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INTRODUCTION



0DUCTION

Background

- In September of 1982 a Federal outer continental shelf oil and gas lease

sale is scheduled for the northern Bering Sea-Norton Sdund region. A

State lease sale previously scheduled for late - 1981 is currently being

coordinated to occur simultaneously with the Federal sale, with a second

State sale subsequently planned for 1983. Because of the magnitude of
these sales and the fact that fish and wildlife resources in the northern
Bering Sea-Norton Sound region are of considerable economic and social
importance to the State of Alaska; the Department of Fish and Game has
conducted an analysis of potential effects arising from oil and gas

related activities and their impacts on fish and wildlife resources. It

has been shown that, in addition to o0il pollution, fish and wildlife
résources can be impacted by drilling muds and cuttings; noise and
disturbance; dredging and filling, gravel mining, and gravel islands;
shoreline alteration; formation waters; cooling waters and water withdrawal;

secondary development; harvest interference; and air pollution.

It is also apparent that the current level of know]edge regarding abundance
and distribution of fish and wildlife resources in areas where such

impacts are likely to occur is not sufficiently detailed to be used
effectively as a means of protecting these resources. The Alaska Department
of Fish and Game has concluded that if a major oil field were discovered,
development might occur so rapidly and ‘on such a large scale, that the
Department would not have sufficient time or resources to deal with all

of the activities through the normal project by project permit review



process. The only effective means of mitigating potential impacts
appears to be to anticipate potential problems and provide industry
planners and resource managers with comprehensive information on project
design and siting criteria before extensive planning or any significant
amount of construction occurs. The early availability of this type of
information should, moreover, greatly simplify and expedite the process
of siting and designing faéi]ities whi]e}minimizing the impacts on fish

and wildlife resources.

In requesting a section 308(d) Coastal Energy Impact Grant from the
Department of Community and Regional Affairs, the Department of Fish and

Game chose Norton Sound and the northern Bering Sea as a region warranting
study for a variety of reasons. First, there are no immediate insurmountable
hazards associated with drilling in this region. Unlike other offshore

areas such as the Beaufort and Chukchi seas, or Navarin and St. George
basins, problems associated with shifting multi-year pack ice, or excessively
deep water depths are expected to be minimized. Second, this region

supports an abundant number and diverse array of species. Areas such as

the Yukon Delta, the Bering Strait, St. Lawrence Island and the wetlands
encircling the perimeter of Norton Sound are critically important toward
maintaining the continued viability of an immense number of animals.

Third, subsistence values are extremely high in this region. Historic

and present day subsistence utilization patterns attest to the fact that

the majority of people in this region are socially and economically

dependeﬁt on recurrent harvests of fish and wildlife resources. Beyond

being just a source of food, these resources provide the basis for an



entire lifestyle which revolves around the seasonal appearance of harvestable
species. Finally, very 1little infra-structure is availéb]e with which

to absorb the full developmental impacts of a moderate to high find oil

and gas discovery. Components of secondary development éuch as deep

water port facilities, treatment plants, roads, and transmission corridors,
all have the potential to disrupt fish and wildlife populations or

harvest activities, either during their initial construction or in their

eventual operation.

The object of thé Department's Coastal Energy Impact Study is to 1)
develop a comprehensive inventory of fish, wildlife, and aquatic plant
resources in the coastal and offshore marine waters of the northern
Bering Sea-Norton Sound region, 2) assess and quantify the effects of
major activities associated with oil and gas development on fish and
wildlife populations, and 3) develop guidelines and. recommendations for
preventing, reducing, or ameliorating fish, wildlife, aquatic plant, and
habitat losses due to hydrocarbon exploration, development and production.
In this respect, the Department's northern Bering Sea-Norton Sound
Coastal Energy Impact study is specifically designed to accomplish two
goals: 1) minimize the impacts of offshore energy development and
related onshore activities on subsistence, commercial and re;reétiona]
fish and wildlife resources, and 2) expedite the processing of permits
for activities associated with oil and gas development in order to allow

development to proceed at the most rapid pace and lowest economic cost

. commensurate with 1).



By providing industry planners with information on critical or sensitive
fish and wildlife habitats, and the most effective means of mitigating
impacts early in the exploration phase, subsequent activities may be
planned and facilities located in order to avoid conflicts with renewable
resources, which could result in extended permitting or legal delays.
Simultaneously, renewable resource managers and permitting agencies will
be provided with accurate information on 1) the abundance and distribution
of important fish and wildlife resources; 2) the impacts of various
activities; and 3) the most effective means of mitigating impacts of
activities associated with 0il and gas development. This information
should enable the permitter to expeditiously determine the effects of an
activity on fish and wildlife resources, thereby allowing him to provide
effective protection to these resources while minimizing the required

.time to issue a permit.

This study was conducted in three phases: 1) all of the available
information on fish and wildlife abundance, distribution, and life
history was collected and depicted graphically on maps and, where necessary,
supplemented with a narrative description; 2) the effects of the major
activities associated with oil and gas development on fish and wildlife
resources were identified and assessed through extensive literature
research; and 3) mitigatory measures were developed to protect important
fish and wildlife populations from the adverse effects of 0il and gas
related activities. The Department's Coastal Energy Impact Project is
presented in three parts: 1) a narrative impact report; 2) resource
inventory maps of fish, wildlife, and agquatic plants in Norton Sound and

the northern Bering Sea; and 3) impact maps showing the relative sensitivity



of fish and wildlife habitats to oil and gas disturbances. These three

parts are described in more detail below:

1.  The narrative impact report includes: 1) a description of the
study area; 2) a description of the five phases of oil and gas
development; 3) a description of oiT and gas activities leading
to environmental disturbances; 4) a discussion of the sources
and biological effects of disturbances caused by oil and gas
activities; 5) the sensitivities of areas in the northern
Bering Sea-Norton Sound region to disturbances; and 6) recommendationé
for mitigating the adverse developmental impacts on fish,

wildlife, and aquatic plant resources.

2. Eight resource inventory maps accompany this report. Map 1
showé ice conditions during winter periods. Map 2 identifies
winds, ocean currents, and ceastal marine and terrestrial
habitats. Maps 3 through 7 depict the known concentrations of
benthic invertebrates, anadromous and marine fish, marine and
térrestria] mammals, and birds. Map 8 shows major subsistence,
commercial and recreational harvest areas. The inventory maps
represent a synthesis of data from Alaska Department of Fish
and Game field.bio1ogists, regional Native associations, the
Outer Continental Shelf Environmental Assessment Program
(OCSEAP), U.S. Fish and Wildlife studies, the Alaska Department
of Fish and Game Fisheries Atlas, Wildlife and Habitat books,
annual reports, and other resource publications. These maps

were not intended to show general distribution, but rather to



depict where concentrations of fish and wildlife resources are
found fn the northern Bering Sea-Norton Sound region. Population
and harvest estimatés were included when this information was
available. Each map was reviewed by those biologists and

.other resource specialists whb had originally provided the

information depicted.

3. The nine impact maps depict the relative biological sensitivities
of fish and wildlife habitats in the northern Bering Sea-
Norton Sound in relation to the following 0il and gas disturbances:
site preparation; noise and disturbance; drilling muds and
cuttings; o0il pollution; dredging and filling, gravel mining,
and gravel islands; shoreline alteration; formation waters;
cooling waters, and water withdrawal; interference with subsistence,
commercial, and sport harvests. Sensitivity designations were
applied by project biologists after reviewing species concentrations
and determining their vulnerability to the above stated impacts.
These designations may be subject to revision should new data

warrant such action.

In all cases, an attempt was made to provide the information in a form
that was readily available and understandable to all potential user
groups. Graphics were used whenever possible to clarify complex ideas

and to reduce the size of the report.

This report is based on the best information and data currently available

concerning distribution of fish and wildlife resources in the northern



Bering Sea-Norton Sound region, the impacts of oil and gas development

on fish and wildlife resources, and the mitigative measures appropriate

for reducing the biological impacts of 0il and gas development. Although
considerable effort was expended in order to produce the most comprehensive

report possible, the scope of this report was limited by:
1. Time - The time allotted for this project was 15 % months.

2. Scale - The size of the study area required information to be
depicted at a scale of 1:500,000 on reduced U.S.G.S. topographic

maps.

3. Available Information - Decisions made in all phases of the
project were based on an existing data base. The Alaska
Department of Fish and Game, to the best of its knowledge and
within the time allowed, has reviewed the available research
data relating to the various phases of the project. A review
of the literature and other available information reveals that
many data gaps exist and.that additional research is needed to
provide a more adequate data base on which to make decisions.
The Department recommends that site specific field research be
conducted in areas designated for specific petroleum facility

sites or activities.
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Location and General Description of the Study Area

Physical Description

The northern Bering Sea-Norton Sound region is situated in northwestern
Alaska and includes those areas'bordered on the eaét by longitude 160°W,
in the west by longitude 174°W, in the north by latitude 66°N, and in

the south by latitude 63°N. For the purposes of this study, terrestrial
boundaries have been delineated to include all watersheds which drain
into Norton Sound proper. The coast of Norton Sound from Cape Prince of
Wales southward consists mainly of narrow beaches with the terrain

rising steeply immediately behind (Selkregg, 1976). The shoreline is
generally smooth with only a few prominent bays such as Port Clarence,
Golovnin Bay, Norton Bay and Pastol Bay; and isolated headlands such as
Capes Denbigh and Darby. Flat coastal lowlands may be found intermittently
scattered throughout this region, occurring at such locations as south

of Cape Denbigh, along the entire eas£ coast of Norton Bay, the coastline
from Cape Nome to Solomon, and the entire Yukon prodelta. Sand and
gravel spits are common, and act as protective barriers for shallow
1agoohs which 1ie adjacent to the coastline. Several isolated isiands
ring the perimeter of Norton Sound; these include Sledge Island, Besboro
Island, Egg Island, and Stuart Island. Major drainage basins in Norton
Sound include the Kuzitrin, Niukluk, Koyuk and Unalakleet rivers. The
Yukon River which lies at the southwestern edge of Norton Sound is the

single most influential source of sediment and freshwater in this region.
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Norton Sound is enclosed to the north and northeast by the Seward Peninsula,
and to the south and southeast by the Yukon-Kuskokwim Coastal Lowlands.

The extensive uplands of the Seward Peninsula consist of broad, convex

hills and flat divides that are 152 to 610 meters (500 to 2,000 feet)

high. These uplands are indented by sharp, V-shaped valleys, isolated
groups of rugged, glaciated mountains 52 to 96 kilometers (20 to 60

miles) long 16 kilometers (10 miles) wide with summits 762 to 1,433

meters (2,500 to 4,700 feet) high, and coastal .Towlands and jnterior

basins.

Major mountain ranges on the Seward Peninsula include the Kigluaik,
Bende]eben, and Darby mountains. Lakes fill several 1arge, shallow

volcanic craters in the northern part of the peninsula and several
depressions between lava flows in the central upland. There are no

glaciers on the Peninsula, and it is underlain by continuous to discontinous

permafrost (Selkregg, 1976).

Along the southern and eastern portions of Norton Sound lies the Yukon-
Kuskokwim Coastal Lowland Section. This is a marshy plain with low
hills of basalt in the vicinity of St. Michael, while the 1owlaqd area

around Shaktoolik is a lake-dotted coastal plain with an isolated range,

_ the Denbigh Hills, at its western end (Selkregg,.1976). Most of the

Yukon Delta is comprised of coastal tundra, with land and water roughly
evéniy divided. There are no trees over most of the Delta. Willows and
alders are the only large woody plants, which become more scarce, and
virtually disappear toward the coast, éiving way to diminutive alpine

willows, sedges and other tundra vegetation (Gusey, 1979).



The marine area of the northern Bering Sea-Norton Sound region is characterized
by the Bering - Chukchi Platform, a smooth submarine plain 30 to 150
meters.(100 to 500 feet) deep, dissected by old stream valleys cut

during the P]eistocehe era when the sea level was lower. Several islands,
St. Lawrence, Big and Little Diomede, King, Sledge, and the Punuk Islands
rise abruptly from the plain. Most of the islands are rolling uplands

up to 305 meters (],COO feet) high bordered by steep, rocky, wave-cut
cliffs. St. Lawrence Island, the largest, is about 161 kilometers (]00
miles) long and 32 kilometers (20 miles) wide. It is chiefly a lake-
dotted bedrock plain of ancient volcanic origin less than 30.5 meters

(100 feet) high. Isolated mountain groups, bordered by old sea cliffs,
rise to altitudes of 305 to 457 meters (1,00Q‘to 1,500 feet) (Selkregg,
1976).

Shallow water conditions characterize most of the study area. The
deepest portion, in the northwest corner, is just over 49 meters (160
feet) and a channel 46 meters (150 feet) deep lies just off the eastern
edge of St. Lawrence Island (Hanley et al., 1980). A deltaic fan created
by the Yukon River forms a large shoal generally less than 15 meters (50
feet) deep in the southwest portion of Norton Sound. The Sound itself
has an average depth of 18 meters (60 feet) (Cacchione and Drake, 1978),
and is relatively uniform except for an anomolous channel located just

offshore from the city of Nome (Hanley et al., 1980).

Climate

The northern Bering Sea-Norton Sound region is an area of extreme seasonal

variability (Muench, 1980). The climate is mostly trasitional except

11
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for the extreme eastern corner of Norton Sound, which is continental,

and some coastal areas which are maritime (Selkregg, 1976).

Winter usually extends from November through May, during which time
temperatures average from -15 to -12°C (5 to. 10°F). . Marine ice formation
typically commences in November in shallow bays and lagoons along the
northern shore of Norton Sound, with first ice occurring in Norton Bay.
By mid to late December the entire study area including the northern
Bering Sea is essentially covered with broken first-year ice or, in ‘
nearshore regions, stable shorefast ice. Winds prevail from the north
and northeast during winter months, providing the mechanism by whichf
large amounts of ice are transported to southern portions of the Bering
Sea. Wind velocities exceedjng 112 k.p.h. (70 m.p.h.) have been recorded
during all months from October through March (USCP, 1979). Annual

snowfall may range from 127 to 178 centimeters {50 to 70 inches) a year.

Summer generally persists from June through early September. Storms
moving through this region during these months can cause extended periods
of cloudiness and rain. The nearly continuous cloud cover during July
and August results in an average of 45 cIouqy, 12 partly cloudy, and
only 5 clear days for the 2-month period (USCP, 1979). Precipitation

ranges from 38 to 51 centimeters (15 to 20) inches a year.

During late summer and fall, storms are frequent and usually arise from

the southwest. Whenever a particularly intense storm crosses or approaéhes

a coastline, some portion of the shore will experience an increase in

sea level and another will experience a decrease. Storm surges, the



term used to decribe such occurrences, are the difference between observed
sea level and the sea level that normally would have occurred without a
storm (Brower et al., 1977). 1In 1974, a storm surge in Norton Sound
resulted in extensive damage to some coastal communities, including Nome
and Unalakleet. Totaf rise of water was estimated at 7.6 meters (25

feet) where the normal tidal range is 1.2 meters (4 feet). Storms of

this magnitude are thought to occur oﬁce every thirty years (Wise and

Searby, 1977).

13
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Biological Resources and Human Use

The northern Bering Sea-Norton Sound region is clearly of major importance
for a variety of animal species, particularly marine mammals and birds.
During the transition periods of spring and fall an immense number of
marine mammals funnel through the relatively narrow confines of the

Bering Strait, en route to summering areas in the Chukchi Sea and Arctic
Ocean to the north, or wintering areas in the central and southern

Bering Sea to the south. The exact size of these populations remains
largely unknown, however it has been estimated that there are approximately
200,000 to 250,000 walrus, 200,000 to 250,000 spotted seals, 1,000,000

to 5,500,000 ringed seals, 300,000 bearded seals, 9,500 belukha whales,
1,700 to 2,900 bowhead whales and 16,500 to 19,000 gray whales present

in western and northern Alaska waters. A large majority of these animals

either migrate through, reproduce, overwinter, or feed in the Norton

Basin annually.

Twenty-four seabird colonies scattered throughout this region support an
estimated 4.3 million birds. The seabird populations on St. Lawrence

and Little Diomede Island account for an estimated 2.7 and 1.2 million
birds respectively. These aggregations are the largest and third largest
in the Bering Sea. Large percentages of some seabird species nest

wholly within the northern Bering Sea-Norton Sound region. For example,
colonies located on St. Lawrence Island support 62% of the crested

auklet population in the eastern Bering Sea; and least auklets breeding
on St. Lawrence and Little Diomede Island encompass 79% of this species’

eastern Bering Sea population.
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Because of its geographic location, Norton Sound is heavily used by
waterfowl, shorebirds, and passerines migrating between southern wintering
grounds and northern breeding grounds in the Alaskan and Siberian arctic.
The entire Yukon-Kuskokwim Delta stretching south from Norton Sound 1is
recognized as one of the most productive waterfowl habitats in the

world; it is estimated that there are 3 million waterfowl and over 100
million shorebirds present during summer months. More than half of the
continental population of black brant nest in this area, as do 80% of

the world's population of emperor geese.

The Yukon River Delta is also very important in terms of number of fish
produced. The Delta is a major migratory route fof two to five million
spawning salmon each year, and is a principal rearing area for outmigrating
juvenile salmon. In addition, the Delta provides important habitat for
sheefish, ciscos, and other whitefish, all of which are major subsistence

fishery items for local residents of this region.

The northern Bering Sea-Norton Sound region supports a rapidly developing
commercial herring and king crab fishery, as well as a nearshore set net
fishery for saimon. These fisheries harvest an average of 2,250,000

pounds of king crab, 1,173 metric tons of herring, and 900,000 salmon
annually. Although these fisheries comprise only a small percentage of

the total State harvest of these species, they are of significant importance
to the local economy. Dollar value estimates for 1979 Norton Sound
commercial fisheries products were $2,721,805 for king crab, $777,608 _

for herring and herring roe-on-kelp, $876,547 for salmon caught in

Norton Sound proper, and $7,619,500 for all salmon harvested from the

Yukon River system.
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There are roughly 18,000 Native residents in this area; the majority of
the inhabitants reside in more than 26 small villages scattered along
the coast and the major river systems. Nearly all of these people rely
on subsistence harvests of fish and game resources for a substantial
portion of their livelihood. Because of the availability of a variety
of animal species such as whales, walrus, seals, salmon, marine fish,
shellfish, terrestrial mammals, seabirds and waterfowl, this region

probably supports the largest and most diverse subsistence harvest in

the State.
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PHASES AND ACTIVITIES OF OIL AND GAS DEVELOPMENT

Phases of 0il and Gas Development

The development of petroleum resources can be separated into five

phases including 1) pre-exploration, 2) exploration, 3) development,

4) production and transportation, and 5) shutdown. In order to predict

specific environmental impacts from 0il and gas development, it is
necessary to understand what kinds of activities are occurring within

each of the five phases (see Table 1).

1. Pre-Explorétion

The search for offshore o0il and gas begins with an analysis of the
geologic characteristics of an area. Geophysical surveys are used
to 1dentffy and locate geological formations that may contain 011
and/or gas. If such formations are found, Continental Offshore
Stratigraphic Test -(COST) wells are drilled to gather additional
information. Unless extensive oil and gas resources are found, no

permanent onshore facilities are needed to support this phase.

2. Exploration

During the exploration phase, exploratory wells are drilled to
determine whether commercial quantities of oil and/or gas are
present at a given site. If no commercial discovery is made the

0il industry abandons the lease. If sufficient quantities of oil

17
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and gas are discovered, additional wells are drilled to determine
the size and extent of the area. Production platforms are ordered
and a method for transporting the crude oil is selected. Exploratory

activities are supported by temporary service bases located onshore.

Development

The development phase is the period of greatest onshore and offshore
activity. Onshore, a variety of facilities such as permanent

service bases, terminals, pipelines, storage yards and port facilities
are built to support the construction of offshore platforms and the
production of oil and gas once they start flowing from the production
platforms. Offshore, production platforms or gravel islands are
installed and development wells are drilled. Submarine pipelines

are laid to transport oil and gas from offshore platforms to onshore

treatment facilities and storage terminals.

Production and Transportation

Production begins as soon as an offshore well is ready to produce,

the transportation system is completed, and onshore facilities to

store oil are constructed. All facilities built during the development
phase become operational. Additional processing facilities such as
refineries, petrochemical plants, and liquified natural gés plants

may also be built. Gas pipelines are constructed during this

phase.



Shutdown

When oil and gas reserves in an offshore production field are
exhausted, most facilities will be shutdown, dismantled, or converted
to another use. Offshore facilities such as production platforms
will be dismantled. The United States Geological Survey normally
requires that casings and pilings be cut 15 feet below the sea

floor and removed. The well site area is dragged to remove any

-obstructions. Pipelines are usually left in place because of the

cost involved to remove them. The connection between the pipeline

and the production platform is capped and sealed. Onshore facilities

are either closed or converted to another use.

19
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Activities Associated with 0il and Gas Development

0i1 and gas development involves both offshore and onshore activities
which may potentially diéturb and may adversely impact fish and wildlife
resources in the coastal environment (see Table 2). Offshore development
includes 1) geophysical surveying, 2) exploratory drilling, 3) production
drilling and platform installation and 4) laying submarine pipelines.
Onshore development mainly involves the construction of 1) service

bases, 2) platform fabrication yards, 3) treatment facilities, 4) oil or
marine terminals, 5) oil refineries, 6) petrochemical plants, and 7)
liquified natural gas plants. The following is a description of each of
the activities which may result in potential damage to fish, wildlife

and aquatic plants of the coastal region.

1. Geophysical Surveying

The initial step in searching for petroleum deposits is to analyze
the geologic characteristics of a potential development regioh.
Seismic and other types of geophysical surveys are used to identify
and locate geological formations such as reservoirs or statigraphic
traps that may contain oil and/or gas. This data is used by the

011 industry to determine which submerged lands appear potentially

prbmising for the development and production of petroleum. Continental

Offshore Stratigraphic Test (COST) wells are often drilled as a
result of these preliminary surveys. Core samples taken from these
wells identify rock layers and their structure, and the composition
of rock material that may be present, which helps to confirm the

possibility of petroleum accumulations in that area.

21
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2.

3.

4.

Exploratory Drilling

Exploratory drilling is the major activity associated with the
exploration phase of offshore petroleum development. Exploratory
wells are drilled based on data obtained from geophysical surveying.
If commercial quantities of o0il or gas are discovered, additional
wells will be drilled to determine the size of the field and the
quantity of hydrocarbons present. Temporary service bases are

needed to support offshore exploratory operations.

Production Drilling and Platform Installation

If 0i1 is discovered in commercial quantities, platforms are installed
or artificial islands are constructed from which production wells

are drilled. The number and placement of production wells depends

on the extent of tHe field, rock porosity, viscosity of the oil,

field pressures, and other factors. Thirty or more wells may be
drilled from a typical platform or island. These production
platforms are stationary and remain in place for the T1ife of the

field (20 to 30 years).

Submarine Pipelines

Pipelines transport oil and natural gas from offshore production
platforms to onshore processing, storage and lcading facilities
except when such products are stored on the platform and transferred

directly to tankers for shipment. Offshore loading of o0il directly



Figure 2, | Drillship used in exploratory drilling.
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into tankers is generally used in fields of Timited production.
Natural gas is almost always transported to shore by pipeline.
Between the offshore field and the coast, pipelines are buried
beneath the océan floor or are laid directly on the bottom. As
they come ashore (Tandfall) they are buriedvunderground and proceed

toward onshore treatment and storage facilities.

Service Bases

Onshore service bases provide the necessary services and supplies

for offshore petroieum operations. They are usually the first

. onshore facilities constructed. Crew members and materials required

to operate the rigs and offshore platforms are transported from
service bases to offshore operatiohs by supply boats, crew boats,

or helicopters.

Temporary service bases established during the exploratory phase of
petroleum development are used to transfer materials Ce.g., pipes,
drilling muds, fuel, food, solid wastes, and crew members) between
land and the offshore drilling rigs. Supply boats, crew boats, and
helicopters operate out of these bases; therefore, they must provide

harbor services for berthing and supplying boats, dock space for

- loading and unloading supplies, warehouse and open storage space, a

helipad, and quarters for supervisory and communications personnel.
Existing facilities are used if available, otherwise new structures

must be built.

27
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Service bases are typically
the first onshore facilities

constructed.

Figure 7,
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If commeéical quantities of oil and gas are found in the exploratory
phase, temporary service bases a}e expanded to accommodate the
increased offshore and onshore activities generated during the
development and production phases. Permanent service bases provide
the same services and support as temporary service bases only on an

expanded scale.

6; Platform Fabrication Yards

The platforms used to drill for and produce offshore oil and gas
are built in platform fabrication yards. Two major types of
platforms are used, steel or concrete. Large waterfront sites with
deep drydock basins are néeded for the construction of concrete
platforms; however no facilities of this type currently exist in
Alaska. Steel platforms. would have to be constructed outside
Alaska and transported to the drilling site. Dfi1ling rigs of the
type used onshore or on artificial islands have been constructed in

Alaska.

7. Treatment Facilities

Treatment facilities separate natural gas and formation water from
crude oil. These facilities can be located offshore on the production
platform or onshore as a sepafate faci]ity, in combination with a
marine termina] (facilities associated with waterborne shipments of
crude 0il1), or a gas processing plant. Generally, the process of
separating the oil from water beginsloffshore and is completed

onshore.
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0i1 Terminals (Marine Terminals)

0i1 terminals are used to store crude oil from offshore praduction

platforms and then load it aboard tankers for de]ivery to refineries

and outside markets. 0il terminals may be located either onshore

or offshore, although onshore o0il terminals are more commonly

chosen. Submarine p{pe1ines deliver the oil to the.onshofe terminal
site. If the oil has already been separated from its impurities,

it goes directly into storage tanks. If not, the 0il undergoes
separation treatment at an onshore treatment facility. The processed
01l is then stored in tanks for eventual shipment by tankers.

Onshore o011 Ferminals are genérally located along the'waterfront

although the storage facilities could be built inland.

011 Refineries

Refineries convert crude oil into various petroleum products including
gasoline, fuel o0il, kerosene, asphalt, and propane. Crude 0il is
brought to the refinery by pipeline and/or tanker and is temporarily
stored in tanks. In Alaska the oil.is then dist511ed,'refined, and
blended into a few final producté wﬁich are stored for later

shipment. Refinéries do not need to be located along the coast,

but if they.are, a pipeline would be needed to connect the refinery

to a sheltered harbor where both crude 0il and refined products
would be transborted by ship to market areas. Refineries are _
highly visible componeﬁts of the entire production of petroleum and

may elicit public controversy regarding their location.
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Figure 9,

The Valdez Terminal in Valdez, Alaska serves as a
storage and distribution center for oil transported
from Prudhoe Bay via the Trans-Alaska Pipeline.
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10. Petrochemical Plants

Tq_produce petrochemicé]s which are final products themselves

(tqluene, benzene, ethylene) or which may be used to make other
products, petrochemical plants use feedstocks derived from various

0il refinery products and from natural gas liquids. In Alaska
petrochemical plants are not usually an essential part of the
development of petroleum. It is usually more economical to ship’
crude oil-and 1iquid natural gas in bulk to market areas than to
transport a number of petrochemical products. If petrochemical

plants are built in Alaska they will be located onshore near refineries

or marketing areas.

. Liquified Natural Gas Plants

Liquified natural gas (LNG) plants receive natural gas via pipelines
from offshore gas fields, cool and compress it, and transfer it to
cryogenic tankers for transport to regasification plants located
near the markeﬁ.' Liquifying natural gas and transporting it by
tanker is a convenient way to move gas over distances too great for
pipelihes. The only LNG plant in the United States is located at
Nikiski, near Keéai, Alaska. This plant produces LNG which is |
transported to Japan by cryogenic tankers. LNG plants are usually
located on large tracts of land away from populated areas because
LNG spills create a serious hazard from fire and explosion. LNG
plants are often built.along the waterfront where marine facilities

and sources of cooling water are available.



Figure 11. Liquified Natural Gas (LNG) plant at Nikiski,
near Kenai, Alaska.
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IMPACTS AND RECOM'ENDED MITIGATION MEASURES
Introduction

This section addresses the following disturbances caused by oil and gas
development: site preparation, noise and disturbance, drilling muds and
cuttings; oil pollution; dredging and filling, gravel mining, and

gravel island construction; shoreline alteration; formation waters;
coé]ing waters and water withdrawal; interference with subsistence,

commercial, or sport harvests; secondary development; and air pollution.

The discussion of each disturbance is divided into two parts: 1) Sources
and Biological Effects; and 2) Sensitivity of Areas and Recommended

Mitigative Measures.

1. Sources and Biological Effects - The information presented in
this section was obtained during the course of an extensive
literature review concerning the sources of o0il aﬁd gas related

_ disturbances and the effects that these disturbances have on
fish, wildlife, and aquatic plants. It was found that a
ﬁonsiderable amqunt of information is available on the impacts
of 0il pollution; however, additional research is needed for
the other onshore and offshore impacts of o0il and gas development.
Impact tables have been included in order to provide a brief
summary and quick means of reference for the various types of -
disturbances identified, the species affecfed, the types of

studies conducted, the researchers or authors involved, and
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the effects observed. Impact tables have not been provided
for site preparation, air pollution, secondary development or
harvest interference due to the generalized nature of these

disturbances.

Sensitivity of Areas and Recommended Mitigative Measures - the
biological sensitiyity of various areas in the northern Bering
Sea-Norton Sound region was determined after synthesizing both
the information on biological resource concentrétions, and the
impacts of disturbances on fish, wildlife, and aquatic plant
species. Sensitivity designations were made using the available
information. In many cases, the data available were insufficient
to determine eifﬁer the extent of a biological resoﬁrce or the
effects of a diéturbance within reasonable statistical limits.
As new information becomes available area designations for
resources may be altered, however, it is felt that the important

habitats have been identified.

Areas were ranked as having a low, moderate, or high sensitivity
to the impacts of a particular oil and gas‘disturbance based

on their value as productive fish and wildlife habitat. In

order to insure the maintenance of existing populations of

fish, wildlife, and aquatic plant resources in the nqrthern

Bering Sea-Norton Sound region, some areas should be excluded

from specific types of 0il and gas development. Highly productive

or unique areas that should remain unchanged in order to
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maintain existing fish and wildlife populations were included

in high sensitivity areas. Moderate sensitivity areas were

those areas which supported va]gab]e fish and wildlife resources
but where environmental impacts from o0il and gas déve]opment
could be prevented or reduced if development took place according
to specific environmenta] guidelines. Areas were designated‘

as having a low sensitivity if the existing data base did not
indicate the presence of significant populations of fish and
wildlife (such as near existing townsites), or where existing

requlations are adequate to protect biological resources.

It is also possible that future studies may reveal portions of
designated Tow sensitivity areas to be more important than
currently thought, although large charges are not anticipated.
Mitigating measures are provided in order to minimize the
adverse impacts of disturbénces from o0il and gas development
on fish, wildlife, and aquatic plants in the northern Bering

Sea-Norton_Sound region.
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SITE PREPARATION

Sources and Biological Effects

During o1l and gas development, the preparation of sites for the construction
of facilities, roads, utility right-of-ways, and pipeline corridors can
adversely impact the fish'and.wildlife of Norton Sound and the northern
Bering Sea by altering or destroying their habitaﬁs. In addition to
destroying habitat, site preparatidn can lead to other environmental

problems such as alteration of natural draihage systems, sedimentation,
permafrost degradation, and pollution of water from stormwater runoff

and erosion.

Because ekisting facilities (construction docks, tanker terminals, and
onshore support bases)‘do not exist in the Norton Sound-northern Bering

Sea region,>new facilities will have to be constructed. Extensive site
alteration involving clearing, grading, filling, and gravel pad construction
will be required prior to construction of these facilities, or for

access roads, pipelines, and utility corridors.

As a result of site preparation prpcésses, habitats of local fish and
wildlife populations are often altered or destroyed. Species of wildlife
that are sensitive to disturbance will abandon the area (Longley et al.,
1978). If site preparation only alters a small part of a species habitaf
and if the surrounding area is not at peak carrying capacity, the displaced
species may successfully relocate nearby. However, if the disturbed

area is large in relation to the total available habitat, or if a

43
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species has specific habitat requirements and the area altered provided
the only suitable habitat, the species may be eliminated from the area.
It is also possible that site preparation could create new habitat which
will be colonized by different species from the surrounding area (NERBC,
1976). Impacts of site preparation will be most severe in Norton Sound
and the northern Bering Sea if habitats which are important to fish and
wildlife production are destroyed. Critical habitats in Norton Sound
and the northern Bering Sea include: streams and rivers which provide
habitat for fish spawning, rearing, and overwintering; wetlands which
afe vital components of the ecosystem and provide valuable habitat for
fish, waterfowl, shorebirds, moose, and brown bear; Fucus beds which are
important habitat for herring spawning; and rocky islands and seacliffs

which are valuable to nesting seabird colonies.

Other adverse environmental effects, besides habitat destruction, may
result from the preparation of onshore facility sites. As areas are

cleared for construction, natural ground vegetation is removed and soils

are exposed to the erosional processes of wind and water. During storms,

runoff containing eroded soils is carried into coastal streams and
marine waters, degrading water guality and interfering with normal
biological processes. When sediments are added to the water it becomes
cloudy, blocking 1ight penetration and inhibiting the growth of algae

and other aquatic plants. These aquatic organisms are vital components
of the ecosystem and supply the basic .nourishment for the entire chain

of 1ife. Suspended sediments affect juvenile fish by causing inflamation

of gill membranes, and can clog the feeding mechanism of filter feeding



animals such as clams, mussels, and sponges. In addition to sediments,
runoff from construction sites often contains contaminants, including
metals from wel&ing, riveting and paint spilis; oil and chemicals;
bacteria; and other undesirable matter, all df which may poliute coastal
waters. Freshwater storm ruﬁoff flowing into nearshore waters changes

the salinity and increases the stress on coastal marine resources (Shanks,

1978).

Another impact caused by site preparationbis the alteration of the water
and drainage systems by filling in or draining of coastal wetlands (hogs
and marshes), by degrading the underlying permafrost, and by diverting
or destroying natural drainage channels and watercourses. Altered
drainage patterns can lead to vegetative changes that may_in turn change
the composition of fish and wildlife species using the area (NPRA.Task

Force, 1978).

In arctic and subarctic regions, permafrost degradation is a major

concern during site preparation. When insulating vegetation and peat

- cover are removed or compressed by construction equipment, additional

thawing of the active layer (that portion of the permafrost that thaws

in the summer and freezes during the winter) can occur. This may lead

to long term slope instability, permanent modification of surface drainage
patterns, erosion, lasting scars on‘the tundra mat, and vegetation
changes. However, insulation of permafrost by the use of gravel pads

for roadways and work or building pads can also affect drainage patterns
and cause deterioration of nearby permafrost areas. Permafrost can grow

upward or aggrade under thick pads blocking drainage. Impoundment of

45
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water on the upslope side of pads can degrade underlying permafrost.
Attempts to relieve the problem by placing culverts through the pad, can

channelize the flow and induce thermal erosion downstream of the pad

- (USGS, 1979).

The severity of the impacts from site preparation will depend on the

type and size of the facility being constructed, the time of the year
construction is scheduled, the geology (soils, s]ope)'and hydrology
(rainfall, aquifer) of the construction area, the construction methods
used, and the composition of plant and animal species in the construction
area. Many of. the most adverse impacts of site preparation can be

minimized through carefu] siting and design of facilities.



