A
Alaska Outer Continental Shelf OCS EIS/EA
MMS 2008-0055

Beaufort Sea and Chukchi Sea Planning Areas
Oil and Gas Lease Sales 209, 212, 217, and 221

Draft Environmental
Impact Statement

Volume Il
Chapter 4.4

Arctic Ocean

Chukchi Sea

Beaufort Sea

U.S. Department of the Interior

M Minerals Management Service
Alaska OCS Region




A

Alaska Outer Continental Shelf OCS EIS/EA

MMS 2008-0055

Beaufort Sea and Chukchi Sea Planning Areas
Oil and Gas Lease Sales 209, 212, 217, and 221

Draft Environmental
Impact Statement

Volume i
Chapter 4.4 - Environmental Consequences Beaufort Sea

Author
Minerals Management Service
Alaska OCS Region

U.S. Department of the Interior
Minerals Management Service
Alaska OCS Region

November 2008



ACRONYMS



Acronyms

AAC Alaska Administrative Code

ABWC Alaska Beluga Whale Committee

ACC Alaska Coastal Current

ACIA Arctic Climate Impact Assessment

ACMP Alaska Coastal Management
Program

ACP Arctic Coastal Plain

ACS Alaska Clean Seas

ACW Alaska Coastal Water

ADEC Alaska Department of
Environmental Conservation

ADF&G Alaska Department of Fish and
Game

ADNR Alaska Department of Natural
Resources

AES ASRC Energy Services

AEWC Alaska Eskimo Whaling
Commission

AGIA Alaska Gas Inducement Act

AGL above ground level

AGS Alaska Gas System

AHRS Alaska Heritage Resource Survey

A/AN American Indian and Alaskan
Native

AIS aquatic invasive species

AIW Atlantic Intermediate Water

AMMP Adaptive Management and
Mitigation Plan

ANGTS Alaska Natural Gas Transportation
System

ANHB Alaska Native Health Board

ANILCA Alaska National Interest Land
Conservation Act

ANIMIDA Arctic Nearshore Impact
Monitoring in Development Areas

ANMC Alaska Native Medical Center

ANTHC Alaska Native Tribal Health
Consortium

ANWR Arctic National Wildlife Refuge

AO Arctic Oscillation

AOGMC atmosphere-ocean general
circulation models

APD Application for Permit to Drill

APF Alaska Permanent Fund

Area ID Area Identification

ARBE Arctic Region Biological
Evaluation

ARRT Alaska Regional Response Team

ASL above sea level

ASRC Arctic Slope Regional Corporation

ATV all-terrain vehicle

AWIC Arctic Women in Crisis

bbl barrel(s)

Bbbl billion barrels (of oil)

Bef billion cubic feet (of gas)

BE Biological Evaluation
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BLM
BO
BOD
BOE
B.P.
BP

bpd
BPXA
BRFSS

BS
BSU
BTEX

BWASP
CAA

CAH
Call

CANIMIDA

CDC
CDFO

CBD
CDFO

CEQ
CER
CERCLA

CFC
CFR
CH,4
CHAP
CI
CIDS
CIP
CITES

cm
cm/sec.
CI
CIAP
CMP
CO
COPB

COoY
cP

Bureau of Land Management
Biological Opinion

biological oxygen demand
barrels of oil energy equivalent
Before Present

British Petroleum

barrels per day

BP Exploration (Alaska), Inc.
Behavioral Risk Factor
Surveillance Study

Boundary Segment

Barrow Service Unit

benzene, toluene, ethylbenzene,
and xylene

Bowhead Whale Aerial Survey
Program

Clean Air Act, also conflict
avoidance agreement

Central Arctic Caribou Herd

Call for Information and
Nominations

Continuation of Arctic Nearshore
Impact Monitoring in Development
Areas

Centers for Disease Control
Canadian Department of Fisheries
and Oceans

Center for Biological Diversity
Canadian Department of Fisheries
and Oceans

Council on Environmental Quality
Categorical Exclusion Review
Comprehensive Environmental
Response Compensation and
Liability Act of 1980
chlorofluorocarbons

Code of Federal Regulations
methane

Community Health Aide Program
confidence interval

concrete island drilling system
Capital Improvements Project
Convention on the International
Trade in Endangered Species
centimeter(s)

centimeter(s) per second
confidence interval

Coastal Impact Assistance Program
Coastal Management Program
carbon monoxide

chronic obstructive pulmonary
disease

cubs of the year (polar bear)
centipoise (measure of viscosity
and emulsification of oil)
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CS

CSSP
CWA
CYPI1A
CYS
CZARA

CZMA
CZMP
dB
DEW
DHHS

DLP
DM
DMT
DOCD

DO&G
DPP
DWM

EA
EEZ
EFH
EIS
EJ
ENP

EO
E&P
EP
EPA
ERA
ERAP
ERL
ERM
ESA
ESI
ESP
EVOS
EWC

FAS
FDA
FLIR

FMP
FNOS
FOSC
FR
FSB
ft

Chukchi Sea (population of polar
bears)

Climate Change Science Program
Clean Water Act

cytochrome P4501A

Children & Youth Services
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Amendments of 1990

Coastal Zone Management Act
Coastal Zone Management Plan
decibel(s)

Defense Early Warning

(U.S.) Department of Health and
Human Services

defense of life and property
Department Manual

Delong Mountain Terminal
development operations
coordination documents

Div. of Oil and Gas (State)
Development and Production Plan
Department of Wildlife
Management (North Slope
Borough)

evapotranspiration
Environmental Assessment

U.S. Exclusive Economic Zone
Essential Fish Habitat
Environmental Impact Statement
Environmental Justice

Eastern North Pacific stock of gray
whales

Executive Order

Exploration and Production
Exploration Plan

Environmental Protection Agency
environmental resource area(s)
Emergency Response Action Plan
Effects Range-Low

Effects Range-Median
Endangered Species Act
Environmental Sensitivity Index
Environmental Studies Program
Exxon Valdez oil spill

(Alaska) Eskimo Walrus
Commission

fetal alcohol syndrome

Food and Drug Administration
forward looking infrared (videotape
images)

Fishery Management Plan

Final Notice of Sale

Federal On-Scene Coordinator
Federal Register

Federal Subsistence Board
foot/feet
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ft’
FY
G&G
g/m
gal
GIS
GLS
GPR
GWP
HAPs
HEC

IAP
IBHS

ICAS

IDs
IHA

in
in
IPCC

3

I/SS

ISC

ITL

I™

ITTC
IUCN/SSG

v
IWC
kg
kHz
km
km
kn
kPa
KyBP

L

lat.

Ib
LBCHA
LCs

3

LHW
LME
LMR
LMW

LNG
LOA
long.
LOSC
LS

cubic feet/foot

Fiscal Year

Geological and Geophysical permit
gram(s) per square meter
gallon(s)

Geographic Information System
grouped land segments
ground-penetrating radar

global warming potential
hazardous air pollutants

Health Effect Category

Hertz

Integrated Activity Plan
Integrated Behavioral Health
Services

Inupiat Community of the Arctic
Slope

identification numbers
Incidental Harassment
Authorization

inch(es)

cubic inch(es)
Intergovernmental Panel on
Climate Change

Ice/Sea Segment(s)

Ice Seal Commission
Information to Lessees
Information Transfer Meeting
Inupiat Teens Taking Control
World Conservation Union/Species
Survival Group

intravenous

International Whaling Commission
kilogram(s)
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large marine ecosystems
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longitude
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m/sec.
m’/sec.
MAD
Mcf
mg/kg

MMbbl
MMC
MMcf
MMO
MMPA
MMS
MOU
mph
MRSA
ms
MSA

MyBP
NAAQS

NAO

NC
NCP
ng/g
ng/L
NGO
NRC
NEPA
NISA

nmi
NMFS
NO,
NO,
NOI
NORM

NPDES
NPFMC
NPR-A
NPR-4
NRC
NRDC

NSB

meter(s)

meter(s) per second

cubic meter(s) per second
Mutual Aid Agreement

million cubic feet
milligram(s)/kilogram(s)
milligram(s) per liter

mile(s)

square mile(s)

milliliter(s)

millimeter(s)

million barrels (of oil)

Marine Mammal Commission
million cubic feet

marine mammal observer
Marine Mammals Protection Act
Minerals Management Service
Memorandum of Understanding
miles per hour
antibiotic-resistant staph infections
millisecond(s)
Magnuson-Stevens Fishery
Conservation and Management Act
million years Before Present
National Ambient Air Quality
Standards

Arctic and North Atlantic
Oscillations

Nanuk Commission

National Contingency Plan
nanogram(s) per gram(s)
nanogram(s) per liter
non-Government Organization(s)
National Research Council
National Environmental Policy Act
National Invasive Species Act of
1996

nautical mile(s)

