as fill material (e.g.
excavated pipeline trench material which is utilized as backfill material) and placed within the 3-mile
limit of Territorial Seais evaluated under the CWA.
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Figurel. Geographical Jurisdiction of the MPRSA and CWA.
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The proposed work description in the public notice includes activities (e.g. gravel island construction,
transportation of dredged material for ocean water disposal, the disposal of dredged material in ocean
waters, etc) that are outside the jurisdictiona review under the Clean Water Act. [Gravel idand
construction is regulated under 810 of the Rivers and Harbors Act of 1899; and, the transportation of
dredged material for purposes of dumping it in ocean waters under 8103 of the Marine Protection,
Research and Sanctuaries Act of 1972]. The activities under the jurisdiction of 8404 CWA involve
the placement of fill material within the territorial seas of the United States (3-mile limit) and inland
waters of the United States.

These activities include:

» the placement of pipeline bedding material including placement of gravel bags over the pipeline
(50,000 yd®, 55.4 acres) ;

back-filling of the pipeline trench (495,000 yd®, 55.4 acres) ;

«  placement of fill materia for the pipeline transition zone (2,900 yd®, 0.3 acres);

«  placement of fill material for construction of two gravel valve pads (8,000 yd®, 1.1 acres);

« stockpiling of excavated material at the Kadleroshilik River gravel mine site (215,500 yd®, 7
acres); and,

placement of fill material in the gravel pit for reclamation purposes (up to 131,000 yd®, 2.5 acres within 31-
acre area) .
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Table 1. Summary of CWA 8§ 404 discharges (placement of fill) for the

proposed Liberty Development Project (Alternative 1).

LIBERTY PROJECT COMPONENT MAXIMUM FILL VOLUME FILL AREA
DIMENSIONS (CUBIC YARDS) (ACRES)
(FEET)
Offshore Pipeline (3-milelimit to shoreline MLL W)
Trench (24,300 subsea pipeline to 24,400 (length) x 61- 55.4
shoreline MLLW) 132 (variable trench top
width)
Gravel backfill (including bags) 50,000
Native backfill (maximum) 495,000
total 3-mileto shorelineMLLW 545,000 55.4
Trench Transition
(shorelineMLLW to landfall pad) 150 x 25
Gravel backfill 2,500 0.2
Native backfill 400 0.1
total Onshore Transition 2,900 0.3
L andfall Valve Pad 97 x 135 2,400 0.3
Badami Pipeline Tie-ln Pad 54-155 x 170 3,500 0.5
Mine Site
Cell 1 Mine Site: 910 x 1,225
Backfill (overburden + unsuitable gravel Stockpiled within up to 115,500 20
fill material) cdl 2
Cell 2 Mine Site 475 x 910
1% year, Temporary stockpiling of | Within cell 2 limits up to 100,000 50
overburden 910 x 240
2" year Backfill (overburden + 100 x 200 15,500 0.5
unsuitable gravel fill material) (on ice pad)
total Mine Site (up to 31 &) 231,000 7.0
TOTAL 784,800 64
3 6-981109
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Figure 2. Proposed Liberty Island/Pipeline Route & Cross Section of Buried Sing Wall Pipeline
Alternative 1. (proposed action)
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Figure 2: Southern Island/Pipeline Route (Left Side) & Cross Section of Buried Pipe-in-Pipe Pipeline (Right Side).
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Table 2: Southern Island Alternative - Required Dimensions and Quantities with Pipe-in-Pipe Alternative.

LEERTY FReiEET GOl EeNENT MAXIMUM DIMENSIONS EXCAVATION (CUBIC FILL VOLUME FILL AREA
(FEET) YARDS) (CUBIC YARDS (ACRES)

Southern Island
Gravel Island 825 x 1,155 661,000 21.9
Gravel (4,200 bags for slope protection) 17,000
Concrete blocks (16,000 for slope protection) 6,800

Subtotal 684,800 21.9
Offshore Pipeline (Island to 3-mile limit)
Trench Excavation (2,376‘ subsea pipeline) 2,376 (length) x 53-115 (40,900)

(variable trench top width)

Select backfill (including bags/mats) none
Native backfill (maximum) 40,900

Subtotal Offshore to 3-mile limit 40,900 4.6
Offshore Pipeline (3-mile limit to shoreline MLLW)
Trench Excavation (19,900° subsea pipeline plus 100’ transition 19,900 (length) x 53-115
pipeline below shoreline MLLW) (variable trench top width) (342,300)
Select backfill (including bags/mats) none
Native backfill (maximum) 342,300

Subtotal 3-mile to shoreline MLLW 342,300 38.4
Onshore Transition Pipeline
Trench (shoreline MLLW to landfall pad) 205x25x9 (2,570)
Select backfill 2,950 0.24
Native backfill 470 0.12

Subtotal Onshore Transition 3,420 0.36
Landfall Pad 96.5 x 135 2,400 0.3
Badami Pipeline Tie-In Pad (approximate) 54-155 x 170 3,500 0.5
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Figure 3: Tern Island/Pipeline Route (Left Side) & Cross Section of Buried Pipe-in-Pipe Pipeline (Right Side).
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Table 3: Tern Island - Required Dimensions and Quantities.

LR FRESEET Gol T MAXIMUM DIMENSIONS EXCAVATION (CUBIC FILL VOLUME (CUBIC FILL AREA
(FEET) YARDS) YARDS) (ACRES)

Tern Island
Gravel Island 855 x 1,185 804,500 23.3
Existing Island Gravel Mass (230,000)
Gravel (4,200 bags for slope protection) 17,000
Concrete blocks (18,000 for slope protection) 8,000

Subtotal 599,500 23.3
Offshore Pipeline (Island to 3-mile limit)
Trench Excavation (11,616° subsea pipeline) 11,616 (length) x 53-115 (200,000)

(variable trench top width)

Select backfill (including bags/mats) none
Native backfill (maximum) 200,000

Subtotal Offshore to 3-mile limit 200,000 22.4
Offshore Pipeline (3-mile limit to shoreline MLLW)
Trench Excavation (17,524‘ subsea pipeline plus 100’ transition 17,524 (length) x 53-115
pipeline below shoreline MLLW) (variable trench top width) (301,500)
Select backfill (including bags/mats) none
Native backfill (maximum) 301,500

Subtotal 3-mile to shoreline MLLW 301,500 33.8
Onshore Transition Pipeline
Trench (shoreline MLLW to landfall pad) 205x25x9 (2,570)
Select backfill 2,950 0.24
Native backfill 470 0.12

Subtotal Onshore Transition 3,420 0.36
Landfall Pad 96.5 x 135 2,400 0.3
Badami Pipeline Tie-In Pad (approximate) 54-155 x 170 3,500 0.5
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Figure 4: Comparison of the Proposed Trench Depth to the 15-foot Deep Trench.
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Table 4: Trenching Comparisons
DIFFERENT PIPELINES
Alternative | Alternative IV. A Alternative IV.B. Alternative IV.C Alternative Vi
Single Wall Pipe Pipe-in-Pipe Pipe-in-HDPE Flexible Pipe 15 ft Burial Depth
Designed Trench Depth 10.5ft 9ft 10 ft 8.5 1t 15 ft
Excavation Volume as Designed 460,650 yd* 353,906 yd* 423,626 yd® 321,760 yd® 863,460 yd®
E:fi‘f“on polineasReqies edlonlCOE 724,000 yd® 556,000 yd® 666,000 yd® 506,000 yd® 1,356,000 yd®
Surface Area Disturbed 59 acres 52 acres 57 acres 49 acres 110 acres
Required Trenching Spread 118 days 91 days 108 days 82 days 226 days
Actual Trenching 30 days 23 days 27 days 21 days 58 days
Trenching Cost $7,080,000 $5,460,000 $6,480,000 $4,920,000 $13,560,000

DIFFERENT PIPELINE ROUTES (Using the 15’ burial depth)

Alternative | Alternative I11.A. Alternative 111.B.
Liberty Route Eastern Route Tern Island Route
Excavation Volume @ 15' as Designed 863,460 yd® 562,660 yd® 843,870 yd®
E’écg\";ﬂmtv"'“me OF & Rep=Ear 1,356,000 yd® 884,000 yd® 1,325,000 yd®
Exca"a‘m"D\égi“g‘r’:’eed@ 5'es 460,650 yd® 300,175 yd® 450,200 yd®
(E;écg"sg‘r’;tvo'”me (GRLOS e Reqtes edlog 724,000 yd® 472,000 yd® 707,000 yd®

Alaska District
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Figure 5: Liberty Island /Pipeline Route (Left Side) & Cross Section of Buried Pipe-in-Pipe Pipeline (Right Side)
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Table 5: Liberty Island Required Dimensions and Quantities with pipe-in-pipe alternative.

LIBERTY.PROIECT COMPONENT MAXIMUM EXCAVATION (CUBIC FILL VOLUME FILL AREA
DIMENSIONS (FEET) YARDS) (CUBIC YARDS) (ACRES)

Proposed Island
Gravel Island 835 x 1,170 773,000 22.4
Gravel (4,200 bags for slope protection) 17,000
Concrete blocks (17,000 for slope protection) 7,600

Subtotal 797,600 22.4
Offshore Pipeline (Island to 3-mile limit)
Trench Excavation (8,000° subsea pipeline) 8,000 (length) x 53-115 (137,600)

(variable trench top
width)

Select backfill (including bags/mats) none
Native backfill (maximum) 137,600

Subtotal Offshore to 3-mile limit 137,600 15.4
Offshore Pipeline (3-mile limit to shoreline MLLW)
Trench Excavation (24,300' subsea pipeline plus 100’ 24,400 (length) x 53-
transition pipeline below shoreline MLLW) 115 (variable trench top (419,700)

width)

Select backfill (including bags/mats) none
Native backfill (maximum) 419,700

Subtotal 3-mile to shoreline MLLW 419,700 47.1
Onshore Transition Pipeline
Trench (shoreline MLLW to landfall pad) 150 x 25 x 9 (1,875)
Select backfill 2,160 0.17
Native backfill 345 0.09

Subtotal Onshore Transition 2,505 0.26
Landfall Pad 96.5 x 135 2,400 0.3
Badami Pipeline Tie-In Pad (approximate) 54-155 x 170 3,500 0.5
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Figure 6: Location of Alternatives and Gravel Mine Site.
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Table 6: Gravel Mine Site Dimensions and Volume Quantities.

MAXIMUM
EXCAVATION FILL VOLUME FILL AREA
LIBERTY PROJECT COMPONENT DII\(/IFEESEI%NS (CUBIC YARDS) (CUBIC YARDS) (ACRES)
Mine Site
Cell 1 Mine Site: 910 x 1,225 (800,000)
Backfill = overburden + excess spoil from on- Up to 115,500 Upto 2.0
shore pipeline construction
Year 1 temporary stockpiling of overburden 910 x 240 Up to 100,000 5.0
from Cell 1 on Cell 2 footprint (temporary)
Cell 2 Mine Site: 475 x 910 (100,000)
Year 2 temporary stockpiling of overburden 110 x 200 15,500 0.5
from Cell 2 and on ice pad
Subtotal Mine Site 31 acres disturbed 215,500 7.0
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Evaluation of Compliance with 404(b)(1) Guidelines

[restrictions on discharge, 40 CFR § 230.10 (a)-(d)]

(An * is marked above the answer that would indicate noncompliance with the guidelines. No * marked
signifies the question does not relate to compliance or noncompliance with the guidelines. An “X” simply
marks the answer to the question posed.) All chapter and section references are made to the Draft
Environmental | mpact Statement (DEIS), Liberty Development Project dated January 2001.

a. Alternatives Test: Preliminary
Yes No
(i) Based onthediscussionsinthe DEIS, are there available, practicable *
aternatives having less adverse impact on the aquatic ecosystem and
without other significant adverse environmental consequences that do not

involve discharges into "waters of the United States" or at other locations
within these waters? ~ To Be Determined

(i) Based on discussionsin the DEIS, if the project isin a special *

aquatic site and is not water dependent, has the applicant clearly
demonstrated that there are no practicable aternative sites available?

With exception to the proposed gravel mine site.

a Kadleroshilik River Gravel Mine Site - To Be Determined

b. Special restriction. Will the dischar ge:

(i) violate State water quality standards? *

(i) violate toxic effluent standards (under Section 307 of the Act)? *

(iii) jeopardize endangered or threatened species or their critical habitat? *

(iv) violate standards set by the Department of Commerce to protect marine *
sanctuaries?

10 6-981109
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C.

Yes No
(v) evaluation of the information in the DEIS indicates that the proposed *
discharge material meets testing exclusion criteriafor the following
reason(s):

( X') based on the above information, the material is not a carrier of
contaminants.

(X)) thelevelsof contaminants are substantially similar at the extraction
and disposal sites and the discharge is not likely to result in
degradation of the disposal site and pollutants will not be transported
to less contaminated areas.

() acceptable constraints are available and will be implemented to
reduce contamination to acceptable levels within the disposal site and
prevent contaminants from being transported beyond the boundaries
of the disposal site.