Sensitivity of Areas and Recommended Mitigative Measures

Areas in the northern Bering Sea and Norton Sound were ranked as having
low, moderate, or high sensitivity to the impacts of site preparation
(see Map A). These designations were based on available data and were

made after ‘evaluating the following criteria:.

1. The sensitivity of each fish and wildlife species or

habitat to site preparation.

2. The degree of sensitivity to site preparation which is
experienced by each species during the various stages

of its life history.
3. The time of year that these critical life history stages
occur and the period during which each species would be

most affected by site préparation.

4, The location of habitats where critical 1ife history

stages occur.
5. The productivity of the habitat.
6. The uniqueness'of the habitat.

7. The species population numbers and relative importance of

the population.



8. The degree to which the impacts of site preparation could

be mitigated.

Specific considerations and assumptions that were made in the ranking of

various habitats 1nc1uded:

1. The aSSumption'that site preparation activities would occur on
1and or in nearshore areas. Impacts in streams or nearshore
areas would only occur as a resu]f of runoff from the site or
from extension of an onshore site into adjacent waters (filling).
Impacts arising in marine waters from dredging, filling, or
the construction of gravel islands are discussed in the Dredging

and Filling, Gravel Mining, and Gravel Islands section.

2. Impacts of site preparation_wou]d be greatest in eelgrass
beds, wetlands, tideflats and lagoons. These habitats are
generally highly productive areas that would be altered or

destroyed by site preparation.

3.  Fucus and kelp beds, highly productive habitats than can be
altered or destroyed by site preparation, were ranked as
moderate because of their widespread nature. It was felt
impacts could be mitigated by limiting the size of projects,
or by providing buffer zones along the coést to prevent sedimeht

laden runoff from entering the beds.



. .

Species most sensitive to site preparation aré those for which
a critical life stage occurs in a sensitive habitat (i.e.
waterfowl nesting and staging in wetlands) or in a restricted
area (marine mammal haulouts, seabird colonies, and muskox

winter concentrations).

. Moderate sensitivity designations were applied to those areas

where it was felt that the adverse impacts of site preparation
could be mitigated or prevented by careful siting, design, and
by the use of buffer zones between the construction sites and
neérby streams or coastal waters. Areas included in this
category were: sa]moﬁ streams and nearshore rearing areas,
herring and capelin spawning areas, raptor nesting areas, and
moose wintering areas. Actual fish spawning sites and_raptor

nest sites would be highly sensitive.

Important fish and wildlife habitats where species are relatively

wide spread, such as marine mammal migration routes, muskox
summer range, and areas of demersal fish abundance, were
considered to have low sensitivity to the impacts of site

preparation.

Impacts to harvest areas would arise primarily from noise and
disturbance during construction and from the physical loss of'
harvest areas. These impacts are addressed on the Noise and

Disturbance, and Interference with Subsistence, Commercial and

Sport Harvest maps.

49
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Sensitivity Designations and Mitigative Measures

LOW SENSITIVITY AREAS

The designation of low sensitivity was given to areas where impacts of

site preparation would be less adverse than in moderate 6r high sensitivity
areas. Activities relating to site preparation.in Tow sensitivity areas
should be conducted according to existing environmental regulations such

as Federal noise level standards, EPA (Environmental Protection Agency)

air and water quality standards, local zoning ordinances, and Coastal

Zone Management guidelines.
MODERATE SENSITIVITY AREAS

The designation of moderate sensitivity was given to those areas where
impacts of site preparation on fish and wildlife could be prevented,
minimized or ameliorated. Habitats included in areas of moderate

sensitivity are:

1. Fucus or kelp beds.

2. Salmon streams and nearshore rearing areas.

3. Herring spawning, possible spawning and overwintering areas.
4, Capelin spawning and possible spawning areas.

5. Waterfowl molting areas.

6. Raptor nesting areas.

7. Moose wintering and calving areas.
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Site preparation activities in areas ranked as moderately sensitive
should be conducted according to existing environmental regulations and

the following guidelines:

General Mitigations

1. Vital fish and wildlife habitats should be»avoided as sites

for 0il and gas facilities (see Map A).‘

2. Before site preparation begins the environmental, geologic and
hydrologic aspects of~therconstruction sitélshould be studied.
Facilities §hou1d be sited where the impacts of the facility

. on the environment and the environment on the facility are

minimized.

3. Site preparation activities should be scheduied at times when
the impacts on critical fish and wildlife 1ife processes such

as nesting or pupping will be minimal (see Table 3 ).
4. Development plans should include procedures fbr controlling
»erosion, runoff, and sedimentation, for preserving natural

water drainage systems, and for protecting pérmafrost.

5. Wetlands, tideflats, and wet tundra areas Shou]d not be drained,

filled, or polluted.

6.l The destruction of native vegefation cover should be avoided.
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Size of facilities should be minimized, and facilities should

be consolidated where possible,

Dust should be controlled at construction sites. Dust accumulation
around roads and construction.sites can cause early snow melt

and vegetation changes. These changes can lead to changes in
drainage patterns. Dust should be controlled by watering, not
oiling. Runoff from oiled surfaces can pollute local waters

and the hard surface created by oiling lengthens deterioration

time following project abandonmént.

Non-permafrost soils - erosion, runoff and sedimentation.

Clear only the minimum area needed for construction of facilities.
Other parts of the site should not be disturbed. Any remaining

vegetation will reduce erosion and runoff in adjacent areas.

Finish grades so that the flow of water is directed along

natural drainage courses and through natural terrain.

Vegetative buffers should be left along all shorelines, sloughs,

bays, rivers, streams, and other surface waters in order to
trap sedimentation and pollutants and to control stormwater
flow. The width of the buffer should be determined by slope

of land, severity of erosion, and vegetation type.
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Cleared areas should be revegetated as rapidly as possible

after site preparation activities in order to stabilize

exposed soils.

Where possible natural vegetation should be used to revegetate
cleared areas. It is adapted to local climatic conditions .
and it reduces the loss of wildlife habitat because birds and
mammals are adapted to it. Nurseries should be established to

provide arctic adapted species for revegetation.

On a site that has beeh cleared but on which construction will
be delayed, temporary vegetation (i.e., rapidly growing grains
and grasses) may be p]anfed on exposed soils to prevent erosion.
Newly seeded areas can be protected until vegetation becomes
established by laying down netting, preferably jute or other

biodegradable material.

Stormwater runoff may be diverted away from exposed soils by
cutting paral]e]Itroughs'acrossds]opes to intercept the downwafd
flow of surface waters. On steep slopes, bench terraces can

be constructed to achieve the same purpose. Both of these
methods are used to divert stormwaters into sediment baﬁins or

into vegetated buffer strips so that sediments can be removed.

Sediment basins or detention ponds may need to be constructed
in order to detain runoff and.trap sediment thus decreasing

the siltation and contamination of coastal waters.
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10.

11.

12.

Vegetated waterways (swales) should be used to carry stormwaters

away from construction sites instead of concrete storm drains.

Erosion in waterways (e.g., channels, ditches) may be reduced
by planting grasses along their courses. The establishment of
grasses is an effective way of removing sediments from the

water.

Structures sited on's1opes of unstable materials should be

built on fill or supported on piles.

Riprap material used to stabilize river‘banks and prevent
erosion should be of sufficient size so that it cannot be

carried into the stream by normal or flood currents,

Non-permafrost soils - preserving natural water drainage systems.

Areas that have high water tab]es-should not be drained.
Excavation in these areas should be limited to such structures
as ponds, artificial lakes, or other cdntainment projects
which preserve the natural water system. These artificial
basins should be designed to function as natural systems,
which means they should be fairly shallow and have gentle
slopes. Improperly designed basins may become polluted

within a few years. Vegetative buffer strips should surround

the basins for restoration of runoff water quality.



Areas that are regularly flooded should not be drained or
altered. Elevating structures on piles will cause the least

disturbance to the flood plain.

There should be no excavation, filling, land clearing, grading,
channelization, or removal of natural vegetation, and no

discharge of poliutants into wetlands or wet tundra areas.

Upland sites should be selected for facilities unless they are
watergdependent.' If facilities are water-dependent, then the
non-water dependent parts of the facility (e.g., parking

areas) should be located outside of the wetland area.

Excavation in wetlands should bebavoided except for essential
public purposes {i.e. electrical lines, pipelines, and water
Tines that cannot feasibly be rerouted). Excavation should be

limited to as small an area as possible.

Solidffi11qroads or.other-structures which obstruct the natural
flow of water should not be built in wetlands. The excavation
of fill for these structures causes additional adverse impacts.

If the construction of roads or other types of access through

wetlands is unavoidable, they should be placed on pilings

rather than on fill.

If drilling for 0il and gas is unavoidable in wetlands,
ecological disturbance can be reduced by using directional

drilling to drill several wells from one site.

55
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10.

11.

Wetlands that are altered during the construction of facilities
should be restored to their natural state after the project is

completed.

a. The original soil should be saved and replaced after

project completion.

b. The area should be restored to its original topographic

configuration.
c. The area should be revegetated with native species.

When the movement of heavy construction eduipment through
wetlands or wet tundra is unavoidable, culverts and bridges
should be used to minimize degradation of the natural drainage
patterns. Winter movements are desirable because the substrate
is frozen, fish and wildlife are generally absent, and damage

is minimized.

Construction areas should be graded so that the flow of

surface waters is along natural drainage courses.

Site preparation activities in wetlands and wet tundra should
be scheduled during winter when the least biological damage

will occur.
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12,

13.

14.

Tributary streams should not be altered.

The use of permeable surfacing materials such as gravel,

rocks, and shells, over groundwater recharge areas is more
desirable than the use of impenetrable surfacing such as

asphalt. Impenetrable surfaces such as paved parking lots and
roads prevent groundwater recharge and accelerate storm runoff.
Water that normally filters through thersoi1 remains on the
surface. Increased runoff from paved areas results in pollution,

causes erosion, and increases flooding.

Stormwater should be retained by constructing detention ponds
which collect runoff and then slowly release filtered and

purified water to the coastal system.

Protection of permafrost

Il B N TR Ol TN T = =

Site specific studies should be conducted to define the type
of permafrost terrain present and the degree of potential

instabi]ity that must be considered in site design.

Construction on well-drained, coarse sediments presents fewer
problems than construction on poorly-drained, fine-grained

sediments.

Construction in permafrost areas should use the latest available
technology to prevent drainage alterations, channelization of

flows, ponding, and permafrost degragation.

- §7
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Where gravel pads are required, impact on drainage patterns
can be reduced by building circular pads or orienting one

corner of square pads upslope.

Gravel pads should be of sufficient depth to insulate the

underlying permafrost.

Artificial material, sgch as styrofoam insulation, can used in
conjunction with gravel to provide insulation to the permafrost
layer and to reduce gravel needs. However, the long term
impacts of artificial materials have not been adequately

tested.

Temporary structures should be built on piles. Gravel pads
should only be used Where weight or stability requires their
use. Use of piles reduces permanent environmental damage and

reduces commitment of surface area for temporary structures.

Refrigerated piles can be used in marginal permafrost to
assure the permanently frozen state of sediments around the
piles. Piles should be spaced far enough apart to allow

thawing between them or drainage patterns will be altered.

To minimize environmental damage, construction of facilities
should be minimized. Unnecessary duplication of roads such as
construction of roads between facilities where access to the

facilities from main roads has already been provided, and the
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11.

12.
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use of pipeline construction pads where existing roads could

be used, are examples of activities that should be avoided.

Facilities should.be consolidated so that the area of disturbance

is reduced.

Vehicular travel and movement of construction equipment
should be restricted to adequately constructed roads. Off-
road travel should only be allowed after the tundra surface is

sufficiently frozen and snow depths are adequate to prevent

surface damage.

Where possible, off-road travel should be restricted to low-
surface-pressure vehicles. Impacts of off-road travel by

tracked or tractor-type vehicles can be lessened by:

a. Traveling only where and when there is sufficient snow
cover to protect the vegetative surface and avoiding

steep slopes and snow-free areas.

B. Using the same route each year.when activities extend
over several winters, Use of the same route for more
than two years, providing that the peat layer continues
to insulate against summer thaw, is less damaging than a |

series of parallel roads across the terrain.
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In order to implement these guidelines, site specific studies will have
to be conducted on a case by case basis. In instances where information
is not available regarding the effects of site preparation on the various
stages of animal Tife history, more research will have to be done to

determine these impacts.
HIGH SENSITIVITY AREAS
The designation of high sensitivity was given to habitats where the

impacts of site preparation would be extremely adverse to fish and

wildlife resources. Habitats in this category include:

1. Eelgrass beds, wetlands and tideflats (both highly productive/heavily

used and those where productivity is not known), and lagoons.

2. Seabird colonies and peregrine falcon nesting/use areas.

3. Waterfowl nesting and staging areas including major and important

staging areas, emperor geese molting and staging areas, snow
geese staging areas, swan nesting/use areas, and sandhill
crane use areas.

4. Waterfowl and shorebird spring concentration areas.

5. Shorebird fall staging areas and important habitat.

6. Marine mammal haulouts including walrus recurrent and occasional
haulouts, spotted seal and sea lion haulouts.

7. Grizzly bear denning areas and possible polar bear denning
areas.

8. Muskox wintering and calving area.

Because the destruction of habitat caused by site preparation is usually

permanent, facilities should not be sited in areas of high sensitivity.
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NOISE AND DISTURBANCE

Sources and Biological Effects

The intense levél of support activity associated with offshore 0il and
gas exploration and development will cause various degrees of distur-
bance to fish and wildlife in the coastal environment. Noise and phy-
sical disturbance are‘primarily caused by an increase in helicopter,
fixed-winged aircraft, and boat traffic; by heavy machinery used during
site preparation, gravel mining; and construction of onshore facilities;

by seismic exploration; and by an increase in human presence.

Projections for offshore 611 and gas development in Norton Sound indicate
that up to six wells could be dri11ed per year during exploration with
approximately one month of geophysical (seismic) work per well. Each
drilling rig would be supported by one helicopter and two supply boats
(Hanley et al., 1980). No estimates are available for the number of
trips required to transfer employees, parts, and supplies between off-

shore drilling vessels and shore. Additional increases in activity are

expected during oil field development.

When birds or mammals are disturbed by noise or human presence they may
either abandon or discontinue using favored breeding, feeding, nesting,
staging or md]ting areas (Nettleship, undated; Geist, 1975). The impacfs
from noise and disturbance can be especially severe if they occur during

critical periods in the 1ife cycle of birds and mammals. These critical
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periods include such activities as breeding, nesting, pupping, and
hatching. As a result of disturbance during critical periods, repro-
ductive success may be reduced, resulting in lower populations (Nisbet,

1977).

Some wildlife species or individuals are able .to adapt to predictable
man-made sounds. McCourt et al. (1974) found caribou tracks within 0.4
kilometers (one-quarter mile) of an active base camp and ajrstrip during

the spring migration period. In an another area however, caribou reacted

to the simulated sound of an air compressor by altering their direction

of travel and detouring around the simulator (McCourt et al., 1974).

Lapland longspur breeding was unaffected in the vicinity of a gas compressor

noise simulator (Gollop et al., 1974a).

Loud or unpredictabie sounds, such as noises from rapidly approaching
boats and aircraft, gunshots, or exp]osibns are usually disturbing to
nesting birds, and can result in direct mortality to eggs or young.
Sudden noises alarm nesting seabirds causing them to hove about and
knock eggs or young off cliffs or out of nests thereby exposing them to
predators such as gulls (Nisbet, 1977). Gyrfalcons place their feet
under or between their offspring and when startled and not allowed time
to respond unhurridly to intrusions, the parent birds may catapult eggs
or young from the nest (Fyfe and Olendorff, 1976). Barry and Spencer
(1976) studying the effects of oil well drilling on wildlife in the
McKenzie River delta, found that of all the activities associated with

drilling operations, lTow-flying helicopters caused the greatest disturbance



to birds inhabiting the area within 2.5 kilometers (1.5 miles) of the
drilling rig. Behavior patterns were altered and mortality 1ncrea§ed
due to the loss of eggs by predation. When adults were frightened away
from the nests, gulls and jaegers would often take the eggs (NPRA Task
Force, 1978). Egg.mortality can also occur when eggs become overheated

or chilled during the parent bird's absence.

The inability of birds to accomodate disturbance from humans, airplanes,
aﬁd boats can result in the abandonment of nesting habitat and major
losses of bird eggs and young (McKnight and Knoder, undated). Close
overflights by fixed-wing aircraft near gyrfalcon nests early in their
nesting cycle before egg laying begins, appears to cause nest desertions
(Fyfe and Olendorff, 1976). Disturbance studies with breeding b]ack
brant, Pacific eiders, glaucous gulls, and Arctic terns at Nunaluk Spit
and Phillips Bay, in the Yukon territory, in July 1972 indicated that
human presence was the most critical form of disturbance affecting the
incubating behaviorvof these species.  Helicopter disturbance had the
greatest impact on the incubating behavior of all species except Pacific

eiders (LGL Limited, 1972).

Disturbance to birds is not timited to nesting activities. During the
molt, birds are flightless and will concentrate in areas where they are

protected from predators. Molting birds are under a considerable amount

of physiological stress due to the large energy requirement necessary to

grow new feathers. Studies have shown that aircraft traffic over sea
duck molting areas will alter normal behavior patterns and therefore
have a detrimental impact on sea duck populations by causing them to

expend energy unnecessarily (McKnight and Knoder, undated). Studies by
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LGL Limited (1972) indicated that sounds simulating those gererated by
compressors were disruptive to staging snow geese (McKnight and Knoder,
undated). Salter and Davis (1974) reported that overflights of a Cessna
185 at altitudes of 91 meters (300 feet) to 3000 meters (10,000 feet)
flushed all resting snow geese. The geese tended to flush at greatest
distances when the aircraft was below 300 meters (1,000 feet) with
flocks flushing up to 14.5 kilometers (9 miles) away from the ajrcraft.
Non-nesting waterfowl populations were reduced on a small Take following

float plane landings and taxiing (Schweinsburg et al., 1974).

Marine mammals are also detrimenta]]y affected by noise and disturbance.
Helicopters, low-flying aircraft, noisy boat traffic, and human presence
are primary causes of pup mortality and the declining use of some areas
by marine mammals (Trasky et al., 1977). In the Canadian Beaufort Sea,
belukha whale movements were disrupted by gravel barge traffic during
the construction of offshore islands. When a barge moved through a
concentration of whales in a bay, whales up to 2.4 kilometers (1.5
miles) ahead of the barge reacted by moving rapidly away from the dis-
turbance. Distribution of whales in the bay did not return to normal
until 30 hours after the barge had passed. Heavily used barge routes
appeared to impede, if not block, nearshore belukha movements. It was
felt that the disturbance was caused not only by sound and movement of
the barges but by the wake of suspended bubbles which remained in the
water column for several hours after the barges had passed. The bubb]es;
which are suspended in the water column to a depth of a few meters, may

be interpreted by the whales echo location signals as a barrier. A
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similar effect has been reported as occurring in the Pacific Ocean where
wakes from tuna boats act as temporary barriers to movements of porpoises

(Fraker, 1977).

Johnson (1976) in a study on the effects of human disturbance on a
population of harbor seals on Tucidak Island, southeast of Kodiak Island,
Alaska found that low flying aircraft resuited in direct mortality of
harbor seal pups during the pupping season. _Studies show that any loud
or sudden noise can lead to a major disturbance which will frighten the
seals into the water, During avdisturbance pups may become permanently
separated from their mothers and die of starvation.. During the study
aircraft flying below 400 feet, particularly those Tess than 100 feet,
caused most, and sometimes all, of the seals to enter the water. Impacts
from natural disturbances such as rockslides or an eagle landing in or
near a group were u5ﬁ511yméahfihéd:to'bne Tocality and often affected
only one, or just a few of the herds on the island; Qhereas, low flying
aircraft circling the island caused the entire population to temporarily
abandon haulout areas. As a consequence, low flying aircraft not only
disrupted the seals daily activities, but resulted in a reduction of
population through pup mortality. Most of the disturbance to harbor
seals on Tugidak Island in 1976 was related to OCS exploration. Helicopters
transporting geologists were the most severe disturbance factor (Johnson,

1976).

Seismic activities, used primarily during the exploratory phase of oil

development, also cause disturbance to organisms in the coastal environ-
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ment. Presently, non-explosive techniques such as side scan sonar, air
guns and sparkers are used in marine areas to identify geological struc-
tures which may contain oil and gas reserves. Explosives and vibrating

(vibroseis) equipment are commonly used on upland seismic surveys.

Non-explosive seismic techniques do not appear to physically injure

fish. Falk and Lawrence (1973) have shown that air guns are non-injurious
to fish populations in shallow waters. Although a certain amount of

noise is emitted by non-explosive devices which can cause fish to move
away from the pathway of a ship'towing seismic equipment, it is not

known how much actual disturbénce is caused by this method of seismic
exploration. Porpoises’have been found to be attracted to side scan
sonar, and other marine mammals such as belukha whales, which depend on
sonar for communication, may also be similarly attracted (Holden, pers.
comm., 1978). Fishermen have complained that fish flee during the use

of these techniques.

Studies in Glacier Bay have shown that marine mammals, such as humpback

whales, killer whales, and Dall porpoisesrare disturbed by boats. Ncise
generated by.boats can cause these animals to abandon an area where they
are feeding, resting, or traveling. Observations in Glacier Bay revealed

that within a 24 hour period, the number of humpback whales using an

area decreased from sixteen to three as a result of boat-whale interactions.

Boats causing the disturbance were either traveling through the area,
trolling for fish, or were being used to observe the whales activities

(Jurasz, pers. c5mm., 1978).



Gray whales are not overly disturbed by boats in open ocean situations,
but vessel activity has excluded them from some lagoonal breeding areas
in Mexico. Bowhead whales appear to be more affected by disturbance
when restricted to narrow leads in the pack ice than when they are in

the open ocean (Burns, pers. comm.).

Terrestrial mammals are affected by increases in aircraft activity and

human presence. Individual animals and species react in varying degrees

to the same disturbance. McCourt et al. (1974) found that moose, caribou,

and grizzly bear all react to overflights by helicopters and fixed—winé
aircraft. Caribou and moose reactions decreased as overflight altitudes
increased. Aircraft above 182 meters (600 feet) elicited no response in
moose, and aircraft altitudes of 305 meters (1,000 feet) or more elicited
only occasional responses in caribou. Grizzly bear were more sensitive
to disturbance than moose or caribou, but no correlations were found
between altitude and sensitivity (McCourt et al., 1974). Sensﬁtivities
of terrestrial mammals to disturbance can vary according to the activity
the animal is engaged in, season of year, and group size. McCourt et
al. (1974) found that bedded caribou exhibited the strongest reaction to
aircraft disturbance, with large groups responding more intensely than |
small groups. Sensitivity of the caribou to aircraft disturbance varied

—

seasonally as well (McCourt and Horstman, 1974). b

Non-explosive seismic operations can affect other species. Along the
Beaufort Sea coast, Frost (1979) has found that ringed seal densities
are reduced in areas of the shorefast ice zone where over ice seismic

surveys and other activities have occurred. It is felt that the declines
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in seal density are caused by displacement rather than direct mortality.

Animals will avoid or leave areas of seismic activity. Displacement of
female ringed seals from the shorefast ice zone during pupping can lead
to lower population levels. Newborn pups are helpless for six weeks
after birth and will die unless attended by a female. Seals displaced
to the moving pack ice are more susceptible to polar bear predation; and
pups born on moving ice tend to be smaller, are weaned earlier, and may
have reduced survival rates (Frost, 1979). Seismic work and human
presence in areas of polar bear denning have apparently caused early den
desertion (Lentfer, 1976, Belikov, 1976). Lentfer (1976) reported that
a female polar bear with a new cub was observed out of a den a month
earlier than normal in the vicinity of a seismic operation. The cuB was
extremely small and had trouble traveling. Early den desertions may

affect cub survival.

Explosives are used during terrestrial seismic work and can disturb
wildlife populations if detonated near bird nesting areas, or critical
mammal habitats. Over pressures from seismic explosions can kill fish

if detonated in or near fish producing lakes and streams.

During construction and operation of oil-related facilities, the population

of Norton Sound and the northern Bering Sea region will increase (Hanley
et al., 1980). The presence of more people in an area will lead to a
certain degree of harassment to wi]d]i%e, either because species have
not experienced disturbance before or because human activities may be

similar to other alarm-producing stimuli (Geist, 1975). As a result of
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human populations increases, more people will participate in outdoor
recreation including hunting, fishing, hiking, and boating. Machines
used by people, such as off—roadAveh1c1es, snow machines, trail bikes
and motors, will disturb wildlife. Disturbance and harassment are also
caused by free.roaming domestic pets (i.e., dogs and cats). Harassment,
which by definition includes non-intentional disturbance of a repeated
or prolonged nature, has both direct and indirect detrimental effects on
individuals as well as groups of wildlife. Harassment elevates body
metabolism and therefore affects an animal's body growth, development
and reproduction. Secondary effects from physical exertioh and temporary
confusion induced by harassment can lead to death, illness or reduced
fecundity. Animals will generally avoid or abandon areas where they
have experienced harassment. Avoidance of harassment may lead to a
reduction in the population's range, and ultimately a reduction of the

population itself.

Activities which attract wildlife, such as improper garbage dispoéa] or
feeding animals, will lead to human-animal conflicts and could cause
severe impacts on 16ca1 wildlife populations if several animals must be
destroyed. Bears are often attracted to these situations and are killed
because they become a nu%sénce or threat to human life and property
(NPRA Task Force, 1978). Other species attracted by garbage include
fox, wolves, and wolverines. Improper garbage disposal also attracts
gulls (including kittiwakes) and ravens leading to local increases in
the populations of these predatory species. Displacement of more desira51e
seabird species by rapidly increasing gull populations has proven to be
a serious problem in Europe, the eastern United States, Australia, and

New Zealand (Drury et al., 1978).
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Sensitivity of Areas and Recommended Mitigative Measures

Areas in the northern Bering Sea and Norton Sound were ranked as having
a low, moderate, or high sensitivity to the impacts of noise and distur-
bance (see Map E). These designations were based on existing data and

were made after evaluating the following criteria.

1. The sensitivity of each fish and wildlife species or habitat

to noise and disturbance.

2. Species sensitivity to noise and disturbance during the various

stages of their 1ife history.

3. The time of year that these critical 1ife history stages occur

and the period during which each species would be most affected.

4, The location of habitats where critical life history stages

occur.

5. The productivity of the habitat.

6. The uniqueness of the habitat.

7. The species' population numbers and relative importance of the

population.
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8. The degree to which the impacts of noise and disturbance could

be mitigated.

Specific considerations and assumptions that were made during the course

of ranking included:

1. Birds and mammals would be most affected by the adverse impacts
of noise and disturbance. Blasting would be the only distur-

bance which would affect fish popuTations.

2. Sensitive bird and mammal species would be most affected by
long-term noise and disturbance. Short-term or occasional
disturbances would be Tess disruptive and could be mitigated

by careful timing or siting of the activity.

3. Species most affecfed by the adverse impacts of noise and
disturbance would be those in which the disturbancé results in
direct mortality or abandonment of breeding grounds (nesting
birds) or those species which are confined to a discrete

habitat during a.critical life history stage (marine mammals

on haulouts).

4. Moderate sensitivity designations were applied to those areas
where it was felt that the adverse impacts of noise and dis-
turbance on a species or life stage could be mitigated or

prevented by careful siting or tjmfng of activities. Also
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included in this category were areas utilized by sensitive
species during a critical life history stage but which were
large enocugh to allow siting of activities away from nest

sites, etc. Salmon spawning streams, raptor nesting areas,
moose and grizzly bear concentrations along streams, and

marine mammal and seabird harvest areas are included in moderate

sensitivity designations.

5. Possible polar bear denning areas were ranked as being mod-
erafe]y sensifive becausévactual denning has not been verified.
The presence'of polar bears on St. Lawrence Island (site of
the possible denning) is not a yearly occurrence but is
dependent upon ice conditions. Areas habitually used by
denning polar bears would be ranked as highly sensitive to

noise and disturbance.

Sensitivity Designations and Mitigative Measures

LOW SENSITIVITY AREAS

The designation of low sensitivity was given to areas where impacts on
fish and wildlife from noise and disturbance would be less adverse than
in moderate or high sensitivity areas. Activities causing noise and
disturbance in Tow sensitivity areas should be conducted in compliance
with éxisting environmental regulations such as Federal noise level

standards and Federal Aviation Administration flight regulations.



a3

MODERATE SENSITIVITY AREAS

The designation of moderate sensitivity was given to areas where adverse

impacts from noise and disturbance could be prevented, minimized, or

ameliorated. Habitats included in the moderate sensitivity category

are:

Salmon streams

Waterfowl and shorebird spring concentration areas

Raptor nesting areas

Marine mammal feeding and migration areas inc1uding: ringed
seal important habitats and high density areas; belukha whale
and gray whale feeding areas; belukha whale, gray whale, and
bowhead whale migration areas; and walrus calving, migration,
and wintering areas; and, belukha whale calving areas

Polar bear denning sites (possible) and migration routes

Grizzly bear spring feeding areas and prime summer habitat

- Moose overwintering areas

Muskox overwintering and calving concentration area

Belukha whale, bowhead whale, waterfowl, seabird and seal
subsistence harvest -areas

The following mitigating measures should be employed when conducting

activities causing noise and disturbance in areas ranked as being mod-

erately sensitive to noise and disturbance.

General Mitigations

.'.

Facilities should be sited away from highly sensitive habitats

- (see Map B).



84

Noise generating activities such as helicopter and boat
traffic, blasting or construction should be scheduled at times
and places when there will be minimal impacts on‘fish and
wildlife. Schedule activities in sensitive areas to non-

sensitive times (see Table 5 ).

Facility Siting

1.

Site facilities with high levels of visual and acoustical
disturbance away from biologically productive areas (sound

levels decrease with distance).

Facilities should be sited a minimum of one mile away from
critical habitats such as seabird colonies and peregrine

falcon nesting cliffs.

Site facilities where physical barriers such as irregular
terrain will prevent sound and visual impacts from occurring

over a wide area.

Provide vegetative buffer zones around facilities. Indigenous
vegetation should be left during the site clearing wherever

possible.

Use machinery that produces less noise, i.e. modify the
design of equipment to reduce noise; equip machinery with

parts such as mufflers that will reduce noise.



Conduct activities with high levels of acoustical and visual

disturbance during periods of least biological activity.

Helicopters and Fixed-Wing Aircraft

Helicopters and fixed wing aircraft should maintain a vertical
distance of at least 1,500 feet, and a horizontal distance of
one mile from sensitive areas during critical life history

stages (see Table 5 ).

Under no circumstances should flights over sensitive areas be
less than 500 feet. VFR flights over sensitive areas such as
seabird colonies, should be cancelled when ceilings below 500
feet have been reported by flight service stations or other

pilots. Wildlife observed while f]yfng at 500 feet should be

avoided by a one-quarter mile horizontal distance.

During all phases of oil_and gas development, aircraft,
especially helicopters, should follow fixed flight paths which

avoid sensitive areas during critical times.

If flights over sensitive habitats cannot be avoided during

critical periods, the number of aircraft flying over these

-areas should be minimized.

Rapid, linear flight over animals causes less disturbance than
circling. Under no circumstances should helicopters unnecessarily

hover or circle over animals.

85
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Boats

If flight over a bird nesting c1iff during the breeding season
becomes necessary due to weather or other unavoidable circumstances,
aircraft should approach the cliff as directly as possible.

An approach from behind the cliff may result in the suddén
appearance and sound of an aircraft directly above the nesting

site, causing panicked flight by the attending adults and

fatal damage to the eggs or young.

Helicopter and fixed-wing aircraft landing areas should be
located at a sufficient distance from sensitive areas so that
minimum altitudes can be attained before aircraft overfly any

sensitive areas.

Orientation classes should be conducted for all new pilots to
aquaint them with the long term effects of aircraft disturbance
on wildlife populations and Stdte laws relating to harassment

of wildlife.

In order to establish effective aircraft operation restrictions
in sensitive areas, specific studies need to be conducted on
of the effects aircraft disturbance on a variety of mammals

and birds found in the Norton Sound-Bering Sea region.

Boats engaged in oil and gas exploration, development, and
production should maintain a distance of at least one mile

from sensitive areas during critical periods (see Table 5 ).
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0i1 support activities (such as gravel supply barges, supply
boats, and tankers) should avoid all marine mammal concentrations

during critical periods.

Sirens or horns should not be used near bird colonies or

marine mammal haulouts.

Navigational aids such as foghorns, or flashing lights should
not be placed in or near seabird colonies or marine mammal

haulout areas.

Seismic Exploration

Seismic exploration should be conducted using only non-explosive

techniques which do not physically harm fish and wildlife.

[f a situation arises where non-explosive techniques cannot be
used, and underwater blasting is necessary to protect human

1ife, prevent environmental damage, or protect property,

blasting programs should be designed to reduce energy transmitted
to the surrounding waters. Techniques such as blast curtains,
small delayed charges, jetted charges, etc. will minimize

environmental damage from blasting.

To protect ringed seals and marine fish, under-ice pressures

from explosive detonations on ;he ice should not exceed 3 psi.
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Terrestrial blasting should be: 1) conducted during nonsensitive
periods; 2) limited in favor of mechanical methods wherever
possible and desirable; and 3) conducted with reduced charges,
timed delays or muffled in other ways to reduce noise transmission

to surrounding areas.

Where possible, there should be coordination of seismic programs
among operators to minimize duplication. Overlapping or
duplicate seismic programs by various companies can intensify

and prolong the disturbance in an area.

Onshore seismic activity should be conducted during the winter
months when overland travel causes the least damage to the

tundra. Winter is also the period of lowest biological sensitivity
for most wildlife species. Vehicular traffic should be restricted

to the immediate area of operations.

No seismic surveys should be conducted in the shorefast ice
zone after March 20. Ringed seals begin pupping and rearing
young after this date. Along the Beaufort Sea coast, ringed
seal abundance in areas where seismic exploration has occurred

is only one-half to one-third that of undisturbed areas.

In the shorefast ice zone, seismic shot lines should be spaced
at intervals of no less than two miles, or the areas of seismic

exploration should be as restricted as possible.
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Seismic surveys should maintain a minimum distance of one mile

from sensitive habitats during sensitive periods (see Map B).

Explosives should not be used within two miles of peregrine

falcon nests during the period of April 15 to August 31.

Explosives detonated near a fish bearing waterbody should be

detonated at a sufficient distance so that induced water

pressures within the waterbody do not exceed 2 psi. The

following table provides minimum stream setbacks for various

substrate types and charge sizes.

CIARGE WEIGHT - POUNDS .

Substrate 1 2 5 10 el 100 500 1000

Rock 583 | 15 118 RT3 1 269 529 1182 1N

Stiff Clay 42 60 95 C 18 M 423 ‘946 . 1337

Gravel 41 59 ; 93 n 207 4 927 1310
~-Clayey.Si1t 37 | s2 8 | N 184 368 | 823 1163

Dense -Sand ;

Medium Lo 32 | 48 2 102 162 324 724 1024

Dense Sand .

_A

Med fum 21 29 46 66 104 207 463 655

Organic Clay .

Soft Organtc 19 28 43 61 97 194 435 615

Clay .t

i334 - AQOWILYM OL FDNYLSIC
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These charge weights‘are for single detonations separated by
at least 8 milliseconds from the next charge (i.e. if 1000
pounds of charge are detonated in 10 detonations of.100 pounds

each, separated by at Teast 8 milliseconds, the distance for

100 pounds can be used as the minimum distance from the waterbody).