National Marine Fisheries Service
nitrogen dioxide

nitrous oxide

Notice of Intent to Prepare an EIS
Naturally Occurring Radioactive
Materials

National Pollution Discharge
Elimination System

North Pacific Fisheries
Management Council

National Petroleum Reserve -
Alaska

Naval Petroleum Reserve No. 4
National Research Council
National Resources Defense
Council

North Slope Borough
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NSBCMP
NSBMC

NSF
NTL
NWAB
Os
OBC
OCD
OCS
OPA
OSCP
OSRA
OSRO
OSRP
OSRV
OWM
P

PAC
PAH

PAH

PBR
PBSG
PCBs
PCH
PDO
PHBA
P.L.
PBR
PBSG
PEA

PHN
PM; 5

PM;

PNOS
POPs
ppb
ppm

ppt
PREP

PSD

PTS
RCRA

rms
ROD

North Slope Borough Coastal
Management Plan

North Slope Borough Municipal
Code

National Science Foundation
Notice to Lessees

Northwest Arctic Borough
ozone

ocean-bottom cable

Offshore and Coastal Dispersion
Outer Continental Shelf

Oil Pollution Act of 1990
Oil-Spill-Contingency Plan
Oil-Spill-Risk Analysis (model)
oil-spill removal organization
oil-spill-response plan

Oil Spill Response Vessel

Oil Weathering Model
precipitation

powdered activated carbon
polyaromatic hydrocarbons or
polynuclear aromatic hydrocarbons
(water quality)

polycyclic aromatic hydrocarbons
(fish resources, lower trophic-level
organisms)

potential biological removal
Polar Bear Specialist Group
polychlorinated biphenyls
Porcupine Caribou Herd

Pacific Decadel Oscillation
Public Health Baseline Assessment
Public Law

potential biological removal
Polar Bear Specialist Group
Programmatic Environmental
Assessment

Public Health Nursing

fine particulates less than 2.5
microns in diameter

particulate matter less than 10
microns in diameter

Proposed Notice of Sale
persistent organic pollutants
parts per billion

parts per million

parts per thousand

Preparedness for Response
Program

Prevention of Significant
Deterioration

Permanent Threshold Shift
Resource Conservation and
Recovery Act

root-mean-square

Record of Decision
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ROI

ROP
RRT
RS/FO

SAC
SAP4.6

sBSW
SBS

SCAT

SCC
SDH
SDI
sec
SEL
SLiCA

SO,
SOI
SOSC
SPL
SPM
SSDC
Sv
SWZ
TAGS
TAPS
TB
Tcf
TCH
Tg
TLSA
TLSUA
TSS
TTS

rate of increase (in whale
population)

Required Operating Procedure
Regional Response Team
Regional Supervisor/Field
Operations

Scientific Advisory Committee
Synthesis and Assessment Product
4.6

summer Bering Sea Water
Southern Beaufort Sea (population
of polar bears)

Shoreline Cleanup Assessment
Team

Siberian Coastal Current

social determinants of health
South Drilling Island

second(s)

sound-exposure level

Survey of Living Conditions in the
Arctic

sulfur dioxide

Shell Offshore, Inc.

State On-Scene Coordinator
sound-pressure level
suspended-particulate matter
single steel drilling caisson
Sverdrup(s)

Subsistence Whaling Zone
Trans-Alaska Gas System
Trans-Alaska Pipeline System
tuberculosis

trillion cubic feet (of gas)
Teshekpuk Lake Caribou Herd
teragrams

Teshekpuk Lake Special Area
Teshekpuk Lake Special Use Area
total suspended solids

Temporary Threshold Shift
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ucC

U.S.C.
USCG
USDA

USDOI

USGS
USSR
uv
VOCs
VSMs
WAH
wBSW
WHB
WHO
WIC

Y-K Delta
yd

yd’

2D

3D

°C

°F

<

>

>

Hg
ne/g
ng/kg
ng/m’
ng/L
pPa

§

Unified Command

United States Code

United States Coast Guard
United States Department of
Agriculture

United States Department of the
Interior

United States Geological Survey
United Soviet Socialist Republics
ultraviolet

volatile organic compounds
vertical support members
Western Arctic Caribou Herd
winter Bering Sea Water
Western Hudson Bay

World Health Organization
Women, Infants, and Children
(program)

Yukon-Kuskokwim Delta
yard(s)

cubic yard(s)

2-dimensional (seismic survey)
3-dimensional (seismic survey)
degrees Celsius

degrees Fahrenheit

less than

greater than

greater than or equal to
microgram(s)

microgram(s) per gram
microgram(s) per kilogram
microgram(s) per cubic meter
microgram(s) per liter

microPascal(s)
about
section
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Chapter 4: Environmental Consequences — Beaufort Sea

4.4. Effects Assessments for Beaufort Sea Sales 209 and 217.

4.4.1. Alternative 1, Beaufort Sea - No Lease Sale.

Under this alternative (no-action alternative), a proposed Beaufort Sea OCS lease sale, as scheduled in the
2007-2012 5-Year Program, would not be approved.

The cumulative effects analyses below evaluate the past, present, and reasonably foreseeable activities to
environmental and sociocultural resources in the Beaufort Sea areas, without any of the proposed actions
or alternatives. The analysis includes effects from Federal, State, and local activities, both offshore and
onshore activities and both oil and gas-related and non-oil and gas related. The cumulative analysis
includes consideration of the influence of dynamic climate and anticipated change in the environment.
The effects are addressed quantitatively to the degree possible, using known types, levels, and trends of
both oil and gas activities and non-oil and gas activities. Impacts that cannot be estimated quantitatively
are described qualitatively.

The analysis below does not include the incremental effects of any of the alternatives, and so presents the
cumulative effects that are reasonably likely to occur whether or not a lease sale analyzed in this EIS is
held. In the cumulative analyses under the action alternatives (Alternatives 2-6), the incremental effects
of the each alternative are evaluated. The potential difference in anticipated level of cumulative effects to
environmental resources under each action alternative is then compared to anticipated level of effects in
the cumulative analysis below.

4.4.1.1. Water Quality.

Summary. There would be no direct or indirect impacts to water quality from Alternative 1. There
would be no incremental contribution to cumulative effects from Alternative 1.

Water quality in the Beaufort Sea will be impacted by a number of ongoing and future activities and
events, regardless of any decisions made about proposed Beaufort Sea Sales 209 and 217. This section
describes the impacts of reasonably foreseeable future events such as those detailed in Section 4.2,
including: construction activities on the North Slope and elsewhere on the coast, pollution, climate
change, and offshore operations resulting from previous sales in the Beaufort Sea.

Effects Definitions and Levels. The impact levels used throughout this analysis are based on the
four-level classification scheme for biological and physical resources outlined in the Cape Wind Energy
Project Draft EIS (USDOI, MMS, 2008a). These four impact levels are defined as follows:

e Negligible - No measurable impacts.

e Minor - Most impacts to the affected resource could be avoided with proper mitigation, or if
impacts occur, the affected resource would recover completely without any mitigation once the
impacting agent is eliminated.

e Moderate - Impacts to the affected resource are unavoidable; the viability of the affected
resource is not threatened although some impacts may be irreversible; or the affected resource
would recover completely if proper mitigation is applied during the life of the proposed action or
proper remedial action is taken once the impacting agent is eliminated.

e Major - Impacts to the affected resource are unavoidable; the viability of the affected resource
may be threatened; and the affected resource would not fully recover even if proper mitigation is
applied during the life of the proposed action or remedial action is taken once the impacting agent
is eliminated.
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Chapter 4: Environmental Consequences — Beaufort Sea

Cumulative Effects Under Alternative 1. The construction of roads, pads and other infrastructure
associated with the maintenance and development of oil and gas activity on the North Slope and
community development projects, such as the proposed Barter Island airport relocation, can cause adverse
effects on water quality. The vegetation typically is cleared from an area in preparation for construction,
leading to greater erosion and runoff from the site. Increased amounts of contaminants such as particulate
matter, heavy metals, petroleum products, and chemicals are then transported to local streams, estuaries,
and bays. Dredging operations to provide gravel for construction projects or to create trenches for
pipelines also have detrimental effects on water quality. Dredging disturbs the seafloor, increasing
suspended sediment in the water column. The amount of turbidity and size of the plumes would depend
on a number of factors, including season and sediment-grain size. The impacts of these activities would
be minor, local, and temporary.

Pollution from coastal communities and transportation activities also impacts water quality in the
Beaufort Sea. Runoff and disposal of municipal waste can result in increased levels of suspended solids
and other pollutants in the water column. These activities could have minor effects in localized areas, but
regional effects will be negligible due to dilution.

Vessel traffic contributes to the degradation of water quality through oily discharges, dumping of bilge
water, treated sanitary and other wastes, and the leaching of contaminants from antifouling paints, as well
as possible increases in turbidity in some areas. Since 1973, discharges incidental to the normal operation
of vessels have been excluded from NPDES permitting requirements. A recent court order has revoked
40 CFR § 122.3(a), the regulation excluding these discharges, effective December 19, 2008. Current U.S.
Coast Guard regulations related to pollution prevention and discharges for vessels carrying oil, noxious
liquid substances, garbage, municipal or commercial waste, and ballast water are found at 33 CFR § 151.