Other restrictions. Will the discharge contributeto significant degradation of " waters
of the United States' through adver seimpactsto:

Yes No
*
(i) human health or welfare, through pollution of municipal water supplies,
fish, shellfish, wildlife and special aquatic sites?
(it) life stages of aguatic life and other wildlife? *
(iii) diversity, productivity and stability of the aguatic life and other wildlife *
or wildlife habitat or loss of the capacity of wetland to assimilate
nutrients, purify water or reduce wave energy?
(iv) recreational, aesthetic and economic values? *
Actionsto minimize potential adverse impacts (mitigation). Will all *

appropriate and practicable steps (40 CFR § 230.70-77, Subpart H)
be taken to minimize the potential adverse impacts of the discharge
on the aguatic ecosystem?  To be determined

1 6-981109
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1. Factual Deter minations
(40 CFR § 230.11)

The determinations of potential short-term or long-term effects of the proposed discharges
of dredged or fill material on the physical, chemical and biological components of the
aquatic environment included items a through h, below, in making a findings of
compliance or non-compliance. There is minimal potential for short-term or long-term
significant adverse environmental effects (in light of Subparts C through F) of the
proposed discharge as related to:

Yes
a Physical substrate determinations X
b. Water circulation, fluctuation and salinity determinations X
C. Suspended particulate/turbidity determinations X
d. Contaminant determinations X
e Aquatic ecosystem structure and function determinations =
f. Proposed disposal site determination X
(disposal sites and/or size of mixing zone are acceptable)
g. Determination of cumulative effects on the aquatic ecosystem X
h. Determination of secondary effects on the aguatic ecosystem ]

12 6-981109
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V. Technical Evaluation Factors
40 CFR 8§ 230 Subparts C-F

a Potential Impactson Physical §
and Chemical Characteristics e =
of the Aquatic Ecosystem 2 -a%?
(Subpart C) 5 58 <
n =z 2
1. Substrate O X O
(EIS Section Reference)
e Description of the Affected Environment Section VI.C. Physical Environment
»  Seafloor Features. Section VI.C.1.c.
e Seafloor Sediment. Section VI.C.1.c. (3)
e Subsurface Features. SectionVI.C.1.c. (4)
e Water Quality. Section [11.C.3.1.(b)
e Gravel Mining Section 111.D.2.

e Liberty Idand Route Water and Sediment Sampling Montgomery Watson, 1997.
e Liberty Development Project. Gravel Mining & Rehabilitation Plan. November 17.
1998. Submitted to ADF& G by BPXA.

Foggy Island Bay is located east of Prudhoe Bay between the Sagavanirktok River Delta (5.5
miles to the west), the Kadleroshilik River to the South and the Shaviovik River to the East.
Foggy Island Bay is sheltered from the Arctic Ocean by the McClure group of barrier islands to
the northeast. The proposed Liberty Island site is 6.5 miles West of Karluk Island in the McClure
Island group in 22 feet of water.

Geophysical data were collected in the summer of 1997 to identify geological hazards and man-
made materials that would affect or ater the design of the proposed Liberty Development
(Watson Company 1998). The survey collected information from high-resolution multi-channel
seismic systems, digital side scan sonar, and a sub-bottom profiler and did not identify any man-
made structures or observable effects from human-use activities. Analysis of geophysical records
determined that approximately 75 percent of the 1997 survey area consists of Holocene fine-
grained materias characterized by low reflectivity with sparse or no apparent boulders (Watson
Company 1998). Watson states that the Holocene sediments are relatively thin, less than 8.5 ft
(2.6 m), with distributions characterized as small patchy accumulations of soft mud. While the
deposits are considered to be marine sediments, the source may be fine-grained silts and clays
discharged from the Sagavanirktok River (Watson Company, 1998).

Duane Miller & Associates conducted geotechnical exploration surveys in 1997 and 1998 along

possible pipeline alignments, including the selected route. The following summarizes the
subsurface conditions delineated during the survey, which included 18 borings along the pipeline
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route. The seafloor sediments at the island location were divided into three primary horizons: the
upper Holocene non-plastic silt; the intermediate Pleistocene clayey silt; and the underlying
granular sand and gravel (Duane Miller & Associates, 1998). No frozen soils were encountered at
any location along the offshore pipeline route. Soft silts were documented from the seafloor (O ft)
to adepth between 4 to 6 ft thick. The underlying stiff clayey silt horizon reached depths between
18 to 21.5 ft. Thisstratigraphy corresponds with the relatively flat seafloor with depths averaging
22 ft.

The seafloor rises gently from the 22-ft isobath to the 15 ft isobath where the sediments typically
consists of sand, silty sand, with some soft silt, and many pockets and layers of peaty soil. A 4.5
ft thick shoal consisting of uniform fine-grained, clean sand was also identified. The sediments
found in water depths between the 15-ft and 7-ft isobaths are silty sands interbedded with medium
stiff silt to the maximum pipe buria depth of 10 ft. Stiff st underlain by sandy gravel are found
below. Between the 7-ft and 4-ft isobaths, the dominant material is silty sand with thin interbeds
of st and thin organic rich layers. Sediments in water depths less than 4 ft and extending to the
shoreline consist of thin surface layers of sand and soft silt with the underlying sand and gravel at
shallow depths 5 to 6 feet. Frozen ice bound sediments were observed up to 230 ft from shore.

The heterogeneous nature of the sediments encountered in borings located along the applicant’s
proposed pipeline route indicate that no one grain-size sample describes the different sediments
that will be removed from the pipeline trench. However, a representative grain-size distribution
was estimated by computing the average percent fraction by weight for each sieve size from each
sample collected within the sediments dated for trenching. Appendix A within Appendix G
presents individual sample grain-size distributions and the resulting representative trench material
grain-size distribution.

Sediment and water samples were collected from three proposed Liberty pipeline aignments.
Transect A extended N-NW from shore at SW 1/2, Sec. 23, T10N., R.18E., Umiat Meridian to the
applicant’s proposed island. Transect B extended N-NE from shore at SE ¥, Sec. 24T.10N.,
R.17E Umiat Meridian to the proposed isand. Transect C extended NW from the applicants
proposed island location terminating at the Endicott Satellite Drilling I1sland.

A summary of sediment trace metal concentrations in Beaufort Sea sediments and waters between
1970 and 1998 is presented in Table VI.C.3 of the DEIS. Sediment samples (from Montgomery
Watson 1997) along the proposed Liberty pipeline route during late winter in 1997 showed the
following:

e arsenic 5.5 mg/Kg 0.43mg/Kg  coefficient of variation (standard deviation)
» total barium 67.5mg/Kg  0.48 mg/Kg
* barium sulfate 27.5mg/Kg  0.26 mg/Kg
e chromium 18.5mg/Kg  0.38mg/Kg
(note: no hexavalent chromium reported above MRL of 3 mg/Kg)
* mercury 0.24mg/Kg 1.03mg/Kg
* lead 10.1 mg/Kg. 1.24 mg/Kg

» dieseal range organics not detected
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In 1998, sediment sample analysis, (the detection limits for PAHs (Polyneuclear Aromatic
Hydrocarbons) were more sensitive) five semivolatile PAHs were detected in four core samples.
The PAHs and their concentrations are:

e Phenanthrene 0.033 mg/Kg
e 2-Methylnaphthalene 0.025 mg/Kg
* Benzo(a)pyrene 0.092 mg/Kg
e Phenal 0.038 mg/Kg

e 4 Methylphenal (p-Cresol) 280 mg/Kg

The potential sources for these types of PAHs are noted in Table 111.C-11 of the EIS. These

PAHs may be formed by:

e High-temperature pyrolsis of organic material

e Low-to moderate- temperature diagensis of sedimentary organic material to form fossil fuels,
and

» Direct biosynthesis by microbes and plants.

For additional information see Section VI. C.3.1(2)(b) and (d) of the EIS.

Observed geographic variations in the trace metal concentrations were attributed to grain size
distribution and organic content. Similar observation were noted for the Northstar Project (31
miles west of Foggy Island) where the sediment chemistry values showed a strong correlation
between the concentrations of chromium, lead, zinc, and trace metals with finer sediments. The
major rivers are thought to be the major natural source for trace metals in the Beaufort Sea coastal
sediments. Sediment aliphatic and aromatic hydrocarbon levels are relatively high in comparison
to undevel oped outer continental shelf areas (e.g. Gulf of Mexico). The hydrocarbon composition
differs from that of most other areas, because it is largely derived from fossil materials. onshore
coal and shale deposits/outcrops and natural petroleum seeps that are drained by the rivers to the
Beaufort Sea. See Section VI.C.2.b.(5) Hydrocarbons. There is no evidence that hydrocarbon
concentrations in the sediments were derived from oil industry activities.

The proposed Liberty Project sediments are uniformly below the PSDDA (Puget Sound Dredging
Disposal Analysis) screening level criteria for arsenic, lead and mercury. Arsenic, lead, mercury
and 42 voldtile and semi-volatile organic compounds are included in the list of PSDDA
parameters. Results for analysis of discrete volatile and semi-volatiles were al below detection
levels with the exception of acetone. The proposed Liberty project sediments are uniformly
below the RBCs (Risk-Based Concentrations) which included total arsenic, lead, barium and
compounds, mercury, chromium I11 and chromium V1. (Montgomery Watson, 1997)

Environmental Consequences

To the North and Northwest of the proposed island site is an area of mixed boulders, cobbles and
pebbles in a stable hard bottom substrate. The area where rock cover equals or exceeds 25 % is
commonly known as the “Boulder Patch”. The Boulder Patch substrate is presumed to be
deposited from the Flaxman Formation, a Pleistocene marine sandy mud containing boulders and
cobble. Although boulders up to 6 feet across and 3 feet high are sometimes encountered, most
rock cover in countered occurs in the pebble to cobble size range. Additional information on the
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characteristics of sediment dynamics within the Boulder Patch is provided in Attachment A.
section 2.2, Letter Report, Liberty Development Project, dated January 17, 2000.

Use of trench excavation material as backfill material would not change existing sediment quality
because it is representative of the sediments of the site. Consequently, the long-term effects on
sediment/substrate from this activity are considered negligible. The backfilling with trench
excavation materials would bury the gravel pipeline bedding material and polyester bags filled
with 4-cubic yard gravel used for pipeline weights. Placement of backfill material would result in
aminor change of bottom contours. Based on pre-application coordination and according to plans
submitted, capping of the trench shall not exceed +1-foot within Zone 2 A, and shall not exceed
+2-foot above existing bottom contours within Zone 2 B. Changes in bottom contours are
expected to be temporary returning to near origina conditions due to sediment settling, and
storms and waves. The results of deposition model predictions of particles greater than 0.42
millimeters indicates that the particles could be deposited within 25 feet of the trench at a
thickness of 2 to 120 millimeters. For particles less than 0.005 millimeters in size the deposition
distance could range between 8 and 11 miles. The thickness of deposits at these distances is
calculated to be about 0.02 millimeters. (Section 111-C.3.l. Water Quality).

Excavation of the pipeline trench between the shoreline and the onshore valve pad (0.3 acres,
150" x 25' x 10.5') would remove 2,500 yd® of soils/substrate and replace it with 2,500 yd® of
frost-stable gravel material. 400 yd® of native soil would be used to cap the transition zone to
provide a substrate for revegetation. Placement of 2,400 yd® of gravel fill material for the
construction of landfall gravel valve pad (97 x 135'), and the placement of 3,500 yd® for the
Badami Pipeline tie-in pad (155 x 170') would result in covering and compaction of 0.8 acre of
native moist tundra soils which would have minor impact to onshore soils.

Gravel Mining and Site Rehabilitation. The applicant’s proposed mine site is located on an
island in the Kadleroshilik River about 1.4 miles upstream from the Beaufort Sea. Placement of
fill materia would occur as part of the site rehabilitation efforts. Up to 2.0 acres of the gravel
mine site would be backfilled with organic overburden and unsuitable (for construction purposes)
material to create and enhance alittoral shelf within the mine site in accordance with an approved
rehabilitation. Placement of the organic fill material would provide for more productive substrate
within the littoral zone of the rehabilitated mine site.

2.  Suspended particulates/turbidity ] X O
e Marine Water Quality Section VI.C.2.
e Turbidity. Section VI.C. 2.b.(1)
e Turbidity and Suspended Sediment. Section 4.5.3. BPXA’s Environmental Report

e Letter Report. Liberty Development Project dated January 17, 2000. Attachment A.
«  Water Quality. Effects of Constructing the Pipeline Section [11.C.3.1(b)

Suspended sediment concentrations in Foggy Island Bay are influenced by wind-induced waves
and fresh water input from the Sagavanirktok, Kadleroshilik, and Shaviovik Rivers. These rivers
produce high turbidity adjacent to river mouths. During spring breakup, the shallow nearshore
waters carry more suspended material because of the high water events (e.g. spring break-up).
Water from the Sagavanirktok River sampled in 1985 indicated the Total Suspended Solids (TSS)
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ranged from 0.2 mg/L (late summer) to 30 mg/L (early summer) and turbidity ranged from 0.4
NTU to 24.0 NTU (nephelometric turbidity units) during summer months. Storms, wind and
wave action, and coastal erosion increase turbidity in shallow waters. Satellite imagery and
suspended particulate matter data indicate that turbid waters are generally confined to depths less
than 16 feet and are shoreward of the barrier isands (Northstar DEIS). Peak suspended sediment
concentration was associated with storms. The maximum value observed was 324 mg/L at a
nearshore station where the average was 45 mg/L. Under the ice, TSS values aong the proposed
Liberty pipeline route ranged from 2.5 mg/L to 76.5 mg/L while turbidity ranged from 1 to 35.6
NTU (from BPXA's Environmenta Report).

An offshore trenching test was conducted for the BPXA Northstar Project in March 1996. The
test trench was excavated by a modified backhoe. Suspended solids concentrations monitored
during excavation were found to range from 20 mg/L to 40 mg/L above background as measured
near the seafloor at distances of up to 1,000 feet from the excavation. The TSS concentrations
within 500 feet of the excavation ranged from 20 mg/L to 120 mg/L. Beyond 500 feet, TSS
concentrations ranged from 19 mg/L to 121 mg/L above background levels. Based on the test
trench data, a maximum probable distance of 830 feet was computed for under ice sediment
plume transport due to excavation. For comparison purposes, the Northstar test trench sediments
contain approximately 50% fines (materials less than 0.075mm) while Foggy Island Bay
sediments consist of approximately 24% fines. However, sediments along the proposed pipeline
route from a 6.5 ft. water depth (bottom fast ice depth) to the proposed island average 65% fines.
Additional sediment sampling will be conducted during the 2000-2001 winter season for the
proposed and aternative pipeline routes with emphasis on determining silt and clay
concentrations. Silt and clay determinations are of major importance in determination of the
sediment plume and deposition rates resulting from dredging/excavation and backfill operations.