The State of Alaska prohibits the use of high.explosives for

seismic work in lakes, steams, and marine waters of the State.

Human Presence

. . Human visitation to sensitive habitats during critical times

should be restricted in order to maintain populations of

wildlife.

A1l human activities should be prohibited within one mile of

peregrine falcon nesting cliffs between April 1 and August 15.

Orientation classes for all employees, including management
and supervisory personnel, should be required so as to inform
personnel of the dangers, adverse biological consequences, and

legal ramifications of animal feeding.

A1l management personnel should be taught proper garbage

disposal methods in order to eliminate animal feeding.

Construction camps, garbage dumps and incinerators should be
fenced and buildings skirted in order to minimize human and

animal conflicts.
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6. All edible garbage must be thoroughly incinerated or buried to

prevent conflicts between humans and animals.

7. Regulations to minimize human and animal contacts must be
developed and enforced. An effective regulation and enforcement
program must be administered by personnel beyond the influence
of contractors or unions. Companies should have policies

which penalize violators.

8. Specific research on animal harrassment should be included as
part of the design criteria for any oil and gas development

plan wherever these activities will impact a sensitive area or

a new species.

In order to implement these guidelines, site specific studies will
have to be conducted on a case-by-case basis. In instances where
information is not available regarding the effects of noise and
disturbance on the various stages of animal life history, more

research will have to be done to determine the extent of the problem.

HIGH SENSITIVITY AREAS

The designation of high sensitivity was given to habitats where impacts -
from noise and disturbance would be extremely adverse to wildlife popu-
lations. While all phases of 0il and gas development will produce a

certain amount of noise and disturbance, activities and facilities which
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produce year round disturbance will have a greater adverse impact on

wildlife than those activities which occur only occasionally during the

year.

Habitats included in the high sensitivity category are:

Seabird colonies and concentrations of seabirds at the base of
colonies

Waterfowl and shorebird nesting, molting, and staging areas
including: major and important staging areas; waterfowl and
emperor dgeese molting areas; snow geese and emperor geese
staging areas; swan nesting/use areas; sandhill crane use
area; and important shorebird habitat

Peregrine falcon nesting/use areas

Marine mammal haulouts including: recurrent and occasional
walrus haulouts, spotted seal haulouts and feeding areas; and
sea lion haulouts

Moose winter concentration. areas

Grizzly bear denning areas

In order to maintain wildlife populations, oil and gas facilities or

other activities with a high level of disturbance which will continually

disrupt the environment, should not be sited in areas which are highly

sensitive to noise and disturbance.
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DRILLING MIDS AND CUTTINGS

Sources and Biological Effects

During the exploration and development phases of offshore oil and gas
extraction, exploratory wells are first drilled to determine if oil and
gas are.present. If hydrocarbons are discovered in commercial quantities,
platforms are erected and a number of development wells are drilled to
extract hydrocarbons .from an oil bearing formation. While drilling,
adverse environmental impacts may result from the discharge of driliing
muds and drill cuttings into marine waters. The extent of mud and
cuttings discharge will vary in direct proportion to the depth and
diameter of the hole being drilled. When drilling a very shallow well
the total volume of mud and cuttings may only be 2,000 barrels; however,
very deep wells may produce discharge volumes as high as 100,000 barrels

(Moseley, 1980).

Drilling Muds

Drilling muds are special mixtures of clay, water (or 0il) and chemicais
which are circulated into the drilling hole to cool and lubricate the
drill bit, to remove formation cuttings from the hole, and to prevent
blowouts by holding back formation pressures exerted by oil and gas
accumulations (McDermott & Co., undated). Throughout the dril]ing
process muds are recirculated after cuttings and other debris are removed.
Large volumes of mud are discharged into the marine environment usually

after surface casings of wells have been set, or as the wells are completed
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(Sheen Technical Subcommittee, 1976). In some cases, the muds are
stored for future drilling activities once drilling terminates (Clark

and Terrell, 1978).

Drilling fluids and their chemical components may at times be acutely
toxic to fish and marine invertebrates. (Daugherty, 1951; Falk and
Lawrénce, 1973; B.C. Research, 1975; Tornberg et al., 1980). The effects
of drilling muds on marine'species are related to: a) the composition

of the mud, b) the quantity and rate of mud discharged, ¢) the nature of
the receiving waters, and d) the biological sensitivity of species
present. It has additionally been reported that "used" muds (downhole
circulated) are more toxic to marine species than "fresh" muds (laboratory
aged), therefore, characteristics acquired by muds during the drilling
process may also be a determining factor in toxicity (Thompson and
Bright, 1980; McAuliffe and Palmer, 1976). Simple drilling muds without
additives can be classified as representing low to moderately toxic
compounds. Because of the relatively Tow toxicity of simple drilling
muds, most adverse effects will result from the discharge of muds into
shallow waters, water bodies with limited circulation or mixing, or
waters containing high concentrations of eggs, larvae, or sensitive
juvenile or adult organisms. Drilling muds which con}ain highly toxic
additives to deal with specific drilling p%ob]ems will bé toxic under
any circumstances, but the biological effects of these muds will be most
severe in marine or freshwater areas where 1itt1e dilution or mixing

occurs.

The most commonly used components of water-based muds are barite, caustic

soda, bentonite clays, and lignosulfonates. Of these, soda and lignosulfonates



are usually considered the most toxic (Dames and Moore, 1978). Ferrochrome
lignosulfonate, a heavy metal compound, may be freed by chemical reactions
when released into the marine environment, resulting in contamination of
surrounding waters and possible toxicity to aquatic organisms (Lawrence

& Scherer, 1974). Heavy metals are often essential or non-toxic to
organisms in low concentrations but become toxic in high concentrations.
Even if the concentration of a heavy metal in water is not immediately
lethal, it may accumulate in animal tissues until lethal levels are
reached (NERBC, 1976). Heavy metal contamination can affect living
organisms or ecosystems by 1) changing the species composition in the

area where the effluent is discharged, 2) disrupting the biological
systems of individual organisms, and 3) accumulating in members of the
food chain until the predators in higher trophic levels are affected

(APOA & Environment Canada, 1976). In drilling the Norton Sound COST
well, chrome lignosulfonate in concentrations of 18,000-24,000 fiuid

parts per million were present in the mud mixture used (USGS, 1981).

Although barite and bentonite are not considered toxic to plants and
animals they do contribute to the suspended solids content of a drilling
mud and are of concern because upon discharge they increase the turbidity
(cloudiness) of the surrounding water causing a slight decrease in the
production of phytoplankton and macrophytes. Possible effects of suspended
solids on organisms living in the marine environment include irritation

of sensitive membranes, suffocation, decreased resistance to disease,
behavorial changes, reduced rate of growth, increased oxygen demand, and

changes in the development of juvenile fish (Dames and Moore, 1978).
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Caustic soda is used primarily to reduce bacterial growth in drilling

mud by maintaining a high pH (Dames & Moore, 1978). Studies have shown
that caustic soda is lethal to various aquatic species in concentrations
of 70 to 450 ppm (Daugherty, 1950). Falk and Lawrence (1973) recorded

the LC50 for rainbow trout exposed. to caustic soda at 105 ppm. Muds

used in drilling the Norton Sound COST well contained caustic soda
concentratioh mixtures of 600-5,000 fluid. parts per million (USGS,

1981). In addition to barite, caﬁstic soda, bentonite clays and lignosulfonates,
drilling muds may contain other chemicals such as viscosifiers, emulsifiers,
completion chemicals, thinners, and preservatives (see Table 6). Most

of these chemicals are used.in drilling deep wells or in dealing with
special drilling problems. Although these special mud additives are
rarely used in large quantities, many of them are extremely toxic

(Table 7). Sodium pentachlorophenate (Dowicide G), a bactericide used

in drilling fluids, is lethal to fish at 0.06 ppm (McKee and Wolf,

1963). Trivalent chromium salts which are generally used concurrently
with XC polymers in drilling fluids are toxic to aquatic life at 0.3-1

ppm (Land, 1974). Hexavalent chromium, a major source of aquatic toxicity
in drilling fluids, can occur in concentrations of up to 450 ppm in mud,
and is harmful to aquatic bioTogical systems at concentrations of 0.1 to
0.4 ppm (Land, 1974). Several highly toxic compounds are also used for
lubrication and clearing in the drilling process, including Skot-Free,
B-Free, Swift Rig Wash, and Dominion Rig Wash. Their 96 hour LC50

values for rainbow trout were 52, 19, 22, and 14 ppm respectively (Logan'

et al., 1973).

Another potential adverse impact resulting from the discharge of driiling

muds occurs through an accumulation of muds on the bottom. Muds which



settle to the bottom can smother benthic (bottom-dwelling) organisms
which are incapable of moving out of a disturbed area (Dames & Moore,
1978). Mobile species might not be smothered, but still may be affected

by a destruction of habitat or loss of food material (APOA & Environment

‘Canada, 1976). Diesel oil or other chemicals added to muds to facilitate

the drilling of deep wells can adhere to mud particles and settle to the
bottom, thereby polluting the substrate. Filter feeding animals such as

clams can filter out 0il from sediments and concentrate it causing them

to develop an unpalatable oily taste. St. Amant (1957) reported that as

little as 500 ppm of o0il in mud can cause adverse reactions in oysters,
and'l'ppm»of 0oil in a running water system will be conéentrated by

oysters kept at that concentration for several weeks.

Much of the literature presently available, attembts to establish lethal
or acute toxic values rather than sub-lethal or .behavioral responses to
mud induced stress. Furthermore, studies have shown a -wide variability
regarding 96 hour LCS50 values for whole drilling muds, whole mud extracts,
and various mud components. This variability has made it difficult to
establish 96 hour LC50 guidelines (see Table 7). Much of the variability
can be attributed to experimental technique and.dissimi]ar drilling

fluid characteristics. Reported LC50 values for whole muds gehéra11y
fall in the range of 10,000 to greater then 100,000 ppm (BLM, unpub.

data a). In a study conducted by Dames and Moore (1978) using aduatic
species of fish and marine invertebrates common to Cook Inlet, pink
salmon fry were found to have the greatest susceptibility to drilling
fluids, with 96 hour LC50 values ranging from 3,000 to 29,000 ppm.

Tornberg et al. (1980), utilizing marine species from the Beaufort Sea
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Table 6

Common Drilling Fluid Components

Description

Barite
Ca]cium Carbonate

Bentonite
Sub-Bentonite

Attapulgite
Beneficiated Bentonite

Asbestos Fibers

Bacterially Produced
Large Organic Polymer

Sodium Tetraphosphate

Sodium Acid Phyrophosphate

Quebracho Compound
Causticized Quebracho

Hemlock Extract
Modified Tannin

Causticized Lignite

Calcium Lignosulfonate
Modified Lignosulfonate

Blended Lignosulfonate
Compound

Pregelatinized
Starch

Sodium Carboxymethyl
Cellulose

Sodium Carboxymethyl
Cellulose

Primary Application

Weighting Agents And Viscosifiers

For increasing mud weight up to 20 Tbs/gal.

For increasing weight of o1l muds up to
10.8 1bs/gal.

Viscosity and filtration control in water
base muds.

For use when larger particle size is de-
sired for viscosity and filtration control.

Viscosifier in salt water muds,

Quick viscosity in fresh water upper hole
muds with minimum chemical treatment.

Viscosifier for fresh or salt water muds.

Viscosifier and fluid loss control additive
for low solids muds.

Dispersants

Thinner for low pH fresh water muds.

For treating cement contamination.

Thinner for fresh water and lime muds.

1-2 ratio caustic-Quebracho for thinning
low pH fresh water muds.

Thinner for fresh water muds and in muds
containing salt (10,000 to 15,000 ppm).

Thinner for fresh and salt water muds
alkalized for pH control.

1-6 ratio caustic-lignite dispersant,
emulsifier and supplementary fluid
loss additive.

Thinner for SCR and lime muds.

Dispersant and fluid loss control additive
for water base muds.

Dispersant, fluid lToss agent and inhibitor
for RD-T111 mud systems.

Fluid Loss Reducers

Controls fluid loss in saturated salt
water, 1ime and SCR muds.

For fluid loss control and barite suspension
in water base muds.

For fluid loss control. and viscosity building
in Tow solids muds



Description

Sodium Carboxymethyl
Cellulose

Polyanionic Cellulosic
Polymer

Sodium Polyacrylate

Sodium polyacrylate

Extreme Pressure
Lubricants
Processed Hydrocarbons

0i1 Dispersible
Asphalts

0i1 Soluble
Surfactants

Detergent

Non-Ionic Emulsifier

Blend of Anionic

. Surfactants

An Organic Entity
Neutralized with
Amines

Blend of Fatty Acids
Sulfonates, Asphaltic
Materials

Aluminum Stearate

Sodium Alkyl Aryl
Sulfanate

Flocculating Agent

Paraformaldehyde

Sodium Pentachlorophenate

Fibrous Material
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Primary Application

Fluid Loss Reducers - Continued

For fluid loss control in gyp, sea water
and fresh water muds.

For fluid loss control and visosifier

. in salt muds.

For fluid loss control in calcium free

. low solids muds.

For fluid loss control in low solids muds.

Lubficants, detergents, emulsifiers

Used in water base muds to impart extreme
pressure lubricity.

Used in water base muds to lower down-
hole fluid loss and minimize heaving
shale.

Used in water base muds to aid in con-

. trolling heaving shale,

Used for spotting around differentially
stuck pipe.

Used in water base muds to aid in dropping
sand. Emulsifies oil, reduces torque
and minimizes bit balling.

" Emulsifier for surfactant muds.

Emulsifier for salt and fresh water muds.

Non-Polluting Lubricant for water base
muds.

Used for spotting around differentially
stuck pipe where weights in excess
10 ppg are required.

Defoamers, Flocculants, Bactericides

Defoamer for lignosulfonate muds.
Defoamer for saturated salt muds.

Used to drop drilled solids where clear
water is desirable for a drilling fluid.

Prevents starch from fermenting when
used in muds of less than saturation or
alkalinity less than 1 cc.

Bactericide used to prevent fermentat1on

Lost Circulation materials

Fillér as well as matting material.



Description

Fibrous Mineral
Wool
Walnut Shells-
Fine
Medium

Coarse

* Ground Mica-
Fine
Coarse
Cellophane
Combination of granules,
flakes and fibrous
materials of various
sizes in one sack.
Blended high fluid
loss soft plugging
material

Shale Control
Reagent
Bentonite Extender

Non-Ionic Surfactant

Filming - Amine

Sodium Chromate
Sodium Hydroxide
Sodium Carbonate
Sodium Bicarbonate
Barium Carbonate
Calcium Sulfate

Calcium Hydroxide

Primary Application

Lbst Circulation Materials - Continued

Often used in areas where acids are later
employed to destroy the material.

Most often used to prevent lost circulation.

Used in conjunction with fibers or flakes
to regain lost circulation.

Used where large crevices or fractures are
encountered.

Used for prevention of lost circulation.

Forms a good mat at face of well bore.

Used to regain lost circulation.

Used where large crevices or fractures
are encountered.

One sack mixture for preparing soft plugs
for severe lost circulation.

Specialty Products

Calcium chloride mud for inhibiting
the swelling of bentonitic shales.

Increases yield of bentonite to form
very low solids drilling fluid.

Primary surfactant for formulating
surfactant muds. May be used in hot
holes for viscosity stability.
Corrosion inhibitor.

Commercial Chemicals

Used in water base muds to prevent high
temperature gelation and as a corro-
sion inhibitor,

For pH control in water base muds.

- For treating out calcium sulfate in

Tow pH muds.
For treating out calcium sulfate or
cement in high pH muds.
For treating out calcium sulfate (pH
should be above 10 for best results).
Source of calcium for formulating
gyp muds.
Source of calcium for formulating
1ime muds.



Description

Sodium Chloride

Potassium Hydroxide
Chrome Alum
(chromic chloride)

Invert Emulsion
(Water in Diesel 0il1)
0i1 Base Mud
Gelatinous 0i1 Base
Fluid

Primary Emulsifier

Viscosity and Gel
Builder

Hi-Temperature
Stabilizer

Hi-Temperature
Stabilizer

Source: BLM, 1978
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Primary Application
Commercial Chemicals - Continued

For saturated salt muds and resistivity
control.

For pH stability and inhibition.

For use in cross-linking XC Polymer
systems.

0il1 Base and Invert Emulsion Muds
Protects sensitive producing formulations.

Basically same application as Ken-X.
For casing recovery, corrosion control
and protection of fresh water sands.

Emuisifiers for Invert Emulsions

Primary additives to form stable water-
in-0il emulsion.
Provides weight suspension.

Improves emulsion under high temperature
conditions.

Improves emulsion, weight suspension and
fluid loss under high temperature con-
ditions. '
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reported that fish were the most sensitive species tested, and that
invertebrates included both sensitive and relatively resistant species.
For invertebrates, 96 hour LC50 values ranged from 310,000 to greater
than 700,000 ppm for isopods, snails and polychaetes; 221,000 to 381,000
ppm for amphipods; and less than 60,000 to 215,000 ppm for mysids.
Ninety-six hour LC50 values for all fish tested (fourhorn sculpin, broad
whitefish, Arctic cod, saffron cod»and Arctic cisco) ranged between
40,000 and 400,000 ppm. The authors fufther suggesf some correlative
relationship exists between the type of driiling fluid used, the depth
of the well, and the measured acute toxicity. Hrudey (1979), evaluating
the acute toxicity of wastewater from exploratory drilling operations,
reported that surface hole and bottom hole muds are generally more toxic
than intermediate hole muds. The acute toxicity associated with surface

hole mud is apparently due to potash content. The bottom hole mud

toxicity is attributed to lignosulfonates and barites. In most instances -

dilution within the water column should significantly decrease the
toxicity of most drilling fluids except in areas very near their point
of discharge. Conversely, some components suéh as bactericides and.
heavy meta]s are extremely toxic to marine species, and may accumulate
in the water column or underlying sediments if sufficient current or

tidal mixing is not available to disperse them.

A number of field studies have attempted to quantify the extent of heavy
metal accumulation around active drilling rigs and assess the effects oh
benthic communities. In California, a study conducted by Ecomar Inc.

(1978) in the Tanner Bank offshore area reported pre-drilling background

Tevels of barium in sediment ranged from 8.7 to 156.0 mg/kg; chromium
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was recorded at less than 7.0 mg/kg; and lead concentrations ranged from
0.3 to 1.8 mg/kg. Post-drilling levels revealed barium levels ranging
between 173 and 1680 mg/kg; chromium from less than 0.5 to 6.11 mg/kg;
and lead varied from less than 0.7 to 9.9 mg/kg. A water sample taken
0.75 kilometers (.46 miles) from the discharge pipe contained over 10
times the background concentration of lead and chromium and over 5 times
as much barium during a fluid discharge rate of 754 bbl/hr. A sample
taken 2-3 meters (6.5 to 9.8 feet) from the pipe was about 500 times
higher in lead and barium, and the chromium concentration was 1000 times
background levels (Liss et al., 1980). Another study by Mobile 011 in

the East Flower Garden Bank found increases in barium (from 22 to 425

- ppm), iron (from 8.5 to 13,000 ppm), and lead (from 4.6 to 12.7).

Generally, increased metal concentrations are usually confined to within
200 to 500 meters (656 to 1640 feet) of a drilling site (BLM,. unpub.
data a).

The results of studies into the effects of driliing fluids on benthic
communities are contradictory and sometimes inconclusive. This variablility
is probably due to the unique physical parameters associated with each

drill site (oceanography, geology, etc.), the composition and volume of

mud discharged, and the type of species present. In some instances

drilling fluids may depress benthic species density or biomass values in

the near vicinity of a discharge (Crippen and Hood, 1980), or they may
influence the surrounding benthic composition by selectively enhancing

or degrading a particular species habitat {Menzie et al., 1980). 1In

most cases the discharge of drilling muds in deep, well mixed waters



will not present the problems that occur in shallow marine and freshwater
areas where toxic components may accumulate in the water column or
sediment. Mud discharges in areas of intermediate depth are likely to

be variable in their effect, and further research will be needed in

order to resolve questions concerning the extent of their toxicity under

such conditions.

Drill Cuttings

Drill cuttings, composed of bottom sediments and. pieces of pulverized
rock from underlying sedimentary geologic formations, are produced
during the course of drilling a well. These materials along with some
associated drilling muds are then discharged into surrounding waters.
Because of their coarseness most cuttings will rapidly settle out from
the discharged material and collect on the bottom near the point of
discharge. The extent to which they accumulate and form piles will
depend on current speed in the drilling area, although wave energy may
also be an important factor. In shallow marine waters where currents
are low (less than 0.25 knots) discharged cuttings have been reported to
accumulate as mounds approkimately 46 m (150 ft) in diameter (Zingula,
1976), and up to 6m (20 ft) in height (Carlisle et al., 1964). The
volume of cuttings discharged from a platform will depend upon the depth
of a well and the number of wells drilled. A shallow well will produce
less cuttings than a deep well, and a single exploratory well will
produce considerably less cuttings than a producing platform where as
many as 20-30 wells may be drilled during the life of a field. Using 2
million pounds of cuttings as an average per well, 40-60 million pounds

of cuttings may be discharged from a production platform. If sediment
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transport processes are weak these cuttings will be deposited in a small

area surrounding the discharge pipe, but if currents are strong the

cuttings may be thinly distributed over several square miles.

Clean drill cuttings are non-toxic and their primary effect on the
aquatic environment will be a smothering of non-mobile benthic organisms
such as clams, anemones and marine plants. When cuttings accumulate to
more than 5 centimeters (2 inches) in depth it is 1ikely that benthic

infauna {organisms 1iving within the bottom substrate) and less mobile

epifauna (organisms living on the surface of the bottom substrate) will

be severely affected (Dames & Moore, 1978). If a drilling platform
happened to be sited in a unique ecological location such as a larval
king crab settling area (which are usually limited in both size and
number, and presently remain unidentified in this region),‘and the

cuttings pile covered it, the negative effect could be significant.

Studies have further revealed that cutting piles may be colonized by a
variety of marine organisms such as fish and crabs which use the hard
substrate as a habitat (Menzie et al., 1980). If cuttings are deposited
on a sandy or silty bottom, the character of this newly formed benthic
community may differ from the already established, natural community
(Dames & Moore, 1978). Drill cuttings which are not adequately cleaned
before discharge may be contaminated with drilling muds and chemicals,
or with hydrocarbons from the producing formation. The toxicity of
these cuttings and their effect on the marine environment will generally
be the same as the contaminating compound, and their disposal should be

handled similarly.
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Tapble 9 Histopathoiogical examination of selected fish

surviving 96-hour exposure to driljling iuids.*

Drilling Fluid
Organisms Concentration Test Comments
(% by volume)

Fourhorn sculpins 0 108 Severe myositis was noted in the body wall of
‘ this fish. No other lesions were apparent.
Recognizable microorganisms were not seen in
association with the muscle inflammation.

Fourhorn sculpins 0 108 No visible lesions were present.

Fourhorn sculpins 25 108 No lesions were observed.

Fourhorn sculpins 25 ' 108 With the exception of intestinal parasites no
Tesions were noted.

Fourhorn sculpins 25 108 Focal enteritis was the only observed alteration.

Broad thtefish 0 108 The only lesions observed were the presence

of focal inflammation of the gills, the
accumulation of proteinaceous fluid in
Bowman's space of some glomeruli and in the
lumens of some renal collecting tubules.

Broad whitefish 0 109 Focal inflammation and the presence of an
aneurysm were seen in the gills. No other
lesions were noted.

Broad whitefish 0 109 The only lesion observed was the presence of
focal inflammation of the gills.

Broad whitefish 7.7 108 No lesions were noted.

Arctic cisco 0 113 Few hematopoietic cells were noted within the

renal parencyma, but the kidneys were other-
wise as expected. With the exception of mild
hepatic hyperemia no other lesions were
observed.

Arctic cisco 0 N3 Little hematopoietic tissue was present within
the renal parenchyma and multiple foci of
mineralization were noted. In addition some
glomeruli contained proteinaceous exudate
within Bowman's space monogenetic trematodes
were present in the gilis.

Arctic cisco 8 113 Very few hematopoietic cells were present
within the renal parenchyma and multiple foci
of mineralization were present. No other
lesions were noted.

Arctic cisco 12 113 The submitted tissues were normal except for
the kidney which contained focal accumulation
~ of proteinaceous fluid within Bowman's space
. of the glomerulus.

Arctic cisco 12 113 The intestinal mucosa was severly damaged and
focally absent, and numerous bacteria were no-
ted within the lumen of the intestine. Since
no inflammatory reaction was present these
changes appeared to be autolytic. Focal bran-
chial hyperplasia and clubbing of lamellae
tips were noted along with a leucocytic
infiltrate at the bases of some lamellae.
These changes may have been induced by the
monogentic trematodes parasitising the gilils.

Arctic cod 0 133 ) Numerous systematic degenerative changes were
noted which resembled post mortem autolysis.
In addition, the animal had severe, diffuse
fatty degeneration of the liver.

* From: Northern Technical Services, 1980.



Table 10 Relationships of the type of drilling fluid and
well depth to the acute toxicity of selected
marine organisms,*

96-hHour LCSQ

DRILLING FLUID WELL DEPTH (m) TEST ORGANISM VALUES ( % }
CMC/Gel 1803 Eleginus navaga 17.0 - 30.0
tMC/Gel 1807 A Mysis sp. 21.5
CMC/Gel 2780 Coregonus nasus >20.0
CMC/Gel 2786 Myoxocephalus quadricornis >12.0
XC-Polymer 2778 Coregonus nasus 33,0 - 37.0
XC-Polymer 3057 _ Boreogadus saida >25.0
XC-Polymer 3064 : Mysis sp. 16.1
XC-Polymer 3064 Myoxocephalus quadricornis 21.5
XC-Polymer 3318 Coregonus nasus 6.4
XC-Polymer 3319 Myvoxocephalus gquadricornis >20.0
XC-Polymer 3323 ' Coregonus nasus 10.0
XC-Polymer 3324 Mysis sp. 26.0 - 40.0
XC-Polymer 3646 Mysis sp. 5.0 - 10.0
XC=Polymer 3646 Myoxocephalus quadricornis 5.0 = 10.0
XC-Polymer 3786 - Onisimus sp., Boeckosimus sp. 38.1
XC-Polymer 3938 Onisimus sp., Boeckosimus sp. 28.0
XC-Polymer 4029 Onisimus sp., Boeckosimus sp. 27.8
XC-Polymer 4175 Om‘sim_us sp., Boeckosimus sp. 22.1 .-'24.'!
CMC/Gel/Resinex 2786 _Myoxocephalus guadricornis 5.0 - 6.0
CMC/Gel/Resinex 2786 Mysis sp. >6.0
CMC/Gel/Resinex 3466 :  Mysis sp. 7.3
CMC/Gel/Resinex 3466 Myoxocephalus quadricornis 5.0 - 7.0

*From: Northern Technical Services, 1980.
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Sensitivity of Areas and Recommended Mitigative Measures

Areas in the northern Bering Sea and Norton Sound were ranked as having

a low, moderate, or high sensitivity to the impacts of drilling muds and

cuttings discharge (see Map C). These designations were based on existing

data, and were made after evaluating the following criteria:

The sensitivity of each fish and wildlife species or habitat

to the effects of drilling muds and cuttings discharge.
The degree of sensitivity to drilling muds and cuttings discharge
exhibited by each species during the various stages of its

1ife history.

The time of year that these critical life history stages occur

and the period during which each species would be most affected.

The location of habitats where critical 1ife history stages

occur.

The productivity of the habitat.

The uniqueness of the habitat.

The species population numbers and relative importance of the

population.
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8. The physical characteristics of receiving waters.

9. The degree to which the impacts of drilling muds and cuttings

discharge can be mitigated.

Specific considerations and assumptions that were made during ranking

are as follows:

1.  Because toxic components of drilling muds can build up in
shallow water areas with 1ittle dilution or dispersion processes,
high sensitivity designations have been assigned to all nearshore

regions seaward to the 30 ft. bathymetric contour line.

2. Based on oceanographic data which suggests circulation is
sluggish ih eastern Norton Sound, moderate sensitivity designations
have been assigned to include all marine areas east of a line

stretching from Rocky Point to Stuart Island.

3. Productive habitats such as eelgrass and Fucus kelp beds,
wetlands, tideflats, and lagoons have been assigned a high
impact value based upon their discrete characteristics and
demonstrated importance to a variety of species. Additionally,
any mud and cuttings discharges in these areas would result in

a direct physical loss of habitat.

4. Although benthic species such as king crab, clams, starfish,

etc., could be affected by discharges of drilling muds and
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cuttings, they occur over such large areas that localized
disturbances resulting from such discharges are unlikely to
cause significant damage to either those species or their
associated habitat. Subsistence harvests of these species,

particularly king crab, remain vulnerable.

5. Based upon their respective vulnerability to toxicants, and
their nearshore habitat requirements, Pacific herring and
juvenile Pacific Salmon have been assigned a high vulnerability

rating to drilling muds and cuttings discharges.

Sensitivity Designations'and Mitigative Measures

LOW SENSITIVITY AREAS

The designation of low sensitivity applies to areas where the impacts of
drilling muds and cuttings discharge would be less adverse than in
moderate or high sensitivity areas. Low sensitivity areas include: 1)
marine areas with strong currents to adequately disperse and dilute muds
and cuttings; and/or 2) areas with low numbers of sensitive species or

habitats.

Drilling muds and cuttings may be discharged in Tow sensitivity areas in-

compliance with existing State and Federal water quality regulations.
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MODERATE SENSITIVITY AREAS

Areas of moderate sensitivity are defined as those areas where the

adverse impacts associated with the discharge of drilling muds and
cuttings can be prevented, minimized, or ameliorated. Species or habitats
which are present in these areas could be moderately affected by these

discharges. Areas included in this category are:

1. Areas of sluggish circulation

2. Shorefast ice zone

3. Area of first open water in spring

4, Herring nearshore feeding and rearing areas

5. Capelin spawning and possible épawning areas

6. Nearshore rearing areas forbjuvenile fish (other than salmon)

7. Salmon nearshore migration areas

8. Arctic char and sand lance concentrations

9. Waterfowl and shorebird nesting and molting areas including;
waterfowl major staging areas and important staging areas;
emperor geese moiting and staging areas; snow geese staging
areas; shorebird fall staging areas and important habitats

10.  Subsistence king crab harvest areas and subsistence freshwater
mussel areas

Drilling muds and cuttings discharges should be conducted according to
existing environmental regulations. Additional measures to mitigate the
impacts of drilling muds and cuttings on moderate sensitivity areas

include:

1. Wherever possible, drilling muds should be retained and used

for drilling other wells.
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Drilling muds should not be discharged into any nearshore area
seaward to the 30 ft. bathymetric contour line, or any body of

freshwater, including lakes, streams, or rivers.

If artificial islands are used to develop oil reserves in the
northern Bering Sea-Norton Sound region, clean drill cuttings
can be used . as a material source to supplement gravel in

island construction.

Drilling muds and clean drill cuttings should be discharged
near the ocean bottom rather than near the surface in order to
decrease the areal extent of outfall and to prevent stratification

of toxic components within the water column.

Mud discharge rates should not exceed a maximum of 50 bbl per
hour, in order to limit toxic concentrations of drilling muds

to a small area near the ogutfall.

Muds should not be discharged at low tide or sltack water when

tidal flushing and dilution is at a minimum.

Drilling muds should be diluted prior to discharge. The
minimum dilution factor should be 25 parts receiving water to

1 part drilling fluid.

Muds containing high levels (as determined by Environmental
Protection Agency or Department of Environmental Conservation

water quality requlations) of hydrocarbons, surfactants,

/



10.

11.

bactericides, detergents, trivalent chromium salts, carcinogenic
compounds and other toxic additives should not be discharged
into the aquatic environment. Instead, these muds should be
hauled ashore and disposed of at an approved upland site,

pumped down the well bore, or disposed of in some other environ-

mentally acceptable manner.

During winter drilling in the shorefast ice zone, drilling
muds should be dispersed on the ice surface rather than under
the ice in poorly mixed subsurface waters where toxic build up

may occur.

Clean drill cuttings may be.discharged without restriction,
except in areas Which are important for the rearing of juveni1e
marine species, such as larval king crab; or in areas where
such discharges will result in a direct physical loss of
productive habitat, such as Fucus kelp and eelgrass beds,
wetlands, tideflats, or estuaries. The presence or absence of
juvenile marine species and the relative productivity of an
area should be determined during benthic and engineering

surveys conducted prior to rig placement.

Heavy metal accumulations in sediment and animal tissues near
production platforms with multiple wells, should be monitored

to insure that no toxic build up occurs.

129
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HIGH SENSITIVITY AREAS

Areas of high sensitivity are defined as those habitats where the impacts

of drilling muds and cuttings discharge would be extremely adverse to

fish
area

this

High

and wildlife resources. Because of poor circulation, the nearshore
seaward to the 30 ft. bathymetric contour line would be included in
designation.

sensitivity areas include:

Nearshore areas seaward to the 30 ft. bathymetric contour
line

Eelgrass beds

Fucus kelp beds

Wetlands, tideflats and estuaries

Herring spawning, possible spawning, and wintering areas

Salmon streams and juvenile nearshore feeding and rearing
areas

Sheefish and whitefish streams
Subsistence clam harvest areas

Commercial and subsistence herring harvest areas

~.

Drilling muds should not be discharged into high sensitivity areas.

Drilling sites and mud disposal areas should be designed and located so

as to prevent drilling muds from being carried or leached into high

sensitivity areas. The discharge of clean drill cuttings may be approved

on a site specific basis.
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OIL POLLUTION

Sources and Biological Effects

Sources

One of the major issues concerning offshore 0il development is the
possibility of o0il pollution and the subsequent damage that may be
inflicted upon sensitive fish and wildlife populations and their associated
habitat. 0i1 pollution may occur under a variety of situations, and can

be classified as being either acute or chronic depending upon its rate

of introduction into the marine environment.

