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Liberty Environmental Impact Analysis

FOREWORD

This document provides the environmental impact analysis (EIA) for BP Exploration
(Alaska) Inc.’s (BPXA’s) proposed Liberty Development Project. This EIA is designed to
provide the necessary information to support agency decision making for permits required for the
project. Alternatives to the proposed action that were considered are analyzed in Section 1 as a
basis for the alternatives evaluation required by the:

¢ National Environmental Policy Act (NEPA) (40 CFR 1502.14),

e Regulations of the MMS (30 CFR 250.261),

¢ Regulations of the U.S. Army Corps of Engineers (33 CFR 325 Appendix B), and

e U.S. Environmental Protection Agency 404(b)(1) Guidelines (40 CFR 230).

This EIA contains the following major components:

e Summary of the project as proposed in Liberty Development Project Development and
Production Plan (DPP) and alternatives considered;

e Description of the affected environment, including physical, biological, and socio-
cultural components;

e Assessment of the environmental consequences of the proposed project and
alternatives;

e Mitigative measures incorporated into the proposed project, including compliance with
lease sale stipulations; and

e Summary list of consultation and coordination with agencies and the public.
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CCP
Cd
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CFR
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LIST OF ACRONYMS

Ambient Air Quality Standards

Alaska Department of Environmental Conservation
Alaska Department of Fish and Game

Alaska Department of Natural Resources
Alaska Eskimo Whaling Commission

Alaska Heritage Resources Survey

Aluminum

Alaska Native Claims Settlement Act

Arctic Nearshore Impact Monitoring in the Development Area
Alaska North Slope

Arctic National Wildlife Refuge

Alaska Oil and Gas Conservation Commission
American Petroleum Institute

Arsenic

Alpine Satellite Development Plan

Automatic Surface Observing System

Arctic Slope Regional Corporation

Barium

Best available control technology

Best available technology

Barrel

Beryllium

Bureau of Land Management

Best management practice

Blowout preventer

Barrels per day

BP Exploration (Alaska) Inc.

Conflict Avoidance Agreement

Calcium carbonate

Continuation of Arctic Nearshore Impact Monitoring in the Development

Area

Central Compression Plant
Cadmium

Colored dissolved organic matter
Code of Federal Regulations
Cubic feet per second
Centimeter
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Co Cobalt

CcO Carbon monoxide

CO, Carbon dioxide

Cr Chromium

Cu Copper

dB Decibel

DOC Dissolved organic carbon

DOT U.S. Department of Transportation
DPP Development and Production Plan
EEZ Exclusive Economic Zone

EFH Essential Fish Habitat

EIA Energy Information Administration
EIS Environmental impact statement
EOR Enhanced oil recovery

EPA U.S. Environmental Protection Agency
ERD Extended reach drilling

ERL Effects Range-Low

ERM Effects Range-Median

ESA Endangered Species Act

Fe Iron

FEIS Final environmental impact statement
FG Fracture gradient

FTE Full-time equivalent

g Gram

gal Gallon

GNOME General NOAA Operational Modeling Environment
GPB Greater Prudhoe Bay

gpd Gallons per day

GPS Global Positioning System

H,S Hydrogen sulfide

HAZWOPER Hazardous waste operations

Hg Mercury

hr Hour

Hg. Saturating irradiance

HSE Health, safety, and environmental

Hz Hertz

IOPs Inherent optical properties

IRA Indian Reorganization Act

ISER Institute of Social & Economic Research
kg Kilogram

KIC Kaktovik Ifiupiat Corporation

km Kilometer

km® Square kilometer

kt Knot

KSOPI Kuukpikmiut Subsistence Oversight Panel, Inc.
1 Liter
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LoSal™ A trademark of BP p.l.c., associated with a BP process to produce low-
salinity water for enhanced oil recovery

m Meter

m’ Cubic meter

mb Millibar

mg Milligram

MHHW Mean higher high water

MLLW Mean lower low water

MMbbl Million barrels

MMS Minerals Management Service

Mn Manganese

MOU Memorandum of understanding

MPI Main Production Island

MPFM Multi phase flow meter

MSA Magnuson-Stevens Fishery Conservation and Management Act of 1996

MSDS Material safety data sheet

MSL Mean sea level

MWD Measurement while drilling

NACE National Association of Corrosion Engineers

NEPA National Environmental Policy Act

NESHAPs National Emission Standards for Hazardous Air Pollutants

NGLs Natural gas liquids

NMEFS National Marine Fisheries Service

Ni Nickel

NO, Nitrogen dioxide

NOx Nitrogen oxides

NOAA National Oceanic and Atmospheric Administration

NOS National Ocean Service

NPDES National Pollutant Discharge Elimination System

NPRA National Petroleum Reserve-Alaska

NRC National Research Council

NSB North Slope Borough

NSBSAC North Slope Borough Science Advisory Committee

NSPS New Source Performance Standards

NTU Nephelometric turbidity units

O, Ozone

OCS Outer continental shelf

OCSEAP Outer Continental Shelf Environmental Assessment Program

OHA Office of History and Archaeology (Alaska Department of Natural Resources)

OR&R Office of Response and Restoration

OSHA Occupational Safety and Health Administration

PAH Polynuclear aromatic hydrocarbons

PAR Photosynthetically active radiation

Pb Lead

PFFR Photon flux fluence rate

PHC Petroleum hydrocarbons
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PM, 5
PM;,

ppb
ppm
ppt
PSD
psi

psia
psig
RS/FO
RTE
Sb
scf/stb
scfd
SD

SDI
sec

SO,

sp.

spp-
S/T
STP

T
TAPS
TDS

Tl
TLUI
TOC
TPHC
TSS
TVP
uERD
ng

uPa
UIC
USACE
USCG
USCOE
USDOI
USFWS
USGS

/n

Very fine particulate matter
Particulate matter with an aerodynamic diameter less than or equal to a
nominal 10 micrometers

Parts per billion

Parts per million

Parts per thousand

Prevention of Significant Deterioration
Pounds per square inch

Pounds per square inch absolute
Pounds per square inch gauge
Regional Supervisor, Field Operation
Radiative transfer equation
Antimony

Standard cubic feet per stock tank barrel
Standard cubic feet per day
Standard deviation

Satellite Drilling Island

Second

Sulfur dioxide

Species (singular)

Species (plural)

Steranes and triterpanes
Seawater treatment plant
Transmissivity

Trans Alaska Pipeline System
Total dissolved solids

Thallium

Traditional Land Use Inventory
Total organic carbon

Total petroleum hydrocarbons
Total suspended solids

True vapor pressure

Ultra extended reach drilling
Microgram

MicroPascal

Ukpeagvik Ifiupiat Corporation
U.S. Army Corps of Engineers
U.S. Coast Guard

U.S. Army Corps of Engineers
U.S Department of Interior

U.S. Fish and Wildlife Service
U.S. Geological Survey
Vanadium

Year

Zinc
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1. PROJECT SUMMARY

1.1 PURPOSE

The purpose of this document is to present an environmental impact analysis for BP
Exploration (Alaska) Inc. (BPXA) proposed Liberty Development Project in the Alaskan
Beaufort Sea. The Liberty Project is subject to the Federal, State, and local approvals, as
identified in Section 1.3 of the Liberty Development and Production Plan (DPP), which provides
a comprehensive description of the proposed project, including all the information required under
30 CFR 250.241-262. This environmental impact analysis document is submitted as an
attachment to the DPP as required by 30 CFR 250.227. The oil spill response plan required by 30
CFR 250.250 is submitted under separate cover.

In February 1998, BPXA submitted a DPP to the Minerals Management Service (MMS) for
the Liberty Project, as required under 30 CFR 250.204. The DPP proposed to develop the Liberty
oil field from a gravel island constructed on the Outer Continental Shelf. The proposed project
included a manmade offshore gravel island, processing facilities located on the island, an
offshore buried pipeline and an onshore elevated pipeline that would connect the island facilities
to the Badami Pipeline, an onshore gravel mine, and onshore and offshore ice roads.

In accordance with the National Environmental Policy Act (NEPA), MMS prepared the 2002
Liberty Development and Production Plan Final Environmental Impact Statement (USDOI,
MMS, 2002). The FEIS analyzed the environmental impact, as well as the impacts associated
with modifying five project components (island location and pipeline route, pipeline design,
upper slope protection system, gravel mine site, and pipeline burial depth). The proposed project
was compared to three alternatives consisting of combined project components. In addition, the
FEIS evaluated the effectiveness of potential mitigating measures and cumulative impacts
resulting from the BPXA proposal and the alternatives.

The Liberty Development Project design and scope have since evolved from an offshore
stand-alone development in the Outer Continental Shelf (production/drilling island and subsea
pipeline) — as described in the 2002 FEIS — to use of existing infrastructure involving an
expansion of the Endicott Satellite Drilling Island (SDI). This project evolution reflects a number
of factors including environmental mitigation, advances in ultra-extended-reach drilling (uERD)
technology, use of depth-migrated three-dimensional (3D) seismic data, and advances in
reservoir modeling among others.

This environmental impact analysis describes the new Liberty Project, discusses the affected
environment, and evaluates the potential direct, indirect, and cumulative impacts that result from
significant project changes and alternatives.
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1.2 NEED

The Outer Continental Shelf Lands Act identifies the Outer Continental Shelf as a vital
natural resource reserve that should be made available for expeditious and orderly development.
Consistent with the Act, the purpose of the Liberty Project is to recover oil from the Liberty oil
field for production and transport of sales-quality oil to the Trans-Alaskan Pipeline System.