The disturbance from placement of trench dredged material as backfill material and the addition
of pipeline bedding material would result in a short-term increase in turbidity and TSS (EIS,
Figure I11.C-3). A turbid sediment plume would occur during the backfilling operation in those
areas beneath the ice where the seawater has not become frozen (beyond the —8-foot MLLW
depth) due to ice thickening adjacent to the pipeline. See section I11.C.3.1.(2)(b) Water Quality,
Pipeline Construction Effects. [Note: Of the 24,300 linear feet of subsea pipeline within the 3-
mile limit, 14,700 linear feet would be in the bottomfast ice depth of —8-foot MLLW. That is, ice
rather than an open water column would bound the placement of backfill and pipeline bedding
material in the trench, resulting in little if any, turbidity plume and suspended sediment transport.]

As excavated materials are used to backfill the trench, the exposed finer grained particles would
separate from the descending sediment mass in the water column with these finer particles
becoming suspended within the water column. However exposure to the subfreezing
temperatures likely would freeze some particles together and reduce the extent of particle
separation. It is expected that the extent of the turbidity plume formed by these suspended
sediments likely would be less than for the disposal of dredged material/spoils evaluated under
section 103 evaluation (Appendix H), and less than predicted for excavation activities.
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3. Water O X O
e Marine Water Quality Section VI.C.2
» Oceanography of Foggy Island Bay Section VI.C.5
e Water Quality Section I11.A.2.
e Water Quality Section [11.C.3l
»  Water Quality Section 111.D.1.
»  Water Quality Section 111.D.2.

Foggy Island Bay is a shallow embayment of Stefansson Sound with three rivers providing fresh
water: Western distributaries of the Shaviovik River (eastern side of the bay), the Kadleroshilik
River (centrad portion of the bay), and the East Channel of the Sagavanirktok River (western
portion of the bay). In spring, melting of the sea ice begins at the surface, with meltwater
accumulating on top of the ice. Seal holes and brine pockets form vertical channels draining
through the seaice. In early summer (late June to early July), the ice melts and rivers breakup
and overflow on the sea ice. When the fresh water overflow encounters these brine channels,
vortices form as the freshwater flows through the ice layer producing pits in the sea floor known
as strudel scour. During this period open water off the river mouths is brackish while cold marine
water lies adjacent to or below the surface layer. Discontinous seaice is prevalent throughout the
central Beaufort Sea during early summer which limits the amount of wind stress applied to the
water column. However westerly winds may bring offshore ice floes inshore. As the open water
season progresses (about 75 days of open water) the water is exposed to the prevailing winds
from the East. The winds influence the amount of mixing between the water-masses along the
coast. Colonell and Niedoroda (1990) as cited in BPXA (1998) state that wind direction relative
to the shoreline is more important than speed. Easterly winds promote offshore transport of
surface waters, which is partial compensated by shoreward transport of bottom water (upwelling)
increasing salinity in the nearshore areas. Conversely, westerly winds promote onshore transport
of surface waters, which is partialy compensated by offshore transport of bottom water
(downwelling). Westerly winds often result in a reduction of near shore salinity because surface
waters become brackish due to surface water from river discharges are contained near the
shoreline.

Suspended sediment is introduced naturally to the marine environment through river runoff and
coastal erosion and is re-suspended during the summer by wind and wave action. In mid-June
through early July, the shallow inshore waters generally carry more suspended material, because
runoff from the rivers produces very high turbidity adjacent to the river mouths. The turbidity
resulting from high-water events blocks light and can reduce primary productivity of waters
shallower than 40 feet. Total suspended solids in the river channels in 1985 (mid-July through
September) ranged from 0.2 — 30.0 milligrams per liter. Maximum values correspond to
midseason river discharge peaks following large rainfall eventsin the Brooks Range. The highest
levels of suspended particles in the Sagavanirktok River occur during breakup ranging from 63 to
314 milligrams per liter (CE, 1993). In winter, suspended sediments under the sea ice range from
2.5to 76.5 milligrams per liter. Field turbidity measurements for March (under-ice conditions)
ranged from 1 to 35.6 NTU (nephelometric turbidity units) along the proposed pipeline route. Sea
ice forms within Foggy Island Bay in September or October, typically along the shore where
water isless saline. Initialy the water is covered with brackish (floating slush) and pancake ice
(small thin patches) that gradually thickens into sheet ice. As sea ice develops, the ice blocks
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freeze into an ice sheet which growsto atypical thickness of about 6.5 feet by late winter through
April and May.

Dissolved-oxygen levels during the open water season are usualy high ranging, from 7.88 to
11.76 milligrams per liter. During open water season, the highest dissolved oxygen levels occur
in the colder more saline waters near the bottom. During the winter (under ice cover) the
dissolved oxygen levels seldom drop below 6 milligrams per liter. Under ice dissolved oxygen
concentrations in March 1997 aong the proposed Liberty pipeline route ranged from 7.6 to 13.2
milligrams per liter. Biological oxygen demand measured under the ice in late March of 1998,
along the proposed Liberty pipeline was less than 1 milligram per liter (Montgomery Watson,
1998 asin Section VI.C.2.(b)(2). The pH of seawater generally ranges from 7.8 to 8.2 and the pH
of freshwater from 6 to 7.

In the past, there was a concern over the potential for depressed levels of dissolved oxygen in the
water column, generally due to the higher oxygen demands associated with resuspension of fine-
grain materials. However, upon examining data from warmer climate Corps dredging and
disposal projects, open-water pipeline disposal operations where the dissolved oxygen decrease
should be theoretically the greatest, near-surface dissolved oxygen levels of 8 to 9 ppm would be
depressed during the operation by only 2 to 3 ppm at distances of 75 to 150 feet from the
discharge point. The degree of oxygen depletion generaly increases with depth and increasing
concentrations of suspended solids; near-bottom levels could be less than 2 ppm. However, the
dissolved oxygen levelsincrease with increasing distance from the discharge point, due to
dilution and settling of the suspended material/sediments. No significant changesin dissolved
oxygen levels are anticipated outside the immediate zone of the dredging and discharge of fill
material. It isimportant to note that the estimates of TSS distribution as stated in the EIS are
based on an over-simplification of potentia suspended sediments that was developed to predict a
“worst case” analysisfor potential effects to the Boulder Patch community.

On-going work during the 2000-2001 winter season will include additiona sediment sampling.
To assigt in this evaluation, amodified SSFATE model (see attachment C) would be utilized to
provide TSS concentration contours in both horizontal and vertica planes, time series plots of
suspended concentrations, and spatial distribution of sediments deposited on the seafloor. In
addition, particle movement mapping would be undertaken in reference to the Boulder Patch
community. The predicative assessment model would then be use in the devel opment of an
operational monitoring plan, should the project be authorized.

4. Alteration of current patterns and O X O
water circulation

»  Oceanography of Foggy Island Bay Section VI.C.5

» Circulation Section VI.C.5.b

* Currents Section VI.C.5.c

»  Effects of Constructing the Pipeline Section I11.C.3.1.(2)(b)
* Gravel Mining-Water Quality Section [11.D.2.l

Currents, circulation or drainage patterns. Base condition: Section VI1.C.5.b. Circulation, section
VI.C.5.c. Currents and Table VI.C-8; Section VI.C.5.e.Tides and Storm Surges; Section VI.C.5.g.
Sea Ice; Section VI.C.5.f. River Discharges and Table VI.C-9. The project as proposed has no
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appreciable effects. Under the ice current flow in the region is considered minor ranging from
0.04 to 0.14 miles per hour. During the pre-application phase the applicant had considered the
possibility of a solid bottom fast ice-road aong the pipeline trench right-of-way. Although this
aternative could mitigate suspended particulates and turbidity, such an ice road could have had
significant effects on currents and circulation during spring break-up. The applicant has dropped
this alternative from further consideration.

5. Alteration of Normal Water ] X O
fluctuations/hydroperiod
* Tidesand Sorm Surges Section VI.C.5.e
« River Discharges Section VI.C.5.f
+ Sealce Section VI.C.5.9
» Seasonal Generalities Section VI.C.5.a

Extensive flooding is typically associated with rivers and streams on the Arctic Coastal Plain
during spring breakup between May and early June. Breakup progresses rapidly, and by early
July, 60% to 80% of the total annual discharges of most rivers has occurred. Flooding subsides as
the river ice is broken up and melts or is carried out to sea. Spring breakup high flows are
expected to fill the gravel mining area as intended for the mine site reclamation plan to enhance
deepwater over-wintering fish habitat. No appreciable impact is expected from trench backfill
placement and gravel mine rehabilitation.

6. Alteration of salinity gradients ] X O
e Temperature and Salinity. Section VI.C.5.d
e Marine Water Quality Section VI.C.2.
e Water Quality Section [11.C.3.I.
e Water Quality Section I11.D.l

Temperature and salinity values under the ice in the vicinity of the proposed pipeline route ranged
from 28°F to 32°F, and 21ppt to 30 ppt, respectively. The construction activities are not expected
to introduce or add any chemical contaminants. For the purpose of analysis, the DEIS used a
7,500 ppm suspended solids as an unofficial, acute toxic criterion for water quality. Trace metals
and hydrocarbons could be added to the water column as excavated sediments along the pipeline
route are returned to the marine environment, section I11.C.3.I. MMS determined that trace metals
observed in the sediment core samples came from natural sources. The average concentrations of
several trace metals in sample cores taken along the pipeline route and in Foggy Island Bay are
shown in Table V.C-3. The concentrations of chromium, lead, and barium in the core samples are
below or within the range of concentrations found in the Beaufort Sea nearshore and bay
sediments. Arsenic and mercury concentrations are less than or within the range of
concentrations found in the Beaufort Sea shelf sediments. TableV.C-3 also shows that
concentration arsenic, chromium, mercury and lead in the sediment cores from Foggy Island Bay
are less than sediment quality criteria used to assess possible adverse biological effects from
metals in the sediment. Section I11.C.I(2)(b) addresses the results of core sampling for semi-
volatile and volatile PAH's. No PAH’s were detected in 1997 core samples. However with

20 6-981109




Contents

greater detection limits in 1998, PAH’'s were detected in 4 core samples (Table VI.C-3, trace
metals). Section 111.D.2.] discusses the effects of gravel mining on water quality and section
I11.D.6.1. addresses abandonment activities on water quality.

b. Potential Impactson the Biological = =
Characteristics of the Aquatic £ = B
Ecosystem (Subpart D) a Z2q 2
1.  Threatened and endangered species 1 X [

(§230.30)

e Threatened and endangered species Section VI.A.L.

e Threatened and endangered species Section l11.A.2.a

e Threatened and endangered species Section I11.C.3.a

e Threatened and endangered species Section |11.D.3.a

e Threatened and endangered species Section |11.D.6.a

e Threatened and endangered species SectionIV.C.1.a,c,dand e

e Threatened and endangered species Section IV.C4.aand b

e Threatened and endangered species Section1V.D.3.a

e Threatened and endangered species SectionV.C.1

The Western Arctic (Bering-Chukchi-Beaufort) stock of bowhead whales (Balaena mysticetus) is
currently listed as endangered under the Endangered Species Act and is classified as a strategic
stock by the National Marine Fisheries Service (NMFS) (Small and DeMaster 1995). The
bowhead population, currently estimated at 8,000, is increasing by 2.3 percent per year (Small
and DeMaster 1995).

Western Arctic bowheads winter in the central and western Bering Sea, summer in the Canadian
Beaufort Sea, and migrate around Alaskain spring and autumn (Moore and Reeves 1993). Spring
migration through the western Beaufort Sea occurs through offshore ice leads, generaly from
mid-April to mid-June. The migration corridor is located very far offshore of the Liberty
Development area; however, a few bowheads have been observed in lagoon entrances and
shoreward of the barrier islands (LGL et a. 1998). Autumn migration of bowheads into Alaskan
waters occurs primarily during September and October. A few bowheads can be found offshore
of the development area in late August during some years, but the main migration period begins
in early to mid-September and ends by late October. During fall migration, most of the bowheads
sighted were migrating in water ranging from 65- to 165-ft (20 to 50 m) deep. These migration
corridors are al outside of the development area. When passing the development area, most
bowheads are in depths > 65 ft (20 m), but afew occur closer to shorein some years.

In addition to the bowhead whale, there are two threatened or endangered bird species which may
occur near the Liberty Development Project area. The spectacled eider (Somateria fischeri) isthe
only endangered or threatened bird likely to occur regularly in the study area. The
Alaska-breeding population of the Steller’s eider (Polysticta stelleri) was listed as threatened on
July 11, 1997 by the U.S. Fish and Wildlife Service (62 Federal Register 31748). This species
may occur in very low numbers in the Prudhoe Bay area and occasionally in the study area. The
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Arctic Peregrine Falcon (Falco peregrinus tundrius) had been listed as threatened, but the U.S.
Fish and Wildlife Service removed it from the list on October 5, 1994 (59 Federal Register
50796). The Eskimo curlew, athough historically present, is now considered to be extirpated
from the area.

The spectacled eider and the Steller’s eider would not likely be affected since they are not
expected to forage in the discharge area. Therefore, no direct effects of the discharge would
occur. The endangered bowhead whale is a'so an unlikely visitor to the area inside of the barrier
islands, and these mammals do not feed in the shallow waters surrounding Liberty Island.

2. Aquatic Food Web (§230.31) 1 X [
» Lower Trophic-Level Organisms SectionVI.A 4
* Lower Trophic-Level Organisms Section I11.A.2.e.; Section I11.C.3.e;

Section I11.C.3.f.; Section II.E.3.e.;
Section I11.D.6.e.; and Section V.C.5.

» Liberty Development 1997-98 Boulder Patch Survey, Final Report (July 1998) Coastal
Frontiers Corporation LGL Ecological Research Associates.