Airborne pollutants deposited directly on the sea surface or deposited on land and carried to the ocean
through runoff further can reduce water quality. Contaminants of interest, which can be transported over
very long distances in the atmosphere, include nitrogen and sulfur compounds; persistent organic
pollutants (POPs), such as pesticides, polychlorinated biphenyls (PCBs), and PAHs; and trace metals
including chromium, arsenic, cadmium, mercury, selenium, copper, zinc, vanadium, and barium (AMAP,
1997; Hanson, 2003).

These contaminants are of particular concern in the Arctic because of the colder temperatures, which
allow them to persist in the environment and resist degradation. Though the atmospheric deposition rates
of these pollutants in the Arctic is quite low (Gubala et al., 1995), even very low concentrations can cause
serious impacts on biological resources, because they accumulate in the tissues of organisms and become
magnified as they move through the food chain. Spies et al. (2003) found evidence of bioaccumulation of
these contaminants in five species of fish in the Beaufort Sea. The effects of atmospheric deposition of
pollutants on water quality are minor, though impacts on biological resources could be more severe.

As noted in Section 3.2.5.2, water quality can be affected by climate change mechanisms such as loss of
sea ice and changing weather patterns. In addition, climate change can lead to altered water chemistry,
including acidification and reduced levels of dissolved oxygen. Increased vessel traffic is also a likely
consequence of the loss of sea ice and extended period of open water. Because the magnitudes of the
changes in climate are not well known, the severity and extent of the effects on water quality cannot be
fully predicted, though the water quality changes would be expected to lead to severe impacts on
biological resources. A comprehensive discussion of the effects of climate change is beyond the scope of
this document, but water quality would be expected to completely recover if the climate change

were reversed.
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The potential impacts on water quality of current and reasonably foreseeable offshore operations,
including construction activities and permitted discharges, resulting from previous sales in the Beaufort
Sea have been described in the Beaufort Sea multiple-sale EIS (USDOI, MMS, 2003a) and the 2007-2012
5-Year EIS (USDOI, MMS, 2007¢). These assessments concluded that permitted activities would have
minor effects on local water quality, and negligible effects on regional water quality. Increases in
turbidity from permitted construction and dredging activities would be temporary, but the effects of
permitted discharges would last over the life of the fields. The adverse effects from most oil spills also
would be local and temporary, but frequent small spills could result in local, chronic contamination.

Under Section 402 of the CWA, the EPA or authorized States can issue permits for pollutant discharges,
or they can refuse to issue such permits if the discharge would create conditions that violate the water-
quality standards developed under Section 303 (33 U.S.C. § 1313) of the CWA. The CWA, Section 403
(33 U.S.C. § 1343), also states that no NPDES permit shall be issued for a discharge into marine waters
except in compliance with established guidelines.

The general NPDES permit AKG280000 (EPA, 2006b) for the offshore areas of Alaska located in the
Beaufort Sea, Chukchi Sea, Hope Basin, and Norton Basin authorizes discharges from oil and gas
exploration facilities. The Arctic general permit restricts the seasons of operation, discharge depths and
areas of operation, and has monitoring requirements and other conditions. This permit does not apply to
development and production facilities, which require individual permits. There are no individual NPDES
permits for offshore oil and gas facilities in the Beaufort Sea currently in effect as of October 2008.

Applicable ambient-water quality standards for marine waters of the State of Alaska are (1) total aqueous
hydrocarbons in the water column may not exceed 15 pg /L (15 parts per billion [ppb]); (2) total aromatic
hydrocarbons in the water column may not exceed 10 ug /L (10 ppb) and (3) surface waters and adjoining
shorelines must be virtually free from floating oil, film, sheen, or discoloration (ADEC, 2006). The State
of Alaska criterion of a maximum of 15 ppb of total aqueous hydrocarbons in marine waters—about 15
times background concentrations—provides the readiest comparison and is used in this discussion of
water quality. This analysis considers 15 ppb to be a chronic criterion and 1,500 ppb—a hundredfold
higher level—to be an acute criterion. Hydrocarbons from a large oil spill could exceed the 1,500 ppb
acute toxic criterion during the first day of a spill and the 15 ppb chronic criterion for up to a month in an
area the size of a small bay.

Conclusion. The level of impact on water quality in the Beaufort Sea from the combined effects of past,
present, and reasonably foreseeable activities without the proposed Beaufort Sea lease sales, with
consideration of climate change, would be minor to moderate.

4.4.1.2. Air Quality.

Summary. There would be no direct or indirect impacts to air quality from Alternative 1. There would
be no incremental contribution to cumulative effects from Alternative 1.

Effects Definitions and Levels. Major new emission sources (with potential emissions greater than
250 tons per year) are required to meet the PSD Class II incremental limits for NO,, SO, and PM,.

Cumulative Effects Under Alternative 1. This section describes impacts that would occur even if
the proposed Beaufort Sea Sales 209 and 217 were not held. Air emissions still would result from power
generation, home heating, motor vehicles, aircraft, and vessels. These emissions have only a very small
effect on ambient air quality. On the whole, these activities are not expected to change significantly in the
future. There likely would be an increase in vessel activity due to a decrease in sea ice resulting from
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climate change, but the more stringent standards on marine engines being implemented by EPA should
mitigate any potential increases in emissions.

The largest source of air emissions would continue to be from oil and gas production activities on the
North Slope (Prudhoe Bay, Kuparuk, Milne Point, Badami, and Alpine units) and in State waters
(Northstar and Duck Island units). A large majority of the emissions are in the form of nitrogen oxides
(NOy); other pollutants include particulate matter less than 10 micrograms in size (PM,), sulfur dioxide
(SO,), and volatile organic compounds (VOC). The emissions impact the ambient air quality around
these production areas, but monitoring in the vicinity of some of the production centers has demonstrated
that concentrations are well within the National Ambient Air Quality Standards (NAAQS). While
production from the older fields is in decline, new production has started from existing leases and new oil
development may result from future State leases and Federal lease sales in the National Petroleum
Reserve-Alaska (NPR-A). Should any natural gas production occur in the future, there may be air
emissions from any related gas processing. There also will be local sources of gaseous emissions and
fugitive dust from construction and maintenance activities associated with both existing and

new facilities.

Major new emission sources (with potential emissions greater than 250 tons per year) are required to meet
the PSD Class II incremental limits for NO,, SO, and PM,,. Modeling studies of proposed OCS
production facilities in the Beaufort Sea show that concentrations of nitrogen dioxide (NO,), SO,, and
PM,are within the Prevention of Significant Deterioration (PSD) incremental limits and the NAAQS
with the highest concentrations of NO,, SO,, and PM,y occurring within about 200 m of the facility and
considerably reduced values at distances greater than 1 km (USDOI, MMS, 2001a). Therefore, there
would be little cumulative interaction between facilities that are spaced some distance apart.

Air quality effects from routine air emissions are not expected to change significantly in the future, and
impacts will continue to be minor.

Small accidental oil spills on land or on the water would cause small, localized increases in
concentrations of VOC due to evaporation of the spill. Most of the emissions would be expected to occur
within a few hours of the spill and decrease drastically after that period. Large spills would result in
emissions over a large area and a longer period of time. A discussion of the effects of oil spills on air
quality is presented in Section 4.4.2.2.3.

In-situ burning of an oil spill would result in a visible plume and a localized increase in PM, s
concentrations. A discussion of the effects of in-situ burning is presented in Section 4.4.2.2.3. Studies of
in-situ burn experiments have shown that air quality impacts are localized and short lived, and that
pollutant concentrations do not pose a health hazard to persons in the vicinity.

Conclusion. Routine emissions from ongoing and future activities without the proposed Beaufort Sea
lease sales would result in ambient air quality levels that are within applicable standards. Air quality

would not change significantly from existing levels. Air quality impacts would be minor. Air quality
impacts from oil spills would be localized and of short duration.