U.S. oil production is expected to decline over the next two decades. As a result, the United
States will increasingly depend on oil imports from foreign producers. To reverse this trend, the
U.S. Energy Policy encourages and facilitates domestic oil production. The Liberty field contains
significant energy reserves with potential recoverable reserves of up to 105 million barrels of oil
and up to 78.5 billion cubic feet of natural gas (including NGLs but excluding carbon dioxide).
Production from the Liberty field will therefore help achieve U.S. energy goals by satisfying
demand for domestic oil and by decreasing U.S. dependence on foreign oil.

The Liberty Project will also provide economic benefits to the Federal Government, the State
of Alaska, and the North Slope Borough. Alaska will benefit directly from the infusion of new
capital into the economy and the creation of jobs. Over the life of the project, additional benefits
will accrue to the State through the State’s share of the Federal royalty, the State corporate
income tax, and ad valorem tax, some of which will also accrue to the North Slope Borough.
This benefit will occur at a time when State revenue, heavily dependent on production from the
large North Slope oil fields, is declining. The Liberty Project will help mitigate the severity of
the decline to the State of Alaska and to the United States.

1.3 SUMMARY PROJECT DESCRIPTION

A detailed description of the proposed Liberty Project may be found in the Liberty DPP, and
this environmental impact analysis is an attachment to the DPP. Following is a summary of the
project.

The Liberty prospect is located about 5.5 mi offshore in about 20 ft of water and
approximately 5 to 8 mi east of the existing Endicott SDI (Figure 1-1). To take advantage of the
infrastructure at Endicott, BPXA has elected to drill the uERD wells from the SDI by expanding
the island by approximately 20 acres to support Liberty drilling. Liberty is one of the largest
undeveloped light-oil reservoirs near North Slope infrastructure. BPXA estimates the Liberty
Project could recover approximately 105 million barrels of hydrocarbons by waterflooding and
using the LoSal™ enhanced oil recovery (EOR) process (LoSal™ is a trademark of BP p.l.c.).

The development drilling program will include one to four producing wells and one or two
water injection wells. No well test flaring is planned for this drilling program. Production from
the Liberty uERD project will be sent by the existing Endicott production flowline system from
the SDI to the Endicott Main Production Island (MPI) for processing. The oil would then be
transported to the Trans Alaska Pipeline System via the existing Endicott sales oil pipeline.
Produced gas will be used for fuel gas and artificial lift for Liberty, with the balance being re-
injected into the Endicott reservoir for enhanced oil recovery. Water for waterflooding will be
provided via the existing produced-water injection system available at the SDI. This supply will
be augmented by treated seawater if needed from the Endicott Seawater Treatment Plant. The
LoSal™ EOR process will be employed during a portion of the flood and will be supplied by a
LoSal™ facility constructed on the MPL.

Associated onshore facilities to support this project will include upgrade of the existing West
Sagavanirktok River Bridge or construction of a new bridge, ice road construction, and
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development of a new permitted mine site adjacent to the Endicott Road to provide gravel for
expanding the SDI. Existing North Slope infrastructure will also be used to support the project.

All wells for this project will be outside current industry performance for this depth. As a
result, the state-of-the-art of uERD must be advanced. BPXA first plans to drill a single well in
order to assure that such drilling is feasible. If that well is successful and the technology is
proven, then BPXA will proceed with drilling additional wells and installing new facilities to
complete the project as described in this document

1.4 DEVELOPMENT ALTERNATIVES

For purposes of this environmental impact analysis, BPXA examined the impacts of three
development alternatives in addition to the SDI extension:
e The offshore, stand-alone drilling island proposed in the 2002 FEIS;
e A drilling pad at Point Brower, with processing at Endicott; and
e A drilling pad near the Kadleroshilik River with processing at Badami.
Figure 1-2 shows these alternatives, which are discussed briefly below. Table 1-1 presents of
a comparison of the proposed SDI expansion with these three alternatives in terms of major
project components. A brief description of each alternative is provided below.

1.4.1 Offshore Island Project (EIS)

BPXA’s originally proposed Liberty Project involved a self-contained offshore drilling
operation with processing facilities on an artificial gravel island with a buried sales oil pipeline
to shore to connect with the Badami sales oil pipeline for shipment to the Trans-Alaska Pipeline
System. The island would have been located in Foggy Island Bay in 22 ft of water about 6 mi
offshore and 1.5 mi west of the abandoned Tern Island.

Infrastructure and facilities necessary to drill wells and process and export 65,000 barrels of
oil per day to shore would be installed on the island. The project involved 14 producing wells,
six water injection wells, two gas injection wells (one of which would be pre-produced), and one
disposal well (23 total) at a wellhead spacing of 9 ft. Space for up to 40 well slots would be
provided. Produced gas would be used for fuel gas and artificial lift with the balance being either
re-injected or exported for use in an EOR program at the nearby Badami Unit. Seawater would
be treated and used to waterflood the Liberty reservoir. Produced water would be commingled
with treated seawater and injected as waterflood. A 12-inch sales oil pipeline would be built to
transport crude oil to the Badami sales oil pipeline, and a 6-inch products pipeline would import
fuel gas for drilling and start-up activities to Liberty from the Badami products pipeline prior to
first Liberty production, and would then export product to the Badami pipeline after start-up. The
offshore portion of the pipelines would be approximately 6.1 mi long, with the overland portions
will be approximately 1.5 mi long to a tie-in point with the Badami pipeline system.

Associated onshore facilities to support this project would include use of existing permitted
water sources, ice roads and ice pad construction, and development of a gravel mine site in the
Kadleroshilik River floodplain. In addition, existing North Slope infrastructure would be used in
support of this project.

1.4.2 Point Brower Drilling Pad

This alternative would involve building a new gravel pad onshore at Point Brower to access
the Liberty reservoir by means of uERD. A 15.2-mi-long pipeline would be built from the pad to
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the Endicott facilities on the MPI, where the oil would be processed for shipment in the Endicott
sales oil line. The project would also involve construction of a 7.3-mi-long gravel road to connect
the pad to the existing Endicott Road in order to provide the necessary logistical support for the
uERD wells.

1.4.3 Kadleroshilik Pad

This alternative would involve a new gravel pad onshore near the mouth of the Kadleroshilik
River to access the Liberty reservoir by means of uERD. An 11.5-mi-long pipeline would be built
from the pad to the existing Badami facilities, where the three-phase fluid would be processed to
ship oil through the Badami sales oil pipeline. A gravel road 15.2 mi long would be constructed
from the pad to the Endicott Road to provide for necessary logistical support.
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2. AFFECTED ENVIRONMENT

This section discusses the affected environment in the vicinity of the proposed Liberty
Project and alternatives. The discussion covers the physical, biological, cultural, and
socioeconomic environments.

21 AIR ENVIRONMENT

2.1.1 Climate and Meteorology

The North Slope of Alaska is bounded to the south by the Brooks Range and by the Arctic
Ocean to the north. The mountains provide a natural barrier separating this region climatically
from the rest of Alaska (Figure 2.1-1). This region is the coldest and driest of Alaska with a
Koppen climatological classification of ET (polar tundra) and frequent high winds. The winters
are cold and the summers are cool and short, with only 3 to 4 months with mean temperatures
above freezing.

The following sections provide climatological data based on five locations (Barrow, Prudhoe
Bay, Deadhorse, Kuparuk, and Barter Island) in Arctic Alaska (National Climatic Data Center,
NCDC). The climate stations are shown in Figure 2.1-1, while the characteristics are given in
Table 2.1-1. No climate stations with long-term records are located in the immediate vicinity of
the Liberty Project arca. However, the data at the five stations indicated above provide a
reasonable depiction of the conditions anticipated at the Liberty site.

2.1.1.1  Air Temperature

Table 2.1-2 presents the air temperatures for Barrow, the station with the longest record of
climatological data on the North Slope. These data are presented graphically in Figure 2.1-2. The
data shown are for the period 1975-2004, as climatological normals are usually based on a 30-
year period. July is on average the warmest month, with a mean temperature of 4.6°C, while
February is the coldest month with a mean of -26.0°C. For most of Alaska, January is the coldest
month, and this delay of 1 month in the Arctic is typical for a maritime climate. Only 3 months
(June, July, August) have a mean temperature above the freezing point, and the average daily
maxima are below 10°C for all months. The record high, 26°C, was measured on 13 July 1993.
The lowest temperature recorded in Barrow during the last 30 years was -47°C, and this occurred
on 3 January 1975. This is a relatively benign value compared to the statewide absolute minimum
of -62°C, measured at Prospect Creek south of the Brooks Range in northern Interior Alaska. The
relatively strong winds experienced year-round in Arctic Alaska are a primary reason why
temperatures do not go as low as in the Interior.
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Table 2.1-3 presents climatological data for other stations on the North Slope. It should be
noted, however, that the observational period is not identical for the different stations and slight
differences in the climatological statistics might occur due to this fact.

In general, the two stations located directly at the Beaufort Sea coastline (Barrow and Barter
Island) are somewhat cooler in the summer than the three other stations, which are located a
distance inland. The period with mean temperatures above freezing also is extended at the inland
stations. Alternatively, the winter temperatures at the coastal stations were somewhat warmer, a
sign of the maritime influence of the Beaufort Sea.

2.1.1.2 Precipitation

Precipitation is light on the North Slope. The annual precipitation (water equivalent) for four
of the stations is summarized in Table 2.1-4. Because the precipitation record for Deadhorse is
incomplete, these data were not included. The mean annual precipitation ranges from 10.1 cm at
Kuparuk to 15.7 ¢cm at Barter Island. The precipitation maximum occurs in August for all
stations, while during the winter months (November through April) the precipitation is very light.