» Liberty Development: Construction Effects on the Boulder Patch Kelp Production. (May 1999)
Ban, Suzanne, et.al. URS Greiner Woodward Clyde, et.al.

» Liberty Development Project, Environmental Report. (February 1998) LGL Alaska Research
Associates

Aquatic Organisms

No significant impacts are identified for phytoplankton, zooplankton, and benthic marine
invertebrates, or the epontic community (living on the underside of seaice) from the placement of
fill material. The placement of gravel bedding material and trench backfill material would impact
infauna and epifauna through direct physical disturbance, burial with sediments, or from
increased turbidity. Impacts are considered short term and minor. Impacts are considered minor
because of winter construction timing, recolonization potential of the species, the small area
involved, and the short-term nature and magnitude of the impacts. Winter construction minimizes
adverse impacts to the marine biota because fewer organisms are present and primary productivity
islow during the winter and through ice cover.

The coastal lagoons of the Beaufort Sea are used as feeding grounds by many vertebrate
consumers during the open water period from June to October. Benthic invertebrates are fed
upon by marine mammals such as bearded seals and ring seals. Shallow water benthic
communities also serve as the primary summer food source for ducks, many species of marine
fish and the anadromous fish populations of the Alaskan North Slope. Fauna diversity is
considered low (99 taxa of marine macrobenthos), which is typical for shallow, ice-stressed
benthic systems of the Arctic. Epibenthic invertebrates were sampled in Foggy Island Bay in 1985
and 1986. Average biomass in Foggy Island Bay (range 0.4 to 0.8 grams per square meter, g/m’)
was compared to Sagavanirktok River delta (0.1 to 1.2 g/m?), and Gwydyr Bay (0.5 to 0.7 g/n).
Invertebrate abundance was generally correlated with water temperature and salinity, with higher
abundance in areas subject to mixing of fresh and marine waters.
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The nearshore benthic communities are subject to natura events, which affect their distribution
and relative abundance. These processes include storm waves during the open-water season, ice
gouging and scouring during breakup and freezeup and deposition of sediment and organic
material from high river discharges from the Sagavanirktok River. One of the largest annual
fluctuations in the nearshore benthic community occurs in shallow waters where bottom fast ice
occurs to depths of 6 feet during the winter and in the summer when the shallows are re-invaded
by marine invertebrates. Beyond the 6-foot depth and to depths of 20-feet, the benthic
communities are relatively diverse communities dominated by polychaetes, mollusks and
crustaceans. The diversity and biomass of infauna increases with distance offshore, at least as
far as the edge of the continental shelf. The abundance of phytoplankton appears to be greatest in
nearshore waters with decreasing numbers farther offshore. Although vertica distributions vary,
most reports show that phytoplankton abundance is the greatest at depths of less than 5-feet
during the summer. Peak abundance occurs in July and early August due to increased light
intensity. Sources of primary production include epontic algae, phytoplankton, and benthic
microalgae. The natural turbidity of ice and the pattern of ice breakup influence the timing and
degree of production by algae. The contribution of ice algae to annual productivity issmall, but it
provides a source of food in early spring when food supply is short. Benthic macroscopic algae,
although limited in their occurrence, can provide as much as 56 percent of the annua primary
production. Due to the small amount of primary productivity in the Alaskan Beaufort Sea, the
zooplankton communities of this area are also impoverished and are characterized by low
diversity, low biomass and slow growth.

Placement of up to 545,000 yd® of trench backfill and gravel fill material within the 24,400 feet
long trench within 8404 waters would directly affect approximately 55.4 acres of soft-bottom
(silty mud) benthic habitat of the trenches substrate footprint. The impacts from the pipeline
trench backfilling would impact both infauna and epifauna through direct physical disturbance,
burial with sediment, or from increased turbidity in the surrounding waters. Trenching and
backfilling in shalow waters with bottom fast ice would have negligible effect on benthic
invertebrates. Bottom fast ice in foggy island bay occurs to a depth of 6 to 8 feet of water. The
biota in and on sediments under the bottom fast ice would aready have moved, been frozen, or
destroyed by natural process of ice movement prior to the commencement of trench construction
and backfilling. Therefore, adverse impacts of trenching would be more predominate at depths
deeper than the bottom fast ice. Since ice thickening would occur adjacent to the trench to
support construction equipment, these impacts would more likely occur at depths greater than 8
feet. Organisms contained in trench dredged material temporarily stored on the ice or
immediately used as backfill material, would probably die from freezing, mechanical damage or
be smothered. Stationary organisms such as clams and worms would be most at risk, although
mobile species (isopods and amphipods) could aso be affected. Potential effects of trench
backfilling on organisms living in or on sediments adjacent to the trench include suffocation from
burial, crushing from ice removal, and physiological stress due to increased turbidity during
trenching activities. A study (Canada, Fisheries and Marine Service, 1978) of the construction of
16 artificial islands in the Canadian Beaufort Sea indicated increases in sedimentation occurred
locally, with resultant destruction of benthos due to smothering during construction. One study
documented an increase in sedimentation within approximately 10,000 feet (3200 m) down
current of the island construction site. Local destruction of benthos was documented with a
1,000-foot (100 m) radius of the site. Outside this zone of direct smothering, no effect was
observed on the density or total biomass of benthic organisms.
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Suspended-sediment concentrations in the water column greater than 100 mg/L were estimated to
occur within 0.5 miles of the trench during the Liberty pipeline construction based on maximum
horizontal transport as a function of current speed and water depth beneath 6 feet of ice cover.
Concentrations of 20 and 10 mg/L are estimated (worst case) to reach about 1 mile and 6 miles
respectively. These maximum estimates are based on an initial suspended sediment concentration
of 1,000 mg/L and current velocity of 0.4 knots that carries the sediment to the Northwest
(Section I11-C.1.(2)(b) and Attachment A to this appendix).

Although, turbidity resulting from the silt plume (see suspended sediments and turbidity, above)
could also affect organisms, it is not expected to cause a measurable reduction in their abundance
beyond the range of natural variability or have a measurable effect beyond those affected by
natural variability. Natural occurring highly turbid conditions that occur during the spring
breakup period would mask this type of construction impact. For epontic algae (primarily pennate
diatoms and microflagellates), removal of the ice cover over the trench would result in mortality
for the individuas living on the sections of removed ice. Side casting dredged material,
temporarily, on top of the ice could reduce light transmission through the clear ice during the
winter and spring months (estimated to be 25% of surface area). Reduction in light availability
and intensity in clear ice areas could effect photosynthesis. However, due to the small area
involved when compared to Foggy Island Bay, impacts would not be appreciable. Recolonization
of the disturbed bottom sediments would occur within a few years after construction and long-
term productivity would not be adversely affected.

Boulder Patch

Researchers from the U.S. Geological Survey discovered the Stefansson Sound Boulder Patch in
the early 1970's. Stefansson Sound provides the necessary combination of rocky substrate,
sufficient free water depth (12- to 14-ft) under the ice during winter, and presence of offshore
shoals and barrier idands that protects the area from ice effects. (Dunton and Schonberg 1981).
Scattered boulders, cobbles and pebbles that support a rich epilithic flora and fauna, including
kelp (Laminaria sp.) beds, characterize the Boulder Patch. Water depth is also an important factor
in determining Boulder Patch habitat. The habitat is not found at depths less than 6 feet due to
seasonal presence of bottomfast ice and beyond to 12 feet in the upper shoreface of Stefansson
Sound due its depositional nature making it unsuitable for kelp community development.
Benthic-dewelling kelp do not thrive in depositional environments. The distribution of kelp bed
communities in Stefansson Sound is generally restricted to depths greater than 10 feet. The
Stefansson Sound Boulder Patch habitat is estimated to occupy 15,871 acres of seabed in the
Liberty development study area (Attachment A). Although boulders up to 2 meters across and
1 meter high are sometimes encountered, most of the rock cover occurs in the pebble to cobble
size range (2 to 256 mm on the modified Wenthworth Scale). The percent of kelp concentrations
are correlated with rock concentrations in identifying Boulder Patch habitat.

In 1980, the Arctic Biological Task Force provided a definition of a “significant biological
community” as “kelp attached to boulders in concentrations greater than 10 percent in 100 square
meters. A similar definition under a General National Pollutant Discharge Elimination System
(NPDES) permit (AKG284200) issued by EPA for discharges from oil and gas exploration
facilities on the Outer Continental Shelf and in contiguous waters stated “an area which has more
than 10 percent of a one-hundred square meter area covered by boulders to which kelp is
attached.” With these definitions of a significant biological community, the applicant contracted a
1997-98 survey for the purpose of identifying Boulder Patch habitat within the Liberty Prospect
Area (OCS-Y-1650). See figure I11.C-1 for boulder and kelp survey results. Only ‘none’ (<2%
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kelp concentration) and ‘light’ (>2% to <10% kelp concentrations) were detected along the
proposed routes. The aternative pipeline route to the Endicott Satellite Drilling Island
encountered ‘medium’ (10% to 25% kelp concentrations) and ‘heavy’ (25% kelp concentrations).
(The pipeline dternative to the Satellite Drilling Island was deleted from detailed study, because
of the potential impacts to the Boulder Patch).

The boulders and attached dominant kelp species, Laminaria solidungula, provide habitat for
many invertebrate species. Sponges and cnidarians, including the soft coral Gersemia rubiformis,
are the most conspicuous invertebrates. Approximately 98 percent of the carbon produced
annualy in the Boulder Patch is derived from kelp and phytoplankton. Laminaria is estimated to
contribute 50 to 56 percent of the annual production depending on whether the plants are beneath
clear or turbid ice (Dunton 1984). Photosynthesisis limited to a short period annually when light
isavailable and ice cover hasreceded. Laminaria then stores food reserves until winter and early
spring when nutrients are available. As a result, blade elongation (growth) is greatest during
periods of darkness and turbid ice cover (Dunton and Schell 1986). The only herbivore that
consumes kelp in the Boulder Patch is the chiton, Amicula vestita (Dunton 1984).

The summary and conclusions of the Liberty Development 1997-98 Boulder Patch Survey

(Coastal Frontiers, July 1998) indicate that:

» Of the 136 miles of track lines surveyed (Figure 111.C-1, EIS) along 15 North-South transects
and three short intermediate lines in Stefansson Sound, 25% was found to contain rock
concentrations in excess of 10% of the sea bottom. An additional 10% was characterized by
rock concentrations less than or equa to 10% and greater than 2%, while the remaining 65%
contained no significant rock substrate. The heaviest rock concentrations (correlating to the
kelp densities) were located to the north and northwest of the planned Liberty Island and
applicant’s preferred pipeline route.

» Of the three candidate pipeline routes surveyed, only the Endicott route was found to contain
Boulder Patch habitat (>10% rock). In contrast, no hard substrate (rock) was detected along
the East Pipeline Route. Likewise, the west Pipeline Route did not exceed or approach the
10% minimum value specified in the Definition of Boulder Patch habitat. This finding was
confirmed during the winter with video footage. Hard surface objects identified as scattered
sonar targets were found to be clay lumps and ridges, etc. and were widely scattered and
devoid of biologically-significant kelp communities.

e The planned Liberty Development island site and variations of the west and east pipeline
route do not harbor kelp communities, nor do these sites possess the attributes requisite for
kelp community devel opment.

Pipdine trenching (not regulated under 8404 CWA) and subsequent backfilling activities would
result in suspension of sediment into the water column that was not frozen (ice). Bottomfast iceis
expected along 14,700 linear feet of the 24,400 linear feet of the subsea pipeline route within the
3-mile limit. In the bottomfast ice area (less than -8 feet MLLW, normally 6-foot but 8-foot is
used due to ice strengthening efforts, ice roads, for construction purposes) little water would be
expected between the ice and the sediment. As a result, no appreciable impacts due to suspended
sediments in the water column would occur.

Suspended sediment results when the small sediment particles (smaller than a grain of sand)
caled fines (silts, clay particles, etc) are suspended in the water column during construction
activities such as dredging or placement of fill material through the water column and remain
suspended, slowly settling to the bottom. Suspended sediments do occur naturally such as from
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wave action, river discharges, etc. The amount of suspended sediment and plume size is
dependent on the size of the particles, its cohesiveness characteristics and under ice currents.

Increased suspended sediment concentrations resulting from the pipeline trenching activity within
the remaining 9,700 linear feet of pipeline route deeper than 8 feet below MLLW within the 3-
mile limit are of concern because they could reduce light penetration into the water column.
Reduction in available light including potential deposition on the kelp could adversely impact
kelp by decreasing light available for photosynthesis. If significant suspended sediment
concentration and deposition on the kelp occurred over the long-term (>3-5 years) the entire
Boulder Patch flora and fauna community could be affected.

Winter excavation of the pipeline trench and the required backfilling would be accomplished with
a backhoe equipped with a2 to 4 y* bucket and front end loaders. As the backhoe bucket is lifted
through the water column, the flow of water over the top of the bucket would wash a small
portion of the fines from the exposed surface of the sediment. The amount of fines washed out of
the backhoe will also be dependent upon the depth of the water column through which the
backhoe is raised. Likewise, the amount of fines that will be washed out from spoils and fill
material during backfill operation is also dependent on the depth of the water column. Backhoes
will excavate materia to the required trench depth and could repeat an excavation cycle about
once a minute. A front end loader would operate in tandem with the backhoe for loading spoils
(dredged/excavated material) and transporting it to be backfilled in a nearby trench section where
the pipeline has been laid. Trench backfill would include both native spoils and gravel for
bedding material needed for pipeline support.