4.4.1.3. Lower Trophic-Level Organisms.

Summary. There would be no direct or indirect impacts to lower trophic-level organisms from
Alternative 1. There would be no incremental contribution to cumulative effects from Alternative 1.
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Cumulative Effects Under Alternative 1. The most recent assessment of Beaufort offshore
operations on lower trophic-level organisms was in the Beaufort Sea Multiple-sale EIS (USDOI, MMS,
2003a:Section IV.C.2). The assessment explained that resource-development activities could affect lower
trophic-level organisms (phytoplankton, zooplankton, epontic algae {or epontic-dependent species} and
benthos) by exposing them to drilling discharges, seismic surveys, construction, and petroleum-based
hydrocarbons. In general, effects associated with the low and high ends of the resource-recovery range
likely would be similar in most cases (one large oil spill was evaluated for both). Drilling discharges are
estimated to affect less than 1% of the benthic organisms in the sale area and none of its plankton.
Affected benthic organisms likely would experience sublethal effects, but some (mostly immature stages)
would be killed. Recovery likely would occur within 1 year after the discharge ceases. Seismic surveys
likely would have little or no effect on lower trophic-level organisms. Construction likely would have
little or no effect on plankton communities. Less than 1% of the immobile benthic organisms would be
affected by construction (mostly sublethal effects). Immobile benthic communities affected by pipeline
construction likely would recover in less than 3 years. Marine organisms needing a hard substrate for
settlement likely would benefit from the production platforms (particularly those associated with the high
end of the resource-recovery range) and to colonize them within 2 years.

The assessment noted specifically that several studies have found that sunlight makes some hydrocarbon
components more toxic. One study showed that marine invertebrates are affected more by polycyclic
aromatic hydrocarbons under ultraviolet radiation. The authors noted that ultraviolet radiation would not
penetrate turbid coastal water. These results were corroborated by another study (Shirley and Duesterloh,
2002); they observed increased oil toxicity to subsurface copepods in the presence of ultraviolet radiation.

A large oil spill was estimated to have sublethal and lethal effects on less than 1% of the plankton in the
coastal band of high concentration. Recovery likely would require a couple of days for phytoplankton
and up to a week for zooplankton. Recovery within the affected embayments likely would require a
couple of weeks. During a winter oil spill, if oil were trapped under the ice, epontic organisms living
there probably would be killed. Less than 5% of the epontic community in the sale area likely would be
affected this way. Although crude oil probably would not mix down into the water column and affect
benthic organisms, spills of refined petroleum such as diesel fuel could be mixed deeper into the water
column, potentially affecting kelp communities. The OSRA model estimates for summer that the chance
of contact with the shoreline would be low, and that the chance of contact to the ANWR coastline
specifically would be highest for any inshore spill in the eastern Alaskan Beaufort Sea. If a large spill did
contact the shoreline, small amounts of the spilled oil would probably affect the shoreline for more than a
decade in spite of cleanup responses.

The assessment summarized that lower trophic-level organisms would be affected by discharges,
disturbances, and spills. Permitted drilling discharges probably would affect benthic organisms within
1,000 m (3,300 ft) of the discharge points, and recovery likely would occur within a year. Platform and
pipeline construction is estimated to adversely affect less than 1% of the immobile benthic organisms in
the sale area, and recovery likely would occur within 3 years. Special kelp communities could be
protected from construction effects by required benthic surveys. In the unlikely event that a large oil spill
occurs, it is estimated to affect only a small portion of the planktonic and/or epontic organisms in the sale
area. Recovery of plankton likely would occur within a week (2 weeks in embayments). Spills of refined
petroleum in relatively shallow water could affect the benthos, including kelp communities. The OSRA
model estimates the chance of contact to the coastline is low, and that the chance of contact to the
coastline of the Arctic National Wildlife Refuge specifically would be highest for any inshore spill in the
eastern Alaskan Beaufort Sea. If a spill did contact the shoreline, a small amount of spilled oil probably
would persist in sediments for more than a decade. Spill responses would reduce some of the effects.
Responses could recover most of any spilled oil on a solid-ice cover and some of any oil in open water,
reducing the effects on lower trophic-level organisms; but oil in broken ice would be difficult to recover.
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Spill responses to oil on the shoreline probably would affect the habitat as much as the oil itself. The
Boulder Patch is one of the specified biological resources to be considered in contingency plans. Overall,
the level of mitigated effects within the Beaufort lease area would be minor.

The cumulative effects of all previous lease sales are summarized in Section 3.3.1.1. The effects to date
appear to be due partly to the effect of approved discharges such as construction fill, slope-protection
fabric, and drilling muds/cuttings in water more than 20 m (65 ft) deep. As noted, extensive seafloor
monitoring has documented some interannual changes in sediment chemistry and the Boulder Patch kelp
community (Dunton, 2005). Boulder Patch monitoring has demonstrated that suspended sediment
concentrations substantially affect light availability and kelp production during the summer open-water
period. However, most of the changes in suspended sediment concentrations have been related to the
broad-scale changes in the ice cover and coastal erosion (Section 3.2.4.3).

Conclusion. The cumulative level of effects on lower trophic-level organisms would be minor.
4.4.1.4. Fish Resources.

Summary. We determined that there would be no direct or indirect effects to fish resources if the lease
sales were not held. Marine and coastal areas of the North Slope are commonly perceived to be pristine
environments, yet there are number of past actions and ongoing activities that are sources or are potential
sources of harmful effects to fish resources. Existing impacts to fish resources from underwater noise and
habitat loss are anticipated to continue to at no more than a minor level of effect. Existing State and
Federal leases in the project area would continue to be explored with seismic survey and possibly,
exploratory drilling, as well as other ancillary activities. Oil resources could be developed, although this
is considered speculative. Spills, particularly in nearshore areas or at river crossings, pose a risk to fish
resources. Oil spills from marine vessels or the oil and gas industry are considered high effect, low
likelihood events. Transfer of bulk fuel to coastal communities poses the greatest risk of a large noncrude
oil spill in the marine environment.

The changing climate could positively or negatively affect the distribution or abundance of numerous
marine and freshwater species. Continuing climate change will lead to the loss or alteration of habitats
important to fish resources and to changes in biological communities. Changes in the physical
environment also may serve to promote increased vessel traffic in the Arctic, especially in the form of
tourism or cargo shipping, thereby increasing the chance of vessel accidents, groundings, and spills.
Alternative 1 is anticipated to result in a minor cumulative level of effect on fish resources in the
Proposed Action area, with the exception of changes in the physical environment, which could have a
major level of effect on fish resources.

In the following analysis we describe the potential effects from a variety of existing sources on fish
resources. We then describe mitigation measures that would help to avoid or minimize some of the
negative effects (Section 4.4.1.4.2). The anticipated effects on fish resources are then described in
Section 4.4.1.4.3.

4.4.1.4.1. Potential Effects to Fish Resources. The principal existing sources of potential effects to
fish resources in the Beaufort and Chukchi seas include: (1) underwater noise; (2) habitat loss; (3)
community and industrial development (4) petroleum spills; and (5) changes in the physical environment.

4.4.1.4.1.1. Potential Effects from Underwater Noise. In this section we describe the general
hearing abilities and other sensory capabilities of fish and then describe how vessel noise (Section
4.4.1.4.1.1.1), seismic survey noise (Section 4.4.1.4.1.1.2), and oil and gas exploration and production

Arctic Multiple-Sale Draft EIS 4-38 November 2008



Chapter 4: Environmental Consequences — Beaufort Sea

noise (Section 4.4.1.4.1.1.3) can affect the physiology (Section 4.4.1.4.1.1.4) and behavior (Section
4.4.1.4.1.1.5) of fishes in the Beaufort and Chukchi seas.

Acoustic Detection and Other Sensory Capabilities of Fish. Marine organisms have evolved in
many ways to sense their environment and use these senses to provide information that allows them to
communicate and to find their way (Popper, 2003). Fish can detect sounds via the saccule of the ear (one
of the inner ear end organs) (Popper et al., 2003). Studies have demonstrated that many fish species
produce and use sounds for a variety of behaviors, with some discriminating between different
frequencies and intensities, and detect the presence of a sound within substantial background noise
(Popper et al., 2003). Fish use sounds in behaviors including aggression, defense, territorial
advertisement, courtship, and mating (Popper et al., 2003). Hearing in fish is not only for acoustic
communication and detection of sound-emitting predators and prey; it also can play a major role in telling
fish about the acoustic scene at distances well beyond the range of vision (Popper et al., 2003).

Some teleost (bony fish) species can detect infrasound (sounds below 20 Hertz [Hz]). Juvenile salmonids
display strong avoidance reactions to infrasound (Popper et al., 2003, citing Knudsen et al., 1992, 1997),
and it is reasonable to suggest that such behavior has evolved as a protection against predators.
Infrasound has been used as an effective acoustic barrier for downstream migrating Atlantic salmon
(Salmo salar) smolts (Popper et al., 2003, citing Knudsen et al., 1994).

There probably is no other sensory system as specialized for sensory processing in the aquatic
environment as the lateral-line system (Coombs and Braun, 2003). It is a water-current detector found
exclusively in certain fish and some amphibians. The lateral-line system generally is a close-range
system, capable of detecting current-generating sources (e.g., nearby swimming fishes) no more than one
or two body lengths away. The lateral-line system also can detect ambient water motions, such as those
in a stream or ocean current, as well as distortions in ambient or self-generated motions due to the
presence of stationary objects, such as rocks or boulders. As such, the lateral-line system is believed to
influence a number of different behaviors, including schooling, prey capture, courtship and spawning, and
movements within a current (rheotaxis). In a more general sense, the lateral-line system undoubtedly also
is used to form hydrodynamic images of the environment, enabling fishes to determine the size, shape,
identity, and location of both animate and inanimate entities in their immediate vicinity.