The annual snowfall for the four stations is presented in Table 2.1-5. The mean annual
snowfall ranges from 78.2 cm at Kuparuk to 106.2 cm at Barter Island. The maximum snowfall,
211.7 cm, was recorded at Barter Island. A permanent snow cover is normally established in
September. The increase in snow depth (Figure 2.1-3) is fairly rapid from the middle of
September through the end of October, at which time about half of the seasonal maximum snow
cover is reached. The snow depth increases slowly from November through March, with the
maximum snow cover of about 30 to 40 cm reached in April. Thereafter, melting commences,
and the snow depth declines quickly. By mid- to late June the seasonal snowpack has
disappeared.

The depth of snow on the ground is influenced primarily by snowfall during the winter.
However, due to blowing and drifting, the snow cover can be redistributed. Furthermore,
densification of freshly fallen snow occurs. Both processes can result in a decrease in snow depth
at a time when the temperature is far below the freezing point and no melt is possible. Figure
2.1-3 does not show such processes, as it is the average of many years of observations.

2.1.1.3 Wind

The winds are fairly strong on the North Slope, with monthly mean values around 10 knots
(1 kt = 0.51 m/sec). There is no strong annual course in wind speed, but there is a slight
indication of a maximum in the fall when the adjoining Beaufort Sea is still ice-free and the land
has already substantially cooled. This strong thermal contrast in the surface temperature of the
ocean and land might at times enhance the wind speed. The mean monthly and annual wind-
speeds for Barrow, Deadhorse and Barter Island are presented in Table 2.1-6.

Winds are normally from an easterly direction, with westerly winds occurring more
infrequently. The mean annual wind rose for Barrow (Figure 2.1-4) clearly shows the bi-modal
wind direction distribution. Calms are very seldom, with annual values of less than 2%.

Five years of wind speed and direction measurements at Endicott are available as part of the
MMS Beaufort Sea Meteorological Monitoring and Data Synthesis Project (USDOI, MMS,
2007). The average hourly mean wind speed measured between January 2001 and September
2006 was 5.3 m/sec, while the maximum hourly mean wind speed was 23.7 m/sec. The maximum
instantaneous wind speed at the Endicott site during this period was 30.6 m/sec. Wind directions




Liberty Environmental Impact Analysis

were bimodal, typically prevailing from an east northeasterly direction (approximately 45% of
the time) or from a west northwesterly direction (approximately 25% of the time (USDOI, MMS,
2006¢). It should be noted that the wind measurements at Endicott are known to be biased low
during winter months due to icing problems (USDOI, MMS, 2006c¢)

2.1.1.4 Storminess

Storms are of special interest for many reasons, such as coastal erosion, visibility restrictions
due to blowing snow, operational restrictions, and possible extremely low wind chill factors.
Figure 2.1-5 presents the number of days during which the wind speed at Barrow exceeded 30
knots (15.4 m/sec) for at least 1 hour. On average, there are about 10 cases of such high wind
events each year, with significant annual variability. There is an indication that the frequency has
increased, but the change is not statistically significant. Further, such strong storms are least
likely to occur in summer, but most likely to occur in the fall (Table 2.1-7).

2.1.1.5 Cloudiness

The mean cloudiness on the North Slope is high, especially in late summer/early fall, when
Arctic stratus clouds are observed for most of the days. At Barrow, the long-term mean
cloudiness value for September is 93%. The minimum in cloudiness is observed in winter with
values around 50%.

2.1.1.6 Atmospheric Pressure

The atmospheric pressure reduced to sea level is nearly identical for both Barrow and Barter
Island. The station pressure approximates the sea level pressure for these stations, as they are
both less than 12 m above sea level. The lowest mean pressure (1012.2 millibars, mb) is observed
in late summer, which also is the time with the highest amount of cloud cover and the greatest
amount of precipitation. The highest mean atmospheric pressure (1020.7 mb) is observed in
March and is accompanied by a low amount of cloudiness and little precipitation.

2.1.1.7  Visibility

Visibility is measured continuously at the Deadhorse airport as part of the Automatic Surface
Observing System (ASOS). The most restrictive category (visibility less than 1 mi) occurs on
average about 10% over the year, with a minimum in summer and a maximum in winter. This
distribution is likely caused by blowing snow, which can strongly impair visibility when severe.
In the absence of snow cover (summer), such events cannot occur. In contrast, conditions of
blowing or drifting snow take place nearly 25% of the time during the winter. Further, fog is
more likely to occur in the summer, when it is formed over the cold ocean and drifts into the
coastal area. In the winter, freezing fog may occur, especially in the presence of a temperature
inversion.

2.1.1.8 Climate Change

Temperature Trends

Temperature trends from 1948 to 2004 are plotted in Figure 2.1-6 for the five climatological
stations on the North Slope. The record extends to 1948 for only two stations (Barrow and Barter
Island). In general, the time series of mean annual temperatures for the different stations are very

2-3



Liberty Environmental Impact Analysis

similar. This finding is expected due to the fairly uniform surface conditions (tundra) found at
each station.

While large variations in the annual temperatures occur from year to year, a general warming
trend is apparent. The best-fit linear trend for the Barrow data indicates a temperature increase
from -13°C to -11°C over the 56-year period. This increase of 2°C over 56 years is substantial
when compared to the global average of about 0.6°C per century (IPCC, 2001), and is an often-
observed enhancement of warming in polar regions. Furthermore, the warming trend is in general
agreement with Stafford, Wendler, and Curtis (2000) and Shulski, Hartmann, and Wendler
(2003), who analyzed the temperature trends of Alaska for slightly earlier time periods. It also is
noteworthy that the temperature in Arctic Alaska has continued to rise in the last 25 years, a time
during which the mean annual temperature of the rest of Alaska has remained constant or
decreased somewhat (Hartmann and Wendler, 2005).

When seasonal temperature trends are considered, substantial warming is evident during
winter, while the warming trend is less pronounced in spring and summer. The temperature trend
for fall is quite flat, but recent years display above-normal temperatures. This finding is
consistent with the observed decrease in sea ice concentrations in coastal regions during this time
period (Wendler et al., 2003). Figure 2.1-7 illustrates the decrease in Beaufort Sea ice
concentrations between 1970 and 2000.

In Figures 2.1-8 and 2.1-9 the number of days with temperatures below (-18°C and 34°C) and
above (0°C and 10°C) certain thresholds are presented as a time series plot for Barrow from 1949
to 2004. The number of days with a minimum temperature below -18°C decreased from 170 to
160 days during the 55-year period. More pronounced is the decrease of days with extreme low
temperatures (below -34°C). At the beginning of the time period, there were on average 40 days
annually with the minimum temperature below -34°C. Currently, there are only 22 such days, a
reduction close to 50%. This finding is in agreement with the general warming trend that has
occurred during the last half century in northern Alaska.

As indicated in Figure 2.1-9, days with a high temperature above 0°C and 10°C have
increased in frequency of occurrence between 1949 and 2004. Days when the maximum
temperature was above freezing (0°C) increased from 102 to 121 during the 55-year period,
while the increase for days with maxima above 10°C increased from 15 to 24 (an increase of
about 50%). If this trend continues, vegetation changes may be expected for the North Slope,
depending also on the precipitation regime.

Precipitation Trends

A decrease in precipitation of about one-third has been observed in the Arctic for the last half
century (Stafford, Wendler, and Curtis, 2000). This decrease was not limited to Alaska, but also
was found in most of the Western Arctic (Curtis et al.,, 1998). The change is especially
pronounced in winter and spring, when the highest temperature increase has been observed. This
finding is somewhat surprising, as normally an increase in temperature is associated with an
increase in precipitation.

Snowmelt Trends

There has been a trend for earlier snowmelt in the Arctic, as first pointed out by Foster
(1989), who analyzed the Barrow data going back to 1940. Dutton and Endres (1991) suggested
that the trend was in part due to the rapid development in the village of Barrow, and that the
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effect was overestimated by Foster. Stone et al. (2002) confirmed Foster’s finding when they
showed that from 1940 to present the snowmelt occurs some 8 days earlier on average. This
result is not unexpected given the climatological observations, which show a decreasing trend in
winter snowfall and higher spring temperatures.

2.1.2 Air Quality

Good air quality exists in the Liberty Project area, which is located in the Northern Alaska
Intrastate Air Quality Region. The Alaska Department of Environmental Conservation (ADEC)
has designated the area as in attainment or unclassifiable for all criteria pollutants, including
nitrogen dioxide (NO,), carbon monoxide (CO), particulate matter with an aerodynamic diameter
less than or equal to a nominal 10 micrometers (PM,), ozone (Os), sulfur dioxide (SO,), and
lead. The closest existing nonattainment area to the Liberty Project is the Eagle River area of
Anchorage, designated nonattainment for PM;, and located approximately 1,000 km south of the
project area. A portion of the Fairbanks North Star Borough may be designated as nonattainment
for very fine particulate matter (PM,s) sometime in 2007 or 2008. Fairbanks is located
approximately 625 km south of the project area.

Measurement of ambient concentrations of NO,, CO, and SO, was begun on the SDI on
February 1, 2007. Recent ambient pollutant data are available from monitoring stations located
on A Pad and the Central Compression Plant (CCP) pad at the nearby Greater Prudhoe Bay
(GPB) facility. The data collected in 2005, which are summarized in Table 2.1-8, confirm that
the air quality in the area is good and that measured pollutant concentrations are well below any
applicable air quality standard.

ADEC has classified the Liberty Project area a Prevention of Significant Deterioration (PSD)
Class II area. The nearest PSD Class I area is Denali National Park including the Denali
Wilderness but excluding the Denali National Preserve. Denali National Park is located
approximately 725 km south of the project area.