An hydraulic dredge (agitator pump) could be used when need to achieve trench bottom
smoothness for pipe integrity and in cases where slumping of the trench side walls require
cleanout. The agitator pump is a relatively small cutter-suction pump dredge that would be
mounted on the backhoe arm or suspended from a platform on top of the ice to control vertical
and horizontal movement. A discharge hose (up to 10 inches in diameter) would trail about 200
to 300 feet behind the dredge with the discharge nozzle tethered so not to contact the installed
pipe and directed back into or immediately adjacent to the trench. It is estimated that the dredged
material would consist of 60 to 70% solids and 30 to 40% percent liquid. Excavation/dredge rate
is estimated at 150 y* per hour. Use of a hydraulic dredge or similar dredge equipment is expected
to be less than 10% of the excavated material for construction of the total pipeline trench.

The excavation method used for Northstar Development Project test trench is comparable to that
anticipated for Liberty. A water sample collected at the seafloor during trenching operations had
atotal suspended concentration (TSS) of 855 mg/L. Samples collected within 150 m of the trench
showed TSS concentrations from 20 to 121 mg/L, while beyond 150 m TSS concentrations
ranged from 19 to 35 mg/L (Montgomery Watson 1996). For the purpose of estimating effects of
operations, it was assumed that the initial XSS (amount of TSS above ambient) concentration
would be 1,000 mg/L from seabed to the underside of the sea ice, over the entire length of the
pipeline trench. This corresponds approximately to assuming sediment entrainments of 2% in ~3-
foot water depth, and up to 10% in ~15 feet water column (beneath the ice). Computational
results from the models showed that during the winter, even with initial concentrations of 1,000
mg/L at the pipeling, all but 10-20 mg/L has falen to the seabed prior to reaching significant
portions of the Boulder Patch (Figure 111.C-3 of the EIS).
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The increase in the sediment load attributable to excavation and backfilling the trench is a
transient. This is because the origin is a short-term moving point source, that is moving as the
backhoes and frontend loaders move aong the pipeline route, generating sediment clouds
(plumes) that are carried to the northwest by the prevailing currents. As such, any given point on
the seabed is affected by the potential sediment cloud for only a short time (generally <2days).
Accordingly, the areas depicted in Figure 111.C-1 (EIS) are maximum exposures occurring when
general circulation is westward and should be regarded only as envelopes of sediment cloud
trajectories over the Boulder Patch. Westward circulation occurs on an average 60-70% of the
time.

Table 4-1 of the Liberty Development: Construction Effects on Boulder Patch Kelp Production
(1999) report (Attachment B) summarizes the maximum extent and duration of overal
construction-induced excess suspended sediments on the Boulder Patch. The report estimates a
maximum kelp productivity reduction of 2-4% in a year (short-term). The authors aso point out
that the above estimate should be considered conservative (i.e. an over-estimate of effects)
because they result from compounding of conservative assumptions taken in estimating both the
physical and biological effects. The researchers believe that the duration of the construction
effects would be short term and are based on previous observations of kelp response to, and
recovery from, naturally occurring adverse conditions. In 1998, storm-induced decreases in water
transparency during the summer open-water period resulted in significant reduction in kelp health
and, ultimately, in plant growth and productivity. However, the kelp health, growth and
productivity returned to normal levelsthe following year as water transparency returned to normal
(Dutton 1990, asin Attachment A). Since the kelp are highly sensitive to changes in underwater
irradiance, they respond quickly to increases in water transparency. Impacts to kelp productivity
are thus typicaly short-term and limited to the period characterized by low light and even
potential maximum impacts are not expected to result in long-term damage to the Boulder Patch
kelp community (Ban, et.al. 1999)

See Section I11.C.3.e (1) Summary and conclusion on the effects on lower trophic-level organisms
and 111.C.3e. (3) How disturbances from pipeline construction may affect these organisms for
further discussion on the effects resulting from pipeline construction including the placement of
fill material.

Fish

No significant impacts are identified for marine species, anadromous species or freshwater
species from the 8404 discharges (placement of trench backfill and pipeline bedding material and
backfill material for the rehabilitation of the gravel mine site). The placement of gravel bedding
material and trench backfill material could impact fish through direct physica disturbance, buria
with sediments, or from increased turbidity/suspended sediments. Congtruction impacts are
considered temporary and minor. Impacts are considered minor because of winter construction
timing, fish mobility, the small area involved, and the short-term nature and magnitude of the
impacts. Winter construction timing minimizes adverse impacts to the fisheries because fewer fish
are present. No significant long-term effects are anticipated resulting from the placement of fill
material for the pipeline trench. The placement of overburden and unusable gravel would
enhance rehabilitation efforts of the gravel mine site and should have long-term beneficial effects
by primarily providing additional over-wintering fish habitat.

There are three basic categories of Beaufort Sea fish species: freshwater, anadromous (including
amphidromous species, species that migrate between freshwater and marine water for purposes
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other than spawning) and marine. Freshwater species that venture into coastal waters are found
amost exclusively in association with fresh or brackish waters extending offshore from major
river deltas. Their presence in the marine environment generally is sporadic with peak occurrence
probably during or immediately following breakup. Freshwater species include arctic grayling,
round whitefish, and burbot. The Arctic grayling is considered the most important freshwater
species. Anadromous species consist of arctic char, arctic, least and Bering cisco; broad and
humpback whitefish, pink and chum salmon, and rainbow smelt. Arctic cisco, Arctic char, least
cisco and the broad whitefish are the most abundant anadromous species, combined with the
marine species (Arctic cod and fourhorn sculpin) make up 94% of the total catch from previous
monitoring studies within the nearshore zone. The Arctic char, ciscos and whitefish move into
and disperse through the nearshore coastal waters during early June. During the 3- to 4-month
open-water season they feed heavily building up their energy reserves used for over-wintering and
spawning activities that occur in fresh or brackish water habitats. During the winter, when
bottom-fast ice occurs in the nearshore zone, these anadromous fish concentrate in the deep,
unfrozen pockets of fresh water in the North Slope rivers and lakes. Forty-three marine species
have been reported from the Alaskan Beaufort Sea. The most widespread and abundant species
are the Arctic cod, the saffron cod, twohorn and fourhorn sculpins, the Canadian eelpout, and the
Arctic flounder. In nearshore waters, the fourhorn sculpin, capelin, and the nine-spine stickleback
are important numerically. Arctic cod sporadically enter the nearshore areas to feed on the
abundant epibenthic fauna or to spawn. In general, the Arctic cod are more abundant in nearshore
habitats during the later half of the open water season, probably in response to favorable salinity
(10 to 20 ppt) and warmer temperature conditions. Others such as the fourhorn sculpin and
flounder remain in coastal waters throughout the ice-free period, then move farther offshore with
the formation of bottom-fast ice during the winter. Arctic cod spawn under the ice between
January and February with spawning occurring in both shallow coastal and offshore waters. The
Arctic cod has been described as a “key species in the ecosystem of the Arctic Ocean” due to its
distribution, abundance and importance in the diets of many other fish, birds and marine
mammals.

Only marine species would be affected from the placement of pipeline bedding material (gravel)
and backfilling of the pipeline trench. Marine fish could be impacted by increases in suspended
sediments and turbidity, smothering due to displaced sediments, smothering of prey organisms,
direct mortality resulting from operation of trenching equipment, and temporary displacement
from the area due to the disruption from trenching activities including noise. Sculpins, snail fish
and other marine speciesthat are oriented to the seafloor are more likely to be affected. Fish such
as the Arctic cod, Arctic char, Arctic cisco, broad whitefish, humpback whitefish, and rainbow
smelt are able to tolerate turbid waters, up to 146 NTU during breakup conditions. However,
some Arctic cod may spawn under the ice in shallow coastal areas as well as in offshore waters.
The kelp snail fish and the leatherfin lumpsucker also spawn during the winter by attaching their
eggs to solid substrates such as found in the Stefansson Sound Boulder Patch. Sedimentation of
suspended solids resulting from the trench backfill could have an adverse effect on these eggs
should sedimentation become significant over the Boulder Patch and ultimately over the eggs.

Gravel Mine Site. The Alaska Department of Fish and Game Catalog of Waters Important for
Spawning, Rearing or Migration of Anadromous Fish (1992) identifies the Kadleroshilik River
(Id. # 330-00-10320) as containing anadromous fish (Arctic char/Dolly Varden). The Arctic char
is the most abundant and widely distributed of the five anadromous fish (Arctic char, broad
whitefish, Arctic cisco, and occasionally pink and chum salmon) inhabiting the study area. There
are no known over-wintering areas along the lower Kadleroshilik River
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The proposed mine site is an idand area, approximately 6 to 10 feet above sea level, and lies
between channels of the Kadleroshilik River, approximately 1.4 miles upriver from Foggy Island
Bay. Gravel mining will not extend into the active river channel. Adverse impacts are not
expected due to the winter construction and the separation of the mine operations from the river.
A dike, approximately 50 feet wide will be left in place between the mine site and the river
channel while mining operations are underway. The purpose of the placement of fill material
associated with the mine site rehabilitation is to minimize the effects of mining and create
improved aquatic habitat conditions. The overall objective of the rehabilitation effort is to flood
the excavated cdls, creating a deep lake connected to the active river channel, providing fish
over-wintering habitat. Use of the overburden allows development of a more diverse habitat
within the lake (creating a shallow littoral zone). To the extent practical the backfilling would be
conducted to produce an irregularly shaped boundary that should result in a more natural |ooking
lake. Placement of fill material would be required as part of the mine site rehabilitation plan in
coordination with the Alaska Department of Fish and Game, Alaska Department of Natural
Resources, Alaska Department of Environmental Conservation, U.S. Fish and Wildlife Service,
U.S. Army Corps of Engineers, and the North Slope Borough.

Development and rehabilitation of the mine site (31 acres) would occur in two phases. During
phase 1 cell development (19 acres), overburden and unusable would be stockpiled within the
phase 2 cell footprint. After the phase 1 cell gravel excavation is completed and prior to breakup,
overburden would be used to create a ledge along one side of the cell (approximately 2 acres), the
dike separating the cell from the river would be breached and alowed to flood. During
development of the phase 2 cell, a 15-foot wide dike would remain in place separating the two
cells. Upon completion of cell 2 excavation, the backfilling and shelf contouring, the dike would
be breached (about three feet below the top of theicein cell 1) to form islands between the two
cells when it floods during breakup. One area of the cell 2 dike area would be excavated to
riverbed level to avoid trapping fish during low water periods. After athaw season and as aresult
of thermokarsting, it is expected that irregular settlement comprising the shelf and Lake
Boundaries will create a mosaic of small ponds, humps and flats. The coordinated rehabilitation
plan will include a revegetation component for the littoral areas and islands. After rehabilitation,
the flooded mine site would provide several benefits. Deep-water sources connected to streams
and rivers are uncommon in this area. The excavation would create potential overwintering
habitat for fish in an area where this type of habitat is limited.

3. Other wildlife O X O
e Sealsand Polar Bears Section VI.A.2
¢ Saalsand Polar Bears Section I11.A.2.b.; Section 111.C.2.b and 3b;

Section I11.D.1b, 2b and 3.b.; Section I11.D.6b.;
Section I11.C.3.b.;and, Section I\VV.D.3.b

* Marine and Coastal Birds Section VI.A.3
* Marine and Coastal Birds Section I11.A.2.c.; Section I11.C.2c and 3.c.;
Section I11.D.2c and 3.c.; Section 1VV.D.3.c.
e Terrestrial Mammals Section VI.A .4
e Terrestrial Mammals Section I11.A.2.d.; Section I11.C.3.d.;
Section 111.D1d., 2d. and, 3.d.; Section IV.D.3.d.
o Terrestrial Mammals SectionV.C.4.
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No significant impacts are identified for marine mammals, terrestrial mammals, or birds from the
8404 discharges (placement of trench backfill and pipeline bedding material and backfill material
for the rehabilitation of the gravel minesite). As amitigation measure, BP Exploration would
develop and implement awildlife interaction plan. This plan will include measures to avoid
wildlife attractants and will address human/wildlife interaction.

c. Potential Impactson Special
Aquatic Sites (Subpart E)

1. Wetlands O X O
*  Vegetation-Wetland Habitats Section VI.A.7
*  Vegetation-Wetland Habitats Section I11.A.2.g.; Section I11.C.2.g.;

Section 111.C.3.g.; Section I11.D.1.g., 2g., 3g. and
6g.; and Section V.C.7.
e Land Cover Map For the Liberty Mine Site. (October 12, 2000 and supplement dated
November 8, 2000) LGL Alaska Research Associates, Inc. Figurell. A-7b and Table I11.D-6
of the EIS.

The tundra, onshore pipeline portion of the Liberty Development Project area is characterized by
moist to wet tundra expanses of moist sedge and dwarf shrub dominated by Carex, Eriophorium,
and Salix spp.(sedges, cotton grass, willow) [NWI classification: PEM 1/SS1E] with inclusions of
dry tundra. See Tables [Liberty Development Project, Environmental Report, February 1998]:
Table 5-2, Vegetation Types at Alternative Liberty Pipeline Landfall and Tie-in Sites and the
Kadleroshilik Gravel Mine Site; Table 5-3. Definition of NWI Map Codes; Table 5-5. Summaries
of Predominate NWI Wetland Types at Alternative Liberty Pipeline Landfall and Tie-in Sites and
Gravel Mine Site, and; Table 5-6. Estimated V egetation Coverage by On-shore Liberty Pipeline
Trench and Gravel Pads. Approximately 1.7 acres of wetlands would be lost due to placement of
fill for the two gravel pads and trench backfill operations.