Evidence suggests that the lateral line serves as a pressure gradient and particle-motion sensor enabling
schooling fish to mediate their proximity and velocity within the body of their school (Stocker, 2002,
citing Cahn, 1970, Partridge and Pitcher, 1980). Stocker (2002) suggests that a school of fish could be
modeled as a low-frequency oscillating body that the individual fish synchronize to. This view is
supported by the visual presentation of fish schools in sunlight that sometimes appear to “flash”
simultaneously as they respond to disturbances. This is substantiated also by evidence that when startled
by airgun noise, schooling fish fall out of rank and take time to reassemble (Stocker, 2002, citing
McCauley et al., 2000b). The startle response involves establishing a tighter grouping, so the observed
response is not believed to be a scatter response. The interruption or startle response observed in the
airgun study might indicate that the hearing of individual fishes is momentarily compromised, or the
pressure-gradient field of the school is disturbed sufficiently to lose its integrity and takes time to
reestablish, or perhaps some combination of both.

4.4.1.4.1.1.1. Vessel Noise. Engine-powered vessels may radiate considerable levels of noise
underwater. Diesel engines, generators, and propulsion motors contribute significantly to the low-
frequency spectrum. Much of the necessary machinery to drive and operate a ship produces vibration,
within the frequency range of 10 Hz-1.5 kiloHertz (kHz), with the consequence of radiation in the form of
pressure waves from the hull (Mitson and Knudsen, 2003). In addition to broadband propeller noise,
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there is a phenomenon known as “singing,” where a discrete tone is produced by the propeller, usually
due to physical excitation of the trailing edges of the blades. This can result in very high tone levels
within the frequency range of fish hearing. The overall noise of a vessel may emanate from many
machinery sources. Pumps in particular often are significant producers of noise from vibration and, at
higher frequencies, from turbulent flow. Sharp angles and high flow rates in pipe work also can cause
cavitation, and even small items of machinery might produce quite high levels of noise.

Mitson and Knudsen (2003) examined the causes and effects of fisheries research-vessel noise on fish
abundance estimation and noted that avoidance behavior by a herring school was shown due to a noisy
vessel; by contrast, there is an example of no reaction of herring to a noise-reduced vessel. They note a
study wherein the FRV Johan Hjort was using a propeller shaft speed of 125 revolutions per minute,
giving a radiated noise level sufficient to cause fish avoidance behavior at 560 m distance when traveling
at 9 knots (kn), but it reduced to 355 m at 10 kn. Mitson and Knudsen (2003, Figure 5) showed that large
changes in noise level occur for a small change in speed. Their data also suggest abnormal fish activity
continues for some time as the vessel travels away from the recording buoy used in the study.

Vessel traffic is chiefly during ice-free conditions. Vessel traffic may disturb some fish resources and
their habitat during operations. Pacific salmon in the coastal and marine environment may be disturbed
by vessel-traffic noise. However, vessel noise is expected to be chiefly transient; fishes in the immediate
vicinity of such vessels are believed likely to avoid such noise perhaps by as much as several hundred
meters. Vessel traffic is expected to increase in the Chukchi and Beaufort seas (Section 4.3).

4.4.1.4.1.1.2. Seismic-Survey Noise. The following information is largely an abridged version of a
more detailed description of the potential effects of seismic surveys evaluated for the seismic-survey
Programmatic EA and the Sale 193 draft EIS (USDOI, MMS 2006a,g). The principle impacting agent
attributable to seismic surveys involves the acoustic-energy pulses emitted by airguns. This section
evaluates the acoustic impacts associated with airgun noise. Vessel noise was addressed in the previous
section. Mechanical impacts to habitat (i.e., via anchoring, cable towing, OBC deployment and retrieval
from the seafloor, and cable hangups) are addressed in Section 4.4.1.4.1.2).

Fishes of greatest concern, due to their distribution, abundance, trophic relationships, or vulnerability, are:
(1) the diadromous fishes that are abundant seasonally in the nearshore zone, especially Dolly Varden
char, least cisco, and broad whitefish; (2) cryopelagic fishes such as the arctic cod, an abundant and
trophically important fish; (3) intertidal, estuarine, or nearshore spawning and/or rearing fishes (e.g.,
capelin and Pacific herring); and (4) Pacific salmon. Some of these species also are important because
they figure prominently in subsistence (e.g., Dolly Varden char, cisco, whitefish, arctic cod, rainbow
smelt, capelin, and salmon).

In general, marine fish likely can hear seismic airgun emissions, especially for hearing generalists (e.g.,
flatfish) and specialists (e.g., herring). The frequency spectra of seismic-survey devices cover the range
of frequencies detected by most fish (Pearson, Skalski, and Malme, 1992; Platt and Popper, 1981;
Hawkins, 1981). Marine fishes are likely to detect airgun emissions nearly 2.7-63 km (1.6-39 mi) from
their source, depending on water depth (Pearson, Skalski, and Malme, 1992). Pearson, Skalski, and
Malme (1992) reported fish responses to seismic sources are species specific.

4.4.1.4.1.1.3. Oil and Gas Exploration or Production Noise. Underwater noise is produced
during exploratory and production drilling. Drilling rigs (on two ice-bound gravel islands) produced
noise (<200 Hz) that was recorded under sea ice out to a distance of 1.5 km. Moored drillship noise is
predicted to attenuate to 115-120 dB at distances of 1-10 km. If fishes were disturbed by underwater
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noise emitted from the drill rigs, similar to reactions described in Section 4.4.1.4.1.1.2, fish could move
away from the source of the noise, effectively being displaced from a zone around the drill rig.

Noise-related disturbance effects to fish and direct loss or degradation of fish habitats likely would occur
during construction in the marine environment (e.g., well sites, platform placement, pipeline
trenching/burial) and at freshwater sites (pipeline and maintenance road construction). Noise also is
produced by vessels servicing exploration rigs and production platforms. Effects from these activities
would be similar to those described in Section 4.4.1.4.1.1.2. This vessel activity would be infrequent and
be generally restricted to an area between the drill site and a land-based support site.

4.4.1.4.1.1.4. Physiological Effects. Seismic-survey acoustic-energy sources may damage or kill
eggs, larvae, and fry of some fishes occurring in close proximity to an airgun, but the harm generally is
limited to within 5 m (15 ft) from the airgun and greatest within 1 m (3 ft) of the airgun (e.g.,
Kostyuchenko, 1973; Dalen and Knutsen, 1987; Holliday et al., 1986; Turnpenny and Nedwell, 1994).
Airguns are unlikely to cause immediate deaths of adult and juvenile marine fishes. Sound sources that
have resulted in documented physiological damage and mortality of adult, juvenile, and larval fish all
have been at or above 180 dB re 1 microPascal (180 dB re 1 uPa) (Turnpenny and Nedwell, 1994). The
likelihood of physical damage is related to the characteristics of the sound wave, the species involved, life
stage, distance from the airgun array, configuration of array, and the environmental conditions.

The Canadian Department of Fisheries and Oceans (CDFO, 2004) reviewed scientific information on
impacts of seismic sound on fish and concluded that exposure to seismic sound is considered unlikely to
result in direct fish or invertebrate mortality. Damage to fish from seismic emissions may develop slowly
after exposure (Hastings et al., 1996). Table 1 of Turnpenny and Nedwell (1994) lists observed injuries
(for fishes: adult, juvenile, larvae, and eggs) caused by exposure to high-level sound sources.

Overall, the available scientific and management literature suggests that mortality of juvenile and adult
fish, the age-classes most relevant to future reproductive fitness and growth, likely would not result from
seismic-survey activity. Fishes with impaired hearing may have reduced fitness, potentially making them
vulnerable to predators, possibly unable to locate prey or mates, sense their acoustic environment or, in
the case of vocal fishes, unable to communicate with other fishes.

4.4.1.4.1.1.5. Behavioral Effects. The most likely impacts to marine fish and invertebrates from
seismic activity would be behavioral disruptions. Behavioral changes to marine fish and invertebrates
from seismic-survey activity have been noted in several studies (e.g., Dalen and Knusten, 1987;
McCauley et al., 2000; McCauley, Fewtrell, and Popper, 2003; Pearson, Skalski, and Malme, 1992),
including:

e balance problems (but recovery within minutes);
disoriented swimming behavior;
increased swimming speed;
tightening schools;
displacement;
interruption of important biological behaviors (e.g., feeding, mating);
shifts in the vertical distribution (either up or down); and
occurrence of alarm and startle responses (generally around 180 dB re 1 pPa and above).

Behavioral impacts are most likely to occur in the 160- to 200-dB range (Turnpenny and Nedwell, 1994).