2.2 RESERVOIR GEOLOGY

Section 3.1 of the Liberty DPP contains a detailed discussion of reservoir geology.

2.3 GEOMORPHOLOGY

2.3.1 Marine Geology

The Liberty prospect is located at the northern extremity of the Arctic Coastal Plain
province. Part of the North Slope physiographic unit, the Arctic Coastal Plain is characterized by
a gently sloping tundra-covered plain extending from the foothills of the Brooks Range to the
Beaufort Sea. The area is underlain by continuous permafrost, and consists of alluvial and glacial
sediments overlying sedimentary bedrock (TAPS Owners, 2001).

Foggy Island Bay is situated between the Sagavanirktok and Shaviovik rivers, and is
sheltered by the McClure Islands. The coast can be defined as a tectonically stable trailing-edge
type (Inman, 2003). The shoreline is actively retreating, through both wave-induced and thermal
erosion processes.

Surficial seafloor sediments found in Foggy Island Bay typically consist of a 2- to 3-m layer
of Holocene deposits composed primarily of fine sands and silts (BPXA, 1998). Borings drilled
in support of the Liberty Project during 1998 indicate that the Holocene sediments are generally
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lagoonal and deltaic deposits (Duane Miller and Associates, 1998). Coarser sand and gravel are
found at higher-wave-energy environments near the shoreline and the barrier islands. Pleistocene
deposits comprised of stiff plastic silt and clay are present under the Holocene layer, but also
outcrop on the seafloor in some areas (Duane Miller and Associates, 1998). Permafrost was not
encountered in the offshore areas during the 1998 soil-boring program. Frozen soils were
prevalent, however, near the shoreline and onshore (Duane Miller and Associates, 1998).

A lag deposit of cobbles and boulders known as the “Boulder Patch” is found in Foggy
Island Bay. The course material is derived from the Flaxman formation, and is widely believed to
have originated from the bedrock of the Canadian Shield (Duane Miller and Associates, 1998).
The Boulder Patch is a unique biological community.

2.3.2 Bathymetry

The Liberty prospect is located in Foggy Island Bay, approximately 10 km southeast of the
SDI. Foggy Island Bay is sheltered by the McClure Islands. Water depths inside the barrier island
chain typically are less than 30 ft. In general, the sea bottom is characterized by mild slopes and
only minor local relief. Widely scattered strudel scours and ice gouges comprise the primary
local relief.

The SDI, which will be expanded to accommodate the proposed Liberty drilling program, is
situated in the Sagavanirktok River delta. Water depths on the east side of the SDI typically
range from 2 to 3 m (F. Robert Bell and Associates, 2007). Shallower water prevails to the south
and west.

Sedimentation rates in the Liberty area range from non-detectable (i.e., no recent sediment in
the past 50 years) to 0.05 to 0.1 cm/yr (Trefry et al., 2003), and partially support the work by
Reimnitz, Graves, and Barnes (1988) that describes the area as net erosional at present.
Deposition of fine-grained sediments closer to the mouth of the Sagavanirktok River is expected,
but no direct determinations of sedimentation rates have been made nearshore.

2.3.3 Coastal Sediment Processes

The nearshore waters of the Alaskan Beaufort Sea typically remain ice-covered for about 9
months of the year. As a result, the total wave energy impacting the coastline tends to be small
compared to that which might occur in a more temperate climate. However, waves generated by
northeast and northwest storms can produce erosion of the mainland coast, barrier islands, and
coastal facilities.

Sediment sources to the region include coastal erosion and fluvial material derived from the
Sagavanirktok, Kadleroshilik, and Shaviovik rivers. Arcuate-shaped deltas are present at the
ocean outlet of each of these rivers. Waves and currents transport the deltaic sediments along the
coast and offshore.

2.3.3.1 Coastal Erosion

Coastal retreat tends to occur at two different rates (Walker, 1983). Storm-induced erosion
typically is rapid, and is most pronounced during westerly storms due to the rise in sea level that
accompanies such events. More gradual retreat results from the seasonal cycle of thawing and
periods of sustained high air temperatures, which induce thermal erosion of ice-rich sediments.
These sediments are then removed by normal summer wave conditions.
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At many arctic coastal locations, the coastal bluffs thaw during the summer months, creating
mud flows which drain onto the beach below. If the thawing is extensive, as might occur during
periods of abnormally high temperatures, large-scale slumping or “thermal erosion” can become
the dominant cause of bluff recession (Leidersdorf, Gadd, and Vaudrey, 1996). Thermal erosion
is most rapid along bluffs that contain monolithic ice lenses (“massive ice”) or a high percentage
of ice and fine-grained sediments. Such slumping of the thawed bluff material, particularly when
gravel and sand are present, may deliver substantial volumes of beach sediment that temporarily
protect the bluff face from wave-induced undercutting,.

Prior investigators have reported a wide range of bluff retreat rates along the Alaskan
Beaufort Sea coast. These findings indicate that erosion rates can vary substantially from
location to location, and from year to year at a given location. Bluff retreat estimates along the
Alaskan Beaufort Sea coast are summarized in Table 2.3-1, while bluff retreat rates specific to
Foggy Island Bay are presented in Table 2.3-2.

Estimated long-term bluff retreat rates along the Alaskan Beaufort Sea coast (Table 2.3-1)
range from a modest 0.3 m/yr to over 9 m/yr. Short-term erosion rates can exceed the long-term
rates, particularly during periods of frequent coastal storms or sustained high air temperatures. At
the Heald Point location, for example, the short-term bluff retreat rate during the 1980s (2.4 to
3.1 m/yr) was found to be twice that of the long-term rate (Leidersdorf, Gadd, and Vaudrey,
1996). The Heald Point site included a section of bluff that contained a 2-m-thick lens of massive
ice, further underscoring the importance of thermal erosion in ice-rich bluffs (Leidersdorf, Gadd,
and Vaudrey, 1996). Despite witnessing large-scale bluff erosion at many arctic coastal
locations, Leffingwell (1919) also emphasized that certain shore areas have remained stable for
centuries.

Estimates of bluff erosion rates were developed for four locations in Foggy Island Bay in
support of previously considered development strategies for Liberty (Coastal Frontiers, 1997a,
2006). Three of these sites were located on the mainland shoreline, while one was located at
Point Brower in the Sagavanirktok River delta (Figure 2.3-1). Bluff recession rates at the three
mainland sites were found to be moderate by arctic standards. The maximum short-term rates
ranged from 1.6 to 2.7 m/yr, while the long-term recession rates ranged from 0.6 to 1.1 m/yr. The
cast side of the Pt. Brower site exhibited considerably higher erosion rates than those observed at
the mainland sites. The average long-term erosion rate along the east side of the Pt. Brower Site
was 2.0 m/yr, while the maximum short-term bluff recession rate was 9.6 m/yr. In contrast, the
west side of the Pt. Brower site was relatively stable with an average long-term bluff recession
rate of 0.2 m/yr, and a maximum short-term rate of 2.0 m/yr.

2.3.3.2 Barrier Island Processes

The barrier islands that shelter Foggy Island Bay are highly dynamic sedimentary structures
that fluctuate in location and shape in response to the environmental forces of waves, wind,
currents, and ice. These islands are bounded by dynamic inlets and are subject to sporadic, rapid,
and generally westward sediment transport driven by the persistent easterly winds of the region.

Barrier islands in the Beaufort Sea typically are oriented parallel to the mainland coast and
are separated from the mainland by lagoons and bays. By virtue of their location, they receive the
full impact of coastal storms while providing partial protection for the mainland coast. Arctic
barrier islands typically experience significant changes in plan form due to phenomena that
include elongation, truncation, coalescence, inlet formation, and inlet closure. Wiseman et al.
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(1973) hypothesized that thermal erosion may play a particularly important role in the formation
of some arctic barrier islands. They theorized that the lagoons backing barrier island chains
originated through the erosion and coalescing of thaw lakes. This implies that the islands are
actually residuals of the original shoreline. The fact that several offshore islands (such as
Tigvariak Island, located immediately east of the Liberty site, and Flaxman Island, located farther
to the east) have a tundra veneer lends some credence to this hypothesis.

Arctic barrier islands are commonly low in profile, slender in width and arcuate in shape.
These characteristics, coupled with the storm surge induced by westerly winds, make them
susceptible to wave overwash as well as high alongshore sediment transport rates. Their
migratory nature has been well-documented in the past (Wiseman et al., 1973; Cannon and
Rawlinson, 1978; Gadd et al., 1982; Miller and Gadd, 1983). Migration rates on the order of
several meters per year are common, with the movement typically directed to the west in
response to the prevailing easterly storms of the open-water season. However, island movement
to the east also has been observed.

24 OCEANOGRAPHY

The Liberty prospect is located in Foggy Island Bay, which is part of Stefansson Sound.
Foggy Island Bay is situated between the Sagavanirktok and Shaviovik rivers, and is sheltered by
the McClure Islands. Three rivers discharge into Foggy Island Bay: the East Channel of the
Sagavanirktok River, the Kadleroshilik River, and the Shaviovik River.

2.4.1 Seasonal Generalities

The nearshore waters of the Alaskan Beaufort Sea typically remain ice-covered for about 9
months of the year. Breakup in Foggy Island Bay occurs from mid-May to mid-June and is
initiated by river breakup and the overflow of freshwater onto the landfast ice. Open-water
typically occurs by mid- to late July. The initiation of freeze-up in the Liberty area ranges from
late September to late October. All of Foggy Island Bay and most of Stefansson Sound become
entirely ice-covered within 1 week after freeze-up begins. The transition from freeze-up to winter
ice conditions in Foggy Island Bay usually occurs in early to mid-November when the ice
thickness is at least 30.5 cm.