Acute oil pollution is that which results from a single infusion of oil
into surrounding waters, generally by accident (NAS, 1975). Spills of
this nature may occur during exploration and development drilling,
production, transportation of 0il, or oil processing. Acute oil pollution
may also ;esult from various supporf activities associated with offshore
0il development such as fuel storagevareas; refueling stations, pipelines
and support bases (see Tables 12 through 20). In Alaska, statistics
compiled for the 5.year period 1973-1977 show that the majority (55%) of
0i1 spills (greater than 1,000 gallons) occurred as a direct result of
transportation,'hand1ing, or storage of oil. Spills from production
activities were additionally responsible for approximately 3% of the

total volume spilled, while incidental spills (fishing vessels, aircraft,

natural sources, etc.) accounted for the remaining fraction (42%).
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TABLE 12
BUDGET OF PETROLEUM HYDROCARBONS INTRODUCED
INTO THE OCEANS (NAS, 1975)

Input Rate (million metric tons)

Source Best Estimate Probable Range Reference
Natural seeps 0.6 0.2-1.0 Wilson‘et al. (1973)
Offshore Production 0.08 0.08-0.15
Transportation -
Lot* Tankers 0.31 0.15-1.0
Non-Lot* Tankers 0.77 0.65-1.0
Dry docking 0.25 0.2-0.3
Terminal Operations 0.003 0.0015-0.005
Bilges Bunkering 0.5 0.4-0.7
Tanker Accidents 0.2 0.12-0.25
Non Tanker Accidents 0.1 0.02-0.15 i
Coastal Refineries 0.2 0.02-0.3 Brummage (1973)
Atmosphere - 0.6 0.4-0.8 | Feuerstein (1973)
Coastal Municipal 0.3 - ' Storrs (1973)
Wastes
Coastal Non Refining
Industrial Wastes 0.3 - Storrs (1973)
Urban Runoff 0.3 0.1-0.5 Storrs (1973),Hallhagen (1973)
River Runoff 1.6 - ! "
TOTAL 6.113

*Lot: Load on top.
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TABLE 13
1973 ALASKAN MARINE OIL SPILLS > 1,000 GALLONS

Material uantit Source Cause
iga]lons)
Light Diesel 196,182 Tankship 10,000-19,999 Hull rupture or
gross tons Teak :
Unidentified Heavy 0il 5,000 Onshore industrial plant Tank rupture or
' or processing facility Teak
Heavy Diesel 2,500 -Onshore industrial plant Intentional dis-
or processing facility charge _
Light Diesel 1,500 Onshore Non-transporta- Valve failure
tion-related facility
Light Diesel 8,000 . Miscellaneous Pipe rupture or
leak
Light Diesel 3,700 Other vessel Equipment failure
Light Diesel 7,980 Tugboat or towboat Tank rupture or
leak
Other 0il 4,200 Onshore fueling Intentional dis-
charge
Light Diesel 1,500 Fishing vessel Tank rupture or
leak
Light Diesel 6,500 Other vessel ~ Structural failure
Light Diesel 4,500 Tank barge 1,000-9,999 Tank rupture or
: gross tons Teak -
Light Diesel 22,500 Miscellaneous Pipe rupture or
leak
Natural Occurrence 9,200 Natural source Natural phenomenon
Light Diesel 3,800 Miscellaneous Tank overflow
Total 277,062 gallons

AlT 1

Sourc

From:

Largest single oil spill: - 196,182 gallons
Average quantity spilled: 19,790 gallons ‘
Average quantity spilled excluding largest spill: 6,222 gallons

973 Alaskan Marine Qi1 Spills (all quantities):
Number: 133 ’
Total quantity: 281,506 gallons .

Average quantity per spill: 2,117 gallons
Number of fishing vessel oil spills: 36
Average quantity per fishing vessel oil spill: 51 gallons

e: United States Coast Guard Pollution Incident Reporting System data.

Terry et al., 1980. Alaska 0CS Socioeconomic Studies Program-
Technical Report #51.
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Material

Light Diesel

Heavy Diesel
Light Diesel
Jet Fuel

Light Diesel

“Light Diesel

Gasoline

Total

Largest single oil spill:
Average quantity spilled:

TABLE 15
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1975 ALASKAN MARINE OIL SPILLS > 1,000 GALLONS

Quantity
1,100

5,000
1,000
1,500

2,000
65,000

300,000

375,600 gallons

Source

Highway vehicle liquid
bulk carrier

Fishinc vessel
Miscellaneous

Onshore bulk storage
facility

Highway vehicle liquid

bulk carrier

Onshore pipeline

Onshore fueling .

300,000 galions
53,657 gallons

.. Cause

Natural or chronic
phenomenon

Hull rupture or leak
Unknown causes

Equipment failure
Personnel error
Pipeline rupture or
Teak

Tank rupture or leak

Average quantity spilled excluding largest spill: 12,600 gallons

A11 1975 Alaskan Marine 0il Spills (all quantities):

Number: 136
Total quantity:
Average quantity per spill:

380,275 gals.

2,796 gals.

Number of fishing vessel oil spills: 30

Average quantity per fishing vessel oil spill:

201 gals.

Source: United States Coast Guard Pollution Incident Reporting System data.

From: .Terry et al., 1980.

Technical Report #51.

Alaska 0CS Socioeconomic Studies Program-
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TABLE 17

1977 ALASKAN MARINE OIL SPILLS > 1,000 GALLONS

Material Quantity Source ‘ .. Cause
Jet Fuel 10,192 Onshore bulk storage Pipe rupture or leak
Light Diesel 72,280 Fishing vessel Hull rupture or leak
Light Diesel 1,000 Fishing vessel Hull rupture or leak
Heavy Diesel 8,000 Fishing vessel Hull rupture or leak
Light Diesel 1,000 Onshore bulk cargo Personnel error
transfer '
Light Diesel 10,000 Onshore industrial
plant or processing
facility Highway accident
Light Diesel 8,000 - Fishing vessel Hull rupture or leak
Light Diesel 2,600 Onshore non-trans- |
portation-related
facility Tank overflow
Unidentified 1ight oil 1,600 Onshore bulk storage Pipe rupture or
facility leak

Total 114,672

Largest single oil spil

1: 72,280 gals.

Average quantity spilled: 12,741 gals.

Average quantity spilled excluding largest spill: 5,299 gals.

A11 1977 Alaskan Marine 01l
Number: 229

Spills (all quantities):

Total quantity: 123,633 gals.
Average quantity per spill: 540 gals.
. Number of fishing vessel oil spills: 56
Average quantity per fishing vessel spill: 1,600 gals.

Source: United States Coast Guard Pollution Incident Reporting System data.

From: Terry et al., 1980.
Technical Report #51.

Alaska 0CS Socioeconomic Studies Program-
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TABLE 18

NUMBER OF ALASKA MARINE OIL SPILLS > 1,000 GALLONS,
: BY MATERIAL SPILLED 1973-1977

Number of Incidents

1973 1974 1975 1976 1977

Material Spilled
Light Crude 0il 1 1
Gasoline 1 1 1
Jet Fuel 1 1 2 1
Light Diesel Fuel 10 12 4 5 6
Heavy Diesel Fuel 1 1 1 1
Mixture of Two or More
Petroleum Products 1
Unidentified Light 01l , 1
Unidentified Heavy 0il 1
Other 011 1
Natural Occurrence : 1

Total 14 15 7 1 9

Source: United States Coast Guard Pollution Incident Reporting System data.

From: Terry et al., 1980. Alaska 0CS Socioeconomic Studies Program-
Technical Report #51.
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NUMBER OF ALASKAN MARINE OIL SPILLS > 1,000 GALLONS,
BY CAUSE 1973-1977

1973 1974 1975 1976 1977
Cause of 0il Spill
~ Structural Failure or Loss
Hull Rupture or Leak 1 1 1 1 4
Tank Rupture or Leak 4 2 1 2
Transportation Pipeline
Rupture or Leak 1 1
Other Structural Failure 1 1
Equipment Failure
Pipe Rupture or Leak -2 3 1 | 2
Hose Rupture or Leak 1
Valve Failure 1 1
Other Equipment Failure 1 1 1 1
Personnel Error (Unintentional
Discharge) : 7
Tank Overflow : 1 1 1
Improper Equipment Handling
or Operation 1 2
Other Personnel Error
Intentional Discharge 2
Other Transportation Casualty
Railroad Accident 1
Highway Accident 7 1 1
Aircraft Accident 1
Natural or Chronic Phenomenon 1 1 1
Unknown Causes 1 1
-Total 14 - 15 7 N 9

Source: United States Coast Guard Pollution Incident Reporting System data.

From: Terry et al., 1980. Alaska OCS Socioeconomic Studies Program-
Technical Report #51.
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TABLE 20

NUMBER OF ALASKAN MARINE OIL SPILLS > 1,000 GALLONS
8Y SQURCE OF SPILL 1973-1977

1973 1974 1975 1976 1977

Source of 011 spill

Other Vessel 2 1

Tankship 10,000-19,999
gross tons 1 1

Tank Barge 1,000-9,999
gross tons 1

Tugboat or Towboat 1 1

Fishing Vessel 1 1 1 4
Onshore Bulk Cargo Transfer 1 1
Onshore Fueling 1 1 1

Offshore Bulk Cargo Transfer 1

Rail Vehicle Liquid Bulk ' 1

Highway Vehicle Liquid Bulk 1 2 1

Aircraft , 1

Other Land Transportation .
Facility 2

Railway Fueling Facility ' 1
Onshore Pipeline 1

Other Onshore Non-Trans- )
portation-Related Facility 1 3 1 1

Onshore Bulk Storage
Facility 1 2 2

Onshore Industrial Plant or
Processing Facility 2 ~. ]

Onshore 0il or Gas Pro-
duction Facility 1

Qffshore Production
Facility 1

Miscellaneous - or ;
Natural Source 4 Ky 1

Unknown Type of Source 1

Total 14 15 11 9

~1

Sourca: United States Coast Guard Pollution Incident Reporting System data.

From: Terry et al., 1980. Alaska OCS Socioeccnomic Studies Program-
Technical Report #51.



Typically, the largest and potentially most damaging forms of acute oil
spillage occur as a consequence of tanker accidents or 0il well blowouts.
Massive spills associated with the break-up of such supertankers as the

Torrey Canyon and Amoco Cadiz, and blowouts such as the Santa Barbara

spill or, more recently, the Ixtoc I well in the Gulf of Mexico, have

the capacity to foul mi]gs of coastline, inflict millions of dollars of
damage, and produce extensive mortalities in marine and avian populations.
Efforts to contain or control the flow of 0il once accidents of this

type occ&r are usually ineffectual, or may occur too late to prevent
significant quantities of of] from escaping. The runaway Ixtoc I well
which flowed out of control for 295 days and released an estimated 140
million gallons of 0il into the marine environment is a case in point.

A variety of measures were applied in an attempt to cap the well, but
ultimately two relief wells had to be drilled befdre the flow of oil

could be stemmed.

United States Geological Survey statistics as compiled by banenberger
(1980) show that 46 blowouts have occurred on the Outer Continental

Shelf of the United States between 1971 and 1978. Thirty of the blowouts
occurred during drilling operatidns, while the remaining 16 occurred
durjng completion, production, and workover operations. Of the 46

blowouts recorded, only three resulted in significant quantities of oil

(less than 1,000 barrels in combination) escaping into the marine environment.

During the 8-year study period, 7,553 new wells were started and, on the

average, one blowout occurred for every 250 wells drilled.

143



—

Chronic 0il pollution is the discharge of hydrocarbons either continuously
or sufficiently often such that aquatic biota does not have time to
recover. Annually, chronic sources add more o0il to the marine environment
than do acute spills. In many cases the environment is often resilient

or responsive enough to return to a stable state following a catastrophic
aevent such as an acute oil spill, but a slow and steady degradation of

the environment as is the case with chronic oil pollution, may present a
more serious alteration (Dey and Damkaer, 1977; Michael, 1977; Armstrong
et al., 1979). Sources of chronic hydrocarbon pollution may include
discharge from platform deck drains, éff]uent (formation water) discharge

from oil-water separators on production platforms, effluent from refinery

and petrochemical plants, and discharge from vessels, tankers and ballast

water treatment facilities.

Fates of 0il1 in Marine Environments

0i1 may enter the marine environment through a variety of sources and in

a variety of forms, therefore it is important to understand the processes

that are involved in its ultimate distribution, physical configuration,
and chemical constituency. Studies reveal that the effects of marine

0il spills on marine ecosystems are directly related to the following

factors: 1) type of oil spifTed, 2) amount of o0il spilled, 3) physiography

of the spill area, 4) weather conditions at the time, 5) biota in the
area, 6) season of the year, 7) previous exposure of the area to oil, 8)
exposure to other pollutants, and 9) method of treatment of the spill
(Clark and Terrel, 1978). The various permutations that may be derived

from these nine parameters make each o0il spill unique. However, most
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0i1 spills also exhibit uniform characteristics of behavior which arise
as a result of their discharge into a marine environment. The following
discussion on fates of 0il in the marine environment is primarily taken
from the Food and Agr{culture Organization of the United Nations (FAO)
report titied "Impact of Qi1 On the Marine Environment"; and is co-
authored by an international group of expert organizations studying the

scientific aspects of marine pollution (GESAMP, 1977).

Spreading - Typically, the first process to influence the fate and

eventual impact of a spill is that of extension, or spreading of the oil
product over the marine surface in the form of a thinning film. Gravitational
effects initially control the rate of spreading, but as time increases

and the 0il layer thins, slick size becomes controlled by a surface

tension-viscosity relationship which is independent of the spill volume.

- The area occupied by the slick will incréase rapidly under the influence

of both hydrostatic and surface forces until further enlargement is
limited and offset by natﬁra] forces. It appears that even viscous
crude oils will react in a similar manner, spreading rapidly into thin
Tayers which then come under the inf1uence of surface effects. Once a
spill has thinned and surface forces begin to play an important role,
the oil film is no longer continuous and uniform but rather becomes

fragmented by wind and waves into patches and windrows.

Evaporation - Evaporation is the process by which low to medium molecular
weight components with relatively low boiling points are volatized into

the atmosphere. This process may occur up to several months after a
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spill, but generally is most intense during the first few hours to

weeks. Riisgard (1979) estimated that as much as 50% ofva 1ight crude
0il1 could evaporate within the first week following a spill. Evaporation
can be an important means of preventing toxic components from initially
entering a marine ecosystem, although some higher weight aromatics,

which are thought to be involved in long-term toxicity, are ]éss volatile
and are practically unaffected by evaporation over long periods of time.
Evaporation therefore selectively depletes the lower boiling components
of the 0il, increasing the specific gravity as the oil loses its volatile
fraction. As specific gravity increases, the residual oil may become
denser than sea water, increasing the possibility of sinking. This
process then can contribute to the formation of thick residuals, oil
sludges, and eventually, the possible formation of tar balls or tar

mats.

Solution - Solution is the physical process by which low molecular

weight hydrocarbons are lost by the oil to the water. The rate of this

process is governed by wind, sea state, and the properties of the petroleum

material itself (chemical composition, specific gravity, viscosity, pour
point, surface tension etc.). Since the soluble fraction of most
petro]egm products consists mainly of medium weight aromatics, and this
fraction.contains the compounds known to be the most toxic, persistence
of the soluble fraction is an important aspect to consider in determining
the relative harmful effects of a petroleum product. Frankenfield

(1973) investigated the weathering of No. 2 fuel o0il, Bunker C residual
0il, and Venezuelan crude 0il under simulated natural conditions and

found that after a weeks weathering, the dissolved fraction of the No. 2



fuel 011 was approximately 3.5 times that found for the heavier oils.

This contradicts the idea that light oils disappear almost entirely due
to evaporation shortly after being introduced into the marine environment.
The above evidence indicates that lighter oils more readily pass into
solution within the water column than heavy oils, and that 1ight oils

may persist in the water column whereas heavy o0ils form surface slicks.

Emulsification - Rough seas tend to create emulsions of o0il and water.

This process may take twd forms: 0il-in water emulsions, where the sea
is thé'continuous phase, or water-in-oil emuisions, where the stab]é
floating emulsion contains about 30 to 80 percent water. Water-in-oil
emulsions have been found to be stable for periods exceeding 100 days,
and are thought to be the product of accumulated non-vo1ati1é residues,
particularly asphaltenes, in crude oils. The formation of water-in-oil
emulsions generally requires violent agitation at the air/sea interface

and relatively thick oil films.

0il-in-water emulsions may form as a result of stresses at the sea
surface forcing oil into the water as small drops. This may occur
naturally or through the use of dispersants. Emulsification of crude
0oil may also be promotéd by surface-active materials produced during

degradation of the oil by certain micro-organisms.

Sedimentation - The process of oil adsorbing to sediment particles is of

particular relevance in the Norton Sound-Bering Strait region where
immense sediment discharges from the Yukon River occur annually. 011
suspended in the water column could adhere to suspended sediment particles

causing them to settle to the ocean bottom and eventually become trapped



beneath successive layers of sediment. Very 1ittle oxidation would

occur once hydrocarbons were buried in reducing éediments. With extremely
cold marine sediments, the rate of degradation may be even slower than
that which usually occurs (Percy and Mullin, 1975). The mechanisms by
which sedimented o0il may be resuspended and spread over wide areas, long
after the original spill, are not well understood. However, various
resedimentation and suspénsion processes which can occur include:

current movement, storm surges, resuspension by pressure waves, or

resuspension by organic reworking of surface sediments.

Chemical degradation - The nature of the chemical degradation process is

not precisely known, but would appear to be largely the result of the
photo-oxidation of hydrocarbons, with the result that oxidized compounds
are more soluble in water than the original compounds. Perhaps the most

notable effect is an increase in resin and asphaltene content.

Microbial degradation - As the residence time of 0il on water increases,

biological processes begin to operate and rapidly gain in significance.
Over 90 species of micro-organisms (bacteria and fungi) capable of
subsisting on petroleum, and therefore capable of degrading it by biological
oxidation, have been identified. The extent of such degradation in the

sea ‘is dependeht upon water temperatqre, and the presence of certain
volatile fractions (naphtha and kerosene) in the spill, some components

of which are bacteriocidal or bacteriostatic. When these fractiﬁns are
removed the residues bepome more biodegradable than the crudes from

which they originate. Atlas et al. (1980), studying microbial populations



in arctic marine sediments found that biodegradation commenced only
after several months exposure, and that there seemed to be a preference

for straight chain alkanes over branched chain alkanes.

0i1 and Ice Interactions

The preceding section described the various characteristics and eventual

fate of oil released into a marine environment. The properties mentioned
are typical in the sense that they are the most predictable aspects of a

marine oil spill, and may occur to varying degrees regardless of the ofl

type involved. It should be realized, however, that these aspects of

oil spill behavior are applicable only under circumstances in which ice

is not present. When 0il is introduced into a marine system containing

ice, the 0il can be expected to behave in a markedly different manner.

Ih the Norton Sound-Bering Strait region ice is normally present seven

months of each year. Because of this, 0il drilling operations must

contend with the variable hazards associated with drilling in an environment

where an inordinate degree of stress may be placed on fixed surface
structures. The presence of moving ice will increase both the danger of
an oil spill and the difficulty invoived in cleaning it up. Should an
accident occur during winter operations, 011 behavior under ice will be
significantly influenced by the type of ice with which it comes in

contact.

Stringer and Weller (1980) have proposed a scale of behavior involving

0il interactions within a variety of ice types. Their study defines
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oil/ice interactions as occurring on a micro-scale, where oil becomes
incorporated within individual crystals of growing ice, up through the
development of pancake ice; a meso-scale where characteristics of pack

ice floe movement and ice ridging are the deminant influencing factors

" determining.0il behavior; and a large scale where o0il transport over

great distances could occur.

Initially, when 0il is introduced into an area where wind or wave action
generates ice, mixing occurs with a slurry of small ice crystals and
seawater, termed grease ice. The most important property of grease ice,
as it relates to possible oil entrainment is the existence of a dead
zone, or area of transition between ligquid and solid behavior (Martin,
1980). Laboratory experiments indicate that most df the 0il introduced
into a grease ice system would end up on the ice surface beyond the dead
zone, with some oil droplets circulating in the grease-ice ahead of the
dead zone (Martin, et al., 1978). In this manner oil might become
directly incorporated within new growing ice as it forms. Further field
observations also confirm that if 0il were spilled in the various polynya
zones of a freezing ice front, some of the oil would accﬁmu]éte on the
grease ice surface, some would accumulate in the local dead zones, and a
smaller fraction would be emulsified into oil droplets by wave breaking.
These droplets might then circulate around within both the grease ice
and the ocean circulation at the ice front (Martin, 1980; Stringer and

Weller, 1980).

As grease ice freezes further it develops into flat “pancake ice".

Experiments with Prudhoe Bay crude oil have shown that approximately 25%
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of the 0il released beneath pancake ice can be pumped to the ice surface
by the oscillating motion of the ice itself. The rest of the oil may be
bound up as small droplets in grease ice under the pancakes (Martin,

1980).

A third type of micro-scale oil/ice interacfion occurs when oil is

released under stable, stationary first-year ice, as is typical of the
shorefast ice zone that encircles the perimeter of Norton Sound. Various
studies (NORCOR, 1975; Rosnegger, 1975; Hoult et al., 1975; Uzuner et |
a].; 1979; Martin, 1979) have concerned themselves with the circumstances
surrounding such an occurrence, and the processes involved are relatively
well understood. The disposition of oil under solid 1te cover is controlled
brimari]y by three factors; the nature of the discharge, the condition

of the ice, and the phyéical varfab]es aésociated with the dischafge of

oil. 0il may be discharged beheath ice through the rupture of an underwater
pipeline, an o0il well blowout, natural oil seepage, or 0il leakage from

a ruptured vessel (Uzuner et al., 1979). In the case of a blowout, well
head temperature, pressure, the quantity of gas and oil, water depth,

and currents wi]ilall influence the plume and ultimately the disposition

of the oil (NORCOR, 1975). Martin (1980), after conducting experiments

in the Canadian Beaufort Sea, found that oil interactions beneath first
year ice may be separated into three periods of characteristic behavior:

1.) November - February - When 0il is first released under smooth

first-year ice it collects in natural undulations beneath the ice,
which are caused by snowdriff - induced insulation. Thesé undulations
haQe an amplitude of order 0.1 m and a length scale of order 10 m.
Some 0il also flows a short distanée up into the ice through brine

drainage channels.



2.) March - May - In the spring as the ice warms, top-to-bottom
brine channels open up in the ice and the 0il rises through these
channéis to the surface where it spreads laterally, both under the
snow and wifhin the first few porous centimeters of the ice surface.
The 011 on the surface then absorbs solar radiation through the
snow, causing the snow above the 0il to melt.

3). June - August - In the early part of the summer the trapped o1l

will continue to rise through the ice to the surface where melt
ponds with oily surfaces then form. Because the sun heats the o0il
(which absorbs heat more rapidly than the reflective snow surface),
and the winds blow the 0il on the melt pond surfaces against the
edges of the ponds, the oiled melt ponds grow both laterally and in
depth faster than the unoiled ponds. As the ice continues to
decay, much of the 01l in a weathered form will flow back into the
ocean either as runoff from the tops of the floes or by melting
through the ice bottom.

In the sub-arctic Norton Sound-Bering Strait region, the time frame will

be reduced, but the processes involved are likely to be the same.

Meso-scale 0il and ice interactions which might occur in the northern
Bering Sea include transport of oil along leads (including "lead pumping"),
and o0il incorporation in pressure ridges. 0il migrating into open leads
will be compressed to greater film thicknesses, and longitudinal flow
along the leads will occur from areas of thick oil films to unoiled
portions of the leads. This process will continue until aobstructions in
the leads cause the oil to overflow onto the surrounding ice (Stringer

and Weller, 1980). Since the ice is in continual motion, with leads



progressively opening and closing, the oil could be pumped a considerable

distance from the area originally contaminated (Logan et al., 1975).

When leads close completely the ice on either side of the lead may be
deformed into pressure ridges. -Before the lead closes, the bulk of the
contained o0il can be expected to spill over onto the surrounding ice.

As the ridge then forms, the oiled ice will be broken up and incorporated
into the ridge itself (Stringer and Weller, 1980). In this manner oil
may become entrapped in the ice thereby effectively preventing any
immediate cleanup, and a]lqwing'the 0il to be reintroduced into the
marine environment at a later date when the iée subsequently melts.
Other meso-scale considerations involve the interaction of oil with
obstructions under a solid ice cover. It has been found that small
obstructions such as exist in many ice fields, and even large ridge
keeisvw111 not obstruct the motion of a slick if current velocities are
sufficient (15-25 cm/sec) to cause the slick to move under small-scale
rough ice. However, the limited oceanographic information available
indicates that under ice currents in Norton Sound are weak, and it is
likely that deep pooling would occur instead if obstructions are close
to the source of spilled oil. Even in the absence of obstructions, the
0il equilibrium thickness (0.5 to 1.0 cm) is generally so great that
large amdunts of spilled oil may be contained in a relatively small area

due to that mechanism aloneI(Stringer and Weller, 1980).

Large scale transport of oil in ice is a very real possibility in the

Bering Sea. Pease (1979) ana]ogizes ice generation and transport in the
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- Bering Sea to the mechanic operations of a "conveyor belt". Ice develops

in the northern and coastal regions of the Bering Sea, subsequently
advects in a south-southwesterly direction, melts along the southern
margin of the ice pack, and is replaced by new incoming ice. 0il trapped
within growing ice could therefore be transported and released several
hundred miles away. In this manner, the Bering Sea ice pack is believed
to replace itself eight times during the course of a winter. There is
also evidence that while ice moves in a wind induced southward direction,

oceanic currents move in a northerly direction. As a result, less

buoyant weathered petroleum released from the ice could be transported

back beneath the ice cover (Stringer and Weller, 1980).

The implications of 0il capture and transport are significant when the
physical aspects associated with such scenarios are considered. O0il
trapped in ice does not weather substantially, instead it retains much
of its original toxic components, which can then be later released as
the ice disintegrates (NORCOR, 1975; Logan et al., 1975). Processes
normally associated with weathering such as evaporation, dissolution and

biodegradation may still occur, but will be extremely restricted.

Similarly, degradation of 0il1 trapped beneath the ice appears also to be

Timited (Atlas, 1977).

0il1 can also direct]y’affect ice characteristics. The thermal conductivity

of most crude oils is roughly one fifteenth that of natural sea ice,
therefore an oil lens situated beneath a sheet of ice may act as an
inéu]ator, causing a reduction in heat flux and a subsequent reduction

in ice growth. This process is Tikely to occur on a short term basis,



returning to a normal temperature gradient once the oil becomes encapsulated

(NORCOR,1975). In the spring, higher ambient air temperatures and

increased solar radiation will induce the formation of top-to-bottom

brine channels which allow entrapped oil to migrate to the ice surface
(NORCOR, 1975; Martin, 1979). Once on the surface, oil will saturate
the snow cover, causing a reduction in é]bedo (reflectant property).

This further accelerates the process of ice degeneration by increasing
the absorption of solar radiation. Oiled areas are then likely to be
free of ice one to thrée weeks in advance of the gross failure of the

sheet (NORCOR, 1975).

Direct observations of 0il and ice interactiohs have been recorded
following the breakup of the oil tanker Kurdistan off the Capé Breton
coast {C-Core, 1980). During this incident the Kurdistan, carrying a
cargo of 29,000 tons of Bunker-C oil was significantly damaged by heavy
ice and was forced to return to open water.  The vessel subsequently
broke apart and an estimated 7,000 tons of Bunker-C was lost. Initially,
the 0il with a pour point between 15°C and 20°C congealed rapid]y.in the
cold water. One week Tater oil was reported in the pack ice in the form
of long bands and streaks. Although the preliminary events leading to
entrainment of the oil in the ice are unknown, during the period of
observation, most processes tended toward a finer dispersion and dilution

of the oil.

One of the primary dispersion processes was the grinding of oil in brash
ice as a result of floe impact and differential movement. In the offshore

pack, swell propagation caused a leisurely grinding motion which produced
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01l particles ranging from a few centimeters in diameter down to micron
sizes. During extreme sea states, breaking waves resulted in churning
chunks of ice which rapidly reduced oil blobs to a very fine dispersion
with relatively uniform distribution. An additional aspect of the
grinding process appeared to be a considerable incorporation of organic
or mineral material into the oil itself. Samples collected some distance
offshore contained "surprising" amounts of heavy mineral particles which

were believed to have been picked up'from floe surfaces.

A secondary process which also tended to reduce particle size occurred
as a result of solar heating on snow/ice surfaces. The ice beneath
blobs of 0il would melt, causing the 0il to be stretched and spread
until surface tension effects intervened to produce micron sized oil
particles. Individual particles showed no sign of strong adhesion to
the ice, and in many cases became trapped as new ice formed over those

particles which had became concentrated in melt pockets.

One unexpected result arising from chromatographic analysis of brash ice

samples was the apparent tendency for certain light hydrocarbons to be

preferentially enriched (retained). Enrichment of even numbered hydrocarbons

(C14 - €20) was found to further occur in analyses of ice cores from

floes and ice rubble drifts. The preferential retention of light fractions
- by sea ice could have significént effects on the epontic algal community

in those areas where biological activity on decaying ice is an important

part of the spring bloom (C-Core, 1980).
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Spill Transport and Containment

There are a number of factors which are important in detekmining the:
degree of hazard which oil pollution in offshore areas poses for the
biological resources in both the coastal and offshore zones. The major
physical processes affecting the—transport and érea] dispersion of
hydrocarbon pollutants during a summer spill are;]) net circulation, 2)
surface spreading, 3) Wind transport, 4) osci]lafory tidal currents, and
5) mixing. Transport may differ significantly depending on whether the
0il is in solution within the water column, or if it .is spread over the
water surface in the form of a slick. 0il in solufion, or 0il which has
been mixed within the water column will be carried primarily with the
currents. Surface oil slick transport is additionally affected by |

direct wind influence, surface spreading, and other surface processes.

Net Circulation - The effect of net circulation on 0il slick transport

is generally self-evident. In the absence of other modifying influences,

an oil slick will simply be carried with the surface currents. However,

‘this straight-forward transport mechanism is complicated by a. number of

additional variables, including a 1arge‘variabi]ity in the "normal" net
circulation itself. Alterations in the "normal" net surface circulation
pattern are continually produced by variations in freshwater runoff,
seasonal temperature changes, winds, periodic variations iﬁ tidal range,
and other factors. These natural variations make it difficult to model
or predict the path and eventual landfall of a spill with any degree of .

reliability.
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Spreading - Surface spreading (in the absence of winds or currents) will
greatly eq]arge the area of a surface 01l slick. Spreading results from
the influence of gravity which causes a film of oil to thin and spread
laterally. In areas where there is restricted circulation, such as a
gyre in a bay, surface spreading alone would greatly increase the area
of the bay which wouid be affected by the spill. The rate of spreading
and the total area of spread over calm water will vary as a function of
the composition and viscosity of the oil, the seawater and air temperature,
and other factors. A representative calculation of o0il spreading which
excludes contributing physical processes (wind, waves, currents, and
tides), indicates that a 65,000 barrel oil spill would, after 11 days,
spread to a diameter of 18.2 kilometers (11.3 miles) (BLM, 1976).

Wind Transport - Wind-induced surface transport of oil is frequently the
most influential variable. Wind will move a surface oil slick at 2.5-
4.5% of the wind speed and at an angle of 0-45° to the right (in the
northern hemisphere) of the wind direction (Kinney, 1976). The movement
velocity most commonly accepted is 3% of the wind speed in a direction
very close to that of the wind (BLM, 1976; Dames and Moore, 1976). The
wind influence is, at Teast initially, superimposed upon the "normal"
net circulation. Movement of the slick can then be represented as the
vector sum of the surface current velocity and approximately 3% of the
wind velocity (Dames & Moore, 1976). Strong winds will overide any
surface current influences. The slick movement may take the form of a
very near-surface "skim layer shear" in which the o0il slick and a very
near-surface layer of water slides over the underlying waters (Battelle

Northwest, 1970); however, the surface wind stress is generally transmitted
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to the underlying waters and progressively alters the deeper surface
water currents. As the wind alters the movement of progressively deeper
waters, the net circulation itself is altered. In effect, the magnitude
of surface water transport due to winds can be expected to increase (up
to a point) as persistent winds alter the "normal" surface and near-

surface circulation at progressively deeper depths.

Tidal Transport - Dispersion of a continuous o0il spill within the Norton

Sound-Bering Strait region will be enhanced by oscillatory tidal excursions.

_Tides.ih Norton Sound'are primarily diurnal, with currents averaging 20-

30 cm/sec. Diurnal excursions tend to be narrow elipses extending in an
east-west direction over distances of 10-15 kilometers (6.2 to 9.3
miles). Therefore, an o0il spill which continued over a complete tidal
cycle could be spread a»maximum distance bf 15 kilometers (13 nautical
miles) by tidal factors alone. In shallow water close tghthgwyukon
Delta, currents and resultant excursions are thought to be less, but
there are no direct observations to confirm this assumption. Offshore
the érea south of St. Lawrence Island appears to be a region of extreme
tidal cdmp]exity, with areas of convergence, divergence and abrupt
variations in velocity. This is believed to be a result of converging
.Arctic and Pacific tides (Pearson et al., 1980). Tida]‘circulation }n
this region will probably have 1i;t1e net effect upon the movement of
spilled oil, but could increase lateral spread and possibly vertical
mixing of 011 in the water column due to current induced turbulence

(BLM, unpub. data b).

Prediction of Pollution. Transport ~ Prediction of pollution transport

within the Norton Sound-Bering Strait region involves a number of transport

[\
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mechanisms, all of which are variable with time and location. Generally,
the tidal stage at which a spill occurred would usually be the most

significant initial variable in determining a pollutant's trajectory.

Spreading and horizontal mixing processes also tend to enlarge the area
of the spill. Surface spreading of an 0il slick would be a particularly
significant process in areas such as gyres where the surface slick could

be retained for 1-2 weeks or more.

In the absence of winds, the net circulation will be the dominant factor
controlling long range transport. Wind influence however, is likely to
overshadow all other transport and dispersion processes and‘may, on the
average, be the single most important force affecting surface 0il transport.
Not only does the wind have a direct influence on transport of surface
0il, but the net circulation itself may be altered by persistent winds.
Impingement upon shoreline areas frequently requires some onshore wind
influence on either the net circulation or the surface slick. As an
example of wind influence, a moderate onshore wind with a speed of 7.7
m/sec (15 knots) would cause an 0il slick to drift onshore at a speed of
roughly 23 cm/sec (0.45 knots), or about 11.5 km/day (10 nautical mi/day).
During winter the dominant wind direction is usually from the north and
nortﬁeast, thus inducing a net southwestward out flow of ice from Norton

Sound. Under-ice circulation patterns during this period remain undefined.

Ice - The mechanisms involved in large scale transport of oil in ice

have been discussed previously.
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Spill Response and Containment

Fish and wildlife populations can be protected from the effects of an

0il1 spill if the spill can be contained and cleaned up before it reaches

these resources. In the event of an oil spill, it is imperative that

cleanup proceed as soon as possible; that sufficient equipment be available

to respond to the maximum projected spill; and that manpower and equipment

be mobilized efficiently. At the present time, oil spill response and

containment capabilities are limited by economic, environmental, logistic,

and mechanical constraints, which, in many cases may preclude an effective

cleanup operation except under ideal conditions. A review of existing

0il spill containment and cleanup technology for the Norton Sound region

reveals the fbl]owing problems:

1. Most of the containment and cleanup equipment available for use

during open water periods is only capable of operating in a maximum
of 3 foot waves, 15 knot winds, and 1 knot currents (GOACO, 1977).
Recent modifications may have expanded the capability of some
equipment to operate in wave conditions approaching 6 feet (Barto,l
per. comm. ) however, the actual appiication of such equipment
remains for the most part untested. In the northern Bering Sea,
extreme storm conditions in late summer and fall can be worse than
those in the Gulf of Alaska. For Norton Basin the predicted maximum
sustained wind speed is estimated to be 90 knots (100 mph) and the
extreme wave height is estimated to be 32 meters (105 feet) (BLM,
1980). A regional composite averaging of median wind and wave data
from the open water period of June through October shows that wind

speeds equal or exceed 11 knots 44.3% of the time, and wave heights
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exceed 3 feet 4.8% of the time (Brower et al., 1977). Tidal currents
for most of Norton Sound aré low, and range between 0.4-0.6 knots

(20-30 cm/sec.), although in some nearshore areas tidal currents

may be higher. In the Yukon Delta channels, tidal currents varying

from 0.5 to 1.5 knots have been recorded. Offshore, the area north

of St. Lawrence Island appears to be a region of extreme complexity

for tidal currents with areas of convergence, divergence, and

abrupt variations in velocity. Even under ideal conditions, conventional
0i1 spill containment and recovery equipment cannot be expected to

provide a removal efficiency much greater than 50% (Meikle, 1978).