These responses are expected to be species specific. Displacement also may be relative to the biology and
ecology of species involved. Available studies have indicated that these reactions are likely to be short
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term in nature. Although repeated, short-term disturbances can result in long-term impacts, seismic
activity typically would be limited to the open-water season within discrete areas and, therefore, the
timeframe is limited in scope.

Fish distribution and feeding behavior can be affected by the sound emitted from airguns and airgun
arrays (Turnpenny and Nedwell, 1994). Pelagic fish-catch rates and local abundance were reduced within
33 km of the airgun array for at least 5 days after shooting (Engas et al. 1993, 1996). There is no
conclusive evidence for long-term or permanent horizontal displacement, and vertical displacement may
be the short-term behavioral response (Slotte et al., 2004). Normal fish behavior likely returns when the
airguns are turned off. The repopulation of the vacated area is reliant upon a diffusion like process
(Turnpenny and Nedwell, 1994).

Seismic surveys potentially may disrupt feeding activity and displace diadromous and marine fishes (i.e.,
capelin, cisco, and the whitefishes) from critical summer feeding areas along the coast.

Migration, Spawning, and Survival Effects. Most important to this issue are behavioral reactions
that could result in disruption of migratory pathways or diminishing the availability of fish resources as
subsistence resources (e.g., through fish abandoning important fishing grounds). For coastwise migratory
fish species, acoustic disturbance may displace and disrupt important migratory patterns, habitat use, and
life-history behaviors. The populations of many species move from one habitat to another and back again
repeatedly during their life (Begon, Harper, and Townsend, 1990). The time-scale involved may be
hours, days, months, or years.

For wide-ranging, migratory fish species, disturbance and displacement may disrupt important migratory
and life-history behaviors and patterns or habitat areas. Seismic surveys conducted in Federal waters
close to State waters, where many fishes migrate through to spawning sites along the coast or in
anadromous streams of the Arctic, may disrupt or impede their migrations as fishes attempt to avoid
airgun emissions. In addition, conducting more than one seismic operation simultaneously may influence
the distribution of some juvenile and adult fishes, inadvertently herding them away from suitable habitat
areas (e.g., nurseries, foraging, mating, spawning, migratory corridors) and concentrating many fishes in
areas of unsuitable use.

Migratory species at risk of brief spawning delays include Pacific herring, capelin, Pacific salmon (chiefly
pinks and chums), cisco, broad whitefish, and Pacific sand lance. Pacific herring and arctic cod are
hearing specialists and are most likely the most acoustically sensitive species occurring in the Sale 193
area. They are, therefore, the most likely to exhibit displacement and avoidance behaviors of the arctic
fishes occurring in the Proposed Action area. Pacific salmon and the whitefish spawn in freshwater
habitats of the Arctic coast. Pacific herring, capelin, and Pacific sand lance spawn on beaches or in
nearshore waters.

The 3D/2D seismic surveys typically cover a relatively small area and only stay in a particular area for
hours, thereby posing somewhat transient disturbances. Adverse effects to the migration, spawning, and
hatchling survival of fish most likely would be temporary and localized.

Effects from Coincidental, Multiple Seismic Surveys. Given the limited evidence of avoidance
and displacement from survey areas, the interaction of coincident multiple surveys may influence the
distribution of some juvenile and adult fishes, inadvertently herding them away from suitable habitat
areas (e.g., nurseries, foraging, mating, spawning, migratory corridors, access to overwintering sites) and
concentrating many fishes in areas of unsuitable use. Such areas may not include suitable prey species or
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in densities to support the concentrated fishes. Displacement also may expose them to more predation
than naturally experienced.

Concurrent seismic surveys may facilitate the stranding of some schooling or aggregated arctic fishes
onto coastal or insular beaches in the Proposed Action area. Such strandings may be more likely if
multiple seismic surveys were to spatially “box in” fishes along the shoreline and, thus, limit their
avenues of retreat to less ensonified waters.

4.4.1.4.1.2. Potential Effects from Habitat Loss. Fish and fish habitats can be affected by a
number of community, industry, and other activities. These include construction activities that have
direct and indirect effects on freshwater and marine habitats, effects from drilling discharges, and effects
from anchor or seismic cable deployment or recovery.

4.4.1.4.1.2.1. Community Development. Communities along the coast of the Beaufort and Chukchi
seas are typically small, but often have projects that have adverse effects on freshwater habitats that
support fishes. These include road, bridge, airport, residential development, and public and institutional
projects. The extent of these developments and some recently proposed projects are described in Sections
3.1.2.1 (Infrastructure), 4.2.1.1 (Transportation and Infrastructure), and 4.4.1.6.2.3.2.7 or 4.4.1.7.3.2.7
(Habitat Loss). Additionally, these communities often draw freshwater from ponds and lakes that also
support fishes.

4.4.1.4.1.2.2. Industrial Development. As with existing coastal communities, the expansion of
existing oil and gas facilities and infrastructure continue to have adverse effects on freshwater habitats
that support fishes. These include construction of additional roads, pipelines, and pads for storage and to
otherwise support industrial activities. Support of these industrial facilities requires vast amounts of
freshwater which can result in the drawdown of lakes. The drawdown of lakes can reduce the amount of
fish habitats. Some lakes for water supplies are created by excavating freshwater wetlands. The extent of
these developments and some recently proposed projects are described in Sections 3.1.2.1 (Infrastructure),
4.2.1.1 (Transportation and Infrastructure), and 4.4.1.6.2.3.2.7 or 4.4.1.7.3.2.7 (Habitat Loss). Similar
projects continue to be proposed on a regular basis (see U.S. Army Corps of Engineers Public Notices
posted at http://www.poa.usace.army.mil/reg/PNnew.htm).

Exploration wells could result in a temporary, direct loss of seafloor habitats at the placement site, but
these sites are relatively small compared to the amount of similar habitats available in the
marine environment.

Once seismic surveys have indicated a potential source of oil, companies would delineate the field with
exploratory wells. Once the field is defined and further evaluated, a production platform may be
constructed to collect oil from wells around the platform.

If another commercial discovery is made from existing federal leases in the Beaufort Sea, there could be
construction of a production well/platform/facility footprint and new pipelines to the existing product
transportation infrastructure. Offshore pipelines would be trenched as a protective measure against
damage by ice in all water depths <50 m (~165ft). Trenching and pipe laying would take place during the
short open-water season or during mid- to late winter, when landfast ice has stabilized. This trenching
would create turbidity around the trenching site that, depending on the nature of the substrate, would
remain for short-amounts of time or be moved offsite by currents into other areas. At a coastal landfall,
the pipeline likely would be elevated on a short gravel causeway to protect it against shoreline erosion.
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4.4.1.4.1.3. Potential Effects from Drilling Discharges. The primary source of the following
description of discharge effects comes from Hurley and Ellis (2004). Exploration drilling occurs after
seismic and other surveys have determined the location and extent of a possible hydrocarbon-bearing
geological formation. Formations identified with remotely collected data may contain commercially
viable hydrocarbon deposits, or they may contain only water or hydrocarbons in quantities that are
uneconomical to develop.

Exploration drilling is the only way to confirm the presence of viable quantities of hydrocarbons in a
prospective formation. In the event that hydrocarbons are found, further drilling of delineation wells may
be required to further refine a prospect’s potential for development or in order to establish the extent or
commercial viability of a prospect. If development is to go ahead, several production wells may be
drilled at the same site. Many aspects of drilling are common between offshore exploration and
development drilling.

The potential for negative environmental effects for discharges other than drill wastes (e.g., bilge, ballast,
grey water) was considered low, because volumes discharged are small and the drilling unit is typically
present on the drilling location for 60-90 days.

4.4.1.4.1.3.1. Physical Effects of Drill Wastes. The particulate fraction of discharged drilling
wastes tends to settle on the seafloor so that its drift, dispersion, and dilution, therefore, generally are
lower than those of dissolved or buoyant discharges. Recent studies have indicated that drilling wastes
can flocculate in seawater to form aggregates on the order of 0.5-1.5 mm in diameter with high settling
velocities (Hurley and Ellis, 2004, citing Milligan and Hill, 1998) such that the bulk of drilling-mud
discharges settle rapidly and can accumulate on the seabed (Hurley and Ellis, 2004 citing Muschenheim et
al., 1995, Muschenheim and Milligan, 1996). Based on chemical indicators of drilling muds such as
barium in association with total petroleum hydrocarbons, large development projects with several wells at
the same location had larger zones of detection (maximum 8,000 m) than single wells (maximum 1,000
m) at similar water depths.

Resuspension or deposition processes in the benthic boundary layer tend to concentrate particulate wastes
in suspension near the seabed before eventually being dispersed by currents and waves (Hurley and Ellis,
2004, citing Muschenheim and Milligan, 1996). Regional and temporal variations in physical
oceanographic processes, that determine the degree of initial dilution and waste suspension, dispersion
and drift in the benthic boundary layer, have a large influence on the potential zone of influence of
discharged drilling wastes. The spread of contaminants originating from drilling discharges by natural
activities (storm events) can be quite extensive.