2.4.2 Circulation

Circulation in Foggy Island Bay is influenced by wind-driven currents, tidal motion, river
discharge, ice characteristics, and bathymetry. Wind-driven circulation predominates during the
open-water season. Major contributors to under-ice circulation during winter months include
wind-induced coastal setup, tides, and sea-ice brine rejection.

Winds are predominately from an easterly direction, with westerly winds occurring more
infrequently. During the open-water season, easterly winds generate currents to the west, while
westerly winds move water to the east. Surface currents are greater than bottom currents
(Aagaard, 1984). The mean current direction is to the west, owing to the prevalence of easterly
winds.

Cross-shore circulation also occurs during both easterly and westerly wind events. This
phenomena is known as Ekman transport. Coriolis forces deflect surface waters offshore during
casterly wind events. Modest upwelling occurs as bottom water moves onshore in response to
offshore movement of surface water. Conversely, westerly winds promote onshore movement of
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surface waters accompanied by a modest offshore movement of bottom water known as
downwelling. In both cases, the transport of bottom water (upwelling or downwelling) only
partially compensates for the surface water transport. The net result is decreased water levels
during easterly wind events and increased water levels during westerly wind events.

Circulation under ice is generally westerly in direction, but is muted compared to open-water
conditions (BPXA, 1998). Despite ice cover during the winter, meteorological-driven circulation
can occur through wind-stress and coastal setup and setdown (EBASCO, 1990). Weingartner and
Okkonen (2001) speculate that wind-forced currents dominate during the winter. Tidal motions
also contribute to under-ice circulation (BPXA, 1998). In addition, density-driven currents
resulting from brine rejection in sea ice occur during the winter (EBASCO, 1990).

During the spring freshet, the large and sudden discharge of fresh water from rivers can
induce under-ice circulation. Weingartner et al. (2005) estimates that the freshwater plume
associated with spring river discharge can extend up to 20 km offshore. During May and June
2004, Alkire and Trefry (2006) measured an under-ice plume from the Sagavanirktok River that
extended approximately 17 km to the north and 15 km to the west. Following river breakup, flow
rates at North Slope rivers are typically low and exert less influence on nearshore circulation
during the open-water season.

2.4.3 Currents

As indicated above, wind-driven circulation predominates during the open-water season,
with easterly winds generating currents to the west and westerly winds moving water to the east.
Winds are predominately from an easterly direction, hence the mean current direction is to the
west.

Weingartner et al. (2005) obtained year-round current measurements at four locations in the
nearshore Alaskan Beaufort Sea for a period of 3 years between 1999 and 2002. One such station
(“McClure”) was located in Foggy Island Bay. The maximum current velocity measured at the
McClure station during the open-water season was 68 cm/sec, and more than 50% of the current
measurements exceeded 15 cm/sec. Current directions were found to be significantly correlated
with winds. Current velocities for the open-water season presented in the Liberty Project FEIS
(USDOIL, MMS, 2002) are in general agreement with the findings of Weingartner et al. (2005).

Open-water current measurements were obtained as part of the Endicott Environmental
Monitoring Program on several occasions during the 1980s (LGL Ecological Research
Associates Inc. and Northern Technical Services, 1983; Hachmeister et al., 1987; Short et al.,
1990; Short et al., 1991; Morehead et al., 1992a; Morehead et al., 1992b; Morehead, Dewey, and
Horgan, 1993). During the summer of 1982 (prior to construction of the Endicott facilities), the
mean current speeds at four sites in the Sagavanirktok River delta ranged from 12 to 15 cm/sec,
with a maximum recorded current speed of 51 cm/sec. Following construction of the causeway,
current speeds at sites near the SDI typically ranged from 5 to 15 cm/sec. The maximum recorded
current velocities ranged from approximately 25 to 60 cm/sec. These findings are in general
agreement with the more recent observations of Weingartner et al. (2005).

Increased current velocities have been documented in the vicinity of the Endicott Causeway
breaches (Rummel et al., 1987; Johannessen and Hachmeister, 1987 and 1988; Morchead et al.,
1992b; Morehead, Dewey, and Horgan, 1993). Current directions were found to be bi-modal,
responding to changes in wind direction and largely perpendicular to the breach orientation.
Mean daily current velocities were highly variable. During the summer of 1987, for example,
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mean daily current speeds for the near-surface waters at the breaches were found to range
between 7 and 108 cm/sec. The maximum current speeds at the outer breach ranged from
approximately 110 to 250 cm/sec. At the inner breach, the maximum current speeds were found
to be slightly lower, ranging from approximately 90 to 150 cm/sec.

Current velocities during the winter are more muted when compared to those observed
during the open-water season. Under-ice currents are affected by tides and atmospheric pressure
variation rather than by meteorological process (BPXA, 1998). The current direction is
westerly/northwesterly 60 to 70% of the time on average (Ban et al., 1999). Under-ice current
velocities were collected by Aagaard (1984) at two nearshore Beaufort Sea sites in March and
April, 1976. Currents generally were found to be less than 5 cm/sec. More recently, Weingartner
et al. (2005) documented a maximum under-ice current velocity in Foggy Island Bay (McClure
station) of 14 cm/sec. Approximately 90% of the current measurements were less that 10 cm/sec.
In contrast to the open-water season, under-ice currents were not well correlated with winds.
These findings are in general agreement with the current velocities presented for winter
conditions in Liberty Project FEIS (USDOI, MMS, 2002).

Under-ice currents were measured in Foggy Island Bay by Weingartner et al. (2005) at the
time of the spring freshet. Cross-shore current velocities of approximately 10 cm/sec were
observed with strong correlation to discharge rates and the associated under-ice plume of the
Sagavanirktok River. These velocities were much greater than cross-shore directed flow rates
observed under the ice during the winter months. During the 2004 spring freshet, Alkire and
Trefry (2006) documented an average under-ice current of 7.2 cm/sec, with a mean northwesterly
direction. Currents in excess of 10 cm/sec were typically found at plume fronts.

2.4.4 Water Levels

Tides in the Beaufort Sea are semidiurnal in nature, meaning that two high tides and two low
tides occur each day. The National Ocean Service (NOS) reports a mean tide range of 16 cm and
a diurnal range of 21 cm for the tide station located in Prudhoe Bay (NOS, 2006). The tidal
characteristics for this station, which are directly applicable to the conditions at Foggy Island
Bay, are shown in Table 2.4-1. Mean lower low water (MLLW) lies 10.3 ¢cm below mean sea
level (MSL), while mean higher high water (MHHW) lies 10.6 cm above MSL.

Given the relatively small tide range, water-level fluctuations in the vicinity of the Liberty
Project are governed more by meteorological effects than by astronomical tides. As discussed in
Section 2.4.2, Coriolis forces deflect surface waters offshore during easterly wind events and
onshore during westerly wind events. As a result, westerly wind events produce positive storm
surges, while easterly wind events produce negative surges. Since the Prudhoe Bay tide station
was established in 1990, the lowest observed water level was 102 cm below MSL on October 9,
2006 (NOS, 20006). The greatest water level measured during the 16-year period of record was
116 cm above MSL on August 11, 2000 (NOS, 2006).

A site-specific hindcast of oceanographic conditions was conducted for the Liberty Project in
1997 (OCTI, 1997) using input data from a more generalized deep-water hindcast study of
conditions in the Beaufort Sea performed in 1982 (Oceanweather, Inc., 1982). Extreme water
levels for westerly storms were predicted for three locations: the original Liberty Island site and
two candidate pipeline shore crossings (“East” and “West”). The predicted water levels included
three components: storm surge, astronomical tides, and inverted barometer effect. The resulting
predictions for each site are given in Table 2.4-2. The 100-year-return-period water level at the
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original island site is predicted to be 1.89 m above MSL, while for the two shore crossing sites, it
is predicted to range between 1.89 and 2.04 m.

More recently, a joint industry project was begun to update the original deep-water hindcast
study (Oceanweather, Inc., 1982) referenced above. The updated hindcast, known as “Beaufort
Sea Ocean Response Extremes,” or “BORE,” incorporates more than two decades of additional
storm events and the possible effects of climate change (Oceanweather, Inc., 2005). A site-
specific hindcast of oceanographic conditions in the vicinity of Endicott was conducted using the
BORE results (Resio and Coastal Frontiers, 2007). The resulting predictions are given in Table
2.4-2. The 100-year-return-period water level in the vicinity of the SDI is predicted to be 1.66 m
above MSL.

2.4.5 Waves

The open-water season in Foggy Island Bay is brief, with sea ice covering the region for
about 9 months of the year. During the open-water season, wave heights are limited by the
shallow waters adjacent to the coast and the shelter provided by barrier islands. Moreover, the
proximity of the arctic pack ice limits the fetch available for wave generation.

Beaufort Sea storms, and hence wave directions, can be classified as either easterly or
westerly. Easterly storms typically are of longer duration than westerly storms (Oceanweather,
Inc., 1982). As indicated in Section 2.4.4, westerly storms often are accompanied by elevated
water levels, while easterly storm may produce lower than normal water levels. Westerly storms
tend to be more severe, in part due to the associated storm surge.

Wave measurements were obtained in the vicinity of the Foggy Island Bay during the
summers of 1980, 1981, 1982, and 1983 in support of the Endicott Development (LGL
Ecological Research Associates Inc. and Northern Technical Services, 1983; OSI, 1984). In 1980
and 1981, wave heights were less than 0.6 m approximately 90% of the time, with an average
wave period less than 4 seconds. The maximum wave height measured was 1.7 m. Small, short-
period waves also persisted through most of the summer of 1982, with an average significant
wave height of less than 0.2 m and an average wave period of less than 4 seconds. Wave heights
exceeded 1.0 m on only three occasions, with each event associated with an easterly storm. The
largest significant wave height measured was 1.3 m with an associated period of 3.5 seconds.
During the summer of 1983, the sea surface was calm (wave heights were less than 0.1 m)
approximately 50% of the time. The greatest significant wave height measured was 0.6 m on
October 6.