Mobitization and depioyment of o0il spill containment and cleanup
equipment will be difficult and time consuming. The Norton Sound-
Bering Strait region has approximately 1931 kilometers (1200 miles)

of coastline, but is essentially roadless east of Safety Lagoon.

There are only three airstrips capable of accomodating large transport
planes (Nome,'Una1akleet, and Moses Point) and only one port capable

of unloading heavy cargo {Nome). If a spill occurred near the

center of Norton Sound it would take a vessel out of Nome approximately
5 to 7 hours to reach it, not including the time allowed for transportation
of key personnel from Anchorage to Nome, and the time required to

Toad equipment. If a spill were to occur in the eastern portion of
Norton Sound where port facilities do not currently exist, vessel

intercept times alone may approach 10 to 14 hours.

Should a spill occur, personnel and equipment transported from
Anchorage, Fairbanks, or Seattle would necessarily have to be

unloaded in Nome or Unalakleet and be ferried to a spill site by



helicopter, boat, or small aircraft. This will greatly increase
the amount of time required to respond to a spill, and will be
ineffective if weather conditions do not permit the use of such
modes of transportation. "It has been estimated that in this region
during-any time of the year there is a 30 percent chance that the
cloud ceiling will be below 300 feet (BLM, 1980). Under adverse
weather conditions it might require several days just to transport
personnel and equipment to a spill site. During winter months the
short days.and long nights may cause additional delays in the
ability to locate a spill and respond quickly, and the presence of

ice is likely to impede most marine surface transportation.

In the eVent that weather conditions or the location of a spill

make mechanical containment or cleanup impossible,. dispersants may

be used to protect fish and wildlife resources. Dispersants act to_

break apart an oil slick, reducing it to components which are more

soluble within the water column, and which are therefore less

likely to physically foul animal species or their habitats. However,

there are several drawbacks to the use of dispersants.

The primary problem is that insufficient data is available on the
effectiveness and toxicity of dispersants to make an objective
decision regarding their use in Alaskan water. Certain dispersants
and dispersant-oil mixtures can actually increase the amount of

toxicity related damage resulting from a spill, thereby precluding
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their use in most cases. The Environmental Protection Agency (EPA)
has published a list of approved dispersants; however, the presence

of a dispersant on this list only signifies EPA's acceptance of the

method used to test the dispersant and is not necessarily an endorsement

of its innocuous nature. The second problem is that, dependent

upon type, dispersants will only work under certain temperatures

and sea conditions. If these conditions do not exist during a

spill then dispersants will not work. Third, there has to be a

means of delivering the‘dispersants to the spill site. Vessels,
fixed-wing aircraft, and helicopters are all feasible, but weather

and visibility must meet minimum standards to be effective, especially
in the case of airborne systems. Fourth, dispersants are presently

ineffective in ice infested waters.

Ice is normally present in the Norton Sound region 6 to 8 months of
each year. Under such conditions, the effectiveness of most open
water containment and recovery devices will be drastically Timited
once the concentration of ice exceeds roughly 10 to 20 percent
(Logan, et al., 1975). Although oil removal operations could
conceivably continue in the presence of brash or pancake ice (Meikle,
1978; ABSORB, 1980), it is 1ikely that efficiency will be greatly
reduced, and personnel safety factors may make such operations

prohibitive.

0i1 spill scenarios during winter conditions, as presented by the
Alaskan Beaufort Sea 0i1 Spill Response Body (ABSORB), describe

cleanup operations which largely address oil spilled within the



shorefast ice zone. In such scenarios the ability to utilize heavy
machinery and equipment is crucial in the contruction 6f containment
berms or trenches, and for the physical collection and removal of
0il spilled on top of the ice. However, during periods of seasonal
transition, when ice is in active formation or degeneration, such
operations would be'fmpossib1e, and oil spiiled at this time might
flow unimpeded for several weeks before an attempt could be made to
recover it. In Norton Sound both the strength and extent of the
shorefast ipe zone is very limited compared to that of the Beaufort
Sea, and cleanup techniques such as. those described will not be

effective.

Should o0il happen to be released in broken pack ice, it is doubtful
that any of the methods currently employed during oil spill cleanup
operations would provide more than a minor deterent to wide spread
contamination; under such circumstances in situ burning is likely
to be the only operational technique available. The reliability of
this procedure however, is dependent upon several factors. The
principal Timitation to burning is that a minimum film thickness of
roughly 0.5 cm is required to sustain combustion (Logan et al.,
1975). During the Kurdistan spill off Cape Breton, the natural
tendency for o0il in pack ice was toward dispersion and dilution,
with most observable 0il occurring in the form of droplets or
globules (C-Core, 1980). Burning would have been completely

ineffective and was not attempted.

Furthermore, the effeciency of a burn varies directly with film

thickness. For film thicknesses of about 2.0 cm the reéidues which
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remain after burning can be reduced to between 10 and 20 percent,

while for marginal film thicknesses they can exceed 50 percent

(Logan, et al., 1975).

Water temperature is another factor which will influence burn rate.

Lower water temperatures will not only increase heat losses from

spilled o0il, but will also increase viscosity, therefore reducing

the flow of 01l to a burning area (USCG, 1978). 0il may then have

to be reignited repeatedly to achieve anythfng approaching a comprehensive

burn.

5. In a situation such as a blowout, or other loss of well control, it
is probable that flaring techniques would be used to ignite the
well if it became apparent that all other control methods were
ineffectual or that on-scene personnel could not retard the movement
of oil from the spill area. By flaring a blowout it is possible to
burn up to 90 percent of the oil that is released, if ideal conditions
exist at the time. However, the principal Tlimitation of flaring is |
that it restricts all other activities in an area and, in the
winter, fallout associated with this technique will tend to accelerate
melt processes in the spring, thereby reducing the time available

for surface cleanup (Logan et al., 1975).

In summary, it is apparent that current oil spill containment and cleanup
technology is inadequate to provide protection to fish, wildlife, and

sensitive habitats in the Norton Sound-northern Bering Sea region. The



numerous hazards associated with each seasonal period, coupled with an

almost total lack of support infrastructure, will require that extraordinary
measures be taken to accelerate the development, acquisition, and application
of more effective oil recovery technology and regional response capabilities.
The time involved, and the capital investment required, will necessarily

be extensive, however, present systems which rely on optimal climatic
conditions in order to affect even a modicum of efficiency are clearly

unacceptable.

A practical and effective solution to the current problem of protecting
marine resources from the possibility of a marine o0il spill, while
allowing exploration, production, and transportation to proceed with a
minimum amount of delay, would be to initiate a comprehensive analysis
of current and projected oil spill capabilities in Norton Sound. |

Simultaneously, the technological and economic feasibility of developing

‘additional equipment withvthe capability to clean up oil under all

conditions prevailing in the Norton Sound-northern Bering Sea region
should be evaluated. Where feasible, the development of more effective
0il1 spill containment and cleanup equipment should be undertaken. In
situations where it does not appeaf that it would be technologically
feasible or economically sound to develop an additional containment and
cleanup capability, the hazards of 0il pollution could be minimized by
scheduling operations with comparatively high risks of o0il spillage
during periods of maximum cleanup efficiency. For example, since it
appears that 0il is virtually unrecoverable once it is released in pack.
ice, well comp]étion operations or tanker transport procedures should be

suspended until cleanup conditions exist which will provide for a more -
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favorable recovery rate. Until responsible measures of this nature are’
implemented, valuable fish and wildlife resources will continue to be
imperiled by hazardous operations conducted during high risk periods.
Additional recommendations designed to prevent, minimize or ameliorate
the adverse impacts associated with oi1 pollution may be found in the

Mitigating Measures segment of this section,

Biological Effects

The effect that oil contamination will have on marine organisms inhabiting
the Norton Sound-Bering Strait region is difficult to quantify or predict.
Usually a number of factors, acting both individually and in combination
govern the consequences that an oil discharge may have on marine life

(GESAMP, 1977).

It should initially be understood that subjective aspects of assessment
sometimes make it difficult to achieve a consensus judgement on the
ultimate impacts arising from a spill. Most researchers believe that
areas supporting a high diversity of animal and plant 1ife are subject
to the greatest impact should an o0il spill oécur; others argue that
locations with a low diversity are more fragile in terms of biologic
perturbation, and. therefore they would then receive the greatest impact
(USCG, 1975). Other impact assessments may attempt to reconstruct an
ecosystem model as existed prior to the discharge of 0il as an indicator
or standard with which to judge recoverability. This method can sometimes
overlook the dynamic nature of a species population by assuming a stable

state exists at a given point in time. Finally, mortality counts may be
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used to géuge the damaging results of an oil spill, although it is
frequently the case that many animals die beyond the field of observation,

or may expire through indirect means.

Long-term studies of several major oil spills have indicated that oil
has the following effects on marine life: 1) direct kill of orgénisms
through coating and asphyxiation, 2) direct kill. through contact poisoning,
3) direct kill through exposure to water soluble toxic components of oil
at someldistance in space and time from the spill, 4) destruction of the
sensitive juvenile forms, 5) destruction of the food sources of higher
organisms, 6) incorporation of sublethal amounts of 0il and oil products
into organisms, resulting in failure to reproduce or reduced resistance
to infection, or physiological stress, 7) contraction of diseases dué‘to
exposure to carcinogenic components of o0il, 8) chronic low level effects
that may interrupt any of the numergus biochemical or behavioral events
necessary for the feeding, migration, or spawning of mdny species of
marine 1ife and, 9) changes in biological habitats (Blumer et al.,

1970).

The following discussion will focus primarily on the effects of oil

pollution on Alaskan species of fish and wildlife that are of commercial,

subsistence or recreational importance. It should not be construed,
however, that by limiting consideration to these highly visible species,
the importance of other species of ecological value is diminished or
ignored. Too little attention has been directed toward those organisms
which are of no economic importance, but which nevertheless form a

critical element of the food web upon which the commercial, subsistence
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or recreationally important species are dependent. In instances where

~information is lacking on a particular species present in the northern

Bering Sea, an attempt has been made to include studies relating to

other organisms possessing similar characteristics.

Marine Mammals - Studies into the effects of 0il on marine mammals are

limited and, és a result, much of the associated consequences are speculative
in nature. Observations made at variou§ 0il spills (Tampico Maru,

Torréy Canyon, Santa Barbara, West Falmouth, Shell, Argo Merchant, and

Amoco Cadiz) do not indicate any major loss of marine mammals (Mackin,

1973; Nelson-Smith, 1973; NOAA/EPA, 1978, Geraci and St. Aubin, 1980)}.
However, field observations may be grossly misleading since the majority

of marine mammals which perish will probably sink to the bottom of the

sea rather than drift to shore, making it difficult to document oil

related mortalities.

It is anticipated that oil will not impact all marine mammals to an

equal degree. Seals and walruses have been found to engage in a partitioning

. of available ice habitat and other resources, as is demonstrated by

their dissimilar feeding habits, birth times, choice of birth sites, and
the relative precocity of their young (Burns, 1970; Burns, 1980). Given
such circumstances, oil released into a specific habitat or ice type
might se]ectiVe]y impact one species over another. After conducting
experiments on ringed seals, Smith and Geraci (1975) concluded that even
intraspecific differences may exist which lend an unequal impact to oil
contamination. Typically, older seals and seals in poor nutritional N

condition are likely to be more sensitive than younger healthy seals.
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The ‘toxic effects of direct oil contact and ingestion are not well

known. Ingestion experiments in which ringed and harp seals were force
fed 25-75 ml1 of Norman wells crude oil indicate that these quantities

are not toxic on a short term basis (Smith and Geraci, 1975). However,
it is not known what effect oil ingested by pups nursing from their
mothers (coated with oil1) will have on the young (Schneider, pers.
comm. ). Recent studfes in which three polar bears where immersed in a
simulated oil spill resulted in the death of two bears. Some indications

of possible Tiver and nervous system disorders were reported after it

was observed-that the bears had ingested "considerable:-amounts of oil by

licking their paws and legs" (Anchorage Times, 1980).

Ringed seals are thought to be particu1ar1y susceptible to the toxic
components of 0il released beneath landfast ice. Burns et al. (1980)
feel that oil will tend f; ;?ééqand accumulate in breathing holes and,
since most holes do not penetrate completely through the snow to the air

above, there will be a tendency for volatile fractions to accumulate in

the air pockets and subnivian lairs which these seals utilize extensively.

It is currently unknown whether an adult female exposed to this type of
oiling would mer out of an area of contamination and abandon a helpless
pup, or would try to take the pup with her before it was sufficientWy
developed to Teave the lair. Either of these responses are likely to

increase the probability of pup morta]ity'(Smith and Geraci, 1975).

The volatile components of o0il also irritate sensitive membranes in the

eyes and nostrils of seals. Smith and Geraci (1975) observed that
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ringed seals secrete tears (lacrimate) excessively and arch their backs
whgn immersed in oil. Similarly, during the molting period, a loss of
hair coupled with tﬁe shedding of an outer protective layer of cornified
epidermis may also leave many pinniped species vulnerable to irritation
by toxicants (Burns et al., 1980). Since the molt represents a period
of considerable metabolic and psychological stress (Ronald et al., 1970
in Burns et al., .1980), any additional stress which might occur as a

result of an 0il spill could produce further unknown implications.

Seal pups are especially vulnerable to direct contact with oil. While
they are being weaned, spotted, ribbon and ringed seal pups are relatively
immobile and are dependent on woolly hair (lanugo) for insulation. The
importance of the lanugo for thermoregulation decreases as thickness of
the blubber layer increases. (il adhering to a mothers coat, or oil

which is deposited upon an ice floe surface would, if it came in contact
with a pups lanugo coat, destroy its insulating value (Burns et al.,
1980). 1If several square miles of landfast ice were oiled in a submarine

spill a large number of pups might be expected to die of exposure.

The direct effects of oil on cetécean species are even less understood
than those regarding pinnipeds. It has been suggested that blowholes
could become plugged, eyes irritated, or whales might ingest oil when
feeding on fish or plankton. Belukha and killer whales, like seals,
feed on relatively large, individual prey animals, and probably would
not ingest great amounts of oil. Conversely, bowhead whales which feed
on small organisms filtered from the water, might also filter out any

suspended 0i1 as well (Fraker et al., 1978), thereby physically fouling

\

"! I TS N N A AN B B B D B B BN N B A B aE

j



173

the baleen plates which these animals use to strain food organisms.
Gray whales which are also filter feeders, rely on benthic organisms for

food and could be affected in a similar manner by sedimented 0il particles.

According to Nelson-Smith (1973), it is doubtful that oil will adhere to

whales because of their relatively smooth skin. Geraci and St. Aubin

(1980), however, feel that cetacean skin may be particularly vu]nefab]e

to the noxious effects of surface contact with oil. This is due in part

to its unique nature, consisting of epidermal cells rich in enzymes such 4_

as creatine kinase, sorbitol dehydrogenase, and aspartate aminotransferase.
Additionally, cetacean epidermis is rich iﬁ vitamin C, the antioxidant
properties of which may serve to protect the énzymatica11y active intracellular

environment.

For whales involved in extensive seasonal migrations, as is typical of

bowhead, belukha, and gray whales, oil may indirectly impact these
Species by causing a delay in migration, or possible avoidance of oil

contaminated areas.

Birds - 0il1 pollution of any kind can cause the death of sea birds,

shore birds, and waterfowl by drowning, exposure, starvation, poisoning,
and increased vulnerability to predators. The death of marine birds
caused by oil slicks and the water soluble fraction of oils are generally
one of the earliest and most obvious indications of an oil spill impacting
an ecosystem. Thousands of marine birds of all varieties are often
affected by a large spill (Mackin, 1973). Diving birds which spend the
majority of their life at sea are most susceptible to contamination by

0il poilution; however, any bird that feeds or settles on the sea is

vulnerable.



The direct effect of 01l pollution on marine birds is well documented
(Mackin, 1973; Nelson-Smith, 1973; GESAMP, 1977). In 1970, approximately
100,000 marine birds may have died after coming into contact with an oil
spill off of Kodiak Island (FWQA, 1970; GESAMP, 1977). Af least 10,000
birds, including a]cias, ducks, gulls, and kittiwakes were also killed

by 011 apparently pumped from ballast tanks onboard tankers entering

Cook Inlet during February and March of 1970 (Ohlendorf et al., 1978).

01T spills from the wrecks of o0il tankers such as the Torrey Canyon and

Amoco Cadiz can have drastic long range effects on the productivity of
marine birds. Populations of puffins, razorbills, guillemots, kittiwakes
and other marine birds at the Les Sept Isles Sanctuary off the coast of

Brittany dropped dramatically after the Torrey Canyon spill. Prior to

the wreck approximately 2,000 pairs of puffins, 250 pairs of razorbills

and 400 pairs of guillemots inhabitated two of the islands in the sanctuary.

The next year the numbers decreased noticeably and had stabilized at
about 800, 90 and 150 nesting pairs, respectively, preceding the spill
from the Amoco Cadiz in 1978 (NOAA/EPA, 1978).

In many cases, the damage inflicted upon a colony of birds exposed to
0il contamination arises not out of the number killed initially, but
rather to what degree the breeding population has been affected. The
reproductive output of a group of birds, year after year, has more
effect on maintaining the population than does the random mortality of

some individuals (Biderman and Drury, 1980). In this respect, the
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different reproductive strategies of seabirds become important when

adult mortality increases (Hunt et al., 1980). Alcids (auklets, murres
and puffins) lay a single egg and would réquire a long time for population
recovery (Weins et al., 1979 in Hunt et al., 1980). Kittiwakes, and
other seabirds which lay multiple egg clutches have the potential to
recover more quickly given optimal environmental conditions (Hunt et

al., 1980).

It has been observed that birds can contaminate eggs'with 0il adhering
to their feathers or by utilizing nesting materials containing oil.
Albers (1977) and Hartung (1965) have found that small gquantities of oil
coated on mallard eggs significant]y.reduced their hatchability. Studies
recorded by Biderman and Drury (1980) demonstrate that ahounts of 0il as
small as 50 microliters (the amount in one-half drop from a average
household eyedropper) may produce a 100% embryo mortality in treated
eggs depending upon the type of crude oil applied. Similar results have
been obtained with eggs of common eiders, glaucous and black-backed
gulls, fork-tailed storm petrels and sandwich terns (Szaro and Albers,
1977, Patten and Patten, 1977; Manuwal and Boersma, 1978; Biderman and
Drury, 1980). Additionally, the effects of oil on embryos are not
confined to cutright death. When just one microliter of oil is applied
to day-old eggs, many of the embryos survive, but a significant number
of them have deformities that include bill malformations, incomplete
bone.formation, and stunted growth. Many of these deformities would

ultimately ki1l the chick (Biderman and Drury, 1980).
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The effects of oil ingestion are not as apparent or as observable as the
effects of 01l on eggs. Laboratory studies with herring gull chicks

have shown that ingestion of small doses of crude oil interfered with

_physiological functions which, when combined with other normal stresses

encountered by birds such as food shortages and severe storms, could
threaten their survival (Miller et al., 1978). Very small concentrations
of 01l were found to induce liver and kidney damage in mallard ducklings,
and higher concentrations retarded some birds ability to develop flight
feathers (Biderman and Drury, 1980). Behavioral changes may also occur
as a result of birds ingesting oil. Harting (1965) found that when

ducks were fed small doses of lubricating oil they stopped laying for

two weeks.

It is possible that components of o0il may be transmitted to birds by

ingesting'contaminated prey species. After the Amoco Cadiz spiil, sea . _

gulls were observed feeding on recently killed intertidal organisms

along the coast (NOAA/EPA, 1978). Biderman and Drury (1980) have reported

that radioactively "tagged" naphthalene components of oil were readily
taken up and accumulated in tissues of mallard ducks which had been

previously fed contaminated crayfish.

Perhaps the greatest threat that oil pollution presents to individual
birds is the danger of physical fouling or plummage contamination.
Depending.upon temperature conditions, as little as seven grams of oil
on the plumage of marine birds may cause death (Nelson-Smith, 1973).

For birds which inhabit harsh environments, as is typical of the northern



Bering Sea, the amount of 0il required to induce a series of events

leading ultimately to death from heat loss may be much smaller.

Levy (1980) presents a general scenario for birds living a "precarious
existence", where winter conditions coupled with a limited food supply
result in considerable hardship: "Since survival for many of the birds
is already marginal because of the stresses imposed by rigorous winter
conditions, the additional stress from what might otherwise have been an
insignificant amount of oil contamination may be sufficient to trigger a
series of events that result in_the bird's death. .Under these conditions,
a very small amount of oil-perhaps only a very small patch or even just
a light stain-may degrade the insulating and water-repelling properties
of its plumage to the extent that the bird is unable to cope with the
accompanying increase in heat loss.. In an attempt to maintain its body
temperature, an involuntary shivering process is initiated and the
bird's metabolic processes are acce]erated,(McEwan and Koelink, 1973 in
Levy, 1980). These responses require an increased energy supply and, if
this cannot be satisfied through increased food intake, the bird's fat
reserves and subsequently its body tissues are rapidly consumed. As
this occurs, the bird's average density decreases and it becomes progressively
more buoyant. As a resuylt, it becomes increasingly more difficult for
diving birds to procure food, since both the depth to which they can
dive and the time they can remain submerged are decreased. Although
some may survive until environmental conditions become more favourable
or until the damaged feathers are replaced, for most the spiral of
increased energy demand coupled with reduced feeding efficiency soon

leads to death by exposure and starvation. Under such conditions many
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birds might bear 1ittle or no evidence of o0il contamination or cause of
death, other than extreme emaciation" (Levy, 1980). Such an event might
have occured in Bristol Bay during April of 1970 when an estimated
100,000 murres (diving birds) died as a result of unknown causes. In
this case, the common denominator among all specimens observed was an
emaciated conditon in which the average weight loss was greater than 25%

(Bailey and Davenport, 1972).

Fish - 0i1 pollution may impact fish species through: 1) short-term
lethal effects in which individuals are killed relatively quickly; 2)
sublethal physiological effects which, depending upon their mode of
action may eventually lead to death, and 3) hydrocarbon induced aberrant

behavioral effects.

In studying the five 1ife'stages of Pacific salmonv(qggg a]evin; fry,

juvenile and adult), it has been'found that the emergent fry are the

most sensitive to oil pollution (Rice et al., 1975, Moles et al.; 1979).

Laboratory tests show that pink salmon fry are killed by oil concentrations

as low as 1.41 ppm of the water soluble fraction of Prudhoe Bay crude
oil. Conversly, pink salmon eggs were found to be fairly resistant in
preliminary tests. Morrow (1973) has additionally reported that juvenile

sockeye and silver salmon succumbed within a few hours after an o0il

" slick was generated in their holding tank.

The eggs and early larval stages of species such as herring are particularly

vulnerable to the effects of an oil spill since they are relatively

immobile, and any 011 which came ashore in the intertidal zone during



periods of spawning could physically coat eggs and Qirectly ki1l larvae.
Herring larvae have reportedly been killed by a 96 hour exposure to 3
ppm of the water soluble fraction of Cook Inlet crude (Rice et al.,
1976). In a Nova Scotia spill, an "intermediate o0il1" containing large
amounts of aromatic hydrocarbons was identified as the cause of an

extensive kill of herring.

Marine fish.with floating eggs and planktonic larvae (such as Arctic
cod) are also vulnerable to oil spills, since both eggs and larvae
develop within the surface water layer. Currents which carry these
early life stages woﬁ]d also transport o0il, and. would serve to keep both
fish and pollutant in constant contact. Kuhnhold (1972) has reported
that exposure to the soluble fractions of Venezuelan and Libyan crude
0oils resulted in total mortality of developing cod eggs. Researchers
have found that over half of all the cod and pollock eggs collected from

the area of the Argo Merchant spill were contaminated with oil droplets

and tar. Additionally, a significant number of eggs collected were

either dead (up to 46%) or contained grossly malformed embryos (18%)

(Longwell, 1977).

Adult fish species which live and feed on the ocean bottom (demersal)
are affected primarily by sinking oil which could become 1n¢orporated in
bottom sediments, thereby providing a long term source of contamination.
The LD50 (dosage at which 50% were killed) for Arctic cod has been
recdrded at 1.569 ppm + 0.004 over an 8 day period (NWAFC, 1979}; and
Devries (1977) has reported that cod and pollock died within two hours

after being exposed to 4 ppm of naphthalene, a toxic component of o0il.

179



180

The sub-lethal physiological effects of hydrocarbon exposure can result
in significant changes in an animal's ability to resist disease, find
food, or avoid predators. Collectively, these changes may promote long-
term population declines. This hypothesis is supported by a study which
showed that small tidal creeks receiving petroleum wastes produced Tower
yields of fishery species than similar creeks not receiving such wastes

(Spears, 1971).

Struhsaker et al. (1974) reported that exposure to sublethal concentrations
of benzene induced abnormalities in developing herring embryos which,
although not directly lethal, will in most cases eventually resuit in
death. Larvae produced from cod eggs which were exposedAto sublethal
concentrations of the water soluble fraction of Venezuelan and Libyan

crude 0ils were observed to be deformed (Kuhnhold, 1972). English sole
held on contaminated sedimeqps?fgr over four months had a higher frequency
of liver abnormalities and weight loss than did control fish in uncontaminated
sediment (Malins et al., 1978). Results obtained by Cameron and Smith
(1980) with herring eggs exposed to Prudhoe Bay crude oil and subsequently
allowed to develop indicate that even larvae which appear outwardly

normal may suffer ultrastructural damage such as mitochondrial disruption

or intercellular degeneration.

Rice et al. (1977) indicate that sublethal concentrations of hydrocarbons
may have substantial effects on the survival of salmon fry. Continuous
exposure causes elevated metabolic rates and an increased demand for

energy. This increased energy demand requires increased food intake
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which puts the fish at a disadvantage in its struggle for survivai,

especially if the stress persists over long periods of time.

Growth rates of pink salmon fry noticeably decreased after ten days
exposure to very low levels of Prudhoe Bay crude o0il (Rice et al.,
1976). This is significant since the success of a year class of salmon
is heavily dependent upon fry developing at precisely the correct rate
to take advantage of the spring plankton bloom. Accelerated or retarded
development could mean starvation and low survival rates for out-migrant

fry.

Respiration rates of pink salmon fry increased markedly, when placed in
water containing the water soluble fractions of hydfocarbons (Rice et

al., 1976). This is an indication of stfess and it is likely that a
population of salmon which is constantly under stress from po]1utanté

will develop more slowly and have a lower surviva] rate than an unstressed

population. . .

A spill of diesel fuel in Puget Sound was found to have been the causitive
factor inducing eye damage and biindness in coho salmon held in nearby
rearing pens (Malins et al., 1978). It is probdble that eye damage

wouid greatly reduce the ability of salmon to find food and avoid predators.
Rainbow trout (which are also salmonids) suffer skin, gill, liver and

eye damage when exposed to the water soluble fractions of Prudhoe Bay

crude oil (Hawkes, 1977). Skin and gill damage can increase susceptibility
to infection from a wide range of bacteria], viral, or fungal pathogens

which can commonly attack salmon.
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It has also been found that marine fish can readily accumulate, or
bioconcentrate, aromatic hydrocarbons in tissues when exposed through

the diet, water column, or sediment (Varanasi and Malins, 1977 in Malins,
1980). The extent of accumulation differs in relation to such factors

as species, hydrocarbon structure, route of administration, and environmental
conditions. In various exposed marine fish, aromatic hydrocarbons have

been identified in liver, dark and light muscle, brain, heart, gut,

kidney, skin, eyes, gills, blood, bile, and mucus (Malins, 1980).

Bioconcentration is reported to be substantially higher for flatfish

than for salmon (Roubal, et al., 1978). After a two-week exposure to

the water soluble fraction of Prudhoe Bay crude oil, starry flounder
accumulated bioconcentrations of petroleum hydrocarbons in liver and

gill tissue in excess of 11,000 times the levels found in the exposure
water (Roubal, et al1.1978; Malins, 1980). In addition, it is also
evident that flatfish tend to accumulate large concentrations of hydrocarbons
when exposed to petroleum-rich sediments (Malins, 1980). McCain et al.
(1978) reported that prolonged contact with hydrocarbons in the sediment
at concentrations of 400 to 700 ppm induced both physiological and
pathological abnormalities in English sole. Therefore, o0il deposited on
the ocean bottom through sedimentation or other means could significantly

affect flatfish over time if they remain within a contaminated area.

The process by which complex mixtures of aromatic hydrocarbons are
converted internally to other metabolic products is termed biotransformation.

Thus far, studies have concluded that while most of the aromatic hydrocarbons
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themselves are readily depurated fo]lowing exposure, metabolite concentrations
in fish either continue to increase in tissues (eg. liver and muscle)

(Roubal et al., 1977), or decline slowly over days or several weeksw

(Varanasi and Malins, 1977; in Malins, 1980). In many cases, the intermediate
converéion product is an arene oxide which is known to cause lesions in

the tissues of some mammals (Malins, 1980).

For fish exposed to oil pollution, the behavioral response initiated is
likely to determine the degree to which they are impacted. When sculpins
were exposed to seawater contaminated with 1 ppm naphthalene, exposed

fish refused to feed. Their condition subsequently appeared to deteriorate

over the course of the exposure (Devries, 1977).

The literature regarding the ability of salmdnids to detect and avoid
petroleum hydrocarbons is contradictory. Rice (1973) found that pink
salmon fry demonstrated.clear avoidance responses to 0il concentrations
as low as 1.6 mg oil/1iter. However, in Canadian tests neither rainbow -
trout nor Atlantic salmon avoided lethal concentrations of phenol, a
component of crude oil. Either reponse will produce adverse effects. If
adult or juvenile salmonids enter an o0il slick or contaminated area,
they would probably be killed; however, avoidance of contaminated
spawn;ﬁg and feeding areas could also have detrimental effects on both
soluble fraction of 0il may also impact adult and juvenile salmon by
interfering with chemical signals that juveniles and fry use to locate
food organisms, and which adults use to locate natal spawning streams.

Malins et al. (1978) have reported that there appears to be no significant

difference between unexposed sa1mon,‘and salmon exposed to hydrocarbons,
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in regard to their homing ability. However, exposed fish did exhibit a

delay in return which was directly proportional to hydrocarbon concentration.

Because salmon are engaged in complex migrations throughout their juvenile
and adult stages, an alteration or delay in migration can threaten the
survival of individuals, and continual interference could destroy certain
populations. Salmon fry usually spend several weeks foraging close to
shore before moving into deeper water. Chronic pollution, or a nearshore
0i1 spill could prematurely force fry into deeper water where food is

less abundant and exposure to predation is greatly increased.

The only published accounts of pollution affecting salmon migration

involve adult Atlantic salmon. The upstream spawning of this species

was affected by copper and zinc pollution in the Miramichi River.

Aithough these salmon are highly motivated by instinct to migrate upstream,
when they reached a sublethal concentration of toxicants they aborted
their upstream migration and returned downstream without spawning.

Other abnormal movements of adult Atlantic salmon were reported by
observers following fish tagged with ultrasonic transmitters in the

jndustrially polluted estuary of the river (Rice, 1973).

Rice et al. (1976) also reported that very young herring larvae apparently
could not detect or avoid oi]'s]icks and, as a consequence, significant
mortalities resulted. This is supported by Kuhnhold (1972) who found

that herring larvae were unable to avoid oil contaminated water, especially
when 01l was present as a dispersion. Similar results were obtained for

English sole which do not discriminate between oiled and unoiled sediments
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(NWAFC, 1979). In their natural environment, failure to detect and

avoid 01l slicks and other forms of o0il pollution could result in increased

) mortality and declines in fish populations.

Recent experimenfs with teleost (bony) fish have demonstrated that

polynuclear aromatic hydrocarbons (PAH's), which are common ﬁomponents

of crudevoi1; can induce severe behavioral changes. In several instances,

fish were observed swimming vertically and upside-down after being

exposed to different concentrations of the specific PAH--2,6-dimethylnaphthalene
(2,6-DMN) (NWAFC, 1980). In a natural environment, a fish exhibiting

such aberrant behavior would both invite, and be defenseless against,

predation.

Invertebrates - Bivalves - During the course of an oil spill, molluscs

frequently suffer extensivevmorta1ities. This is due in part to their
inability to escape sinking oil, and because many of them are filter
feeders which indiscriminately extract fine particles from the water,
thereby ingesting oil which is present in the form of droplets, or oil
which might be adsorbed on particulate material (GESAMP, 1977). Milan
and Whelan (1978) studying the effect of 0il pollution on salt marsh
ecosystems report-that benthic organisms, particularly oysters and
mussels, demonstrated the greatest enrichment of petro1éum hydrocarbons

in comparison to other species which were present.

Very little information is available on the relative sensitivity of
various life stages of molluscs to oil pollution. The planktonic stages

(eggs, sperm, and larvae) may be the most vulnerable since they lack the
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protective shell of adults and therefore might be more susceptible to
the toxic components of an oil spill. Renzoni (1975) subjected spermatozoa

of the bivalve Mulinia lateralis to the water soluble fraction of a

crude 0i1 and then allowed them to fertilize untreated eggs, with the
result that the percentage of fertilization was significanfly reduced
over that of the controls. Treatment with the water-soluble fraction
caused a 62% mortality in the early ciliated embryos and a 58% mortality
in older swimming larvae. (Menzel, 1979). In laboratory tests, adult

pink scallops, (Chlamys rubida) were killed by concentrations of Prudhoe

Bay crude oil as low as 2.07 ppm (Rice et al., 1976).

Large scale mortalities in mollusc populations are commonly recorded
following o0il spills. During a jet fuel spill near Kodiak in 1970,
thousands of cockles were killed, and an equal number were reported to
be in very poor condition. The clams were subsequently declared a
health hazard and residents were warned not to eat them. In a similar
incident, a fuel oil spill in Washington resulted in the mortality of an
estimated 300,000 razor clams over the course of a one week period

(Tegelberg, 1964).

Sometimes the destructive aspects of an oil spill may not be completely
realized until several years have elapsed following such an event.

After the 1970 Chedabucto Bay spill, mortalities of the softshell clam

(Mya arenaria) ranged from 19% to 73% in those areas sampled. Many

clams were smothered by oil and died immediately. Others were contaminated
with o1l and camevup out of the substrate where they were eaten by

predators. In areas where the substrate became contaminated with oil,
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chronic mortalities in the clam population continued through 1976 (Thomas,
1976). A fuel oil spill in Searsport, Maine had much the same effect,
where an original crop of 157 metric tons of the clam Mya arenaria -
existed prior to the discharge. Mortality was observed immediately

after the spill, and a decline in numbers continued for the next three
years. Twenty-five percent of the original population died within four
months; 55% were dead 17 months later; and an 86% mortality figure was
reported 3 1/2 years 1ater. Only 22 metric tons of the originél 157

metric tons remained as of Aﬁgust 1974 (Dow and Hurst, 1976).

éased on these reports, it is apparent that large oil sp111s do have the
ability to induce mass mortality in clam populations. - Death might occur

for some subtidal species if the concentrations of soluble hydrocarbons

in the water column reach the ppm level. If the substrate were contaminated,
chronic die-offs could continue for several years, leaving many of the

surviving c¢lams contaminated and unfit for human consumption.