4.4.1.4.1.3.2. Biological Effects of Drill Wastes. The NRC (1983) concluded that impacts from
drilling operations are most severe on benthic communities. Toxicity studies both in the laboratory and
the field have focused on the fate of drilling-waste discharges and their acute and chronic effects on the
benthic infauna and epifauna and bottom-dwelling fish species. Most studies have focused on the
physical effects of the clay fractions of the mud and/or the biological effects of the petroleum
hydrocarbon contamination from the drilling fluids. Although observed impacts of drilling wastes
generally been attributed to chemical toxicity or organic enrichment, there is increasing evidence to
indicate that fine particles in drilling wastes contribute to the effects observed around drilling platforms.
There are additional concerns about the potential for heavy metal pollution at petroleum exploration and
development sites, including cadmium, lead, and mercury, which are found in drilling wastes (Hurley and
Ellis, 2004, citing Cranford, 2001).
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Heavy particles tend to settle near the discharge site and can form a pile on the seafloor. There is the
potential that these cutting piles can smother benthic communities and result in artificial reef effects,
where the piles attract marine organisms and provide substrate for epifaunal animals such as crabs to
colonize. The properties of the cuttings depend on the particle size, sorption capacity of the crushed rock,
and on a number of technical factors. These factors, which ultimately determine the fate and longevity of
the piles, include the type and formulation of drilling fluids, physiochemical parameters in the drilling
zone, conditions of the mud and cuttings contact with extracted hydrocarbons, and methods of cuttings
separation and treatment.

4.4.1.4.1.3.3. Persistence of Drill Wastes. Consistent zones of detection for drilling fluids and
biological impacts for water-based muds were documented. Observations of the zone of detection of
water-based muds suggest that average measured background levels are reached at 1,000-3,000 m. Some
single-transect values have been elevated at up to 8,000 m. Maximum sediment concentrations of
synthetic-based muds were more localized than for water-based muds and were detected at distances
ranging from 100-2,000 m from the discharge location. Biological impacts associated with the release of
synthetic-based mud cuttings generally were detected at distances of 50-500 m from the well sites.
Reductions in the abundance of a few species were detected over greater scales out to 1,000 m. While
recovery of benthic communities generally was documented to occur within 1 year of completion, one
case study documented that benthic species’ richness and abundance were reduced at a distance of 50 m 2
years after exploratory drilling stopped (Hurley and Ellis, 2004, citing Candler et al., 1995). Overall,
existing data suggest that these materials will be substantially degraded on a time scale between 1 and
several years; however, the distribution and fate of these materials has not been extensively documented.
The spatial area over which drilling muds are detected generally is greater than the area over which
biological effects were documented.

4.4.1.4.1.4. Potential Effects from Anchor or Cable Deployment and Recovery. Dense kelp
beds grow in a few areas of the Beaufort Sea (USDOI, MMS, 2003a), most notably the Boulder Patch
behind the barrier islands of Stepphanson Sound (USDOI, MMS, 2002). There are few kelp beds in the
Chukchi Sea, located nearshore or in coastal lagoons.

When and where a vessel anchors is at the discretion of the vessel captain. Anchoring by vessels is
sometimes a necessary practice that locally may disturb the seafloor. Fish habitats may be crushed or
injured during vessel anchoring practices. Anchors may not hold fast under some conditions and could
drag across the seafloor, damaging sessile organisms (e.g., kelp) or their habitats (e.g., boulders).
Anchoring in fragile areas (e.g., kelp beds) likely would yield more damage to fish resources and habitat
than anchoring offshore in sand or mud.

On-bottom cables are sometimes used to conduct seismic surveys in shallow, nearshore waters during the
open-water period. These shallow nearshore waters are some of the best areas for kelp. As the cables lay
on the sea-floor, the kelp and cables can become entangled and the kelp may remain on the cable when
the cable is retrieved to the surface. The more abundant the kelp is, the more entanglements can occur
and more kelp can be damaged.

The magnitude of any damage to the seafloor would depend on where anchors or cables were placed. For
anchors, the damage depends on whether it drags what it might drag across. For cables, some of the kelp
may be returned to the seafloor if the holdfast and anchor rock are intact. This kelp would likely survive.
Some kelp blades may have reproductive parts that would still function if returned to the ocean. Other
pieces of kelp would decompose and contribute nutrients to the coast, much like other kelp washed up on
the beaches during storms. Overall direct impacts to benthic fish habitats would be restricted to
anchoring or OBC survey sites, and these limited areas would be very small compared to the total area of
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benthic habitat available. Some of these effects are similar to those naturally-occurring from storms or
gouging from ice keels.

4.4.1.4.1.5. Potential Effects from Petroleum Spills.

4.4.1.4.1.5.1. General Effects from Petroleum Spills to Fish Resources. Petroleum is a
complex substance composed of many constituents. These constituents vary in structural complexity,
volatility, and toxicity to organisms. A more detailed discussion of these differences, plus modes of
release and factors affecting concentrations of oil in the water column, is found in Appendix A.

There are two general ways that oil spills adversely affect the abundance of a population: (1) through
direct mortality or (2) through indirect impacts on reproduction and survival (Hilborn, 1996). In each
case, the impacts might be followed by recovery to preimpact levels or by a long-term change in
abundance. Additionally, long-term habitat change or a change in competitive or predation pressure
could result in a long-term change in the distribution or abundance of a species.

Oil spills have been observed to have a range of effects on fish (see Rice, Korn, and Karinen, 1981; Starr,
Kuwada, and Trasky, 1981; Hamilton, Starr, and Trasky, 1979; and Malins, 1977 for more detailed
discussions). The specific effect depends on the concentration of petroleum present; the time of exposure;
and the stage of fish development involved (eggs, larvae, and juveniles are the most sensitive). If
sublethal concentrations are encountered over a sufficient duration, fish mortality is likely to occur.
Sublethal effects include changes in growth, feeding, fecundity, survival, and temporary displacement.

Oil spills can more specifically affect fish resources in many ways, including the following:

e cause mortality to eggs and immature stages, abnormal development, or delayed growth due to
acute or chronic exposures in spawning or nursery areas; this may occur repeatedly if generation
after generation continues to spawn and/or rear offspring in contaminated areas;
impede the access of migratory fishes to spawning habitat because of contaminated waterways;
alter behavior;
displace individuals from preferred habitat;
constrain or eliminate prey populations normally available for consumption;
impair feeding, growth, or reproduction;
contaminate organs and tissues and cause physiological responses, including stress;
reduce individual fitness and survival, thereby increasing susceptibility to predation, parasitism,
zoonotic diseases, or other environmental perturbations;
increase or introduce genetic abnormalities within gene pools; and
modify community structure that benefits some fish resources and harms others.

Concentrations of petroleum hydrocarbons are acutely toxic to fishes a short distance from and a short
time after a spill event (Malins, 1977; Kinney, Button, and Schell, 1969). The death of adult fish has
occurred almost immediately following some oil spills (the Florida and Amoco Cadiz; Hampson and
Sanders, 1969; Teal and Howarth, 1984). The majority of adult fish are able to leave or avoid areas of
heavy pollution and, thus, avoid acute intoxication and toxicity. Evidence indicates that populations of
free-swimming fish are not injured by oil spills in the open sea (Patin, 1999). In coastal shallow waters
with slow water exchange, oil spills may kill or injure pelagic or demersal fish.

Lethal effects to adults may pose less threat to populations than damage to eggs and larvae or changes in

the ecosystem supporting populations (e.g., Teal and Howarth, 1984). Floating eggs, and juvenile stages
of many species can be killed when contacted by oil (Patin, 1999), regardless of the habitat.
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The most serious concerns arise regarding the potential sublethal effects in fisheries resources, including
commercially valued species, when exposed to chronic contamination within their habitats (Patin, 1999).
The toxicity of oil pollution to aquatic populations has been seriously underestimated by standard short-
term toxicity assays, and the habitat damage that results from oil contamination has been correspondingly
underestimated (Ott, Peterson, and Rice, 2001). Research studies show that intertidal or shallow benthic
substrates may become sources of persistent pollution by toxic polycyclic aromatic hydrocarbons (PAHs)
following oil spills or from chronic discharges (Rice et al., 2000). Fish sublethal responses include a
wide range of compensational changes (Patin, 1999). These start at the subcellular level and first have a
biochemical and molecular nature. Recent research, mostly motivated by the Exxon Valdez oil spill, has
found that: (1) PAHs are released from oil films and droplets at progressively slower rates with
increasing molecular weight leading to greater persistence of larger PAHs; (2) eggs from demersally
spawning fish species accumulate dissolved PAHs released from oiled substrates, even when the oil is
heavily weathered; and (3) PAHs accumulated from aqueous concentrations of <1 part per billion (ppb)
can lead to adverse sequelae (i.e., a secondary result of disease or injury) appearing at random over an
exposed individual’s lifespan (Rice et al., 2000). These adverse effects likely result from genetic damage
acquired during early embryogenesis caused by superoxide production in response to PAHs. Therefore,
oil poisoning is slow acting following embryonic exposure, and adverse consequences (e.g., prematurely
truncated lifespan, impaired reproductive potential, unnatural physical or behavioral limitations) may not
manifest until much later in life. The frequency of any one symptom usually is low, but cumulative
effects of all symptoms may be considerably higher (Rice et al., 2000). For example, if chronic exposures
persist, stress may manifest sublethal effects later in a form of histological, physiological, behavioral, and
even population-level responses, including impairment of feeding, growth, and reproduction (Patin,
1999). Chronic stress and poisoning also may reduce fecundity and survival through increased
susceptibility to predation, parasite infestation, and zoonotic diseases. These can affect the population
abundance and, subsequently, community structure. For more information summarizing the various
adverse effects (both individual and population level) to fish fauna or their habitats see Patin (1999:Tables
29 and 30).