The proposed Kadleroshilik gravel mine site lies approximately 1.4 miles south of Foggy Island
Bay on a partially vegetated gravel idand in the Kadleroshilik River floodplain consisting of
Riverine barrens and flood plain aluvium with a ground surface elevation of approximately six to
ten feet above MSL. See Figure II-A-7b of the EIS. The 37.9 acre primary mine site is covered
by 40% dry dwarf shrub/lichen tundra (15.1 ac); 20% dry barren/dwarf shrub, forb grass
complexes (7.6 ac); 10% dry barren forb complexes (3.8 ac); and, 30% river gravels (11.4 acres).
The entire Kadleroshilik mine site (primary mine site plus reserve mine site/staging area) consists
of approximately 52 acres. Surface cover consists of ~43% dry dwarf shrub/lichen tundra (19.4
ac); 23% dry barren/dwarf shrub, forb grass complexes (10.5 ac); 9% dry barren for complexes
(3.8 ac); and, 25% river gravels (11.4 acres). The National Wetland Inventory Map indicate that
of 70 % to 80 % of the NWI wetlands at the site are classified as PEM 1/SS1A (Palustrine System
Emergent /scrub shrub vegetation seasonaly to infrequently flooded); and, 20 % to 30%
R2US/OW (Riverine System/open water) partially vegetated gravel bars above the active river
channel with gravel substrate) infrequently to seasonally flooded during spring break-up to
completely barren river gravels with sparse vegetation. Although the area is classified as
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wetlands under NWI, they are not all jurisdictional wetlands under the Corps regulatory program.
Barren areas or sparse gravel bars are not considered wetlands; however, areas that are seasonally
flooded for sufficient duration and frequency (considered below the ordinary high water mark)
would be regulated as waters of the U.S. In addition, there are times where salt-water intrusion
may invade the river up to the proposed mine site. Portions of the PEM1 classification although
predominately well drained gravel/soils may contain inclusions of jurisdictional wetlands. The
estimated wetland loss for the Kadleroshilik Mine Site would be the result from excavation.
Wetland losses could occur along the fringes of the mine site for rehabilitation efforts and would
be offset by the wetlands and shore habitat gain through mine site rehabilitation.

The designed excavation footprint for the mine site is approximately 31 acres in size (EIS Figure
I1.A-7b), with the primary excavation area developed as two cells. One cell will be developed
each winter construction season. The Phase 1 cell will be approximately 19 acres to support
gravel island construction (EIS Table I11.D-6) of which 12.7 acres may be wetlands. The Phase 2
cell will be approximately 12 acres of which 11.5 acres may be wetlands. In preparation for
mining, snow, ice, and unusable overburden (organic and inorganic materials) will be removed
from the mine site. For Cell 1, up to 100,000 cubic yards of overburden would be temporarily
stockpiled on a 5-acre portion of the Cell 2 mine area just south of Cell 1. Cdl 2 overburden (up
to 13,000 cubic yards) plus about 2,500 cubic yards of excess spoil from the onshore pipeline
transition trench would either be directly placed into the Cell 1 pit, or on an ice pad in a
temporary stockpile area (about 0.5 acres) located just south of the Cell 2 pit.

Mining would not extend into the active river channel; a dike approximately 50 feet wide would
be left in place between the mine site and the river channel while mining operations are
underway. Gravel would be excavated by blasting, ripping and removing materials in two 20-foot
lifts, to a total depth 40+ feet below the ground surface. Some portion of the lower 20-foot lift
may be left in placeif all gravel available from the site is not needed to meet island requirements.

After useable gravel has been removed from the mine, materials unsuitable for construction (e.g.
unusable materials stockpiled during mining) would be placed back into the mine excavation.
Stockpiled snow and ice would also be pushed back into the pit to minimize effects on natura
drainage patterns during spring breakup. These backfilled materials would be used to create a
shelf (approximately mean water level) along one side of the mine to improve future habitat
potential (littoral zone/wetland) . The access ramp down into the mine would form the foundation
of the constructed shelf, maximizing new surface area created. To complete construction, the
adjacent edge of the pit would be beveled back a distance of 10-20 feet, creating a gradua slope
to the shelf. The backfilled area would provide substrate and nutrients to support revegetation and
improve future habitat potential of the constructed shelf along the mine wall.

After Phase | mining is complete, the dike between the mined site and the active channel of the
Kadleroshilik River would be breached to approximately 6 inches below mean low water in the
channel. During spring breakup, the mine site would flood with fresh water, forming a deep lake
adjacent to the river. To avoid stranding fish in the lake during periods of low water, a short
section of the breach will be lowered to match the river bottom level. Development of the Phase
2 cell is expected to begin the following year to support construction of the offshore pipeline, the
shoreline transition, and pipeline valve pads. The Phase 2 mine would disturb approximately 12
acres, to provide the estimated volume of gravel needed for pipeline and pad construction. An
approximately 15-foot wide dike will be left between the two cells until mining has been
completed.

31 6-981109




Contents

Mining and rehabilitation plans for Phase 2 would be similar to those described above for Phase
1. After Phase 2 mining is completed, the dike separating the two mine cells will be breached,
expanding the original flooded site to create alarger 1ake. Some portion of the breach would be at
least as low as the river bottom, again, to avoid stranding fish during periods of low water.
Backfill (e.g. materials stockpiled during Phase 2 mining and excess material from onshore
pipeline construction) would be used to enhance the shallow area created during Phase 1 to
improve fish habitat potential of that site and should result in an increase in emergent and
submergent wetlands. Remnants of the dike between Phase | and Phase Il cells would form
islands (0.4+ acres) in the deep lake, diversifying the aguatic habitat. The shelves constructed
along the side of the mine (estimated to be 0.5 - 2.0 acres total) should evolve into shallow water
habitat over time in conjunction with flooding the mine site. After a thaw season, it is expected
that irregular settlement of the material comprising the shelf will create a surface mosaic of small
shallow ponds, humps, and flats.

Based on data collected during 1998 and conditions found during Phase 1 mining, BPXA will
prepare a detailed rehabilitation plan, based on final characterization of the site (e.g., post
construction topography, microtopography, hydrology and drainage, salinity, surface soil type,
and local vegetation).

Upon completion of gravel removal and gravel contouring of the pit, the revegetation portion of
the plan would be implemented to encourage revegetation of the shelf areas. Depending on the
extent and pattern of thaw settlement, the areas would be seeded, likely with a combination of salt
tolerant (and disturbance tolerant) seed stock, as well as other seed stock, as conditions dictate.
Depending on access to appropriate sites, ambient moisture and salinity (both current and
predicted), some plugging and/or sprigging could also be done.

2. Sanctuaries and refuges N/A O O KX
3. MudFlas O O X
4.  Vegetated Shallows O O X
5. Coral reefs N/A OO X
6. Rifleand pool complexes N/A 1O KX
d. Potential Effects on Human Use Section V. B. Description of & &

Char acteristics (Subpart F) Social Environment [Basecondition] | £ _%E

B 20 2
1.  Effectson municipal and private water supplies No affects O O X
2. Recreational and Commercial fishing impacts O X O

(including subsistence fishing)

No appreciable sport, commercial or subsistence fishing occurs in Foggy Island Bay during the
winter. No impacts are anticipated.
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During the open water season limited sport fishing occurs on the Alaska North Sope. Qil
workers fish for Arctic grayling in old gravel pits that have been rehabilitated to support fish.
Occasiona fishing for char occurs in magor rivers and streams. Commercia fishing on the
Alaskan North Slope coastline is limited to one small, family-owned gill net fishery in the
Colville River delta. Arctic cisco, least cisco, and broad whitefish are the primary species caught.
The commercial catch is sold for human consumption and dog food in Fairbanks and Barrow.
Kaktovik and Nuigsut are the two nearest villages and are greater than 75 miles away from the
project area. Nuigsut harvested 90,490 pounds and Kaktovik harvest 22,952 usable pounds of fish
during a three-year period. No effects to subsistence resources are anticipated as a result of the
placement of fill material.

3. Effects on water-related recreation I I ™

4.  Aesthetics O X O

The Arctic Coastal Plain istreeless, low relief landscape dominated by numerous lakes and ponds
and low-lying vegetation. Theterrainisfrozen and covered by ice and snow during the Arctic
winter, which typicaly lasts more than 9 months with 56 days where the sun does not rise above
the horizon. During the brief summer of continuous daylight (June through August), ponds,
rivers, low-lying shrubs, wildflowers, birds, caribou, small mammals, and insects are noticeable
features of the landscape. The nearshore area of the Beaufort Sea changes considerably in
appearance from winter to summer. During the winter, the nearshore area freezes and snow and
ice drift over the low elevation barrier idands, making them difficult to differentiate from the
shoreline and from seaiice.

Aesthetic and visual impacts resulting from the placement of fill material are considered minor.
However the level of impact is variable and subjective depending on the viewers sensitivity. No
impact would occur due to trench backfill since it wold be covered by water. The shoreline
transition zone (where the pipeline leaves the ocean to go onshore), the valve and Badami Tie-in
pad would be an dteration of the surrounding tundraarea. This area has been leased for ail
development from the Alaska Department of Natural Resources. Due to the remote |ocations and
because the gravel pads would be infrequently, visua impacts are consider minor.

5.  Effectson parks, national and historic monuments, No affects ] X
national seashores, wilderness areas, research sites,
and similar preserves
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V. Evaluation of Dredged or Fill Material
(Subpart G, 40 CFR § 230.60)
a. Thefollowing information has been considered in evaluating the biological availability of

possible contaminants in dredged or fill material: (checked boxes apply)

1. X Physical characteristics

2. K Hydrography in relation to known or anticipated sources of contaminants

3. X Results from previous testing of the material or similar material in the vicinity
of the project

4. K Known, significant, sources of persistent pesticides from land runoff or
percolation

5 X Spill records for petroleum products or designated (8311 of CWA) hazardous
substances

6. X Other public records of significant introduction of contaminants from industry,
municipalities or other sources

7. K Known existence of substantial material deposits of substances which could be

released in harmful quantities to the aquatic environment by man-induced
discharge activities

b.  Anevaluation of the information above indicates that the proposed dredged or fill
material isnot acarrier of contaminants, or that levels of contaminants are substantively
similar at extraction and disposal sites. The materia meets the testing exclusion criteria.

X Yes
[ ] No
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V1. Disposal Site Delineation
40 CFR §230.11(f)

a. Thefollowing factors as appropriate, have been considered in evaluating the disposal site.

1. Depth of water at the disposal site =
2. Current velocity, direction, and variability at disposal site X
3. Degree of turbulence =
4. Water column stratification X
5. Discharge vessel speed and direction ]
6. Rate of discharge =
7. Dredged material characteristics =
8. Other factor affecting rates and patterns of mixing =
»  Placement of fill material during ice cover, through an open trench in the ice cover
¢. Anevaluation of the appropriate factorsin V. a. above indicates that the X Yes
disposal site and/or size of mixing zone are acceptable ] No

[Note: Dispersion of very fine to silty fill material will occur outside designated placement areas. This
widespread dispersion (0.6 — 2.0 statue miles) would occur by natural means and would result in athin
layer (up to 1-2 mm) dispersion outside the placement area.]

VI1I. Actionsto Minimize Adver se Effects
(Subpart H, 40 CFR § 230.70)

All appropriate and practicable steps would be taken, through application of recommendation of
§230.70 — 230.77 to ensure minimal adverse effects of the proposed discharge. [ ] Yes [] No
Mitigative Measures To Be Determined

Actions taken: (Preliminary)

» Appendix B, Liberty Unit Lease Stipulation summaries and applicable Alaska Regulations.

» Mitigation measures proposed by applicant, as stated in the DA public notice for 6-981109.

e Othersto be determined, including consideration of potential mitigation measures identified
in Table -2 of the EIS.

Actions to be taken

» Permit stipulation and conditions would be developed and incorporated in the DA permit, as
appropriate. Such as, to validate the predictive assessment to the Boulder Patch community
the Corps could require BPXA to prepare and implement a detailed monitoring plan for both
the dredging and placement of fill material for the pipeline system construction (TSS, BOD,
COD, turbidity, sediment plume magnitude, duration, etc. at multiple water depths.
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VIIl. Findingsof Compliance or Non-compliance
(40 CFRS 230.12)

[TO BE DETERMINED]

a [ ] Theproposed disposal site for discharge of dredged or fill material complies
with the Section 404(b)(1) guidelines

b. [ ] The proposed disposal site for discharge of dredged or fill material complies
with the Section 404(b)(1) guidelines with the inclusion of the following
conditions: (to be determined if selected)

c. [ ] The proposed disposal site for discharge of dredged or fill material does not
comply with the Section 404(b)(1) guidelines for the following reasons:

[ ] 1. Thereisalessdamaging practicable alternative

[ ] 2. Theproposed discharge will result in significant
degradation of the aquatic ecosystem

[ ] 3. The proposed discharge does not include all practicable and
appropriate measures to minimize potential harm to the aguatic ecosystem

[ ] 4. There does not exist sufficient information to make a reasonable

judgement as to whether the proposed discharge will comply with these
Guidelines.

% 6-981109
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Proposed Pipeline Alignment
Estimated Trench Volume by
Stratigraphic Unit Silt and Clay Content Estimated Volume of Silt and Clay
Stratigraphic Unit (cubic yards) (Percent Fines) (cubic yards)
Silty Sand (SM) 2,445 26% 636
Silty Sand (SM-5P) 20,740 18% 3,650
Peat (Pt) 10,759 45% 4,842
Silty Sand (SM) 17,5386 26% 4,559
Silty Sand (SM) 19,637 26% 5,106
Peat (Pt) 5,826 45% 2,622
Silt (ML-0OL) 3,813 73% 2,783
Clay (CL) 10,328 95% 9,812
Silty Sand (SM-SP) 8,414 18% 1,515
Silt (ML) 1,002 88% 882
Silt (ML) 70,084 88% 61,674
Silt (ML) 56,850 88% 50,028
Total Excavation 227,434 65% 148,107
{cubic yards)

Source: URS Corporation 2000, Liberty Development: Construction Effects on the Boulder Patch-Additional Studies. August 15, 2000

Fig G-1 Stratigraphic Cross-Section of Preferred Offshore Pipeline Alignment
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Southeast Pipeline Alignment

Estimated Trench Volume by
Stratigraphic Unit
(cubic yards)

Silt and Clay Content

Stratigraphic Unit (Percent Fines)

Silt (ML) 177,563 89%
Silty Sand (SM) 45 26%
Silty Sand (SM) 13,558 26%
Gravel (GP-GW) 9,262 3%
Sand (SP) 34,986 2%
Silty Sand (SM) 3 26%
Total Excavation 235,417 69%
{cubic yards)

Estimated Volume of Silt and Clay
(cubic yards)
158,031
12
3,525
278
700
1
162,546

Source: URS Corporation 2000, Liberty Development: Construction Effects on the Boulder Patch — Additional Studies, August 15, 2000

Fig G-2 Stratigraphic Cross-Section of Southeast Pipeline Alignment Alternative
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BP EXPLORATION BP Exploration (Alaska) Inc.