The sublethal impacts of oil pollution as they affect molluscs are

varied. Mussels (Mytilus edulis) which were exposed to oil-contaminated

sediment particles accumulated‘hydrocarbons in excess of 1,000 times
exposure levels (Fossato and Canzonier, 1976). In one area which had
been exposed to high levels of No. 2 fuel o0il, the gonads of mussels

failed to develop (Blumer et al., 1971).

Gilfillan (1973) demonstrated that low concentrations (1 ppm) of seawater

extracts of crude o0il reduced both the feeding and assimilation of
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carbon by blue mussels (Mytilus edulis) and marsh mussels (Mytilus

demissus) while increasing respiration, the net effect being a significant
reduction in the net carbon balance for both species. Gilfillan also
suggests that the Tow energy reserves of the mussels might preclude the
development of gametes and that this could account for the fact that the
mussels that survived the West Falmouth spill failed to reproduce the

following year (GESAMP, 1977).

Laboratory studies by Lee et al. (1972) indicate that the filtering
ability of mussels may be inhibited when exposed to aromatic hydrocarbons.
Depuration (cleansing) of petroleum hydrocarbons from clams and mussels
deb]etes glycogen (carbohydrate) reserves and may cause tissue damage in
certain organs. Conversely, incorporation of hydrocarbons in these
animals would result in stress and tissue damage, and would undoubtedly
reduce survival rates. In most depufation studies it has been found

that there is an initial rapid discharge of accumu]ated.petfc]eum hydrocarbons,
however, a small concentration usually persists which may then be retained
for very long periods (Lee, 1977). Mussels from the oil-polluted Lagoon
of Venice still retained significant fractions of petroleum hydrocarbons

even after 32 days of depuration (Foséato and Canzonier, 1976).

In Oregon, softshell clams and blue mussels from industrial dock areas
were found to have accumulated high levels of carcinogenic benzo-a-
pyrenes (a product of petroleum combustion) (Mix et al., 1976). High
levels of carcinogenic petroleum compounds may cause tumors in animals

and make them dangerous for human consumption. It has also been revealed



189

that the incidence of gonadal tumors in soft-shell clams is much higher
in areas exposed to oil contamination than from uncontaminated areas

(LaRoche, 1973).

Rice and Karinen (1976) have noted that the growth rate in pink scallops
was reduced as a result of exposure to the water soluble fraction of
0il. However, studies conducted on oysters and snails in the Delta

region of Louisiana where o0il pollution is evident have shown no diminution

in growth or numbers (Mackin and Hopkins, 1962).

There is evidence to indicate that, as a result of selection, mussels

from chronically polluted areas are more resistant to oil pollution than
mussels from pristine areas (Kanter et al., 1971). This illustrates the
danger in assuming that because a certain organism lives in a polluted
environment, such as occurs near the oil seeps at Coal 0il Point, Ca]ifornié,
other individuals of the same species will also be resistant. It may

have taken thousands of years to develop that resistance.

Limited observations concerning aberrant behavior in molluscs exposed to
0il, or the water soluble fraction of o0il, indicate that exposure to low
levels of contamination may increase predation and impair reactions to

environmental stimuli. When the clam Macoma baltica was exposed to the

water soluble fraction of Prudhoe Bay crude oil, it reacted by burrowing
to the sediment surface (Taylor and Karinen, 1977). In nature, any clam
which is exposed on the surface of sediments would probably be eaten by
predators or, in the intertidal region, die from exposure. After exposure

to oil-water emulsions of No. 2 fuel oil and Louisiana crude, softshell
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clams (Mya arenaria) exhibited the following behavioral sequence: increasingly

impaired activity, jmmobilization, and finally death (Stainken, 1977).
Continuous exposure to Tow levels of hydrocarbon pollution would probably

result in declines in clam, scallop and mussel populations.

Crab and Shrimp - Of the four life stages (egg, larvae, juvenile, and
adult) of crab and shrimp, the planktonic larvae of both classes are the
most sensitive to oil pollution. Sensffivity to. 0il has been found to
be related to molting, and larvae molt more frequently than adults (Rice
et al., 1976 Caldwell et al, 1977). Planktonic larvae would be affected
by oil slicks and the water soluble fractions of 0il, whereas epibenthic
adult crab and shrimp would be affected by the water soluble fractions
and sinking oil. Both crab and shrimp species are especially vulnerable
to water soluble hydrocarbons because of the large volumes of water
which they absorb during the molting process. Sinking oil can affect
them through direct toxic effects, physical coating, contaminating food
organisms, or by interfering with chemical signals crab and shrimp use

to locate food or sexual partners.

Typically, oil concentrations in the 1-4 ppm range are sufficient to
cause significant mortalities in both adult, and larval, crab and shrimp

populations after 96 hours of exposure. Rice and Karinen (1976), however,

feel that many of the 96 hour TLM (Median Tolerance Limit: the concentration

required to kill 50% of the test animals within the specified period of
time) levels given in the literature may be too high, since many crabs

expire after the 96 hours have elapsed.



Tanner crab exposed to the water soluble fractions of Cook Inlet crude

lost a substantial number of legs (Karinen and Rice, 1974). 0il concentra-
tions as low as 0.32 ml oil/liter were sdfficient to evoke this responsé.
Brief exposure of premolt tanner crab 1 to 4 weeks before molting appeared
to have a detrimental effect on molting. After exposure to the water
soluble fraction of Cook Inlet crude (1.2 ppm) for 48 hours, molting
success was reduced to zero. For developing crabs failure to molt will

usually result in death.

Exposure to low concentrations of the water soluble fractions of Cook
Inlet crude can-also cause a significant increase in the respiratory
rate of king crab. The soluble aromatic fractions may accumulate in
gill, muscle, or gut tissue up to 1200 times background levels (Rice et
al., 1976). Crude o0il did not cause significant mortality in king crab
eggs, however, there was some 1ndication that larval development might
be affected (Rice and Karinen, 1976). Meyers (1976) found that several
samples of shrimp taken after a drilling operation exhibited indications
of petroleum contamination, whereas samples taken before drilling had

shown none.

0i1 in very low concentrations, which causes no direct mortality, may
have adverse effects on individuals and populations. Individuals subjected
to sublethal exposures may undergo "ecological death" if they are

incapable of adjusting to natural stresses in their environment as a

" result of this exposure. For example, a tanner crab which lost a substantial

number of legs after a short exposure to oil would probably not survive

in the natural environment. Any factors which affect molting in crab
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also affect growth rate. Erosion of gill tissue and cellular damage

will reduce the animal's physical well-being, increase its chances for

~infection, reduce its growth rate, and generally decrease its chances

for survival., Accumulation of aromatic hydrocarbons in crab and shrimp
tissue would not only have an adverse effect on the animal, but could
also make it unfit or dangerous for hﬁman consumption. This would be
especially true for carcinogenic fractions such as benzo-a-pyrenes. To '
summarize: chronic exposure may not result in direct short-term mortality

but, by reducing birth rates and increasing the death rate, may induce a

‘subtle trend which would result in a general decrease in crab and shrimp

populations.

Crustaceans, like other organisms, rely to varying degrees on behavioral
patterns for survival. There is a growing body of information indicating
that, in aquatic ecosystems, behavior such as feeding, mating, habitat
selection, migration, escape, and orientation may be dependent on detection
of trace amounts of organic compounds. There is also mounting evidence
that the mechanism by which sperm cells are attracted to an egg is based
on chemical signals from the egg. Consequently, there'has been concern
that petroleum contamination, even at very low levels (in the part per
billion range), may disrupt chemically-mediated behavior patterns of
marine organisms through masking or mimicking chemical clues or by
disrupting sensory physiological mechanisms (Boesch, 1973). Krebs

(1973) reported that after the West Falmouth oil spill male and female --

fiddler crabs (Uca pugnax) exhibited breeding display colors, and males



exhibited threat postures even though the breeding season was over.
Takahashi and Kitteredge (1973), studying the effects of hydrocarbons on

the rock crab Pachygrapus crassipes, found that the water soluble extracts

of two crude oils inhibited the feeding response and the mating stance

of males when exposed to the females sex phé}omone. This inhibition was
found to persist in concentrations below the parts per billion range.
Further studies revealed that monoaromatic hydrocarbons were effective

as inhibitors of chemoreception for relatively short periods of time -

30 minutes to 1 hour; however, polynuclear hydrocarbons (such as naphthalene
and binaphthyl) inhibited the crabs for 8 to 11 days, and anthrapene

induced inhibition lasted 13 days (Willijams and Duke, 1979). Rice et

al. (1976) found that dungeness crab larvae did not avoid oil slicks,

but would repeatedly swim up into them until overcome by the toxic

effects. Exposure to 0.1-1.0 ppm of the water soluble fraction of No. 2

fuel o0il adversely affected chemoreception in lobsters (Homarus americanus).
This interference was manifested by inappropriate feeding, searching,

escape, and aggressive behavior, and by abnormal neuromuscular control

(Atema, 1977). Failure to find food, inappropriate responses to environmental

stimuli, failure to find mates, and a change in time of spawning could

result in significant reductions in crab and shrimp populations.

Marine Plants - Observations following the wreck of the Amoco Cadiz

showed that macroalgae (marine plants) on exposed rocks tended to retain
oil long after it had been removed from the bare rocks by wave action.
Not only were the plants affected, but the retention of o0il by the

macroalgae probably increased the time of exposure between the oil and
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organisms 1iving beneath the plants. Mortality of intertidal organisms
was most noticeable during the first two mdnths after the oil reached
the coastal environment rather than immediately after the spill. Many
of the affected plants did not appear to be dead, although chronic

effects could not be detected (NOAA/EPA, 1978).

Studies of the marine algae Fucus have éhown that small amounté of oil
(200 ppb or less) cause an apparent stimulation of growth in juvenile
plants; however, concentrations above this level produced increasingly
deleterious effects on plant growth. In addition, when fgggg_recéptac]es
were placed in o0il solutions during gamete release all germination
ceased even when only minute quantities of oil were present (Steele,
1977). - This would imply that plants exposed to chronic sources of oil
pollution might have 11ttle chance of reproducing and. therefore could be

eliminated from an area subjected to such conditions.

Hydrocarbon Tainting of Fisheries Products - Tainting of fisheries

resources is a potentially serious problem in areas subject to either

chronic or acute o0il pollution. Crustaceans, molluscs, and fish which

are exposed to oily conditions frequently acquire an oily or objectionable
taste. Environmental Protection Agency (EPA) criteria governing tainting

in fisheries products state: "materials should not be present in concentrations
that individually or in combination produce undesirable flavors which

are detectable by organoleptic tests performed on edible portions”.
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Most human taste sensations are produced by a combination of taste and

smell. The nose is a very sensitive organ and can detect surprisingly

Tow concentrations of oil. Diesel oil can be detected at concentrations

of .0005 ppm. Other hydrocarbon compounds which have caused tainting

include toluene, phenols, napthol, kerosene, toluene dibenzothiophenes,
napthenic acids, mercaptans, tetradecans, dispersants, methylated napthalenes
and outboard motor fue] exhaust (GESAMP, 1977; Thurston et al., 1979).
Although of hydrocarban origin, these compounds may also produce unusual

tastes that are not, in a sense, "oily".

‘Petroleum hydrocarbons can enter marine organisms through the gills,

skin, or permeable intestinal lining (Hawkes, 1977; Teal, 1977). Water
soluble fractions of petroleum and contaminated food substances appear

to be the major source of hydrocarbon contamination in marine organisms
(Teal, 1977). Hydrocarbons can be concentrated in certain tissues such
as ¢gills, lipids, liver, muscle, and brain at 1-10,000 times the level

found in food substances or in the water (Rice et al., 1976; Lee, 1977).
By this mechanism comparatively low levels of hydrocarbons in molluscs,
fish, and shellfish, can be concentrated until they reach objectionable

levels (Stainken, 1977).

Laboratory studies with two fish species suggest that as little as 0.01

ppm of 0i1 in seawater can produce an odor in fish flesh (Nitta, 1970).

By comparison, hydrocarbon levels commonly reach 50 ppm:in discharged -

formation waters, 0.25 ppm under oil slicks, and up to 1650 ppm in
sediments (Brooks et al., 1976; Longwell, 1977; Blumer and Sass, 1972).

If the source of contamination is removed; organisms do have the ability
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to depurate (become cleansed of the contamination). However, total
depuration of hydrocarbon contamination may take anywhere from five days

to four years to complete depending on the species (Lee, 1977).

A study was undertaken in Louisiana to determine if the water soluble
fractions of crude 01l could affect the taste of Gulf shrimp (Penaeus

aztecus and Penaeus setiferus). It was found that the panel of taste

testers could consistently detect an "oily" taste in shrimp which had
been exposed to a concentration of 49 ppm crude oil in sea water for 48

hours. Some judges could consistently detect an "oily" taste in shrimp

which had been exposed to a concentration of only 5 ppm crude oil (Knieper

and Culley, 1975). The oily taste in shrimp persisted for 10 days after

the shrimp were removed to clean water.

Tainting of seafoodé has been of great concern to fishermen for many
years due to the fear that tainted catches will be refused upon delivery
at the processing plant. The contamination of seafoods by oil is well
documented. Following the West Fa]mbuth spill of No. 2 fuel oil, the
scallop and oyster fishery was closed for two years on the grounds that
a health risk existed after identifiable 0il components in shellfish
tissue were found (GESAMP, ]977). Grant (1969) reported that from just
one area near Brisbane, Australia, 78 short tons of sea mullet were lost
to condemnation due to a "kerosene-like" taint. Following the spill of
Bunker C 0il from the Arrow, the clam fishery in Chedabucto Bay remained
closed .for four years (GESAMP, 1977). A spill of 1,000 gallons of

Venezuelan crude oil in Halifax Harbor caused the tainting of 1,800 1lbs
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of lobsters which were being held in storage tanks (Whitman, 1975)
Additional information on tainting is contained in the GESAMP (1977)

publication Impact of Qil on the Marine Environment.

Based on the previous information, it is possible that in the event of
an oil spill, or chronic low level o0il pollution, ta{nting of marine
fisheries resources in the Norton Sound-Bering Strait region could

occur. Because tainted fisheries resources would be impogsible to seT],
this could result in major economic losses to fishermen. In additidn to
the problem of actual seafood tainting, there are two other problems
associated with tainting which could also have a significant effect on
the fishery. Consumers may refuse to purchase or consume seafood from
areas known or believed to be contaminated by oil pollution, and fishermen
may refuse to fish or risk fouling their geakvin areas known or believed
to be contaminated. Even though 1ittle actual tainting may occur, major-
economfc losses can result through losses in marketing ability of the

area's seafood products, or through a loss of fishing time.
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Table 22
“96 h TLm total
Scientific names Common names Habitat aromatics
Fish
T. Clupea pallasi Pacific herring pelagic 1.22 (0.88-1.56)
2, Salvelinus maima Dolly Varden pelagic 1.55 (1.30-1.80)
3. Oncorhynchus gorbuscha pink salmon pelagic 1.69 (1.47-1.83)
4, Theragra chalcogrammus Walleye pollock pelagic 1.73 {1.37-2.09)
5. Kulorgyncﬁus flavidus tubesnouts pelagic 2.55 (2.06-3.03)
g. Fyoxecephalus polyacanthocephalus great s?¥1p1n gentngc g.gg (3.52-4.40)
. Piat1cﬁtﬁ s stellatus starry flounder enthic >5,
8. Pnolis laeta crescent gunnel intertidal >11.72
9, Anoplarchus purpurescens cockscomb prickleback intertidal >11,72
Crustaceans
10. Crandon alaskensis grass shrimp subtidal 0.87 (0.83-0.91)
11. Pandalus goniurus humpy shrimp subtidal 1.79 (1.53-2.04)
12. Eualus suckleyi kelp shrimp subtidal 1.86 (1.66-2.07) -
13. Pandalus borealis pink shrimp subtidal 4,94 (2,20-5.60)
14, Paralithodes camtschatica king crab benthic 3.69 (2.65-4.73)
15. Hemigrapsis nudus purple shore crab intertidal 8.45 (8.32-8.58)
16. Pagurus hirsuiticulus hairy hermit crab intertidal »10.58
17. Orchomene pinguis amphipod planktonic >7.98
18. Acanthomysis pseudomacropsis mysid planktonic >9,.02
Echinoderms
19. Cucumaria vega tarspot intertidal >6.84
20. Strongylocentrotus drobachiensis green sea urchin intertidal >10.58
21. Leptasterias hexactis six-armed starfish intertidal >10.58
22. Eupentacta quinquesimita white cucumber intertidal >12.29
Molluscs
Z3. Chlamys hericus pink scallop benthic 3.94 (3.52-4.39)
24, Mytilus edulls blue mussel intertidal >8.97
25. Frntothaca staminea little neck clam intertidal >6.84
26. Collisella scutum plate limpet intertidal 8.18 (6.14-10.96)
27. Notcacmaea Pelta shield Timpet intertidal >8.46
28. Katharina tunicata leather chiton intertidal >8.46
28. Tonicella Vineata lined chiton intertidal >8.46
30. Mopalia ciTliata ciliated chiton intertidal >8.46
31. Margarites pupillus purple margarite intertidal >8,46
32. Littorina sitkana sitka periwinkle intertidal >8.46
33. Thais file periwinkle - intertidal >8.46
34. Colus Ralli Hall'z cg]gi genthgc ?g.gg
35. Negtun 1zrata ridged whe enthic >10.
nelids -
33 Nere1s vexillosa mussel worm intertidal >10.58
37. Harmothoe imbricata scale worm intertidal >10.58
Nemerteans
38. Paranemertes peregrina purple ribbon worm intertidal >10.58
39. Lineus vegetus brown ribbon worm intertidal >10.58

Table Y. Sensitivities of 38 Alaskan marine species to Cook Inlet crude ofl -~ 36-h Tlm's are in mg/1 of

total aromatics determined by GC, with 95% confidence intervals in parentheses

Source: Rice et al., 1979
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Table 23
Cook Inlet Crude 0i} Fuel 011
. 96-h Tlm IR 96-h TLm Total 96-h Tim IR 96-h Tlm total

Species (mg/1) Aromatics (mg/1) (mg/1) Aromatics (mg/1)
Fish

1. Oncorhynchus gorbuscha 1.50 (1.29-1.71) 1.69 (1.47-1.83) 0.54 (0.52-0.55) 0.97 (0.90-1.06)
2. Salvelinus maima 2.27 (1.94-2.60) 1.55 {1.30-1.80) 0.72 (0.67-0.78) 0.15 {D.14-0.16)
3. Myoxocephalus )

polyacanthocephalus 3.82 (3.51-4,13) 3.96 (3.52-4.40) 2.41 {2,15-2.67) 1.31 (1.25-1.37)

4, Platicthys stellatus >4,69 >5.34 >1.72 >0,97

5. Pholis laeta >5.89 >11.72 >1.72 >0.97
Crustaceans

§. Orchomene pinguis >7.40 >7.98 >0.48 >1.74

7. Acanthomysys pseudomacropsis - >9.12 >9.02 >0.45 (0.36-0.57) 2.31 (1.85-2.88)
8. EuaTus suckTeyi 3.94 (3.49-4.39) 1.86 (1.66-2.07) 0.59 (0.41-0.77) 1.10 (0.90-1.30)
9. Crangon alaskensis 2.19 (2.08-2.30) 0.87 (0.83-0.91) 0.43 (0.38-0.49) 0.36 (0.31-0.41)
10. Pagurus hirsuiticulus >6.94 >10.58 >8.19 >3,36

11i Paralithodes camtschatica 4,70 (4.10-5.30) 3.69 (2.65-4.73) 0.81 (0.72-0.90) 1.02 (0.93-1.11)
Molluscs

12. Collisella scutum 3.65 (2.62-5,08) 8.18 (6.14-10.96) >8.19 >3,.36

13. Chlamys hericus 5.20 (4.11-6.29) 3.94 (3.52-4.39) »8.19 >3,36

14. Katharina tunicata >8.72 >8.46 . >8.19 >3.36

15, Mytilus edulis >7.41 >8.98 >4.19 >1.25

16. (ﬁa\s Tima >8.72 >8.46 >8.19 >3.36
Annelids

{7. Nereis vexillosa >6.94 >10.58 >8.19 >3.36

Nemertean
18. Paranemertes peregrina >6.94 >10.58 >8.19 >3.36

Echinoderms

19. Leptasterias hexactis >6.94 >10.58 >8.19 >3.36

Table 2, 96-h Tim's (with corresponding 95% confidence interval] for Alaskan Marine species sensitive to
Cook inlet crude 0il and No. 2 fuel 0il1-TLm's are reported in mg/1 total aromatics as measured by gas
chromatography and mg/1 total hydrocarbons are measured by infra-red spectrophotometry

Source: Rice et al., 1979
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Sensitivity of Areas and Récommended Mitigative Measures

Areas in the northern Bering Sea and Norton Sound were ranked as having

a low, moderate, or high sensitivity to the impacts of oil pollution

(see Map D). These designations were based on existing data, and were

made after evaluating the following criteria:

1.

The sensitivity of each fish and wildlife species or habitat

to the effects of oil pollution.

The degree of sensitivity to oil pollution exhibited by each

species during the various stages of its life history.

The time of year that these critical 1ife history stages occur

and the period during which each species would be most affected.

The Tocation of habitats where critical Tife history stages

occur.

The productivity of the habitat.

The uniqueness of the habitat.

The potential probability that a.spill will impact sensitive

biological resources or habitats as a result of natural physical

processes such as circulation, wind, or tidal transport.
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8. The species population numbers and the relative importance of

the population.
9. The degree to which the impacts of oil pollution can be mitigated.

Specific considerations and assumptions that were made during ranking

are as follows:

1. Coastal habitats which exhibit such features as Tongshore
sediment transport 1hto an area, floating debris (driftwood)
commonly washed up on shore, or high oil retention shorelines,
are particularly vulnerable to the impacts of oil pollution
because such>physica1 factors tend to increase the potential
likelihood of an area being exposed to, or affected by, an 0il

spill.

2. Intertidal vegetation such as eelgrass and Fucus kelp beds,
are vulnerable to 0il pollution based on observations following
0oil spills which detail extensive losses due to physical

coating.

3. A1l wetlands and tideflats are highly susceptible to all forms
of 0il pollution due to their high retention characteristics
and slow degradation processes. B}

4, Benthic invertebrates (king crab, clams, starfish) and bottomfish
(yellowfin sole, starry flounder, Arctic cod) are very sensitive

to the toxic components of 0il. However, it is unlikely that



0il pollution will significantly affect these species unless
it is transported into juvenile rearing or settling areas, or
is sedimented through adherence to suspended particulate

matter within the water column.

Juvenile fish rearing and feeding areas are highly vulnerable

to 0il pollution as evidenced by toxicity studies.

Seabird populations, resting ]bcations, and pelagic feeding
areas are extremely sensitive to the effects of oil. This is
due to the large amount of time that seabirds spend on the
water; their discrete habitat requiremehts; their very large
bopu]ational numbers in the Norton Sound-northern Bering Sea
region; and the proven damaging effects that arise through

direct physical contact with oil.

Waterfowl feeding, nesting, molting, and staging areas are

considered highly vulnerable to oil pollution. This is due to
the discrete characteristics of waterfowl habitat, the importance
of habitats within the Norton Sound-northern Bering Sea region

to various 1ife history stages of waterfowl, their importance

to large waterfowl populations during different times of the
year, and because 01l has been demonstrated to be 1etha1 to a

variety of waterfowl species.

Marine mammals are not considered to be particularly vulnerable

to 0il except under special conditions when they may be aggregated
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(as in haulout areas), or when they are confined to a specific
habitat and cannot escape being impacted by spilled oil (as
with denning ringed seals). It is expected that marine mammals

will in most cases avoid an area of obvious contamination.

8. 011 pollution may affect subsistence, commercial, and sport
harvests of fish and wildlife resources through a reduction in
the absolute number of animals harvested or which are available
for harvest; through tainting or fouling of fish and wild1ife
species; or through physical fouling of harvest areas and

equipment (boats, nets, crab pots, etc.).

10. The potential impacts of oil pollution on juvenile or Tlarval
marine organisms are extremely high. Becausé 6f the lack of
systematic surveys and scientific data on early life history
stages of marine species in the Norton Sound-northern Bering
Sea region, larval and juvenile concentration areas have not
been identified. However, the 1a§k of identified concentration
areas should not be construed to indicate that either these
areas do not exist, or that these organisms are not extreme]y

sensitive to-0il pollution.

Sensitivity Designations and Mitigative Measures

LOW SENSITIVITY AREAS

The designation of low sensitivity applies to those areas which exhibit

a high potential for cleanup, and/or include those species which would
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accrue only minor impacts when exposed to oil pollution. O0il exploration,
development, production, and transportation may proceed in these areas
with strict adherence to existing State and Federal regulations, except
that oil spill response, containment, and cleanup capabi]ities should

meet the standards set forth in moderate sensitivity areas.
MODERATE SENSITIVITY AREAS

The designation of moderate sensitivity applies to those areas in which
there is a moderate to high probability that an oil spill would have
significant adverse impacts upon sensitive or important biological
resdurces. Thi§ designation includes: 1) areas in which the available
information on net circulation indicates a high susceptibility to oil
pollution; 2) areas in which relatively well substantiated circulation

data indicates a moderate to high probability for transport and %hpéngémeht
of oil in sensitive or important areas; and 3) areas which exhibit a
moderate potential for cleanup. Examples of moderate sensitivity areas

include:

1. Areas receiving longshore sediment transport.

2. Areas where floating debris (driftwood) commonly washes up oh
shore.

3. Shorelines with high oil retention capabilities, such as
saltmarshes and wet tundra.

4. King crab concentrations.

5. Herring nearshore feeding and rearing areas.
6. Capelin spawning and possible spawning areas.
7. Nearshore rearing areas for juvenile fish.
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10.
1.
12.
13.
14.

15.
16.

Sheefish and whitefish streams.
Sand lance concentration.
Waterfowl important staging areas.
Ringed seal important habitat.
Rec@rrent wélrus haulouts.

Sea lion haulouts.

Subsistence harvest areas for belukha and bowhead whales,
waterfowl, seabirds and egqgs, seals, and walrus.

Commercial king crab harvest areas.

Subsistence clam and freshwater mussel areas.

0i1 exploration, development, production, and transportation may proceed

in areas of moderate sensitivity with strict adherence to State and

Federal regulations, and by conforming to the following guidelines:

Prevention of 0i1 Spills

Exploratory Drilling - Because of effective U.S. Geological

Survey regulations and enforcement, exploratory drilling

operations on Federal OCS lands have a relatively good safety

record and a low incidence of 0il spills. Exploratory drilling.

operations in the northern Bering Sea --Norton Sound region

would be acceptable with the following measures:

a. USGS standards for both drilling operations and safety be
adopted and enforced on both State and Federal lease

tracts in the northern Bering Sea - Norton Sound region.



A second drilling rig with similar capabilities should be
available in Alaskan waters to drill a relief well in the
event of an uncontrolled flow of o0il from a Norton Basin
we1i due to a blowout or accident such as a rig fire.

The rig requirement can be satisfied by an operational
dri]]ing‘platform in Alaskan waters, even if it is being
used to drill another well, but must be capable of being

on site and 0peratibna1 within 7 days after an uncontrolled

flow has occurred.

Drilling platforms must be inspected to insure that they
are capable of operating under the meteorological and
geophysical conditions that are present in the northern
Bering Sea and Norton Sound. Soil conditions at all
drilling sites should be inspected and certified as being

capable of supporting rig weights.

Only temporary drilling structures should be used during
the exb]oration phase of 0il development. After drilling,
all structures should be removed and the site restored
unless those structures will be used in the development

of the field.

Because of severe winter ice conditions in Norton Sound

and the northern Bering Sea, exploratory drilling from
conventional jack-up rigs, drillships, and semi-submersible
drilling rigs should be restricted to thé ice free months

of June through October.
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f. Hazardous operations with high oil spill risk factors,
such as testing and well completions, should be conducted
only during beriods when the ability to contain and
cleanup a spill are maximized. This would typica]]y-be

during calm open water periods.

Production Facilities

Production platforms in the northern Bering Sea and Norton
Sound must be specifically designed and tested to operate
safely under extreme conditions involving moving pack ice,
maximum sustained wind speeds of 90 knots (100 mph), extreme
wave heights of 32 meters (105 feet), and earthquakes of at

least 6.5 on the Richterbscale.

Onshore Facilities

0i1 storage facilities should be sited a sufficient distance
away from any open body of water so that even in the event of

an uncontrolled spill, oil would not enter the water.

If facilities must be sited in wetlands or adjacent to a body
of water, provisions must be made in design and construction

to prevent the spread of hydrocarbons and to facilitate cleanup
above and below ground, Such measures would require that oil
storage and processing facilities be bermed and underlaid by
natural or artificial impermeable barriers to prevent spilled
oil from escaping the area and entering adjacent ground and

surface waters.
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Facilities which store large amounts of fuel should be sited
away from sensitive fish and wildlife concentrations, such as

seabird rookeries and wetlands.

0i1 storage and processing facilities should not be located on
geophysically unstable sites. This would include sites with
unstable substrate, sites which could be affected by storm

surges, and active fault zones.

Stationary fuel storage facilities for construction activities
should not be placed within the floodplain of a fish stream,

and vehicle refueling should not occur in these areas.

Effluent from refineries, o0il treatment facilities, and petrochemical
plants should be treated to reduce concentrations of aromatic
hydrocarbons to below one ppm. Effluents should not contain

any biologically significant amounts of heavy metals or carcinogenic
compounds which might build up to toxic levels in sediment

over the life of the project.

Hydrocarbon contaminated effluents should only be discharged
1nt6 areas where fhere is sufficient water volume, strong
tidal currents, and a rapid exchange of water to quickly
dilute the eff]uentj Under no circumstances should they be
discharged into any body of freshwater, estuary, or area

éxhibiting sluggish circulation.
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8. Alternate methods to dispose of contaminated waste water, such
as pumping'it into reinjection wells or into impermeable

formations underground, should be used whenever possible.
9. Alarm systems and security measures should be developed for
all facilities handling oil to prevent spills caused by

carelessness, vandalism, or sabotage.

Transportation

1. Pipelines

a. Avoid construction of pipelines in geophysically active
~areas; 1.e., across faultlines, in areas of current
scour, in gas charged sediment areas, and areas prone to

Tiquifaction.

b.  Submarine pipelines should be buried deep enough so that
they will not be'broken by ship anchors, gouging ice
keels, of by fishing trawls.

™

c. Submarine pipeline locations should be prominently
marked on nautical.charts and maps. Sonar targets
should be placed on the pipeline at strategic intervals

to aid in precise location,



Pipelines should be consolidated to the greatest extent
possible in order to minimize habitat disturbance and

risk.

Pipeline design and installation should reflect future
developmental considerations such as increased volume
during maximum production phases, and the ability to

accbmodate feeder pipelines from other developing fields.

Sensitive alarm systems and automatic shut-off valves
should be required on all pipelines in order to minimize
the amounf of 0il that would escape in the event of a

pipeline rupture.

The number of stream crossings‘shou1d be minimized.
Attempt to make crossings downstream from sensitive
habitats such as spawning areas. Uninterrupted movement
and safe passage of fish should be provided for. Any
artificial structure or any stream channel change that
will restrict fish movemenf should be provided with an

adequate fish passage structure or facility.

Pipeline routes should avoid areas of productive or

critical benthic habitat such as larval king crab settling

areas, larval shellfish release areas, salt marshes, and

important clam beds.
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i. Pipelines should be designed or sited in a manner that

will not impede crab passage or migration.

2. Tanker docks and fueling facilities, which must be located in

marine wéters, should be designed to include:

a. Automatic shut-off systems to stop the flow of fuel from
storage areas in the event that a dock is damaged or

destroyed.

b.  Redundant safety syStems with exceptional safety factors
incorporated in the oil transfer pipes, hoses, and other
equipment, to eliminate the risk of failure and subsequent

oil spillage.

c.  Redundant éafety measures and additional crews should be
‘required during operations with historically high §pi]1age
rates, such as the loading or unloading of tankers.

These measures will help to prevent spills which often

occur due to fatigue or carelessness.
3. Tankers_

a. Only U.S. Coast Guard inspected Toad on top or segregated
ballast tankers which meet Coast Guard standards should
be allowed to transport oil within the Norton Sound -

northern Bering Sea regicn. Tankers destined for operation



in this region should be specifically designed to withstand

jce infested waters, with reinforced double hulls, multiple

screws, and redundant steering systems.

Mandatory vessel traffic corridors and a vessel traffic

control system should be implemented.

A1l tankers and other large vessels should be required to
use certified pilots who are familiar with local hazards,

weather, wind, wave, ice, and tidal conditions.

No discharge of ballast or bilge water should be permitted
in the Bering Strait because of sensitive wildlife populations;

or east of Cape Nome due to sluggish circulation regimes.

.. Ballast water treatment facilities should be available at

 the tanker dock.

Tankers should be required to maintain a distance of at

lTeast 15 miles from established seabird colonies.

Ocean going tugs reinforced against ice should be available
in Norton Sound to rescue any tanker which loses power or

steerage before it runs aground.

At least one ice breaking vessel should be continually

stationed in the Bering Sea.
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h. Tanker routesvin Norton Sound should only be established
after conducting a careful scientific study and analysis
to determine: 1) the safest routes thrdugh seasonal. ice
fields, storm paths, and hazards to navigation, and to
2) avoid sensitive fish and wildlife habitat which might

be affected by a spill.

0il Spill Containment and Cleanup

1. An effective oil spill containment and cleanup organization
should be developed for this region before any drilling begins.
This organization should have sufficient oil spill containment
and cleanup equipment at its disposal to: 1) prdtect all
identified critical habitats in Norton Sound,‘and 2) effectively

contain and cleanup the maximum probable projected spill.

2. An effective o0il spill response organization for the Norton
Sound-northern Bering Sea region should have an oil spill

contingency plan which would detail:

a. Activities associated with oil field development, including
offshore activities involving the handling or storage of

0il or hazardous substances.

b. Conditions under which the organization has a clear
capability to contain and cleanup spilled oil; and conditions

under which hazardous operations should be suspended.



c. Operational procedures, communications networks, detection
and monitoring devices, equipment inventories, response

times, and disposal sites.

d. Contingencies and equipment to handle all oceanographic
and meteorological conditions'which can be expected to

occur in an area of drilling.

e. Provisions for under ‘ice and broken ice containment and

cleanup.

f. Locations of additional containment and cleanup equipment,
the location of ports and airfields for transferring
emergency equfpment, the availability of transport and
support vessels, and approximate response times to various

spill sites,

g. Provisions for periodic revisions to the contingency
plan, as necessary to accomodate operational changes and

allow the incorporation of new technology.

0i1 spill containment and cleanup equipment ghou]d be stationed
at strategic points along the perimeter of Norton Sound and

the Bering Strait in order to decrease the response time to

any point within the lease_area to a maximum of six hours

after a spill has occurred.

237



238

Small scale containment equipment, sorbent material, and oil
spill response training should be made available to coastal

villages which might be impacted by a spill.

A11 tanker terminals, harbors, and ports which are utilized
for 01l related activities should have sufficient containment
equipment available on site to handle the largest spill which

might occur in those areas.

Anchor points for 0il exclusion booms should be identified or
placed near the mouths of all important fish streams, lagoons,

bays, and estuaries.

Because existing oil spill containment and cleanup equipment

is in many areas inadequate, satisfactory field demonstrations

~of equipment and organizational capabilities should be conducted

prior to any approval of drilling permits, operation of facilities,
or any shipment of oil by tankers. Where existfng equipment

is inadequate to effectively contain and clean up 0il in

broken ice, development of effective;equipment for containment

and cleanup of o0il in ice should be made a requirement of

permit approval.