4.4.1.4.1.5.2. Aspects of Fish Life Histories that Make them Vulnerable to Effects of Oil.
Several aspects of fish life histories may make arctic fish populations vulnerable to effects from spilled
oil. In particular, adult fish generally are unlikely to suffer great mortality as a result of an oil spill;
however, diadromous fishes in the estuarine/nearshore, brackish water ecotone might be adversely
affected by having their access to feeding, overwintering, or spawning grounds impeded. Effects of an oil
spill could include increased swimming activity; decreased feeding; interference with movements to
feeding, overwintering, or spawning areas; impaired homing abilities; and death of some adult or juvenile
fishes. Fish also may suffer increased physiological stress when making the adjustment from fresh to
brackish or marine water and vice versa that later result in mortality. Adverse effects are more likely for
fishes that make extensive migrations from natal streams; for fishes with high fidelity to natal streams;
and for fishes that overwinter in nearshore environments (such as the major river deltas). Recruitment or
survival of fishes could be reduced by oil adversely affecting the spawning of adults, the development of
early life-history stages repeated across generations, movement and feeding patterns of adults or
juveniles, or overwintering juveniles or adults.

Larvae, eggs, and juvenile fishes generally are more sensitive to oil spills than are adult fishes. In
particular, species with floating eggs (e.g., arctic cod) or eggs and larvae in more vulnerable positions
(e.g., eggs and developing larvae of pink salmon or capelin on or proximate to contaminated substrates in
the intertidal and/or shallow subtidal) could suffer extensive mortality (depending on the amount and type
of oil spilled, the areal extent of the spill, etc.). Nearshore demersal eggs or larval fishes spending time in
coastal areas are the fish most vulnerable to adverse effects of spilled oil. These vulnerable categories
include pink salmon, capelin, fourhorn sculpin, and snailfish, which can have great bursts of abundance in
nearshore areas (e.g., Morrow, 1980, citing Andriyashev, 1954; Westin, 1970).
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Growth, recruitment, and/or reproduction could be adversely affected, because oil may increase the
already high mortality of larvae in the plankton by increasing the length of time in the plankton or by
decreasing planktonic food.

There are several potential pathways that an oil spill could impact spawning substrates and fish such as
capelin and pink salmon. Fishes unable to detect a spill could experience direct mortality. Eggs laid in
contaminated spawning habitats could experience direct mortality or sublethal effects. Sublethal effects
could be manifested at subsequent life stages. For example, young fish that survive to smolt could be
undersized when entering the ocean and either become prey for larger fish that normally could not hunt
them or, similarly, be unable to capture appropriately sized prey. If an oil spill occurred and decimated a
year-class of young from one area, the effects likely would adversely influence successive generations’
ability for recovery.

Eggs deposited in the proximity of the contaminated substrate over a series of years likely would be
exposed to oil (PAHs) retained in the substrate, as PAHs in weathered oil can be biologically available for
long periods and very toxic to sensitive life stages, subsequently leading to lethal and sublethal effects to
those offspring of successive generations. It is not clear what effects PAH exposure may have on the
dynamics of the region’s meta-population; however, the repeated use of a contaminated spawning site
could result in consistently lower return-per-spawner ratios or the site could be unavailable for use for
multiple generations. Recovery would depend on how long oil persists in the localized habitat, the
sensitivity of capelin to exposure and their ability to detect and avoid contaminated substrates. Fishes
able to detect and avoid a contaminated spawning area could use unsuitable or more distant alternative
spawning sites resulting in high egg/larvae loss or other potential energetic costs that affect fecundity.

4.4.1.4.1.5.3. Oil-Spill Effects to Fish Populations: Lessons from the Exxon Valdez Oil
Spill. In this section we describe what was learned about long-term ecosystem responses resulting from
the Exxon Valdez Oil Spill and then outline generalized common effects to multiple fish species, and
conclude with potential species-specific effects to Pacific salmon and herring.

Long-Term Ecosystem Responses. Peterson et al. (2003) described the long-term ecosystem
response to the Exxon Valdez oil spill (EVOS). Peterson et al. (2003) stated:

The ecosystem response to the 1989 spill of oil from the Exxon Valdez into Prince William
Sound [PWS], Alaska, shows that current practices for assessing ecological risks of oil in the
oceans and, by extension, other toxic sources should be changed. Previously, it was assumed that
impacts to populations derive almost exclusively from acute mortality. Unexpected persistence
of toxic sub-surface oil and chronic exposures in the Alaskan coastal ecosystem, even at sublethal
levels, has continued to affect the environment. Delayed population reductions and cascades of
indirect effects postponed recovery. Development of ecosystem-based toxicology is required to
understand and ultimately predict chronic, delayed, and indirect long-term risks and impacts.

...uncertainties do little to diminish the general conclusions: oil persisted beyond a decade in
surprising amounts and in toxic forms, was sufficiently bioavailable to induce chronic biological
exposures, and had long-term impacts at the population level. Three major pathways of induction
of long-term impacts emerge: (i) chronic persistence of oil, biological exposures, and population
impacts to species closely associated with shallow sediments; (ii) delayed population impacts of
sublethal doses compromising health, growth, and reproduction; and (iii) indirect effects of
trophic and interaction cascades, all of which transmit impacts well beyond the acute-phase
mortality.
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Conclusions by Peterson et al. (2003) specifically pertinent to fish resources include:

Chronic exposures of sediment-affiliated species.

Chronic exposures enhanced mortality for years.

After the spill, fish embryos and larvae were chronically exposed to partially weathered oil in
dispersed forms (citing Murphy et al., 1999).

Laboratory experiments showed that these multi-ringed polycyclic aromatic hydrocarbons
(PAHSs) from partially weathered oil at concentrations as low as 1 ppb are toxic to pink salmon
eggs exposed for the months of development and to herring eggs exposed for 16 days (citing
Marty, Heintz, and Hinton, 1997, Heintz et al., 2001).

This process explains the elevated mortality of incubating pink salmon eggs in oiled rearing
streams for at least 4 years after the oil spill. (citing Bue, Sharr, and Seeb, 1998).

Sublethal exposures leading to death from compromised health, growth, or reproduction:

Oil exposure resulted in lower growth rates of salmon fry in 1989 (citing Rice et al., 2001), which
in pink salmon reduce survivorship indirectly through size-dependent predation during the marine
phase of their life history (citing Willette et al., 2000).

After chronic exposure as embryos in the laboratory to < 20 ppb total PAHs, which stunted their
growth, the subsequently marked and released pink salmon fry survived the next 1.5 years at sea
at only half the rate of control fish (citing Heintz et al., 2001).

In addition, controlled laboratory studies showed reproductive impairment from sublethal
exposure through reducing embryo survivorship in eggs of returning adult pink salmon that had
previously been exposed in 1993 to weathered oil as embryos and fry (citing Heintz et al., 1999).
Abnormal development occurred in herring and salmon after exposure to the Exxon Valdez oil
(citing Carls et al., 2001; Marty, Heintz, and Hinton, 1997).

Cascades of indirect effects:

Indirect effects can be as important as direct trophic interactions in structuring communities
(citing Schoener, 1993).

Cascading indirect effects are delayed in operation because they are mediated through changes in
an intermediary.

Perhaps the two generally most influential types of indirect interactions are (i) trophic cascades in
which predators reduce abundance of their prey, which in turn releases the prey’s food species
from control (citing Estes et al., 1995) and (ii) provision of biogenic habitat by organisms that
serve as or create important physical structure in the environment (citing Jones et al., 1994).
Current risk assessment models used for projecting biological injury to marine communities
ignore indirect effects, treating species populations as independent of one another (citing
Peterson, 2001; Rice et al., 2001).

Indirect interactions lengthened the recovery process on rocky shorelines for a decade or more
(citing Peterson, 2001).

Expectations of rapid recovery based on short generation time