Given the scarcity of wave measurements in the Beaufort Sea, extreme wave information
must be generated using oceanographic hindcast models. A site-specific hindcast of
oceanographic conditions was conducted for the Liberty Project in 1997 (OCTI, 1997) using
input data from a more generalized deep-water hindcast study of conditions in the Beaufort Sea
performed in 1982 (Oceanweather, Inc., 1982). Extreme wave conditions for easterly and
westerly storms were predicted for three locations: the original Liberty Island site and two
candidate pipeline shore crossings (“East” and “West”). The resulting predictions for westerly
and easterly storms are given in Tables 2.4-3 and 2.4-4.

In all cases, the wave heights associated with westerly storms were found to be larger than
those with easterly storms. The 100-year westerly wave height at the original island site (located
in a water depth of 6.4 m, MSL) was predicted to be 3.7 m with a period of 11.4 seconds. At the
East Shore Crossing site in a water depth of 0.6 m, the 100-year westerly wave height was
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predicted to be 1.0 m with a period of 11.4 seconds. Slightly smaller wave heights were predicted
for the West Shore Crossing site in a water depth of 0.6 m, with a 100-year westerly wave height
of 0.9 m and associated period of 11.4 seconds.

As indicated in Section 2.4.4, the BORE project was initiated in 2004 as an update to the
original deep-water hindcast study (Oceanweather, Inc., 2005). A site-specific hindcast of
oceanographic conditions in the vicinity of the SDI was conducted using the BORE results
(Resio and Coastal Frontiers, 2007). Predictions of extreme wave conditions for easterly and
westerly storms were derived for nine locations around the perimeter of the proposed SDI pad
expansion (Figure 2.4-1). The predictions for easterly and westerly storms are given in Tables
2.4-5 and 2.4-6.

The predicted wave heights along the perimeter of the proposed pad expansion vary
considerably due to sheltering from the Endicott Causeway and SDI, and the variation in water
depths. On the northern side of the pad (Sites 7, 8, and 9), wave heights associated with westerly
storms were found to be larger than those with easterly storms. The predicted 100-year westerly
wave heights at this location ranged from 2.2 to 2.3 m, with wave periods of 11.8 to 11.9
seconds. The east and south sides of the pad expansion (Sites 1 through 6) are sheltered from
westerly waves. The predicted 100-year easterly wave heights at these sites ranged from 0.4 to
1.6 m, with wave periods of 11.5 to 11.9 seconds.

2.4.6 River Discharge

The East Channel of the Sagavanirktok River, the Kadleroshilik River, and the Shaviovik
River all discharge into Foggy Island Bay. The Sagavanirktok and Shaviovik rivers drain from
the foothills of the Brooks Range, with drainage areas of approximately 11,000 and 4,400 km’,
respectively (USDOIL, MMS, 2002). The Kadleroshilik River is confined to the coastal plain,
draining an area of approximately 1,700 km* (USDOI, MMS, 2002).

The average annual flow rate is approximately 78 m’/sec in the Sagavanirktok River, 23
m’/sec in the Shaviovik River, and 9 m*/sec in the Shaviovik River (BPXA, 1998). River flow
during the winter months is minimal to nil (TAPS, 2001). The peak flow rates typically occur at
the time of spring breakup or during the summer months in response to thunderstorms in the
Brooks Range. The maximum mean monthly discharge for the Sagavanirktok River (164 m®/sec)
occurs in June (Figure 2.4-2). The average daily discharge measured in the Sagavanirktok River
from 1983 to 2006 is shown in Figure 2.4-3. The maximum flow rate during the period of record,
935 m*/sec, occurred in August 2002.

Rivers are the primary source of fresh water entering Foggy Island Bay. River water
temperatures in the summer (10 to 17°C) are higher than the nearshore water temperature, and
typically remain warmer until September (USDOI, MMS, 2002). At certain times of the year,
river discharge can affect nearshore circulation.

In the spring, before the sea ice starts to deteriorate, melting snow swells the upland river
channels. The bottomfast ice offshore of the river deltas forms a dam, which causes the flood
waters to pour out over the top of the sea ice during late May or early June. As breakup
progresses, river water also flows below the sea ice. The average date that the Sagavanirktok
River begins to overflood the sea ice in Stefansson Sound and western Foggy Island Bay is May
20, with a standard deviation of 9.6 days, based on a 26-year period from 1973 through 1999,
excluding 1991 (Coastal Frontiers, 1999b). During this period the Kadleroshilik and Shaviovik
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also flood the sea ice along the southern and southeastern shoreline of Foggy Island Bay. As
breakup progresses, river water also flows below the sea ice.

The overflood water, which can exceed a depth of 1 m, can spread as far as 6 km offshore
into Foggy Island Bay. Historical river overflood limits in Foggy Island Bay, shown in Figure
2.4-4, display significant inter-annual variability (D.F. Dickins and Associates, 1999; Coastal
Frontiers, 2000, 2003a). In the floating landfast ice zone (typically in water depths greater than 2
m), the overflood waters drain through holes and discontinuities in the ice sheet caused by tidal
cracks, thermal cracks, stress cracks, and seal breathing holes. Drainage in the bottomfast ice
zone (typically in water depths less than 2 m) is limited until the ice sheet loosens and rises to the
surface.

If the overflow rate is high, powerful strudel jets can develop at the drain sites and create
large scour depressions in the seafloor. Drainage, and hence seafloor scouring, tends to be more
severe in the floating landfast ice zone and less pronounced in the bottomfast ice zone. In both
cases, however, strudel drainage can provide a pathway to transport an oil spill below the ice
sheet.

The locations of individual drainage features in Foggy Island Bay were mapped on five
occasions between 1997 and 2003 (Coastal Frontiers, 1998, 1999a, 2000, and 2003a). An attempt
was made to record all drainage features off the East Channel of the Sagavanirktok River during
each of the 5 years. The average number of drains found off the Sagavanirktok River was 51. The
greatest number of drains observed was 141 (mapped in 1997), while the fewest number was 10
(mapped in 1998). Comprehensive mapping of drainage features attributable to the Kadleroshilik
River overflood was performed only in 1997 and 1998. Nine features were found in 1997, while
64 drains were mapped in 1998. In 1997, 30 drains were mapped off the western portion of the
Shaviovik River overflood.

River water also flows under the sea ice during the spring freshet. The freshwater plume
associated with spring river discharge may extend up to 20 km offshore (Weingartner et al.,
2005). During the 2004 spring freshet, the under-ice plume from the Sagavanirktok River was
estimated to be 1.0 to 1.5 m thick and extend 17 km to the north and 15 km to the west (Alkire
and Trefry, 20006).

2.4.7 Sealce

2.4.7.1 Ice Seasons

Sea ice covers the Foggy Island Bay region of Stefansson Sound for a little more than 9
months of each year. The average length of the ice season is 288 = 10 days, with a median freeze-
up date of October 4 and a median breakup date of July 4. First open-water usually occurs in the
6-m water depth range by July 19. The average length of the gross open-water season is 77 days.
The dates are based on a combination of on-site observations from 1980 through 1996 (Vaudrey,
1981a-1986a; Vaudrey, 1988-1992; Coastal Frontiers, 1997b; satellite imagery from 1972
through 1996 (National Ice Center); and ice charts acquired from 1953 through 1975 (Cox,
1976).

Freeze-up

Freeze-up is defined as the first time in the fall when nilas or young ice (10 to 15 cm thick)
covers 100% of the sea surface at a specific site or over a particular region. The initiation of
freeze-up ranges from the third week in September to the last week in October with a median
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date of October 4. An undisturbed ice sheet can typically grow to 30 cm thick within the first 3 to
4 weeks after freeze-up occurs.

All of Foggy Island Bay and most of Stefansson Sound become entirely ice-covered within 1
week after freeze-up begins. However, the young first-year ice (10 to 30 cm thick) remains
susceptible to movement and deformation by storm winds in October. These events are not
unusual in the middle of Foggy Island Bay. A total of five ice pile-up events created by freeze-up
ice movements affected Tern Island during the month of October from 1982 through 1984.

First-year ridging (60 to 90 cm high) and rafting may occur during these early freeze-up ice
movement events. However, 80% of the time (i.e., 8 out of 10 years) the first-year sheet ice in
Foggy Island Bay remains relatively flat (surface ice features less than 60 cm high) throughout
the year. Flat ice is not always an indicator that no ice movement has occurred. For example,
young ice can be completely removed from an area during a storm. When new ice is formed, it
may remain intact and quite smooth, giving no indication that significant ice movement had
occurred earlier.

Once the sheet ice thickness reaches 30 cm, the ice cover becomes relatively stable, confined
by the shoreline of Foggy Island Bay to the south, the McClure Island chain to the north,
Tigvariak Island to the east, and the Endicott Development to the west. During seven freeze-up
studies conducted from 1979 through 1985 (OSI, 1979; Vaudrey, 1981a-1986a), no freeze-up ice
movement in Foggy Island Bay was observed or measured after November 1. The sheet ice can
be considered part of the landfast ice zone after mid-November.

Winter

The sea ice regime of the Alaskan Beaufort Sea is usually depicted by a schematic cross-
section, which divides the ice into three distinct zones (fast ice, shear or stamukhi zone, and pack
ice). While simplistic, this schematic may have some validity in describing the ice that lies to the
north of the barrier islands, but it is totally irrelevant to Stefansson Sound and Foggy Island Bay,
which are located south of the barrier islands.