900 East Benson Boulevard
£O. Box 108812
Anchorage, Alaska 99519-6612

{9G7) 561-5111
RECEIVED
. Anchorage, Alaska
January 17, 2000
JAN 1% 2000
Mr. Jeff Walker REGIONAL SUPERYISOR

Regional Supervisor, Field Operations FIELD OPERATION

Alaska OCS Region MINERALS MANA

U.S. Department of Interior, Minerals Management Service GEMENT SeRyICE
949 E. 36th Avenue, Room 308

Anchorage, Alaska 99508-4392

Mr. Lloyd Fanter
U.S. Army Corps of Engineers,Alaska District

Regulatory Branch
- P.O.Box 898
Anchorage, Alaska 99506-0898

Liberty Development Project

Dear Mr. Walker and Mr. Fanter:

BP Exploration (Alaska) Inc. (BPXA) is transmitting a brief report responding to
comments raised in the Arctic Btological Task Force meeting held on August 31,
1999. This report has been prepared by URS Greiner Woodward Clyde in
association with LGL Ecological Research Associates and Dr. Kenneth Dunton of
the University of Texas at Austin, and relates to agency comments on a report
entitled: Liberty Development: Construction Effects on Boulder Patch Kelp Production.
In the August 31, 1999 meeting BPXA was also requested to explain in detail how
Boulder Patch transcct map data have becn used; this response is still being

prepared.

If you have any questions or need additional information, please call Karen
Wuestenfeld at 564-5490.

Part of the BP Amoco Group
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1. INTRODUCTION

1.1.  Purpose

The purpose of this report is to respond to comments raised in the Arctic Biological Task Force
meeting held on August 31, 1999. That meeting was conducted to present information contained
in the report entitled Liberty Development: Construction Effects on Boulder Patch Kelp
Production (URS Greiner Woodward Clyde et. al. 1999). At the conclusion of that meeting, BP
Exploration (Alaska) Inc. (BPXA) agreed to respond to the following comments: '

¢ validate 48-hour exposure assumption (yielding 65% reduction in summer
productivity)

® address sedimentation effects on organisms.
* qualitative discussion of effects on community as a whole - not just kelp

* confirm applicability of model given additional knowledge of proposed Northstar
{and Liberty) construction sequence

. e provide literature reference for 60/40 turbid/clear icc occurrcnce
s cite wind and current data sources

This document has been prepared by URS Greiner Woodward Clyde in association with LGL
Ecological Research Associates and Dr. Kenneth Dunton of the University of Texas at Austin to
respond to those comments. It includes a review of previous Boulder Patch studies, a qualitative
description of the Boulder Paich community and potential effects of the Liberty project, and a
section containing responses to specific issues raised. The Addendum includes corrections to
tables presented in URS Greiner Woodward Clyde et al. 1999.

BPXA is responding separately to a request to explain in detail how transect map data were used,
and how they fit with previous data mapping efforts.

1.2, Previous Boulder Patch Studies

There have been numerous studies of the Boulder Patch, dating from the discovery of the
community in the mid-1970's {Reimnitz and Toimil 1976). The NOAA-OCSEAP Program
sponsored most of the investigations of this community from discovery to the early 1980's. From
the 1980's to the present, industry-sponsored studies, supplemented by funding from the National.

‘Science Foundation, have been prevalent. Boulder Patch studies specifically relating to the

Liberty Development were conducted in 1997 and 1998 (Coastal Frontiers Corporation and LGL
Ecological Research Assaciates, Inc. 1998) as reported in the Liberty Development Project
Environmental Report (LGL Ecological Research Associates, Inc., Woodward-Clyde
Consultants and Applied Sociocultural Research 1998). These investigations were preceded by
the 1984 to 1991 Endicott Development Buseline und Moniroring Studies (see Martin and
Gallaway 1994 for a review) and the 1982 to 1984 investigations conducted by Harding Lawson
Associates for Exxon Corporation in conjunction with the construction of a gravel island (BF-37)
in Beechey Point Block 480, Stefansson Sound, Alaska. Harding Lawson Associates also
conducted high-resolution benthic surveys of some areas of the Boulder Patch near the Endicott
Development in 1980, 1982, and 1984 (Toimil and Engiand 1980. Miller and England 1982, Lee
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and Toimil 1985). Synthesis of the early NOAA-OSCEAP studies are highlighted in Dunton et

al. (1982), Dunton (1984), and Dunton and Schell {(1986).
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2. POTENTIAL EFFECTS ON THE BOULDER PATCH COMMUNITY

In our previous reports, we focused on the effects of the Liberty Development Project on kelp
productivity per se. Herein we provide additional material of the effects of
sedimentation/smothering on the larger community. This information supplements that already
provided in the Liberty Development Project Environmental Report (LGL et al. 1998) and in the
report entitled Liberty Development: Construction Effects on Boulder Paich Kelp Production
(URS Greiner Woodward Clyde et al. 1999).

2.1.  Characterization of the Community

The sessile components of the Boulder Patch biota are dominated in terms of biomass by plant
species including a brown algae or kelp overstory (47% of the biomass) and a red algae (34%)
understory (Figure 1). Young or reproductively immature Laminaria solidungula kelp fronds
generally range from 22 to 25 cm in total length, with stipes less than 5 ¢m in length.
Reproductively mature plants have fronds 20- to 50-cm long and the stipes are greater than 5 cm
in length. The red algae understory includes species such as Phycodrys rubens, Coccotylus
(Phyllophora) truncata, and Odonthalia dentata. These are leafy or foliose and terete forms,
generally a cm or more in height. The dominant and conspicuous sessile animals include
sponges such as Phaketria cribrosa (~10 cm in diameter) and Choanites lutkenii (~8 cm in
diameter); and the soft coral Gersemia rubiformis (~8 cm long). At least four species of sea
anemones are present, as are stalked hydrozoans and an array of bryozoans. These range in size
up to a cm or so in height as well as form a turf-like covering on rocks.

Molluscs, bryozoans, and urochordates are common on rocks and attached 1o other biota.
Interspersed among the sessile plants and animals are motile forms such as the chiton Amicula
vestita, sea spiders and fish like four-horned sculpin and liparids. Dunton and Schonberg (in
press) provide community descriptions that confirm the earlier community characterizations of
Dunton et al. (1982).

2.2. Characterization of the Sediment Dynamics

Dunton et al. (1982) provide a characterization of sediment dynamics in the Boulder Patch based
on studies conducted from the summer of 1978 through the fall of 1980. One aspect involved
quarterly measurement of sediment thickness on biota and on flat trays anchored to the bottom at
site DS-11 in summer 1978. Storms in August and September of 1978 were noted to have
suspended large amounts of sediments in the water column. When the site was sampled by
divers in November 1978, sediment depth on trays and biota ranged between 3 and 5 mm,
averaging 4 mm (Figure 6 from Dunton et al. 1982). Considerable sediment was still in
suspension limiting diver visibility to <1 m. :

During this November effort, the divers noted that the under-ice surface of the thin (~0.5 m-
thick) icc canopy was not flat and hard as cxpected, but was cxticmely ircegular and sofl.
Considerable sediment was entrapped 1n this layer, leading the divers to call it "slush” ice or
"turbid” ice. This turbid layer had considerable relief (0.5 to 2.5 m), was extremely porous, and
was composed of large and small crystais of granular ice individually reaching as much as 5 cm
in length. If this slush was disturbed, even by diver's bubbles, sediment entrapped among the ice
crystals would ratn to the seafloor and water near the disturbance would become turbid. Over the
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Figure 1. Relzative biomass composition by taxon in the Boulder Patch. Data from Table 1
in Dunton et al. 1982. Data also listed in Table 4-2 of the Liberty Development
Project Environmental Report.
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winter, the turbid slush ice was incorporated into the hard congelation ice as freezing advanced
downward. By late April, only the longest protrusions were visible under the smooth ice canopy.
Dunton et al. (1982) reported that turbid ice was widespread in the vicinity of the Boulder Patch
and occurred at DS-11 every year between 1978 and 1982 except in 1981.

By the end of February, sediment thickness on biota and bottom trays had decreased from the 4
mm observed in November to only 1.25 mm; and decreased further to less than 0.5 mm thick by
the end of May. The sediment veneer was greatly diminished during winter to spring. In spring
(February-May), maximum underwater visibility (>20 m) was noted by the diving scientists
indicating that suspended sediment levels were also very low.

By late July of 1979, sediment thickness on the trays increased from the spring low to a layer 1-
to 2-mm thick, and water visibility decreased to between 1 and 3 m. By late November,
visibility was less than 0.5 m and the sediment layer on the bottom was between 2 and 3 mm
thick, the seasonal high for 1979, A similar pattern was evidenced from November 1979 to
November 1980 as was dcscribed above for November 1978 to November 1979. '

Dunton et al. (1982) show that the natural conditions that must be endured by Boulder Patch
organisms include being tolerant to periodic sediment veneers up to 5-mm thick during the fall
season, as well as periodic blanketing by a sediment fayer on the order of 1- to 2-mm thick
during summer and winter. Net sedimentation was least during late winter-early spring, a period
also characterized by the least amount of suspended sediment. Despite the periodic blanketing of
the seafloor by sediments, Dunton et al. (1982) concluded that the Boulder Patch region was a -
non-depositional environment overall; i.e., sediments did not steadily accumulate on biota and
boulders. Observations on stakes driven into consolidated mud and repeated photography of a
cobble with an attached kelp showed the area to be, in fact, erosional in overall character.
Sedimentation on the organisins can be viewed as a series of episodic suspension and settling
events with the deposited sediments removed from the biota by currents between events.

23. Potential Effects from the Liberty Development Project .

The potential cffects from the sedinrentation events like described above, in combination with
effects from the Liberty Development, include smothering from increased deposition and
impairment of feeding by increased suspended sediment levels. The community is resistant to
smothering because the vertical profile of the characteristic organisms, at least at mature sizes, is
on the order of centimeters whereas the maximum deposition appears to be on the order of
millimeters. Deposition of sediment blankets up to 5-mm thick occurs naturally, but most
sediment settling events are less severe (e.g., 1- to 3- mm-thick depositions). Even the maximum
sediment accumulations are cleaned by currents from the rocks and epilithic organisms in
Boulder Patch environments in relatively short order. Smothering of larval recruits, however,
may be one of the main reasons contributing to the slow rate of recolonization or colonization of
bare substrates that have been observed for this community (Dunton et al. 1982, Martin and
Gallaway 1994). '

Most of the animal components of the Boulder Patch are suspension feeders. Increased levels of
suspended sediments could affect feeding efficiency. However, most of the filter feeders have
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cither the ability to contract or self-clean during periods characierized hy high lavals of
suspended sediments. Their presence and demonstrated ability to flourish under the natural
sedimentary regime suggests they can likely contend with the short-term perturbations induced
by the Liberty Development. This premise is also supported by field investigations as described
below. '

Two monitoring studies of offshore development effects on the Boulder Patch community have
been conducted in Stefansson Sound. The first involved determination of the effects of the
construction of a gravel island (BF-37) in 1981. The island was constructed during March and
April 1981. Divers made qualitative and quantitative observations of the biota and seabed prior
to island construction in March, during construction in March, and after construction in May,
July, and August. Numerous soft corals (Gersemia rubiformus) and kelp plants located near each
sampling transect were tagged in the preconstruction period and reexamined throughout the
subsequent monitoring period.

Few distinct changes were detected between pre-construction dives in March and dives made in
May (Toimil and England 1982). Only at one of the 13 sites investigated, NW-1, was the
accumulation of sediments after construction conspicuous to the divers. Here, a 3-mm thick
coating of silt blanketed everything exposed on the seabed. This site, 82 m northwest of the
island shoreline, had 10 to 15% rock cover containing a diverse fauna and flora, including an
abundance of soft coral and kelp. The soft corals showed no effect from exposure to the amounts
of siltation observed, even at sites closest to the island.

In a special dive to the gravel slip face of the island during its construction, a soft coral was
found within 2 m of the contact between the slip face and the natural substrate. A 5- to 10-mm
blanket of silt covered all materials around it, yet the animal was in the fully extended feeding
position. Toimil and England (1982) concluded that soft corals, which they characterized as
"delicate”, appeared to be able to withstand at least a temporary period of siltation of the
magnitude associated with the construction of BF-37. The short term effect of the island
construction was considered to have been confined to the loss of habitat heneath the island's

~ perimeter.

Additional studies were conducted at this site two years later in March 1983 (Toimil and Dunton
1983). The results suggested that the flora and fauna of the Boulder Patch communities adjacent
to the island had not been affected by sedimentation, but that the kelp Laminaria solidungula
exhibited a significant reduction in linear growth to 70 m downdrift of the island as compared to
kelp growth in other areas. However, given that no significant decreases in either the diversity or
numbers of organisms surrounding the island were observed, the overall condition of the
biological community was considered "good"” (Toimil and Dunton 1983). Suspension feeders
(soft corals, hydroids, sea anemones, elc.) appeared healthy. Dispersal of slope protection
materials and deep drift ice rubble from the island were identified as potential sources of impacts.