Recognize the limited capabilities of existing equipment and

the 1imited amount of equipment available. With present



operational and technical oil spill containment and cleanup it

can be most effectively used to protect the most sensitive

- fish and wildlife concentrations or.habitats from oil spills.

Dispersants - In the event that weather conditions or the
location of a spill make mechanical containment or cleanup

impossible, dispersants should be considered as an option to

protect fish and wildlife resources under certain circumstances.

However, there are several drawbacks to the use of dispersants.

. The primary problem is that insufficient data is available on

the effectiveness and toxicity of dispersants to make an
objective decision regarding their use in Alaskan waters.

Certain dispersants and dispersant-oil mixtures can be more

toxic than the original parént oil, thereby precluding their

use in most cases. The Environmental Protection Agency (EPA)
has published a 1ist of approved dispersants; however, the |
presence of a dispersant on this 1ist only signifies EPA's

acceptance of the method used to test the dispersant and is

not necessarily an endorsement of its innocuous nature. The
second problem is that, dependent upon type, dispersants -will
only work under certain temperatures and sea conditions. If
these conditions do not exist during a spill then dispersants

will not work. Third, there has to be a means of delivering

the dispersants to the spill site. Vessels, fixed wing aircraft,

and helicopters are all feasible, but weather and visability

must meet minimum standards to be effective, especially in the
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case of airborne systems. Fourth, dispersants only remove the
threat of mechanical damage (i.e., coating and abrasion) to
fish, wi]d]ife, and habitat, and may actually increase the-

amount of toxicity related damage resulting from a spill.

In Tight of the aforementioned problems, dispersants should
only be considered as an option to protect fish and wildife

resources or habitats under the following circumstances:

a. Only after consultation with the Departments of Fish and
Game and Environmental Conservation. To effectively
utilize dispersants, approval for their use, and the
conditions under which they can be used will have to be

determined in advance of any spill,

b.  When mechanical means of 011 spill containment and cleanup

are not feasible.

c. When oil spill trajectories clearly indicate that the
threat of physical damage and fish and wildlife mortalities
at the projected impact site clearly exceed the toxic
effects of using dispersants at the spill site or at some

point along the spill trajectory.

d. Dispersants should only be used to protect sensitive

species and habitats'from_the physical effects of oil

spills and should never be used simply to remove visible



components of oil pollution. Dispersants increase toxicity
and solubility within the water column and may adversely
affect larval marine organisms and fish if used improperly.
Species sensitive to physical damage from 0il spills

include: seabirds, waterfowl, seal pups, intertidal

* spawning herring, and pelagic juvenile marine species.

Sensitive habitats include: eelgrass, Fucus beds, salt

marshes, stream deltas, and depositional shorelines.

Dispersants should only be used on large oil slicks in
open water areas which present a definite threat to fish,
wildlife, or sensitive habitat on shore. If a spill is
far offshore and is breaking up, it should be allowed to

dissipate naturally unless it can be contained or cleaned

" up by mechanical means.

Do not use dispersants in spawning areas during seasons
when large concentrations of commercial or ecologically
important fish or shellfish eggs or larvae are in the

water column.

Do not use .dispersants on spills of T{ght hydrocarbon
products such as gasoline or light diesel fuels. These
products naturally dissipate rapidly and dispersants
would increase environmental damage by distributing them -

in the water column. Use only on crude and bunker oils,
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h. Only non-toxic dispersants, or Tow-toxicity dispersants
with a very low application rate (one gallon of dispersant

to 100 gallons of oil), should be used on Alaskan spills.

Monitoring

1. Ambient hydrocarbon levels should be recorded in the water
column and sediments prior to any developmental activity or
facility operation which will discharge hydrocarbons or other
hazardous substances into the marine environment. Ambient
levels should further be monitored regularly to insure that

discharge standards are not exceeded.

2. Tissue samples of species which commonly occur and are harvested
in an area of oil development should be obtained periodically
to insure that hazardous bioaccumulations of hydrocarbons,

heavy metals, or other hazardous substances do not occur.
HIGH SENSITIVITY ARFAS
The designation of high sensitivity applies to habitats and species with
a very high vulnerability'to impact from oil pollution. Areas may
additionally be rated high based upon their oil retention capabilities
or because they are important areas of marine or freshwater harvest.

High sensitivity areas include:

1. Areas of first open water in spring

s



10.
11.
12,
13.
14.
15,
16.
17.
18.
19.
20.
21.
22.
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Eelgrass and Fucus kelp beds.

Wetlands, tideflats, estuaries, or lagoons.
Arctic char concentration areas.

Herring spawning and possible spawning areas.

Salmon streams and salmon fry and juvenile feeding or rearing
areas.

Seabird colonies, concentrations at the base of colonies, and
pelagic feeding areas. '

Waterfowl and shorebird spring concentration areas.
Waterfowl nesting, molting, and major staging areas.
Seaduck wintering areas.

Emperor and snow geese molting and staging areas.
Swan nesting and use areas,

Sandhill crane use aréas.

Shorebird important habitat and fall staging areas.
Ringed seal high density areas.

Spotted seal haulout and feeding areas.

Commercial and subsistence fishing areas.
Subsistence and sport fishing areas.

Subsistence fishing areas.

Subsistence king crab harvest area.

Commercial and subsistence herring harvest areas.

Subsistence winter herring harvest areas.

Operations, activities, structures, or facilities with a high probability

of acute or chronic 0i1 poliution should not occur or be located in high

sensitivity areas.



YAHY DNIDYLE LNVLIHOdN

YIYY BNIDYLEG HOTYA

v3Hy ONILIOW

L] vIHY DNILEIN
IMOSYILYM

- g

-

Y3yvy pNig3add 9IDVId

ANOI0D 40 3A8YA LY
HILYAM NO NOILVHINIDNOD

ANO10D
auIavas
: saLia

VIYY NOLLYHLNIONOD 30NV GNYE

NYIHLE HEIIILIHM HO/ONY HEIHIING

Y3IHY DNIHVIM FLOHBHYIN
Hetd IUNIANF

H “ VIHY DNINMVAS 31818504
VIV ONINMYVJS

NIT3dYD
VIUY BNIMVIU/ONIOITS FHOHSHVIN
YIHY ONIHILNIM
YI4Y DNINMV4S 31818804
vauY ONINM VLS

oNIETI

ﬂ-w-

YIHY NOILYULNIONOD HVHD O11OuV
v3uv ONI0334
AYONBEVIN FTINIANT ONV AU4
YIUY ONIMYIH FTINIANT ONV AHJ
VIUY NOILLYHDIN IHOHBUVIN
nvauLe
NOWTVE
T N U (U A I T I._ YIUY NOILYHANIONOD BVHD NI
HEL4TTIUR ONV 1iBld

NOQDYI/AUVYNLEY

NMONM LON ALIAILDNAOUY

a3sN ANAYIH/IANLINGOHE AT
8L¥ 4301

NMONX LON ALIAILONGONd

GIBN ADAVIH/IAILINGOHE ATHDIN
SONVILIM

8039 J1INSNINS
8038 88YHDIA3

. new
NOILN3L3Y MO HOIM HILA INI3IBOHS

BHOHB NO dn GIHBYM AINONINOD
{GOOMLAIYO) SIVAT0 ONILYOIS

Y3IHY OLNI
LHOJBNVHL 1NIMAIS JHOHSONOT

DHINAS NI HILYM NIJO ASHIF 4O Y3IUY
Si1viiavH

2934 ADN 100 1438 ony Alnr aNne AVH Hdv HvYn 834 NYTr

*NOILNTTOd 110 OL FAILISNIE LSOW 3V S3ILIAILOV LS3AUYH HO
SLVLIAVH 'S3ID3dS GNNOS NOLHON OGNV V38 DNIHID NUIHLHON NIHM SHINOW P P2 378VL

244



245

ONIUEAH

—II.III- avHo NI

V3IUVY LB3IAUVH TVIOUINWOD

Y3dyY ONIHSIA
FONALISANS ONV TVIOHINWOD

vIYY DNIHSIZ 1HOJ8 ONY IDNILSISENS

ONIHHIH YILNIM

DNIHE3H

TISBNA HALVMHEIHY

Wy

avud ONDI

DNIHBI4

SNUIvM

was

adievas

TMOSHIALY M

003

ITYHM a¥3IHMOS

FIVYHM YHNATIE

vady LSIAUVH FONILIBISENS

SAILIAILOY LBIAUVH

L

-L

ke

ANOTIYH NOIT Y38

L} . . . V3IHY DNIG333 ONY L1NONVYH
. W3as a3i11od8

AN0INVYH BNUIVM LNIHYNOIY

V3V ALIBNIO HOIH
"LVLIGBVH INVLHOJWI
. . 1v3s 03BNy
' : . SIVWNVH

-

1Y119YH INVIHOGHW)
V3LV ONIBV1S 11V4
auigaUoHS

vayv 38N INVED TIHONYS

VIHY I8N/DNILEIN NYMB
Vauv DNIOVL8 38330 MONS

' . V3V ONIDV1S
1 : / vIHV BNILION
36330 HOUAJWI

YIHVY DNIHIALNIA NONAVIS

vauy ZO;<tbzwcz.OO BNIUdE
ayig3UOHE ONY TMOIUILVM

230 ACH 100 1d38 2243 4 Aynr ELT I AYH Hdv UYW 934 NVF

‘NOILNT10d THO OL IAILISNIE ‘LSON IHY S3ILIAILOY 183AUVH HO
§1V41GVH 8310345 GNNOS NOLHON OGNV V38 ONIHIA NHIHLUHON NIHM SHINOK (LNOD) : #2 37@V1



| [Osdbua BeZ=ZO § OEdPRA ~0R4ZAa
, QAERAY=ZYO O ez




DREJGING AND FILLING, GRAVEL MINING,
AND GRAVEL ISLANDS

Sources and Biological Effects

Dredging, the excavation of bottom materials, usually takes place during
the development and production phases of petroleum development and is
used to: 1) create and maintain nangatibna] channels, turning basins

and harbors for ships, 2) excavate pipeline ditches for the transportation
of 01l and gas betwéen onshore and offshore facilities, and 3) obtain a
source of material for fill or construction of onshore and offshore
facilities (Clark, 1977, ASPO, 1978). Gravel mining may also occur
during the exp]oratibn phase of o0il and gas development if onshore
facilities or gravel islands are required to support exploratory drilling.
Onshore, construct{on in permafrost terrain necessitates significant |
quantities of gravel for foundation pads, roads, air strips, work pads
and pipeline bedding. Offshoré, gravel is required for the construction
of artificial islands which are used as drilling platforms or tanker
loading facilities. Filling includes the disposal of dredged material,
the building of gravel pads for foundations and roads, building of

gravel islands, and creation of new land in coastal areas.

A1l these activities, dredging and filling, gravel mining, and the
construction of gravel islands, alter coastal habitats by changing
aquatic habitats into terrestrial habitats, altering drainage patterns

and stream channels, redistributing bottom sediments, and altering

247



248

circulation patterns in bays and estuaries (Allen and Hardy, 1980;
Moulton, 1980; Quigley, 1977). Effects on species occur as a direct
result of the activity (burial by dredge disposal, entrainment in equipment,

etc) or indirectly when habitats or water quality are altered.

Dredging

Two general types of dredges are commonly used in the United States;

hydraulic dredges and mechanical dredges. About 99% of the dredging

‘volume is accomplished by hydraulic dredges (Pequegnat et al., 1978).

Hydraulic dredges (pipeline dredges, hopper dredges, and sidecaster .

dredges) mix sediments with water to form a slUrry which is pumped to a-

“discharge point. Mechanical dredges such as the bucket or dipper

-dredge are seldom used in projects involving large volumes of material

but are valuable for working in small-areas such as near docks or boat
s1ips and for the cleanup of spills and contaminants.. . lLadder dredges (a -
mechanical dredge) are used only in the United States for mining operations
although they are common components of European dredging fleets.

Mechanical dredges are usually mounted on barges and move material

mechanically with some type of bucket. The dredged material is usually

.transported by barges. Less water is incorporated into the material

than occurs with hydraulic dredging and so less turbidity occurs (Allen

and Hardy, 1980).

‘Dredging affects fish, wildlife, and aquatic plant resources in the

coastal environment by 1) the physical destruction of benthic habitat,

2) altering water quality through the suspension of sediment which may
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have a high biological oxygen demand, 3) smothering benthic organisms

when suspended silt and overburden are deposited on adjacent areas, 4)
modifying water circulation patterns through the alteration of natural
bottom contours and features, 5) modifying salinity concentrations when
the flow or rate of input of freshwater to estuarine systems is disrupted,
and 6) direct mortality of marine 1ife as organisms are swept into
 dredging equipment. The effects of dredging may be short or long-term,
depending upoh the area dredged, the amount of material removed and the
extent to which bottom contours and natural features are altered. Such

alterations adversely affect plants and animals living in these habitats.

The most obvious result of dredging_is the destruction of habitat.
Submerged bottoms, coastal wetlands &nd tidelands may be destroyed,
drained, or drastically aitered by dredging (St. Amant, 1971). Benthic
and epibénthic (animals 1iving on the surface of tﬁe_bottom substrate)
organisms, such as clams, are destroyed as fﬁé& a;érgwebt into dredging
equipment. Mobile organisms are displaced or driven out of the area by
dredging activities (Clark, 1977). Fish spawning areas may be destroyed
directly through burial, or through disruption of the substrate (Morton,
1977). |

Alteration of circulation patterns within bays or estuaries may displace
planktonic organisms such as larval crab and shrimp to a less favorable
environment. Changes in salinity and oxygen levels in bays and estuaries

wi]T seriously affect populations of organisms living in those areas

(NERBC, 1976). Many estuarine plants and animals live near the limit of
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their td]erance ranges, and any additional dredging related stresses,
such as increased sedimentation or decreased oxygen concentrations in
the water, may exclude these organisms from the estuary. Large amounts
of fresh water flowing into an estuarine system from tributary streams
and wetlands create low salinity regions which are important nursery
areas for juvenile fish and invertebrates. The_variations in salinity
which result from the seasonal discharge patterns of tributary streams
appear essential in the life cy¢1e of organisms which spawn inside the
estuary (Odom, 1970). Dredging in stream mouths or in the nearshore
area often modifies the flow of freshwater into the system and as é
result changes both the extent and location of these low salinity areas.
If affected estuarine organisms cannot tolerate the change in salinity

level they will die or be forced to move to more suitable habitat.

Another envirbnmental impact caused by dredging is the alteration of

water quality due to the release of suspended sediments. The resuspension

of bottom sediments causes the water to become turbid therefore 1imitfng
the amount of light entering the water column. When light penetration
is reduced, the growth rates of phytoplankton are also réduced, limiting
the amount of food available. for other members of the food web including
zooplankton, fish, birds, and marine mammals (Clark, 1977). Reduced

plant growth also lowers oxygen levels in the water column.

The gills, which are the breathing apparatus of fish and other marine
organisms, and the feeding mechanism of filter feeding animals such as

clams, mussels, and sponges, can be clogged or abraded by suspended
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bottom particles (Clark, 1977). The effects of heavy loads of suspended
sediments on filter feeding aquatic organisms include: abrasion of gill
filaments, impaired respiration due to clogged gills, impaired feeding
and excretory functions, and reduced growth and survival of larvae. If
dredging operations cause the suspension of large quantities of silt,

the productivity of local marine communities could be decreased. Any
effects on marine communities can directly affect commercial, subsistence
and sport fisheries which harvest these populations, or members of the

higher trophic levels that prey on these organisms (Morton, 1977).

Larval stages of bivalve molluscs, such as Pacific oysters, quahog
clams, American oysters, and European oysters, are also sensitive to
natural sediments in the water column. Sedimentation interferes with
shell formation, growth and survival and these species will not settle

out or develop in areas with silty waters (Cardwell, et al., 1976).

0'Connor et al. (1976) found that in estuarine systems concentrations of
suspended sediments such as those produced during dredging and disposal
of dredged materials would be lethal to estuarine fish pdpu]ations. The
most lethal effects of suspended solids were found in 1) lower trophic
level fish (anqhovies and juvenile white perch), 2) juvenile fish, and
3) species with high oxygen requirements. In tests, juvenile dungeness

crab, (Cancer magister), were adversely affected by suspended sediments

in concentrations less than those produced by some dredging operations.
Twenty-five (25) days exposure to concentrations of 1.8 and 4.3 g/1
resulted in serious growth abnormalities, and prolongation of molt. At

suspended sediment concentrations of 9.2 g/1 and above, 50% to 85% of
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the crabs which started to molt died in the process. Ninty-two percent
(92%) of all mortalities occurring during increased sediment levels were
associated with molting. Researchers concluded that a one to three week
exposure to concentrations of 2 g/1 to 20 g/1 of some harbor sediments

would be lethal to most juvenile Cancér magister (Peddicord and McFarland,

1976).

Another adverse impact, the smothering of benthic (bottom) life, is

caused by dredging. As the sediments suspended by dredging settle out
and collect on the bottom, non-mobile plants and animals may be smothered.
Sessile or attached organisms such as oysters, mussels, and barnacles,
which cannot burrow up through the sediments, are killed directly by
burial from discharge of dredging spoils {(Morton, 1977). When sediments
are anoxic (without oxygen) smaller animals are more vulnerable to

burial because they are unable to reach the surface before they suffocate.
Small crustaceans respond to oxygen depletion by increased ventilation,
rapidly using up the available dissolved oxygen in the water (Saila et
al., 1972 in Morton, 1977). Mobile organisms, such as fish, shrimp, and

crabs usually abandon dredged areas (Clark, 1977).

Dredging for Pipeline Laying

The construction of offshore pipelines provides a good example of the
effects dredging activities have on fish and wildlife resources and

marine habitats. wheh 0il and gas are discovered in commercial quantities,
a pipeline must be laid to deliver these products from the offshore
production platform to onshore facilities. Present Department of Interior

administrative procedures require the burial of pipelines in water

1
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depths of less than 200 feet (60 meters) (NERBC, 1976). Plows, jets,

and dredging are methods used to'bury pipelines and, during the process
of laying pipelines, benthic habitat is disrupted. Where impenetrable
substrate is encountered, blasting may be required at the landfall (the

point at which the pipeline comes onshore).

High pressure water jets are used to bury pipelines by blowing away the
sediment underneath the line. The pipeline then settles into the trench
where the sediment was displaced and is covered over by backfil]ihg or

by natural sediment transport processes. This dredging technique disturbs
the bottom habitat and causes suspension of solid particles in the water
column resulting in turbidity and the displacement or burial of benthic
organisms. The impacts of turbidity on benthic organisms have been
reported to occur 200 or more feef (60 meters) from the pipeline construction
site (Clark and Terrell, 1978). When pipeline corridors are selected
along bedrock, underwater blasting may be used to provide a suitable
trench for the Iine. Overpressures from blasting may kill fish and

other marine organisms in the vicinity of the line (NERBC, 1976). Long
term damage from habitat disruption is more 1ikely to occur in nearshore
and onéhore areas because of environmentally sensitive habitats such as
estuaries and wetiands. Estuaries have rich supplies of nutrients that
support dense populations of phytoplankton which are food fof zooplankton,
larval fishes, and benthic organisms (Gross, 1972 in Morton, 1977).
Estuaries andnketlands are used by aquatic species as breeding grounds,
nursery areas or home territories (Morton, 1977). 'Consequently, the
position of a pipeline landfall is extremely important. Special construction
procedures must be followed to protect the integrity of dunes, barrier
islands, wetlands, estuaries, intertidal areas, and othér sensitive

areas at the marine-land interface (NERBC, 1976).
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The primary impact of onshore pipeline construction is the destruction
of vegetation and the associated changes in‘habitats and permafrost
stability (NPRA Task Force, 1978; USGS, 1979). Pipe1inés crossing
streams can impact fish habitat by disturbing the benthos and producing
temporary or permanent blockage to fish and nutrient movements (USDI,
1§72 and USDI, 1976 in NPRA Task Force, 1978). Sediments suspended by
construction activities can cause adverse impacts on fish and their food
sourceé. Turbid waters block light transmission which reduces the

visual feeding range of fish and also decreases primary productivity,

. thereby 1imiting food sources for fish (Lynch et al., 1977). The direct

. effects of turbidity on adult fish may be Tess harmful than the effect

of turbid waters on primary productivity and food organisms upon which
fish depend for survival (Hesser et al., 1975). Saunders and Smith

(1965) studied the effects of increased siltation on populations of

- trout in Ellerslie Brook on Prince Edward Island, Canada. Their study

showed that the standing stock of trout was reduced because hiding

places and spawning areas were silted over. Fine sediments affect

juvenile fish by causing inflammation of the gill membranes and eventual-:

death. Reports show that fry and fingerling trout reared in turbid
water are more prone to bacterial infection of their gills (Lynch et
al., 1977). Increased siltation in streams affects the quality of fish

habitat by covering it with a uniform substrate, eliminating protective

hiding places for fish, or by filling in pools where fish may overwinter.

Fish spawning areas may be greatly impacted by siltation which buries

the spawning beds and blocks intergravel flow by filling in the interstitial

spaces between the gravel.
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Exposed onshore pipelines havé the potential of inhibiting or blocking
movements of migratory animals such as moose and cafibou (NPRA Task
Force, 1978). Restriction of caribou movements by the Trans Alaska
Pipeline System (TAPS) is well documented (Cameron & Whitten, 1976 and
1977). | |

Gravel Mining

Gravel requirements during oil and gas development in arctic and subarctic
regions are high (see Table 25). Gravel to fulfill these requirements
will be mined from offshore areas, coastal deposits, uplands, or from

floodplains. Impacts in each of these areas will be different.

Impacts on fish and wildlife from gravel mining in marine areas will be
similar to impacts occurring during dredging;TIIncreased.sj]tationv1n
the water column, -alteration of bottom sediments, changes in bottom
topography with resultant changes in circulation patterns, and changes

in benthic species abundance and diversity. Other impacts weould result
from the noise and disturbance caused by operation of dredging équipment
and By barge traffic as the gravel is transported to areas where it is -
needed. In the Canadian Beaufort Sea, belukha whale migrations and
distribution in nearshore feeding areas were affected by increases in
barge traffic during the construction of offshore gravel islands (Fraker,

1977).

Gravel mining in upland habitats will lead to impacts on birds and
mammals if mining is conducted during critical life history stages (such

as raptor nesting or grizzly bear denning) or if mining leads to habitat
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alteration and Towers the usefulness of the area to species during a

critical life history stage (such as wintering areas.used by muskoxen or
moose). Additional impacts from upland gravel mining will result from

the transportation of gravel between the mining site and the construction

site. Man made cuts, cuts in river banks and through rock knobs and

ridges can cause s]umping or gullying (USGS, 1979). Proliferation of

roads can result in alteration of drainage patterns, ponding and channelization
of runoff f]oWs, permafrost degkadation, b]ockége of fish passage in

streams, increased siltation and runoff into streams, and blockage or
deflection of wildlife migrations‘and vegetative changes in surrounding

areas from dust clouds raised by passing vehicles (USGS, 1979).

Secondary impacts from upland gravel mining sites can also be expected.
Quarry sites would leave scars along ridge crests and hilltops which

would require erosion control to prevent soil flows, soil slumps and

' ~landslides. Water collecting in upland pit sites may generate thaw

collapse of pit banks. Drainage from water-filled pits can result in

gullying and siltation of downstream areas (USGS, 1979).

Removing gravel from coastal beaches can cause extensive erosional
damage and shore]ine changes at or adjaceht to the mining area. Minjng
gravel from barrier island chains (or spits) can disrupt the stability
of coastal bay-lagoon systems which are of prime importance to waterfowl
and anadromous populations of whitefish and Arctic chér. Although there
may be some areas of littoral drift convergence and active deposition
where coastal gravel mining could take place without disruption to

wildlife habitat, most areas are sensitive (USGS, 1979).



258

Gravel removal in floodplains can result in significant impacts to fish
and wildlife populations and long term alterations of important fish and
wildlife habitats. Major effects of mining in floodplains include: The
possibility of fish entrapment in pits or behind berms following periods
of high water, diversion of stream channeis, vegetation removal, and
changes in stréam hydrology. Removal of vegetated areas or banks of
active stream channels, can destroy channel integrity and may allow
water to spread over a larger area. Decreased water depth and velocity
increases sedimentation rates and alters water temperature and disolved

oxygen levels (Woodward-Clyde, 1980). Fish spawning and rearing areas

may be lost or become less suitable and shallow water areas may block

fish migrations.

Rundquist (1980) found that ratios between surface flow and subsurface
flow were altered at several sites foi]qwing gravel removal.- At one
site, stream flow entered the mined area and spread out through loose,
uncompacted gravel resulting in a substantial reduction in surface flow
during low water periods. Intergravel flow was still evident thirteen
yéars after thé site was worked. At another site surface flow ceased
entirely for a period of two years (Rundquist, 1980). In portions of
arctit rivers where stream width and depth have been increased by the
gravel remo?a], declines in stream flow velocity could cause ice floes
to gather. At the downstream end of the gravel removal area these floes
could jam where the channel constricts back to the natural width. Ice

jams could cause flooding in, and upstream from, the mined area and

'possible bed scour beneath the ice jam. Obstructions, such as dikes,

left in the stream channel could also contribute to ice jamming (Rundquist,

1980). Reduced stream flow can also lead to aufeis formation. Aufeis



formation occurs in areas of decreased stream channei depths. In these
shallow areas, the ice cover freezes to the bottom resulting in glaciation
of flow over the top of the ice. As this flow continually freezes,'an
area of thick ice builds ub. Aufeis formation diverts normal under ice
and intergravular flow, and may‘dewatér downstream fish spawning and
ovérwintering areas. This area of thick ice {or aufeis) alsb remains
Tonger in thebspring than surrounding snow and ice and can block early

spring fish migrations. Some aufeis remnants remain in place through

the summer (Moulton, pers. comm. ).

In-channel gravel mining can lead to increases in si]fation with resulting
mortality to early fish 1ife.stages. The deposition of sediments in

fish spawning streams reduces the flow of water through the interstitial
spaces in the gravel sﬁffbcating_eggs, embryos, and alevins. Fine
sediments affect juvenile fish by causing inflammation of the gill
membranes, bacterial and fungal infections, and eventual death (Lynch et

al., 1977). Siltation can also alter stream habitats making them unsuitable

to the species inhabiting the area. Fo1lowing'four days of heavy sedimentation

in an Alaskan stream, Arctic grayling numbers dropped from 78 to 2.
Subsequent sediment accumulation on stream margihs approached 7.5 to 10
cm (3 to 4 in). It was concluded that thé increased sedimentation and
habitat changes altered Arctic grayling feeding patterns and caused the -
entire population to move to another area (Woodward-Clyde, 1976). |
Floodplain gravel mining can also result in fish entrapment. Following.
periods of high water, fish can be trapped by declining water levels in

pits adjacent to the main channel or behind berms surrounding the mining

259
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site (Modlton, pers. comm. ). During construction of the trans-Alaska
pipeline, fish entrapment was documented at gravel mining §1tes on Hess
Creek and Tolovana River following fall high water periods. Measurements
of dissolved oxygen.showed that oxygen levels were inadequate to allow

overwintering by the trapped fish (Burger and Swenson, 1977).

Vegetation changes occuring during gravel mining can affect distributions

of birds and mammals. Joyce (1980) found that declines 1in moose and

_ptarmigan populations occurred in areas where large amounts of vegetative

"cover were removed during gravel mining, or where changes in hydraulic

conditions subjected an area to frequent or permanent ponding and flooding
or aufeis development. Joyce (1980) also reported that populations of
passerine birds and small mammals were reduced at sites where significant

quantities of riparian vegetation were removed.

Generally, when habitats are altered, some species are negatively

impacted while others benefit. Moulton (1980) found that the effect of
gravel removal on fish populations in Arctic Alaskan streams included:

(1) reduction in numbers of all fish in the disturbed area, (2) replacement
of one species by another, (3) replacement of one age group by another,

or (4) in some cases because of habitat enhancement, an increase in the
number of fish, or species, or both. Joyce (1980) concluded that waterbird
populations increased where mining resulted in permanently ponded areas.
Effects on birds, caribou, wolves, fox and other animals with large home

ranges are dependent upon whether decreases or increases in cover or

food supply occur (Joyce, 1980),.
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Filling

Filling can cause severe impacts along the'coastline, esbecial]y in
wetlands. Filling changes aquatic habitats into terrestrial habitats
thereby destroying waterfowl breeding grounds, fish spawning areas,
wetlands, and productive intertidal areas such as clam beds. If other
suitable habitats for reproduction are not available nearby, the species
will have to relocate. However, many species such as salmon only sbawn

in specific areas and if these areas are destroyed by filling, that

segment of the population will be lost. Wetlands provide large amounts

of nutrients to coastal organisms (Clark, 1977). When wetlands are
filled, fewer nutrients are added to coastal waters and primary production
decreaseﬁ. This may ultimately reduce the numbers of fish, birds, and
mammals within the coastal area. Wetlands prevent freshwater from

moving into ocean waters,'and salt water from moving inland. Because
wetlands are saturated, fresh water is retained underground in natural
reservoirs. When a wetland is filled it can no longer act as a barrier
and fresh water may be diverted into the ocean. This effectively

lowers the water table, and allows salt water intrusion into the water

table (NERBC, 1976).

Dredge Disposal

The primary impacts of dredge disposal are increased siltation and‘
burial of benthic organisms. Turbid waters block 1ight penetration
reducing the visual feeding range of fish and decreasing primary productivity.

Fine sediments affect juvenile fish by causing inflammation of gill
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membranes and eventual death (Lynch et al., 1977). Organisms buried by
the disposal of dredged material, are killed if they are unable to reach
the sediment surface and the overlyind water upon which they depend for

respiration and food (Morton, 1977; Allen and Hardy, 1980).

Impacts of burial vary with species, depth of burial, and type-of sediments
deposited. Sessile or attached organisms such as ojsters, mussels, and
barnacles which cannot burrow up through the sediments are killed by

burial. When sediments are anoxic, smaller animals are even more vulnerable
to burial because they are unable to reach the surface before they

suffocate (Morton, 1977). Small crustaceans respond to oxygen depletion

by increased ventilation. This rapidly uses up the remaining available
dissolved oxygen (Saila et al., 1972, in Morton 1977). - The ability of
mussels to emerge from burial appears related to species and size.

Emergence of fat mucket (Lampsillis radiata luteola) and pocket book

(L. ventricosa) mussels was prevented by 18 cm (7 in) of sand or silt

but emergence of pig-toe mussels (Fusconaia flava) was prevented by only

10 cm (4 in) of silt. Mussels emerged from the sediment within a few
hours or did not emerge at all (Marking and Bills, in press). Vertical
migration investigations with clams, crabs, and benthic worms showed
recovery after burial by as much as a meter of like material (i.e. sand
on sand, mud on mud), or smothering by as little as a few centimeters
covering of unlike material (i.e. sand on mud or mud on sand). Field
studies in Virginia and California found benthic recolonization of
dredged areas and disposal mounds to be rapid for fine-grained sediment,
and to require up to three years for coarse-grained sediments. Recovery

in @ mudflow (fluid mud) area from pipeline disposal was somewhat more



;

rapid (Saucier et al., 1978). Fluid mud, generated:by hydraulic pipeline
dredges can flow along the bottom, driven by tidal currents and gravify.
Benthic organisms are destroyed when the fluid mud separates them from
the overlying water upon which‘they depend for respiration and food

(Allen and Hardy, 1980).

-Gravel Pad and Road Construction

Sand and gravel pads are used for year-round roads, camps, air strips,
drill sites, storage areas, pump stations, communication sites, and
other work sites. Pads provide a firm working surface and protect
uhder]ying permafrost from degradation. Pads affect vegetétion, alter
drainage patterns and can block or alter movements of fish and wildlife
(USGS, 1979).

The primary impact of the construction of pads is the total loss of the

area covered (vegetation, wetlands, stream bottom, etc.) and that portion

of fish and wildlife habitat it contributes. Pads can affect vegetation
directly (burial), or indirectly by the dust clouds raised by passing
vehicles (USGS, 1979). Dusting of vegetation leads to accelerated

spring snow melt and changes in vegetative patterns (Gilliam, 1978).

Gravel pads and road beds can also alter drainage patterns. Ponding can
occur on upstream sides of a pad and gullies commonly form on slopes

where culverts in pads channelize flow. On permafrost soils, impoundment
of water or ponding.degrades the underlying permafrost, and channelization

of flow through culverts can start thermal erosion problems (USGS,

263
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1979). Changes in vegetation and ?ater levels can have direct and

significant effects on nesting and feeding waterfowl and shorebirds.

Fish streams can be impacted by the construction of gravel pads and

roadbeds. Runoff from unvegetated pads and roadbeds can increase siltation,

and where roads cross streams, fish migrations can be blocked or impeded
by improper culverting (USGS, 1979). During construction of the trans-
Alaska pipeline with its associated work pads and haul road, blockage of
fish migrations occurred where currents in culverts were too strong to
allow fish passage, where culverts remained frozen after spring breakup,
and where low water crossings did not allow adequate depth for fish
passage during low flow periods (Morehouse et al., 1978). 1If fish
cannot reach spawning grounds, or are delayed too long, spawning success

is lTowered. Inadequately sized, poorly placed, or improperly designed

"~ =~culverts can deny fish access to all upstream areas, and significantly

reduce fish populations in the stream system.

Gravel Islands

The 0i1 and gas industry requires stable platforms from which to conduct
drilling operations. While conventional jackup or semisubmersible
drilling rigs are seasonally feasible in Norton Sound and can be used
during exploration, gravel and other artifical islands may be the most
economically feasible alternative for year round development drilling

and production in shallow waters to 18 meters (60 feet) deep (Hanley et

~al. 1980; Arctic Offshore, April, 1979). Artificial islands are used

during exploratory drilling in the Beaufort Sea. To date, seventeen
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artificial islands have been constructed in the Canadian Beaufort Sea

and along the Alaskan Beaufort Sea coast (Hanley et a],, 1980).

_ Artificial island designs vary. Side slopes, designed to protect the

island from waves in the summer and ice in the winter, can be protected

" by concrete blocks, quarry stone, sand bags, gabions (wire mesh enclosures)

filled with sand bags or can be designed with sacrificial beaches. A
caisson retained island has been designed for drilling in the Canadian
Beaufort Sea. A caisson ring is placed on the sea bed or an underwater
berm and fill is only required for the area inside the ring (Han]ey‘et

al., 1980).

Depth of water and design of the island determine how much area is taken
up by the island and how much fill is required to construct it. Issungnak,
an artificial island built off the Mackenzie River Delta in 19.2 meters

(63 feet) of water, had a working surface 91 meters (300 feet) in diameter,
but enlarged into.a circular shape on the sea bottom more than 732 '

meters (2,400 feet) across (Arctic Offshore, December, 1980). Caisson
islands require significantly less fill than conventional gravel islands

(see Table 26 ).