The first-year sheet ice constitutes the only significant ice feature in Stefansson Sound
during the winter. It attains an average maximum ice thickness of 1.8 to 2.1 m by the end of May,
growing roughly 30 cm per month from October through March. As the landfast ice sheet
continues to grow throughout the winter, the ice becomes bottomfast when it contacts the
seafloor in areas where the water depth is less than about 2 m. The sediments beneath the
bottomfast ice become ice-bonded as the freezing front penetrates the seafloor.

During the winter, rapid changes in temperature may produce thermally-induced shrinkage
cracks in the floating landfast ice, usually propagating from sources of stress concentration, such
as manmade gravel islands (including the SDI), or promontories along the coast (e.g., Point
Brower). In addition, a working tidal crack can be expected at the perimeter of the floating fast
ice along the shoreline and around any grounded ice feature. Other than these minor cracking
events, the first-year sheet ice in Stefansson Sound and Foggy Island Bay remains virtually
motionless throughout the winter — with measured monthly ice movement rates ranging from 0
and 200 cm/month based on data compiled by OSI (1976; 1978a,b; 1980) and Vaudrey (1996).

Breakup

The transition from winter to breakup season begins in late April or early May, when the
daylight hours are lengthening and air temperatures are on the increase. By early to mid-May, the

214



Liberty Environmental Impact Analysis

ice sheet has lost sufficient bearing capacity that ice roads can no longer support over-ice
operations.

Before the sea ice starts to show apparent signs of deterioration, melting snow in early May
helps swell the upland river channels. The bottomfast ice in the shallow water offshore of the
river deltas forms a dam, which causes the flood waters of the Sagavanirktok, Kadleroshilik, and
Shaviovik rivers to pour out over the top of the sea ice during late May or early June. Typically
by mid- to late June, about 2 to 3 weeks after the flooding has ceased, most of the landfast ice
within the overflood zone will have melted in place from a combination of the fresh, relatively
warm, water and the increased heat absorption by the dirty ice.

Warm air temperatures initiate meltpool formation on the top of the landfast ice sheet,
especially where the surface is contaminated with dirt. In late May or early June, meltpools
usually cover less than 10% of the landfast ice area beyond the overflood limits. Just before
breakup in late June, the number of meltpools increases dramatically, covering approximately 40
to 50% of the sheet-ice surface.

Breakup is defined as the time when the ice concentration goes from 10 tenths to 9 tenths or
less. The breakup mechanism for sheet ice is related to lines of weakness that develop along a
series of meltpools or old thermal or stress cracks in concert with in-situ sheet-ice deterioration.
Melting of the landfast ice reduces confinement, and wind stress may cause breakup along a line
of meltpools or along existing cracks. During late June or early July, any 20-kt wind that begins
to blow probably will initiate breakup of the floating landfast ice in Foggy Island Bay. The
median breakup date is July 4.

Summer

The area in and around Stefansson Sound usually becomes open water by the third week in
July, about 2 to 3 weeks after the initial breakup. Open water is defined as 1 tenth or less ice
concentration. There is almost a 50% chance of an ice invasion which is greater than 1 tenth ice
concentration, shortly after the appearance of the first open-water. Each invasion usually has a
duration of about 1 week. Fewer than 10% of these invasions will contain small multiyear ice
fragments.

Vaudrey (1997) computed summer season ice statistics for three ice concentration levels
from a 44-year data base (1953-96). In severe summers, there is an 18% chance of having 2 to 3
ice invasions of greater than 1 tenth ice concentration. Higher ice concentrations of 3 tenths and
5 tenths are possible, but not likely. There is a 23% chance of having one invasion of 3 tenths ice
concentration and a 9% chance of having one invasion of 5 tenths ice concentration. However,
the chances of having more than one invasion of 3 tenths or 5 tenths ice concentration is virtually
zero in Foggy Island Bay. There are typically 77 days between first open-water and freeze-up,
but the total number of days of open water is dependent on the number and duration of summer
ice invasions.

2.4.7.2 Ice Features

First-Year Ice Sheet

The predominant ice feature in Stefansson Sound and Foggy Island Bay is first-year sheet ice
that remains landfast throughout the winter, typically from early November through June. During
the winter, the landfast sheet ice grows relatively undisturbed. Sheet-ice thickness is predicted
empirically as a function of air temperature using the method of Bilello (1960). Table 2.4-7
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presents the average predicted monthly landfast ice-sheet thickness, along with the 10-year
minimum and 100-year maximum ice thickness (Vaudrey, 1997).

The sheet-ice growth rate is generally about 30 cm per month between November and April,
and the landfast sheet ice attains an average thickness of 1.8 m by April 1. Growth after April 1
slows due to warming air temperatures, but the landfast ice may add another 15 cm of thickness
by the end of May. The 100-year maximum undeformed first-year ice thickness is 2.29 m. Auger-
hole ice-thickness measurements made in Stefansson Sound during freeze-up in 1980 through
1982, midwinter in 1978 and 1984, and early June in 1984 through 1986 differed from the
predicted ice thicknesses by only 3 to 5 cm (Vaudrey, 1988a).

Ice Ride-up and Pile-up

Ice ride-up occurs when the ice sheet is driven by a storm wind relatively intact up a beach,
coastal pad or manmade island. If the advance of the ice is halted by the slope or by a vertical
obstruction, such as a sheet pile wall or tundra bluff, the sheet ice breaks up into individual
blocks which form an ice pile-up at or near the waterline. Several factors influence the
susceptibility of a given location to ice ride-up, pile-up, and possible encroachment or override.
Motion of the sheet ice is initiated by wind stress acting on the ice surface, but the single most
important factor in initiating a ride-up or pile-up event is the loss of confinement of the sheet ice.
Reversal of the wind direction is the usual cause of confinement loss, due to the presence of
cracks or small leads in the nearshore ice.

The most common event is a combination of ice ride-up and ice pile-up, which occurs when
the ice sheet rides up the slope some distance until increasing frictional resistance causes the ice
to rubble and form a pile-up. If the ice pile-up grows to a sufficient height that its peak is above
the work surface elevation of a coastal pad or manmade island, ice blocks at the top of the pile
can tumble down onto the work surface. Such an event occurred at BPXA’s Endeavor Island
(3.5-m water depth), which is located adjacent to the Endicott MPI, in October 1982 (Vaudrey,
1983b) when a 30- to 40-kt southwesterly storm (with an estimated return period of 20 years)
created an ice pile-up high enough (7.5 m) to permit 20-cm-thick ice blocks to encroach 3 to 5 m
onto the work surface of the island.

The coastline, barrier islands, and manmade islands in the Alaskan Beaufort Sea are subject
to ice movement against them during both freeze-up (early October through late November) and
breakup (late June through early July). However, the risk of ice ride-up and encroachment at the
proposed SDI pad expansion during breakup is considered to be inconsequential due to: (1)
rotting ice from the river overflood and (2) higher frictional resistance of the slope protection at
the shoreline of the SDI (which cause the sheet ice floes to break up into small blocks and start to
form a rubble pile).

The data base for determining the susceptibility of the proposed Liberty pad expansion at the
SDI to ice ride-up and pile-up consists of a combination of 8 years (1978 through 1985) of
personal observations by Kovacs (1983 and 1984) and Vaudrey (1981; 1982a,b; 1983a,b;
1984a,b; 1985a,b; and 1986a,b); 4 years (1949, 1955, 1976, and 1977) of aerial photography
analysis by Harper and Owens (1981); and a literature review of historical accounts by Kovacs
and Sodhi (1980 and 1988).

Frequent ice ride-up and ice pile-up events have occurred at manmade gravel islands located
near the SDI. Tern Island, which is located 15 km east of the SDI, experienced ice ride-up or ice
pile-up events during each of four successive freeze-up seasons (1982 through 1985) and during
three of four breakup seasons (1982 through 1984) after construction. One such event is shown in
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Figure 2.4-5. A similar experience of frequency and intensity of ice ride-up and pile-up was
observed at the Duck III manmade gravel island (located about 3 km east of the SDI) during the
freeze-up and breakup seasons of 1982 through 1985. As an example, on October 15-17, 1984, a
15- to 20-kt westerly storm drove 15-cm-thick ice past Duck, creating a 5- to 6-m-high pile-up on
the western side of the island (Figure 2.4-6).

A recently completed study for the proposed Liberty pad expansion at the SDI estimated a
100-year ice-pile-up height of approximately 13 m (Vaudrey, 2007). For the six slope protection
alternatives considered, the predicted ice encroachment distances ranged from 4.3 to 13.7 m.

Rafted Ice, Ridges and Rubble Piles

Because the sheet ice becomes relatively stable within 4 weeks after freeze-up in early
October, deformed first-year ice features, such as rafted ice, ridges, and rubble piles, are present
in limited extent in Stefansson Sound and Foggy Island Bay.

Rafted ice is an ice sheet consisting of two or more sheet thicknesses caused by overriding.
Very thin ice may grow, under light pressure, in a pattern of finger rafting to produce ice floes
composed of as many as 10 layers, each 5 to 10 cm thick. Rafted ice rarely occurs in Foggy
Island Bay after the ice thickness reaches 30 cm.

Small (60- to 90-cm-high) first-year ridges may develop infrequently across Foggy Island
Bay during early freeze-up ice movement. A ridge, which is a linear ice feature, forms as a result
of buckling when two ice floes collide. Very little, if any, ridge building occurs after the ice
becomes landfast sometime in November.