The next studies were conducted in August-November 1983 (Toimil and Dunton 1983). Kelp
growth studies showed significantly reduced growth occurred out to at least 365 m downdrift of
the island, but that the plants were generally healthy at all sites. Deteriorated slope protection
materials (DSPM) noted in March 1983 were observed to accumulate in kelp communities which
acted as traps for these materials. Sessile filter feeders of the community were not adversely
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affected by the DSPM when the fibrous material was observed in physical contact with, but not
covering, the animal. However, when covered by these materials, mortality was observed.

Briggs et al. (1985) provide the results of the last year of BF-37 studies, work conducted in
August and September of 1984. No reduction in growth was observed for any site and the plants
were again indicated to have been healthy at all sites based on tissue density and carbon content.
Thus, the main effect of construction of this island immediately adjacént to Boulder Patch habitat
was limited to a one season reduction in kelp growth. There were no apparent adverse effects on
the community as a whole even though patches of this community were present in the immediate
vicinity of the island. :

The second study was the Boulder Patch monitoring Program conducted in association with the
Endicott Development Project (Martin and Gallaway 1994). Effects of this development on
underwater irradiance, kelp growth, kelp health, community structure and diversity, and
colonization patterns were evaluated using a before-after control minus impact or BACI model.
The results showed that differences between impact and control sites for all the response
vaniables were the same (or less) after construction and six years of operation of the development
as they had been before the causeway was developed. If adverse effects had occutred, an
increase in the difference in response variables would have been expected. The results were
interpreted to mean that there were no adverse effects from the development on kelp or the
Boulder Patch community as a whole. The authors offered two alternative explanations for the
findings with one being that effects may have occurred, but the controls might have been also
affected by the project and were not truly controls. The other alternative was that even the
impact stations were not aftected as had been predicted. The authors favored the latter
explanation based on the observations that actual discharges were far less than predicted, the
planned channel dredging did not occur, and that near field soft-bottom benthic studies showed
that effects on this community were restricted to an area less than 500-m away from the
development, far short of the distance to the nearest Boulder Patch habitat.

2.4.  Summary

The results of the above studics combined with the nature of the Liberty Development Project
suggest that there will be littlc or no adversc effects on the Boulder Patch community,
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3. RESPONSE TO SPECIFIC COMMENTS

3.1.  Explain Basis For Assumption For 65% Reduction In Kelp Growth

The assessment provides a decidedly conservative estimate (65% reduction) of the effects of
summer pipeline construction on annual Boulder Patch kelp productivity. The underlying
assumptions are that 1) baseline ambient light would be at Hy,, levels during the entire
construction period; 2) the 20 mg/L excess TSS (or the amount of TSS above ambient) sediment
plume “envelope" would persist over the composite area for 48-hours; 3) 20 mg/L excess TSS
would be sufficient to decrease light below the Hgy level; and 4) without the project, only 74
hours of Hgy light levels would have been received over the entire year. Under these conditions,

productivity would be reduced by 65% as outlined in the assessment.

We did not consider this combination of events very likely, but chose to make the estimate
extremely conservative; i.e., "it could happen”. Based on the above extremely conservative
assumptions, the summer pipeline construction scenario resulted in a 13% decrease in kelp
productivity over a single growth season. The message is not that a 13% reduction would
actually occur, but that the likelihood of adverse effects is greater for summer pipeline
construction as compared to the situation if the same activity was conducted during winter.

3.2.  Explain Basis for Assumption of 60% Frequency of Turbid Ice Cover

The basis for this assumption was derived from the maximum underwater irradiance data
reported as Photo Flux Fluence Rates (PFFR) in Table 1 of Dunton (1990). The data reflect light
conditions under the icc as measurcd continuously at scven sites in the Boulder Pateh during the
1 March to 15 May period for three consecutive years 1987-1989. The continuous records were
integrated over 3-hour intervals, yielding a total of 608 discrete observations. Maximum PFFR
values =1.0 pmol m-%s-1 were considered to indicate the presence of turbid ice; higher values
were considered to reflect the presence of relatively clear ice. Data were not obtained for 4 of the
21 time/space cells, reducing their total number of observations to 17 cells. Of these, 10
observations were less than 1.0 yumol m2s-! (range was 0.1 to 0.7 pmol m-2s-!) indicating that
turbid ice was present. Thus, 58.8% (10 of 17) of the time/space cell observations were
characterized by turbid ice. We rounded this to 60%. Maximum PFFR values for the remaining
time/space cells considered to have clear ice ranged from 1.2 to 5.4 pumol m-2s-1,

Dunton et al. (1992) updated the above with additional | March-15 May irradiance data obtained
at the same seven sites in 1990 and 1991. This increased the total sample size to 30 time/space
cells. In this analysis, the results were reported as mean PFFR values rather than as the
maximum observed (see Figure 6 in Dunton ct al. 1992). In this analysis, data for 12 of the 30
time/space cells (40%) reflected mean values of 0.35 to as high as about 2.25 umol m-2s-1
suggesting clear ice was present at these sites. Mean PFFR at the remaining 60% of the sites did
not exceed about 0.2 pmol m-2s-1, suggesting turbid ice was present at these locations.

The available data suggest a 60/40 ratio of turbid to clear ice cover is reasonable. However, the
availablc data arc cssentially transect data which were not collected to specifically address this
issue. Because the data are from transects as opposed to being randomly selected locations, their
representativeness of the Boulder Patch as a whole is uncertain. Nevertheless, since sediment
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Table 1. Average and maximum underwater irradiance (photon-
flux fluence rate, PFFR, umol m~2s~ ') at seven sites from 1 March
to 15 May in 1987, 1988 and 1989: n=0608. nd: no data

Site Mean PFFR Max. PFFFR
1987 1988 1989 1987 1988 1989
Wi 0.075 nd 0.082 0.4 nd 0.4
w2 0.001 0.859 0.092 < (.1 35 0.5
W3 nd 0.165 0.014 nd 0.8 0.1
El 0.183 nd 0.098 1.2 nd 0.5
E2 0.703 1.076 0.048 16 4.2 0.2
E3 nd 1.191 0.439 nd 5.4 2.4
DS 0.153 .0.567 0.033 0.7 2.6 0.2
From
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Fig. 6. Variation in mean under-ice PFFR at seven sites from 1 March to 15 May 1987.
1991, Data for E-2 in 1991 reflects period from 1 March to 10 April.
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entrapment in the ice cover is a regional-scale phenomenon associated with fall storms, common
sense dictates that turbid ice would be more widespread and prevalent than clear ice.

3.3. Sources and Use of Wind and Current Data in Analysis

Meteorologic and Oceanographic Data Sources

The nearshore Beaufort Sca has beeu intensively studied for the past two decades, Numerous
authors have been reporting essentially the same results from a plethora of oceanographic
studies, conducted for a wide variety of purposes. Most of these studies included direct
measurements of wind speed and direction or extensive analysis of available meteorological data
that were collected concurrently with oceanographic observations.

The majority of available data were collccted and analyzed in conjunction with extensive
environmental monitoring programs that were stipulated and overseen by the U.S. Army Corps
of Engineers Alaska District. Examples of the latter were the Prudhoe Bay Waterflood
Monitoring Program, conducted from 1981 to 1984 (USACE 1982, 1983, 1984, 1986) and the
Endicott Development Environmental Monitoring Program, conducted from 1985 to 1990,
(USACE 1987, 1990, 1991, 1993, 1994).

Additionally, several environmental baseline studies commissioned by industry also produced
substantial amounts of meteorological and oceanographic data. These included Prudhoe Bay
Dock Studies, 1976-1979 (Grider et al. 1977, 1978; Chin et al. 1979; Chin 1980), Endicott _
Development Baseline Studies, 1981-1982 (Weingartner & Colonell 1982; Britch et al. 1983),
Oliktok Point and Vicinity Baseline Studies, 1981-1982 (Weingartner & Colonell 1982, 1983),
and Lisburne Environmental Baseline Studies, 1983-1984 (Berry & Colonell 1983, 1985).

Conciusions drawn from all of these studies, especially with regard to winds and currents along
the Beaufort Sca coast, are essentially identical and can be expressed by a relatively short list of
statements;

¢ Winds are persistent, occur on more than 95 percent of the days, and tend to be oriented
along the coast (east or west). East winds consistently average about 5 meters/second (m/s)
(11 mph) at Barrow and 6 m/s (13 mph) at Kaktovik. The strongest winds, having speeds of
as much as 26 m/s (58 mph), are usually from the west.

» Easterlies (i.e. winds from directions between northeast and southeast) tend to be about 2-3
times as prevalent as westerlies (from northwest ta southwest)

* Nearshore currents are governed by the wind, are usually aligned with bathymetric contours,
in an east-west direction and flow in the same general direction as the prevailing winds.

* Wind-driven currents typically flow at 2-3 percent of the wind speed along the open coast
and respond within 2-3 hours to changes in wind speed or direction.
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Current Speed and Direction

Current speed data are described and referenced on pages 2-1 and 2-2 of the report entitled
Liberty Development: Construction Effects on Boulder Patch Kelp Production (URS Greiner
Woodward Clyde et al. May 1999). The data and references as presented are: Average during
June and July -5¢m/s (USACE 1987-1993); average during August to Sept.-14 cm/s (USACE
1987-1993); average under ice <2 cm/s (Montgomery Watson 1997, Berry and Colonell, 1985),
Winter current measurements were also obtained by Woodward-Clyde Consultants (1979) at six
locations north of the end of West Dock. Mean current speeds for all meters were less than 2
coy/s. There was a dominant peak at a period of approximarely 12 hours, suggesting a tidal
influence. Data from NORTEC (1981) support these observations.

Regarding current direction, the Boulder Patch Report states (p. 2-5): “Historical data on the -
circulation of Beaufort Sea coastal waters show that, on average, the currents are westerly 60-
70% of the time.” In summer, currents are primarily wind driven and oriented parallel to the
wind direction, with a velocity about 2 to 3 percent of the wind speed in magnitude (USACE
1982).” The prevailing summer winds along the Beaufort Sea coast are from the east and the
nearshore currents respond to this wind stress by flowing westward. NORTEC (1981) states “all
westerly winds produce easterly water transport” (referencing a study by Barnes et al., 1977, in
water depths of 5.5 m off of the Sagavanirktok River Delta in August 1976).

In winter the Beaufort Sea nearshore currents are gencrally westerly (LGL et al. 1998). Berry and
Colonell (1985) reported that under-ice currents were typically toward the west and paratle]l with
the shore at a station immediately north of the West Dock Seawater Treatment Plant.

For the “shoulder” seasons of autumn freezeup and spring breakup, data are extremely sparse due
to the difficulty of ensuring the survivability of current meters under those conditions. Nortec
(1981) recovered current meters that had been deployed through the sea ice and left in placc until
after spring breakup at depths of 5.5 m and 8.2 m near Reindeer Island, some 5 — 7 miles north of
Prudhoe Bay. During June and early July, the usual duration of spring breakup, current speeds
ranged from near-zero 1o 0.10 m/s, with a visually estimated mean of about 0.05 my/s.

Use of Current Data in Estimation of Sediment Transport

As explained in Appendix A of the report entitled Liberty Development: Construction Effects on
Boulder Patch Kelp Production (UJRS Greiner Woodward Clyde et al. 1999), the transport of
suspended sediment due to ambient currents was simply the computation of the distance traveled
by sediment particles of a given size while they fell to the scabed. The key assumptions in the
analysis were as follows:

e Initial concentration of suspended sediments was uniform throughout the water column,
although analysis could actually accommodate any other assumption.

* Horizontal transport was at the mean current speed, which was assumed to be 0.10 m/s in
open water, 0.02 m/s under full sea-ice canopy, and 0.05 m/s under broken sea ice.

 Vertical fall velocity of sediment particles was in accord with proven fluid drag relationships,
which weie (a) Stwokes Law (or the smallest particles (<0.15 mm diam.), or (b) laminar or
turbulent drag formulas. depending on Reynolds number characterization of flow parameters.
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s With regard to the veracity of the analytical approach, assumptions regarding the dynamics of
sediment transport are in strict accord with proven relationships drawn from the field of fluid
mechanics (e.g. see Schlichting 1968 and/or Blevins 1984). Probably the “weak” point of the
analysis is the assumption of an initially uniform concentration of suspended sediment.
Lacking data to support any other assumption, there was no particular reason to assume
otherwise. The monitoring program, proposed to occur during construction of Northstar
Development and described in Section 3.4, should provide useful information that will offer
the opportunity to refine the assumptions that support this analysis.

34. Planned Water Quality Sampling During Northstar Construction

The following information is from “Excavation Production Tests and Monitoring Program for
the Submersible Soil Agitator Pump, Northstar Development (URS Greiner Woodward Clyde,
November, 1999). The goal of the Northstar Development Pipeline Construction Water Quality
Monitoring Program is to measure the temporary increases in total suspended sediment (TSS)
and turbidity associated with excavation and hydraulic backfill activities from the submerged soil
agitator pump (SAPP) system. The monitoring program will consist of water column sampling
down.current of ongoing excavation activities related 1o (he proposed production 1est trench
program and collection of ambient current velocity from a background station. Results from in-
situ water column and discrete water sampling will be compared to predicted TSS concentrations
that were derived from a dilution model. ‘

Parameters of Concern

In-situ water column profiles of turbidity will be collected to identify the water depth with the
highest measurements. Discrete water samples will be collected for laboratory analysis of TSS
and turbidity at the water depth of the highest in-situ turbidity measurement and at regular
intervals within the water column,

Field Methods

Background “Ambient” Measurements: A background station will be occupied periodically
throughout the monitoring program to collect representative current velocity and ambient water
quality (i.e., TSS and turbidity) samples. The background station will be located in similar water
depths (greater than 20 feet MLL W), and at a location so that the waters represent natural
ambient conditions.

In-situ water column turbidity will be collected on a regular basis (approximately every 8 hours)
at the background station. Water samples will be collected prior to the deployment of the current

-meter to assure that the wat