-

The most obvious impact of gravel is]and§ is the alteration of a portion
of nearshore marine habitat into terrestrial habitat. Benthic organisms
residing at the site would be buried and important habitats such as
spawning and rearing areas will be lost if islands are constructed in
these areas. Construction of two artificial islands in waters only 3 to

3.5 meters (10 to 11 feet) deep in Stefansson Sound, Alaska, (Sag Delta



TABLE_26

ARTIFICIAL ISLAND SPECIFICATIONS AND FILL REQUIREMENTS]/

A. SPECIFICATIONS OF SOME EXPLORATION ISLANDS CONSTRUCTED IN SOUTHERM CANADIAN BEAUFORT SEA®

Water Depth - Fill Volume freeboard

Island Name Year meters | feet cu. meters | cu. yards meters| feet Type

Adgo 1973 21 7 38,230 50,000 1 3 Sandbag Retained
Jmenerk 1973 -3 > 10 183,504 240,000 4.6 15 Sacrificia) Beach
Netserk 1974 4.6 15 305,840 406,000 4.6 15 Sandbag Retained
Netserk N 1975 7 23 290,548 380,000 4.6 15 | Sandbag Retained
Arnak 1976 3.5 28 1,146,900 1,500,000 5.2 17 Sacrificial Beach
\Kannert 1976 ‘8.5 28 1,146,900 1,560,000 5.2 17 Sacrificial Beach
Rugmallit i976 5.2 17 237,000 310,000 4.6 15 Sandbag Retained
‘ Isserk 1977 13 - 43 . 1,5_11,500 2,500,000 | 4.6  15 Sacrifici‘al Beach

8. COMPARISON OF FILL REQUIREMENTS FOR DJFFERENT EXPLORATION 1SLAND DESIGHS®

 po! oy e en| s pun mws s wem | aes wm =

_ Retained Fill Island Caisson Retained Island
Water Depth Sacrificial Beach 1sland {Sandbags) 30 Ft. Set-Down Depth
meters | feet cu, meters | cu. yards Cu, meters | cu. yards Cy, meters Cu. yards
6 20 611,680 800,000 191,150 ) 250,000 114,690 150,000
9 30 1,299,822 1,700,000 382,300 500,000 114,690 150,000
12 40 1,911,500 2,500,000 688,140 900,000 229,380 300,000
18 60 3,823,000 | 5,000,000 1,911,500 | 2,500,000 688,140 900,000
C. ESTIMATID REQUIREMENTS FOR PRODUCTION ISLANDS?
Water Depth ' Fil} Volume
meters | feet Pimensions Cu. meters cu. yards
7.6 25 213 meters (700 feet) diameter working surface, 665,202 870,000
7.6 meters (25 feet) freeboard; 4:1 side slopes
15 58 213 meters (700 feet) diameter working surface, 1,376,280 1,800,000
7.6 meters (25 feet) freeboard; 4:1 side slopes )

Sources: ' delong and Bruce, 1978a and b.

* pames & Moore estimates from various sources.

1/ Hanley et al., 1980



No. 7 and Sag Delta No. 8) was expected to result in the physical loss
of 1.8 hectares (4.5 acres) and 1.6 hectares (3.9 acres) respectively

(Evans et al., 1980).

Other impacts that could result from artificial islands include: 1)
changes in circulation patterns and wave refraction; 2) increased
turbidity during construction; and 3) siltation of downstream areas.
Changes in circulation can affect longshore sediment transport and

coastal erosion and deposition rates. Increased turbidity can reduce
light penetration thus decreasing photosynthesis and primary productivity;
clog feeding mechanisms of filter feeders such as molluscs and polychaete
worms; alter fish distributions; and, affect nearshore juvenile fish
rearing areas (Evans et al., 1980). Continual ercsion of unprotected
gravel islands by marine currents and storms, and deposition of eroded
material in goqniprgam areas can also impact benthic habitat. Deposition
of eroded material in aownstream areas can be quitersignificant during
severe storms or over a period of a year's time. In addition, unprotected
gravel structures will require continual maiﬁtainence and large quantities

of gravel to annually replace eroded material.
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Sensitivity of Areas and Recommended Mitigative Measures

Areas in the northern Bering Sea and Norton Sound were ranked as having
Tow, moderate, or high sensitivity to the impacts of dredging and filling,
gravel mining, and gravel islands (see Map E). These designatiohs were
based on avai1a51e data and were made after evaluating the following

criteria:

1. VThe sensitivity‘of each fish and wild]ife species or habitat

to dredging and filling, gravel minfng, and gravel islands.

2. Species sensitivity to dredging and filling, gravel
mining, and gravel islands during the various stages of their

life hiStory.

3. The time of year that these critical life history stages occur
and the period during whichbeach species would be most affected
by dredging and filling, gravel mining, and construction of

gravel islands.

4. The location of habitats where critical life history stages

occur.
5. The productivity of the habitat.

6. The uniqueness of the habitat.
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-

The species' population numbers and relative importance of the

population.

The degree to which the impacts of drédging and filling,

gravel mining, and gravel islands could be mitigated.

Specific considerations and assumptions that were made during the ranking

process included:

Habitats such as freshwater streams, eelgrass beds, wetlands,
tideflats, estuaries and lagoons are likely to be most affected
by the adverse impacts of dredging and filling, gravel mining,
and gravel islands. These habitats are generally highly

productive areas that are extremely susceptible to changes in

circulation or drainage patterns, or to the impacts of siltation.

The species most susceptible to the impacts of dredging and
filling, gravel mining, and gravel islands would be those
dependent upon the habitats described in Map D during critical
life history stages. Such species and life history stages
include: salmon, whitefish, sheefish and other fish rearing,
spawning and feeding in freshwater streams; herring spawning
in nearshore waters; and waterfowl nesting and staging in

wetlands.

The habitat destruction caused by dredging and filling, gravel

mining, and gravel islands is more 1ikely to impact a species



if that species is régtricted to a relatively small area
during a critical life history stage. Species which utilize a
discrete habitat during a critical life history stage were
ranked as highly sensitive. Such species and habitats include:
herring spawning areas, seabird colonies, peregrine falcon

nesting/use areas, and walrus and spotted seal haulouts.

A moderate sensitivity designation was applied to those areas

- where it was felt the adverse impacts of dredging and'f111ing,

gravel mining, and gravel islands could be mitigated. In

these areas, critical life stages of species are not confined
to highly sensitive habitats such as wetlands, fréshwater
streams, tideflats, etc. Areas ranked as moderately sensitive
include moose and muskox wintering areas, raptor nesting

areas, nearshore fish rearing areas and subsistence, commercial,

and sport fishing areas.

Fucus and kelp beds, although highly productive habitats which
would be affected by thé adverse impacts of dredging and
filling, gravel mining, and gravel islands, were not ranked és
highly sensitive due to their abundance in eastern Norton
Sound. Herring spawning areas (Fucus is the primary spawning
substrate) were ranked as high sensitivity and those Fucus
beds within spawning areas are included in the high sehsitivity

ranking.
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Sensitivity Designations and Mitigative Measures

LW SENSITIVITY AREAS

_ The designation of low sensitivity applies to areas where impacts of

dredging and filling, gravel mining, and gravel islands on fish and
wildlife would be less adverse than in moderate or high sensitivity
areas. Such areas would include. 1) areas where there were low numbers

of sensitive species 2) areas where sensitive species are wide spread.

Dredging and ff]ling activities gravel mining and building of gravel
islands within low sensitivity areas should be conducted according to

existing environmental regulations such as U.S. Army Corp of Engineers

‘permits 404 and 10; Department of Environmental Conservation's 401

certification; Department of Natural Resources, Division of Land and
Water Management Tideland Permit; local zoning ordinances; and Coastal

Zone Management guidelines,

MODERATE SENSITIVITY AREAS

The designation of moderate sensitivity applies to areas where adverse
impacts from dredging and filling, gravel mining and gravel islands
could be prevented, minimized or ameliorated. Habitats included in this

category are:

1. Fucus and kelp beds

2. King crab concentration areas



3.  Salmon nearshore migration areas and nearshore fry and juvenile
rearing and feeding areas

4, Arctic char and sand lance concentration areas

5. Herring wintering areas, nearshore feeding‘and rearing areas
and possible spawning areas '

6. Capelin spawning and possible spawniné areas

7. Juvenile fish nearshore rearing areas

8. Seabird concentration areas on water at base of colonies
8. Waterfowl molting areas

10. Raptor nesting areas

11. - Possible polar bear denning‘sites

12. Moose winter concentration areas, and muskox winter and
calving concentration areas

13. Grizzly bear spring feeding areas and denning areas
14, Commercial, subsistence and sport fishing areas; subsistence

king crab harvest areas; commercial and subsistence herring
harvest areas; and subsistence clam harvest areas

In areas of moderate sensitivity, dredging and filling, gravel mining,
and the building and siting of gravel islands should be undertaken

according to existing environmental requlations the following guidelines:

Dredging and Gravel Mining - General

1. Dredging and gravel mining should be avoided in highly sensitive

fish and wildlife habitats (see Map E).

2. Before major dredging projects are planned, site specific studies
should be conducted in the area under consideration to determine

local oceanographic and hydrological conditions including: circulation

281
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patterns, température, salinity, and dissolved oxygen. The biological
productivity of the area should also be evaluated and the location

of vital habitats identified. This information should be used to

"plan and schedule dredging so that minimal environmental damage

occurs.

Detailed plans for dredging and gravel mining operations should be
submitted to resource management agencies well in advance of
prbposed activities so that-operational delays can be eliminated
and site specific mitigating measures may be develaped to protect

local fish and wildlife resources from unnecessary impacts.

. .. Activities which are Tikely to require dredging, such as the construction

of nearshare facilities and onshore pipeline routes, should be

sited where minimal dredging would be required.

-'Dredging and mining activities should be scheduled to avoid breeding

‘periods and other critical Tife history stages of sensitive species

(see Table 28 ).

'Dredging should be conducted in a manner which will prevent the

release and spread of silty bottom sediments with a high biological
oxygen demand into the water column. "Silt curtains" or "diapers"
may be used to retain sediment laden waters near the dredge site.

However, silt curtains are only effective in still waters.



10.

11.

12.

Hydraulic dredges should not be used in areas which support large
populations of larvae or juveniles of commercially or environmentally
important marine species which can be entrained or injured in the
pumps and dredge 1inesl In areas with large populations of larval

or juVeni]e marine'orgahisms, a clam shell dredge produces fewer

impacts.

Silt levels from dredging operations should be at ambient levels by

the time they reach sensitive habitats.

Operating controls for dredges should be established which will

reduce adverse environmental impacts.

Because of the scarcity of gravel in Norton Sound, quarry rock and

alternate materials should be used for construction whenever possible.

Where possible, gravel from abandoned structures such as tailing

piles, drill pads or airstrips, should be reused to dvoid impacts

to watercourses and aquatic habitét.

Upland and offshore gravel sites are preferred over floodplains and
nearshore areas. Impacts resulting from transportation of gravel
and other secondary 1mpacts.éssociated with mining operations need
to be considered when selecting a site. The site selected should

be that which would result in the least total impact.

283



284

13.

14.

15.

16.

- 17,

18.

Gravel mining sites should not be located within the annual floodplains

of fish streams or rivers, unless feasible alternatives are non-
existent. Gravel mining in floodplains can result in channel

changes, channel blockages, siltation, and fish entrapment,

Gravel mining should not occur on spits protecting lagoons, in the

Tagoons themselves, or in nearshore areas.
Gravel mining in wetlands should be avoided.

Development of a minimal number of upland, intensive-use gravel

sites is preferable to a proliferation of small sites; minimization

-—-of sites reduces access road requirements and 1imits the area of

habitat disturbance.

A mining site should meet the long term requireménts for all
activities in a given area; sites slated for one-time use by a

single project should be avoided.

Deeply mined gravel pits should be converted to water reservoirs
where the need exists. This will provide a dependable winter
supply of water, and will preclude the need for water removals from

biologically sensitive habitats such as fish overwintering areas.

Dredging for Channels

1. Appropriate choices should be made for the location and design

of channels. Plans should include: 1) proper alignment of the
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channel to minimize erosion and maintenance dredging; 2)
minimum dimensions for length, width, and depth of channel to
1imit destruction of productive marine habitat and maintain
natural circulation patterns; 3) appropriate choice of dredge
type which will minimize siltation (usually suction dredge);
4) establishment of beneficial operating controls for dredging
operations which will minimize short term impacts on fish and
wildlife; 5) proper disposal of spoil in upland sites; and 6)

time of year in which dredging operations would encounter the

" least amount of biological activity (see Table 28 ).

Existing natural channels should be utilized to the greatest
extent possible. New channels should be located so as to

prevent the loss of vital areas and to avoid erosion of shorelines.

Channel dredging can be avoided in most vital habitats by
Timiting dredging to natural channels. Depositional areas
wi]1‘fequire continual maintenance dredging. All vital habitats
should be identffied during the planning phase of each dredging
operation and a buffer zone of several hundred feet or more
should be maintained between those areas and dredging operations.

Buffer zone boundaries should be determined on a case-by-case

basis.

Minimize the length, depth, and width of the channel to maintain
the natural pattern of water circulation, to avoid major

salinity alterations, and to protect vital habitats. Excessively
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wide channels may lead to an unnecessary loss of vital habitat
areas such as clam beds or eelgrass beds. In general, a
navigation channel needs to be no wider than about three or
four times the width of the largest vessel for which it is
designed. Similarly, channels do not need to be deeper than
about 4 feet beneath the deepest draft vessel at low water,
providéd that traffic moves at moderate speeds to reduce
stirring up the bottom where fine sediment has accumulated.

In many cases it is not unusual to add to this 4 foot depth an

additional foot or so to accommodate siltation or slumping.

This will further reduce the frequency of maintenance dredging.

To avoid excessive slumping of the adjacent bottom into the

channel and repeated maintenance dredging, channel sides

should be dredged out to a final stable slope, or "angle of

repose" during the initial operation. The exact cut will

depend on local geohydrological conditions.

Projects which would cause accelerated shore erosion should be
avoided, or operatedlin such a manner as to eliminate erosion-
inducing effects. Dredging too close to the shore in shallow-
water areas may cause severe shoreline recession, both from
channel slumping and from direct erosion of banks, and should

be avoided.

Dredging near the toe or face of a bluff should be avoided as

it exposes the bluff to increased erosion.
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8. New channels should not be created between freshwater aquatic

systems and coastal waters.

"9, Avoid alteration of natural water channels through straightening,

deepening, or diking.

Dredging for Pipeline Laying

1. Pjpeline routes should avoid highly prdductive, economically

valuable, or unique habitats.

2. If important habitats cannot be avoided when'p]anning pipeline
routes, avoid dredging during such sensitive periods as fish
migration and spawning, and waterfowl nesting and staging.

For additiona} information on species and timing see Table
28. Onshore pipeline laying should be conducted during the
winter when the ground is frozen and impacts caused by construction

equipment are minimized.

3. Limit dredging to the smallest area necessary for pipeline

placement.

4. Avoid permanently blocking surface drainages during pipeline
installation. Elevated pipelines and roads should be adequately
culverted. Soil over buried pipelines should be contoured to
original slopes, and banks at stream cro;sing should not be
altered. Care should be taken to prevent slumping in permafrost

soils or altering drainage patterns.
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Whenever possible, "double ditching”, the removal of topsoil
and vegetatioh first and replacement of it last, should be

used. This promotes more rapid restoration of vegetation.
Limit equipment and activities to the pipeline right-of-way

Use hydraulic dredges instead of jet systems when bottom
sediments Are silty and siltation is 1ikely to affect important
habitats. Hydraulic dredges are capable of pumping dredged
spoils up to one mile from the site, thus protecting habitats

adjacent to the dredged area.

Use silt curtains (polyethylene sheets hanging from float
lines to the water's bottom) to trap silt and sediment. st

curtains, however, are effective only in still waters.

Dredging in Streams

1.

Dredging should occur only during low water periods in order

to minimize siltation.

Dredging should not occur in known or suspected fish spawning
or nursery areas. Wherever possible dredging should occur

below spawning areas.

Dredging operations must follow procedures that will minimize

the resuspension of instream materials.

3
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4. Dredging should occur during periods of lowest biological

activity.

Gravel Mining in Marine Areas

1. Gravel mining should be avoided in highly sensitive fish and

wildlife habitats (see Map E).

2. Gravel should not be mined from spits, beaches, deltas of
rivers that support fish, lagoons, estuaries, or barrier

islands.

3. Gravel mining site selection should be based on a study which
considers not only gravel availability but also concentrations
of biological resources; commercial, recreational“and“Subsistence
harvest activities; and effects of siltation on downstream

habitats.

4. Silt control measures should be practiced in areas of biological
productivity or where silt could be carried into productive.

habitats.

5. Organic overburden from offshore mining areas should be backfilled
into previously mined areas to speed recolonization of the

area by marine life.
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Gravel Mining in Upland Areas

Detailed mining plans should be submitted to resource management
agencies well in advance of mining operation to expedite
permitting. Site specific mitigating measures should be
developed if necessary to protect local wildlife resources

from unnecessary impacts.

Where mining occurs in areas which support critical Tlife
history stages (esp. grizzly bear denning, raptor nesting, and
moose and muskox wintering) operations should be timed to

avoid those Tife history stages (see Table 28 ).

Impacts of roads and other support activities and structures

should be considered during site selection.

Sites should bg Tocated so as to prevent mass wasting into

fish streams.

Vegetation removal should be limited to the area necessary for

one years operation.

Mined areas should be revegetated and restored to original

contours or used for water storage.

Gravel Mining in an Annual Floodplain

Annual floodplains are the least desirable location for gravel mining.

Mining in offshore marine areas or in uplands is preferable. In an area
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where the only feasible gravel source is within an annual floodplain,

the following guidelines should be followed to minimize impacts.

1. Floodplains of streams which do not support fish populations
should be considered as gravel sources before those streams
that support anadromous or non-anadromous fish.' Because of
increased risk of hydrological changes in the stream, floodplains

of anadromous fish streams should be considered last.

2. Where mining must occur in active floodplains, braided rivers
should be considered as primary gravel sources; other river
configurations, listed in order or likelihood of causing the
least physical chahgé, are split, meandering, sinuous, and

straight.

3. When small quantities of gravel are required (approximately
50,000 m3 or less), select sites that will scrape only unvegetated

gravel deposits.

4. . When large quantities are required (in excess of 50,000 m3),
select larger rivers containing sufficient gravel in unvegetated
areas, or select terrace locations on the inactive side of the

floodpiain and mine by pit excavation

5. Consider length, location and other impacts of access roads in
site selection. Mined areas should be on the same side of a

stream as the access road to minimize stream crossings.
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. to enhance drainage.

Work should be scheduled to avoid peak biological events such
as local fish migration and spawning, bird and mammal breeding,
nesting, and rearing-of-young. Critical habitats such as

spawning and overwintering areas should be avoided.

Riffle areas should be avoided except in the following situations:

a. When more rapid site recovery is desirable.

b. When the riffle is an unproductive aquatic habitat because

of cementation or infiltration by fine sediments.

Cc. Where deepening the thalweg may reduce or eliminate

aufeis development.

d. In a Tong riffle, excavation may be acceptable near the

middle of the riffle.

Vegetated areas should not be disturbed when sufficient
quantities of gravel can be obtained in unvegetated areas of

floodplains.

Material removed from unvegetated and exposed (de-watered)
bars of a watercourse should only be removed to the existing

ice or water level. Following mining, bars should be sloped -



10.

1.

12.

13.

14.

15.

16.

293

Where removal must occur in vegetated areas, preference
should be given to locations in dominant, homogeneous

vegetative communities.

If mining in vegetated areas, all overburden and vegetative
slash and debris should be saved for use during site rehabilitation
to facilitate vegetative fecOvery. This material should be

piled or broadcast in a manner so that it will not be washed

downstream.

Material sites within the active floodplain should not disturb
the edge of active channels or form new high-water channels

through the site.

Site configurations should avoid use of 1ong‘straight Tines. -~ ==
Sites should be shaped to blend with physical features and

surroundings.

Gravel mining should occur in such a manner that the water

flow of the watercourse is not rechanneled, blocked or diverted.
When scraping in active or inactive floodplains, maintain
buffers that will contain active channels to their original

Tocations and configurations.

Banks of watercourses should not be altered. Undercut and

~incised vegetated banks especially should not be altered.
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17.

18

19.

20.

21.

22.

23.

Stream crossings should be selected at points where no alteration

of the banks 1is necessary.

Equipment should not enter or cross an active (open flowing)

channel of the watercourse.

Movement of equipment through willow (Salix) stands should be

avoided whenever possible.

Mining should occur in such a manner that berms, potholes,
and/or depressions that could cause fish entrapment are not

created.

Pit mining if required, should be Tocated in areas where there

is a low probability of diverting active stream channels into

the mined area. Such areas include terraces, inactive floodplains,

or stable islands with adequate buffers.

Pit excavations should be separated from the active floodplain
by a buffer designed to maintain this separation for two or

more decades.

If pits are 1eft in floodplains, an outlet should be constructed
to provide escape for fish trapped during high water. A pit
connected to a fish stream, if properly designed, can provide-
for fish rearing and overwintering. Where a pit is adequately
protected from flooding, and will not be used for fish habitat,
waterfowl and shorebird habitat can be created by providfng a

diversity of water depths,



24.

25.

26.

Filling -

Pit outlet channels should be deep enough to allow fish passage
during low flow conditions and be as narrow as possible. Aﬁ]
outlet channels should be at the downstream end of the pit,
angled downstream, and connected to a non-depositional area of
the main channel. Outlet channels should be constructed at

the end of site rehabilitation to minimize siltation in the

river.

Where gravel washing operations are required in floodplains,
wash water should be recycled with no effluent discharge to
the active floodplain. If settling ponds are required, they
should be designed to provide adequate‘retention time for
site-specific conditions. Outflows should be constructed to

avoid fish entrapment.

Upon completion of material removal the mining site should be
graded smooth with all berms and potholes removed, and all
depressions filled to prevent entrapment of fish. Stored

material should not be stockpiled in the floodplain.

General

Filling (dredge disposal, gravel pad and road construction,

and gravel island building) should be avoided in highly sensitive

fish and wildlife habitats (see Map E).
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Activities which are 1ikely to require filling, such .as the
construction of near shore facilities and onshore pipeline
routes, should be sited where minimal dredging and filling

would be required.

Detailed plans for filling operations should be submitted to
resource management agencies well in advance of proposed
activities so that permitting delays can be eliminated and
site specific mitigating measures may be developed to protect

local fish and Qi]d]ife resources from unnecessary impacts.

Filling activities should be scheduled to avoid breeding
periods and other critical 1ife history phases of sensitive

species (see Table 28 ).

Easily erodable material (i.e. silt) should not be used for
construction of offshqre facilities in Norton Sound. The
grain size of these materials is too small to withstand ocean
currents and waves and are likely to result in increased water

turbidity and burial of downstream habitats.

Because of the scarcity of gravel in Norton Sound, quarry rock

and alternate materials should be used for construction whenever

possible.

Solid fill structures such as gravel islands and causeways

should not be located in areas where they will disrupt local

)
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circulation patterns, adversely affect water quality, or

interfere with fish or marine mammal migrations..

Do not construct long continuous fill causeways or docks. Use
piling structures or provide sufficient breaches to allow
normal fish passage, and for maintenance of water quality.

Use fill material compatible with the area. In areas where
there is a high ambient silt 1éve1 such as the Yukon River
Delta,. silt may be acceptable for structures. In areas with

low turbidity - use only clean material and armor to prevent

erosion and siltation.

Dredge  Disposal

When the spoil removed in a dredging opefation'is compatible
with existing material (i.e. mud on mud, sand on sand), direct
disposal of the dredge spoil onto the bottom may be acceptable.
However, the spoil should not contain toxic pollutants,

should spread in a_thin layer (less than two inthes) which
will allow marine organismé to burrow through it, should not
be deposited in ridges that significantly fmpede water flow,
and should not cover vital habifat areas, i.e., wetlands,
tideflats, estuarine waters, productive benthic habitats or

Fucus and eelgrass beds.
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In some areas, littoral zone disposal of material dredged from
rivers or nearshore channels may be required if deep water |
disposal would create a deficit budget in longshore sediment
transport. Such disposal should be planned to avoid impacts

to sensitive species and habitats.

' Dredged material should not be deposited in wetlands, but

rather in a designated area where there will be a mjnimum of

environmental alteration.

Dredged material should be disposed of at a sufficient distance
inland to prevent reintroduction of the materials into the

waterway.

In water depths in excess of é meters (6.5 feet), water

column turbidity can be reduced by vertically discharging the
dredged slurry through a diffuser (a 90-degree elbow) at a
depth of 0.5 to 1 meter below the water surface. Use of a
diffuser minimizes areal coverage over the disposal area but
maximizes mounding of the fluid mud and dredged material. The
simple open-ended pipeline, discharging above and parallel to
the water surface, creates the greatest water column turbitity

but produces a relatively thin,.widespread fluid mud Tayer.

Gravel Pad and Road Construction

Gravel pads and roads should not be contructed in vital fish

and wildlife habitats.
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A1l linear gravel structures, such as roads and construction
pads, should be adequately culverted to prevent artificial

ponding or water starvation.
Facilities and associated developments should be designed to
reduce number and size of pads needed and the amount of gravel

needed.

Avoid building pads, especially roads, near waterways to

Tessen erosion potential.

Pads and roads should be of sufficient thickness to prevent
permafrost melting. Artificial insulation should be ihcorporated

in fill to reduce gravel requirements.

Berms and drainage ditches in non permafrost areas should be
installed to control the rate of runoff from unvegetated

surfaces.

Pads should be built in such a way that drainage patterns in

surrounding areas will not be altered.

Dust should be controlled on pads by watering, not oiling.
Dust accumulation on snow and vegetation leads to accelerated

spring snow melt and vegetation changes.

Roads across wetlands or wet tundra should be aligned per-

pendicular to the direction of sheet flow.
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Gravel Islands !

1.

Vital fish and wildlife habitats should be avoided as sites

for gravel is]énds.

" Construction of gravel islands should be schédu]ed to avoid

bréeding periods, migrations, and other critical 1ife history

stages.

Barge routes for transportation of material to construction

site should be planned to avoid marine mammal and bird concentrations.

Bubbles from the barges wake can persist for several hours,
causing a "behavioral" barrier to migratory movements and

barge traffic disrupts resting and feeding birds.

To reduce turbidity and siltation, use of coarse-grained

gravel is preferred over use of fine-grained construction

materials such as silt, sand, and in some cases gravel.

Shorelines of artificial islands should be protected from
erosion using the methods found in the Shoreline Alteration
section of this report. Erosion can cause siltation and
environmental damage to downdrift areas as well as neéessitating

continual replenishment of eroded material.

Caisson retained islands require less gravel fill, can be
moved, and should be considered for use during exploration and

production drilling over solid fill gravel islands.
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Gravel islands should not be sited in locations where significant
interference with local circulation and subsequent changes in

salinity, temperature, and sediment transport may occur.

HIGH SENSITIVITY AREAS

The designation of high sensitivity was given to areas where the impacts

of dredging and filling, gravel mining, and grave]‘jsiands would be

- extermely adverse to fish and wildlife populations in the northern

Bering Sea-Norton Sound region. Adverse impacts would result in reduced

populations of fish and wildlife that are of commercial, recreational,

and subsistence importance. The following areas have been indentified

as having a high sensitivity to dredging and filling;

(o> NN R - ST S~ Y

10.
il.

Eelgrass beds

‘Highly productive and heavily used wetlands and tideflats and

wetlands and tideflats where productivity is not known
Estuaries and lagoons

Salmon streams

Herring spawning areas

Sheefish and whitefish streams

Seabird colonies

Waterfowl and shorebird nesting and staging areas, including:
major and important waterfowl staging areas, emperor geese
molting and staging areas, snow geese staging areas, swan
nesting/use areas, sandhill crane use areas, shorebird fall
staging areas and important habitat.

Waterfowl and shorebird spring concentration areas
Peregrine falcon nesting/use areas

Marine mammal haulouts including recurrent and occasional

walrus haulouts, spotted seal haulouts and feeding areas, and
sea lion haulouts

301
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12. Subsistence'freshwater mussel harvest areas

In-order to protect fish and wildlife values, dredging and filling

activities, gravel mining and building of gravel islands should not

occur in high sensitivity areas.

- -. - -
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SHORELINE ALTERATION

Sources and Biological Effects

The exploration, development, production and transportation of hydrocarbons
in the Norton Basin wi]] require the construction of facilities along

the shoreline. Some of these structures provide access or transportation

~ between land and sea while others are built to prevent the erosion of

the cdastline or to provide new onshore construction sites (ASPQ, 1978).
Pipelines are built to connect offshore productibn platforms to onshore
facilities and their landfalls are located along the shoreline. Typical
shoreline structures include bulkheads, riprap, groins, jetties, breakwaters,
causeways, piers, docks, and bridges (Shanks, undated). Construction

of these structures may alter the shoreline and damage the habitat of

coastal fish and game resources. Poorly designed and improperly placed
structures can disrupt the transportation of shoreline sediments and

alter tidal circulation. The effects of individual projects on fish and
wildlife resources may not be signiFicant, but shoreline alteration,

proceeding one project at a time, can ultimately alter or destroy the

- entire natural shoreline of a coastal system (Shanks, 1978)

Changes in coastal habitats occur when shoreline structures are improperly
designed and sited. Tidal action may be inhibited leading to altered
water circulation patterns and changes in water temperatures and salinity
(ASPO, 1978; Shanks undated). Structures built in vita] habitat areas
such as wetlands may destroy important nesting bird habit&t. Fish

migration routes may be changed and spawning areas destroyed. Structures

305
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built perpendicularly to the coastline impede or disrupt nearshore
nutrient flow and sediment transport. The rapid éhanges in erosion and
deposition which occur cause the alteration and destruction of benthic
habitat which may result in a change in the number and variety of species

using that habitat.

The actual construction of shoreline structures also causes adverse

}‘ienvironmental impacts. Dredging and filling both result in habitat

destruction and the suspension of bottom sediments. Turbidity, caused
by the suspension of sediments, reduces primary production and lowers
oxygen levels. As the sediment settles out, benthic organisms may be
smothered (Cronin et al, 1978; Clark and Terrell, 1978). Suspended
sediments may also interfere with the respiratory and feeding mechanisms
of fish, zoqp]ankton, and benthic organisms. Construction activities
cause other environmental impacts such as water pollution, air pollution,

and noise and disturbance (Shanks, undated).

 Breakwaters, groins, jetties, and other structures built perpendicular

to the coastline disrupt the flow of nutrients along the shoreline and
inhibit the transport of sediment by wave action and longshore currents.
The natural sediment balance is disrupted, causing sand and other fine-
grained material to build up on one side of the barrier while the
shoreline on the other side is starved and erodes away (Carrol, undated).
The lee side of coastal structures can experience degradation of water
quality, fluctuations of temperature and salinity, andﬁa Tonger period
of ice cover because of Tower wave energy and altered curfent patterns.

(Mulvihill et al. 1980; U.S. Army Engineer District, Buffalo, 1975).
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The presence of jetties at a river or bay mouth alters both river outflow
and tidal currents affecting habitats well into the river or bay (Mulvihill
et al., 1980). Jetties can also limit or alter the movement of fish and
crustaceans into and out of estuaries (Cronin et al., 1971). Breakwaters
have been shown to affect longshore fish migration routes (Shanks,
undafed). Stockley (1974) found that the presence of a shore-connected
breakwater extending into deep water interrupted the shallow water
migration routes of salmon fry. The fry were subject to increased
predation becausevthey would not migrate around the breakwater and were

forced to concentrate in one area (Shanks, undated).

Coastal bulkheads and riprap, constructed to inhibit erosion for one
particular project, may result in the loss of adjacent coastal marshes
and other vital habitats of fish and wildlife (Clark and Terrell, 1978).
The destruction of coastal wetlands eliminates feeding, nesting, resting,
and nursery areas of birds and small mammais (Mulvihill et al., 1980).
The algaés and detritus from these wetlands, which comprise an important
food source for shellfish, zooplankton, and benthic organisms, will be
loét. Bulkheads that extend into water areas alter circulation patterns
and increase scouring of bottom sediments therefore changing vital
habitats such as shellfish beds and tideflats (Clark and Terrell, 1978).
The newly created deep water zone in front of a bulkhead often has a
lower concentration of detritus, lower phytoplankton production, and
fewer benthic organisms than adjacent unbulkheaded areas. The turbulence
and scouring actiqn in front of bulkheads from reflected wave energy

often prohibits vegetation from reestablishing and may destroy existing
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grass flats. Bulkheads extending down below the mean high waterline

were found to bury and destroy smelt spawning substrate in upper intertidal
and sand-fine gravel beach areas in Puget Sound (Mullvihill et al.,

1980). The reduction of shallow water areas in front of bulkheads

forces rearing salmon fry to either move out into deeper waters or
concentrate near the structure. Both situations make salmon fry more

vulnerable to predation and reduces their survival rate. Stair step

~design bu]kheéds or riprap revetments with less than a 45° slope provide

more protective habitat for salmon fry than vertical bulkheads (Heiser

and Finn, 1970; Shanks, undated).

Industrial development and the secondary development and popuiation

growth resulting from oil and gas development, may create a need for new
and imbroved coastal roadways to serve industrial sites. The construction
of new roads in previously undeveloped areas may destroy significant
amounts of important fish and wildlife habitat. New roads will also
create additional agéess to fish and wildlife resources, and may increase

harvest pressure.

Road construction across coastal wetlands and streams is of particular
concern since improperly constructed bridges, culverts, pads, causeways,
and other coastal structures can alter circulation and drainage patterns,
current velocities, tidal movements, and salinity patterns. Solid fill
causeways across coastal wetlands act as dams, dividing the saltmarsh _
into freshwater and saline components. Marsh vegetation will be adversely

affected, reducing the amount bf plant biomass and the value of the
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weflands as wildlife habitat (Sipple, 1974 in Shanks, undated). Piling
structures, which allow the free movement of sediments and aquatic life,

have minimal effect on fish and wildlife resources.

The logistic support required for offshore ol development may necessitate
the building of small boat harbors. Calm water within a harbor leads to
water quality problems including dxygen depletion, chronic discharge of
hydrocarbons, and the buildup of toxic metals from the chipping of lead
based paint and erosion of zinc electrolysis plates. Reduced water
circulation can cause an accmumlation of organic substances and a decrease
in oxygen levels (Shank, undated). A study by Reish (1963) showed that
populations of benthic organisms decreased within one year after construction
of the Alamito Bay Marina. He concluded that this decline resulted frém
Timited water circulation and a decline in water qda]ity (Shanks, undated).
The. construction of harbors can be especially harmful to an ecosystem if
they are built in important spawning and nursery areas or in wetlands

(Shanks, undated).

Because the northern Bering Sea-Norton Sound region is shallow and
experiences severe ice cohditions during the winter, tanker terminals

and loading docks will probably be sited at the end of long solid-fill
causeways or on man-made offshore islands. Impacts resulting from solid
fi11 causeways are similar to those resulting from breakwaters and
jetties, and include: changes in circulation, nutrient flow and longshore
sediment transport;‘and blockage or alteration of fish and marine mammals
migration patterns. Culverts and breaches designed into causeways for

fish passage may actually prevent passage if not planned carefully.



310

Increases in water level on one side of the structure (either from wind

or tidal action) can create high current velocities in the culvert orv
breach that can prevent passage of small fish or cause them to become
exhausted and more vulnerable to predation (U.S. Army Corps of Engineers,
Alaska District, 1980; Brett, 1958). Man-made or artificial islands can
alter circulation patterns and lead to increased sedimentation in downdrift
areas from erosion of material used in building the island. Other

impacts of artificial islands are addressed in the Oredging and Filling,

Gravel Mining, and Gravel Islands section,
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