Rubble piles, which are grounded ice features of areal, rather than linear, extent, are
composed of ice broken into blocks of different shapes. Rubble piles rarely occur in the protected
bays and lagoons inside the barrier island chain, unless they form as part of an ice pile-up event
against the shoreline, a barrier island, or a manmade gravel island. As with rafting and ridging,
rubble piles typically occur only during a 4-week period after freeze-up when the ice sheet is thin
and susceptible to movement, and during breakup in late June or early July. Three rubble piles
were observed inside the barrier island chain between 1978 and 1985. The features had similar
dimensions: 300 to 450 m long, 50 to 100 m wide, with an above-water height of 7 to 10 m
(Vaudrey, 1980; Vaudrey, 1983a; Vaudrey, 1984a).

Multiyear Ice

Multiyear ice is sea ice that has survived at least one melt season. Multiyear ice invasions of
the nearshore Beaufort Sea occurred on several occasions in the early 1980s prior to and during
freeze-up, but no multiyear ice has ever been observed floating around in Foggy Island Bay. A
handful of multiyear ice fragments 15 to 30 m in diameter have been observed in the lagoons
during 2 of the 7 years (1979-1985) in which freeze-up studies were conducted. These fragments
were grounded on shoals at entrances between barrier islands, such as the Newport Entrance
north of Tigvariak Island. In consequence, multiyear ice fragments do not represent a hazard to
the proposed Liberty pad expansion at the SDI.

2.4.7.3 Ice Movement

All ice motion is dominated by winds. During breakup and early freeze-up, when the ice is
more confined, the ice movement rate is about 2 to 3% of the wind speed. When ice floes move
in relatively open water, the ice movement rates are roughly 4 to 5% of the sustained wind speed.
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Ice movement in Stefansson Sound is generally in a west-northwest or east-southeast direction,
following the “bow-tie” pattern of prevailing easterly or westerly storm winds (Climatic Atlas,
1988).

Movement rates of freeze-up, breakup, and summer ice have been computed from ARGOS
satellite-positioning buoys (Colony, 1979; Cornett and Kowalchuk, 1985; St. Martin, 1987;
Thorndike and Cheung, 1977a and 1977b; Vaudrey, 1987; Vaudrey, 1989a) and from ice floe
monitoring (Tekmarine, Polar Alpine Inc., and OCTI, 1985). Table 2.4-8 presents cumulative
frequency distributions of ice drift speed during freeze-up and breakup based on daily ice-
movement rates computed from ARGOS-buoy records collected in the eastern Beaufort Sea
between 1979 and 1987 and from three site-specific ARGOS GPS stations deployed between
Northstar and West Dock during the 1996 breakup season (Vaudrey and Dickins, 1996). The
speeds depicted in Table 2.4-8 are daily averages for long-term ice movements, but short-term ice
drift speeds, averaged over a period of 2 to 6 hours, can be significantly higher. Extreme values
for ice movement rates are in the range of 2.5 to 3.0 kt.

Movement of the landfast ice sheet occurs during the winter. Oceanographic Services, Inc.
(OSI, 1976; 1978a,b; 1980) performed 4 consecutive years (1975-76 through 1978-79) of ice
movement measurements using wireline stations. Four of these stations were located in
Stefansson Sound. The ice-movement rates for the 20-year and 100-year return periods are 3.5
m/hr and 5.8 m/hr, respectively, based on a statistical analysis (Miller, 1996; Vaudrey, 1997) of
the maximum hourly ice-movement rates recorded during each measurement year. The net ice
movement by month for January through April for 3 years of ice measurements by
Oceanographic Services, Inc. is summarized in Table 2.4-9. Although the 100-year ice movement
rate is predicted to be 5.8 m/hr, more than 99% of the time the ice movement rate was less than
30 cm/hr.

Vaudrey (1996) reported similar ice movements measured in the winter of 1995-96 at a
single wireline station located in 6.4 m of water in Stefansson Sound, 6 km south of Reindeer
Island and 24 km west-northwest of the SDI. The maximum ice movement rate was 95 cm/hr
based on 10-minute data and 21 cm/hr based on hourly data. The net movement was 134 cm for
January, 73 cm for February, and 9 cm for March and April, resulting in an average ice
movement rate of 56 cm/month over the 4-month period.

2474 Sealce Changes

Satellite imagery obtained between 1979 and 2006 suggests that the areal extent of sea ice
during summer months has declined throughout most of the Arctic Ocean. In contrast, evidence
for reduced sea ice thickness during this period developed from upward-looking sonar is
inconclusive (Serreze et al., 2007).

Wendler et al. (2003) observed a decrease in sea ice concentrations in coastal regions of the
North Slope between 1972 and 1994 (Figure 2.1-7). This finding correlates with an air
temperature increase of approximately 1.1°C during the same period. Sea ice concentrations were
found to decline in all months except January. The decline was most pronounced in July and
August, with changes on the order of 20% over the 23-year period. Declines during winter
months were more modest, at about 3% over the period of record.

Using satellite imagery, Mahoney et al. (2006) identified the possibility of a reduced duration
of landfast ice presence along the Arctic Coast of Alaska during the last three decades. An earlier
onset of thawing temperatures in the spring and a later incursion of pack ice in the fall are
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contributors to this trend. Breakup along the Beaufort Sea coast in recent years (1996-2004) was
estimated to begin 21 days earlier than in the 1970s, while the formation date of landfast ice
during the same period was found to have changed little since the 1970’s (Mahoney et al., 2007).
Ice-free conditions were found to occur approximately one month earlier along the Beaufort Sea
coast (Eicken et al., 2006). Similarly, Dickins and Oasis (2006) identified a trend of longer open-
water seasons during the past decade when compared to the duration of ice-free conditions
documented between 1950 and 1984.

The implications of the reduced extent of sea ice for regional oceanography include a longer
open-water season and greater areas of open-water available for wave generation. Extended
open-water seasons will result in more total wave energy reaching the coast, which in turn could
increase shoreline erosion rates. Notwithstanding the trend towards diminished ice cover in the
Beaufort Sea, there is no clear evidence that the severity of the wave climate has increased.
Oceanweather, Inc. (2005) speculates that the wave-generating potential of the predominantly
casterly and westerly storms is not significantly affected by the northerly migration of the ice
edge.

2.5 MARINE WATER QUALITY

Marine water quality is measured by the physical and chemical characteristics of the water.
Seawater contains naturally occurring constituents derived from atmospheric, terrestrial, and
freshwater environments, as well as those derived from human activities (pollution). Due to
limited industrial activity, most contaminants in the Beaufort Sea and on the North Slope occur
in low levels.

Industrial activities are the primary source of pollutants entering the marine environment.
These contaminants may be classified as either physical, chemical, or biological. Suspended
solids are the principal physical pollutant. Chemical pollutants include both organic (e.g., crude
and refined oil) and inorganic substances (e.g., trace metals). Waterborne viruses, protozoa, or
bacteria, and excessive biological growth can be characterized as biological pollution.

2.5.1 Salinity and Temperature

Temperature and salinity in the Beaufort Sea are summarized in the Liberty Project FEIS
(USDOI, MMS, 2002). Freshwater discharge from the Sagavanirktok River influences the
temperature and salinity of Foggy Island Bay. The impact is greatest near the time of the spring
freshet, when river flow rates typically are highest. The freshwater initially creates a brackish
nearshore zone with salinities of 10 to 15 parts per thousand (ppt). As mixing commences,
salinities increase to 15 to 25 ppt with water temperatures ranging from 0 to 9°C. The nearshore
waters become relatively well-mixed as the open-water season progresses, with salinities greater
than 25 ppt and temperatures decreasing to 0 to 2°C. During the winter, under-ice water
temperatures ranging from -2 to 0°C have been recorded in Foggy Island Bay, while measured
salinities have ranged from 21 to 30 ppt during the winter.

Numerous measurements of water temperature and salinity in Foggy Island Bay and the
Sagavanirktok River delta were obtained on several occasions during the 1980s as part of the
Endicott Environmental Monitoring Program (LGL Ecological Research Associates Inc. and
Northern Technical Services, 1983; Hachmeister et al., 1987; Short et al., 1990; Short et al.,
1991; Morehead et al., 1992a; Morehead et al., 1992b; Morehead, Dewey, and Horgan, 1993).
Water temperature and salinity near the SDI are highly variable during the open-water season due
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to the proximity of the Sagavanirktok River and circulation of nearshore water masses. Water
temperatures in the Sagavanirktok River tend to fluctuate with air temperatures. During the 1982
monitoring program, for example, the river water temperatures varied from 17°C in July to 2°C
in September. It is not uncommon for water temperatures near the SDI to vary from 10°C to 0°C
during the summer. Similarly, salinities in the region may vary from 0 ppt (fresh river water) to
26 ppt (consistent with shelf bottom water).

2.5.2 Dissolved Oxygen

Dissolved-oxygen levels in the Beaufort Sea are summarized in the Liberty Project FEIS
(USDOIL, MMS, 2002). Like many cold climate waters, dissolved-oxygen levels in the Beaufort
Sea typically are near saturation. Dissolved-oxygen levels during the open-water period are
reported to range between 8 and 12 mg/l, while under-ice dissolved-oxygen concentrations
during the winter are reported to range between 7.6 and 13.2 mg/l. However, areas with limited
circulation can turn anoxic before spring breakup. Biological oxygen demand in Foggy Island
Bay is reported to be less than 1 mg/l.

2.5.3 Turbidity

Satellite imagery and data for total suspended solids (TSS) show that turbid waters are
generally confined to water depths less than 5 to 8 m inside the barrier islands (USDOIL, MMS,
2002. Turbidity is caused by the presence of fine-grained particles in the water column. These
particles are derived from river runoff, coastal