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significant volumes in the subsurface and
may be produced economically in the future,
but no information exists at this time to
indicate that it can now be produced
economically. Gas hydrates occur in re-
portedly large quantities in the soil and
shallow subsurface of Alaska, both onshore
and offshore. This “frozen gas” is also found
in a dispersed form in permafrost, but
nowhere has the means of economic
production been demonstrated.

Methodology

The method used in the NPC assessment
of Arctic oil and gas potential was an
averaging of anonymously supplied expert
opinions. The objective was to determine
both risked mean and highside (1 percent
probability) resource assessments of Arctic
oil and gas potential for each of the 20 areas.
Accumulation and averaging of the assess-
ments from each of the experts taking part
in the survey were performed by an
independent third party, Price Waterhouse
& Co., to protect the confidentiality of the
proprietary information used by the indi-
vidual participants.

The assessment procedure required a
representative of each of the 20 organizations
that participated in the survey to submit
unrisked distribution curves that repre-
sented probability versus potentially recov-
erable amounts of oil and gas that might
exist in each of the 20 areas, irrespective of
the geological or economic risks. Each
participant was also required to provide his
estimate of the adequacy chance that the
geological controls for oil and gas accumula-
tion—source, reservoir, trap, and recovera-
bility—were sufficient for the occurrence of
at least one 50-million-barrel oil-equivalent
field. The next portion of the questionnaire
required that each participant estimate the
percentage of the curve that was oil. The
remainder then consisted of gas plus
natural gas liquids. The final required
portion of the questionnaire asked the
participant to state the mean of the
probability curve.

The remainder of the questionnaire was
optional. Questions included requests for
estimates of the mean number of potential
fields and the mean major field size; the
postulated recovery efficiencies of oil and
gas; the NGL content of the gas; the

associated and dissolved gas as a percentage
of a barrel of oil; the additional potential in
small fields [<0.05 billion barrel oil equivalent
(BBOE)]; and the portion of the resources
that were economically attainable.

These data were submitted directly to
Price Waterhouse & Co., which aggregated
the 17 individual anonymous responses and
derived a single set of probability curves that
expressed the composite estimate of the
assessment for each basin.

The average adequacy chance for each
area was applied to the composite curve to
develop a “risked” assessment from which a
“risked mean” assessment and a “risked
highside” estimate were derived for each of
the 20 basins. These data were aggregated
using Monte Carlo techniques to arrive at
“risked highside” estimates for each of the
three regions and a grand total for the Arctic.
Details of the method used, as well as the
sample questionnaire, are in Appendix C.

Estimates

The estimates of Arctic oil and gas
resources indicate the possibility of very
large quantities of recoverable oil and gas in
the Arctic. Table 1 shows the 20 areas
assessed and their hydrocarbon potential
expressed in billions of barrels of oil
equivalent, as well as their component
quantities of oil and gas. The Beaufort Shelf
(Area 15), with a risked mean assessment of
12.9 BBOE and a 1 percent chance of 59.0
BBOE, is the area with the highest
assessment. This area is also estimated to
have the greatest probability (88 percent) for
containing at least one major field. The
Navarin Basin Shelf (Area 3) has a high
assessment for hydrocarbons, with a risked
mean assessment of 4.0 BBOE, and although
it ranks fourth in hydrocarbon potential, the
risked highside of 44.0 BBOE is the second
highest estimate. The NPRA (Area 13) ranks
third on both bases with a risked mean
assessment of 4.7 BBOE and a highside
estimate of 24.0 BBOE.

Although some areas have been assessed
as having a relatively low potential, this
should not preclude them from being
considered as prospective basins since the
assessment was based on limited data.
Additional information obtained in further
exploration will undoubtedly cause signifi-
cant revisions in estimates of potential
undiscovered recoverable resources.
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Physical

Region I—Onshore, North of the
Brooks Range

Region 1 encompasses the drainage
basin of all rivers flowing north from the
divide of the Brooks Range into the Chukchi
and Beaufort Seas of the Arctic Ocean. The
total area of the region isapproximately51.8
million acres (81,000 square miles), about
the size of the State of Idaho.

The North Slope consists of three
physiographic provinces: the Brooks Range,
the foothills, and the coastal plains. The
Brooks Range includes rugged peaks of
8,000 to 9,000 feet. The area is snow- and
ice-covered most of the year. Mountain
slopes are sparsely vegetated and devoid of
trees. Valley floors are covered with alpine
tundra-heath. The foothills are rolling
plateaus 80 to 100 miles wide rising upward
into the mountains to the south. They are
covered by tussock-heath and are domi-
nated by cottongrass. There are extensive
stands of willow and birch along the stream
banks. The coastal plains province is
treeless and vegetated by grasses, low
sedges, and shrubs.

The tundra is a transition zone between
the barren polar pack ice and the wooded
tracts of boreal forest to the south. Like the
Great Plains, which it resembles physio-
graphically, it is a region of subtly varied
landscapes, a rolling, nearly level terrain
interrupted by the meandering courses of
Arctic rivers and dotted with numerous
lakes and ponds.

oESERIETICN @F viAl=
ENWVIEGONRNMIENT

The unique climate of the Arctic tundra
is distinguished by the regular occurrence of
long, very cold winters, short, cool summers,
and a low annual fall of rain and snow.

The climate close to the sea is more
moderate than farther inland and the
marine influence is seen in the times and
amounts of precipitation as well as in more
moderate coastal temperature extremes.

Summer is usually damp, raw, and
chilly, despite the prolonged period of
daylight. It is the season when the weather is
most nearly uniform. Average temperatures
are above freezing, but there is no complete
freedom from frost.

Winter is most intense in February, the
month during which thelowest temperatures
are usually recorded. Overall snowfall is
light, although windblown drifts canbe large
and are composed of snow with a surprisingly
high density and strength. Wide expanses of
frozen ground are left completely bare. The
lakes are ice covered most of the year. Lake
ice thicknesses in excess of 6 feet are
common. Many of the lakes are quite shallow
and freeze to the bottom. A characteristic
shared by all areas of the region is the
presence of permafrost, which may reach
depths as great as 2,000 feet. The climate of
the region can be described as cold and dry.

Since water is frozen nine months of the
year. hydrological events are limited to the
short summer seasons. Peak flows of large
rivers and tundra streams occur with
breakup of the ice in early summer, when
streams carry heavy sediment loads. Melting
snow is the source of early flow, and rainfall
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maintains stream and river flow in the
summer. Water quality is good on the Arctic
Slope, with the exception of high sediment
concentrations in rivers during periods of
high runoff and concentrations of salts due
to freezing in deep pools.

Gravel and coarse sand are valuable
resources for construction on the Arctic
Slope. North and west of the Colville River,
gravel resources are limited. East of the
Colville River, gravel is found along streams
originating in the Brooks Range. Gravel is
also found in beaches, spits, and barrier
islands.

The region contains a number of long-
established communities, the largest of
which is Barrow. It includes the NPRA, the
Arctic National Wildlife Refuge (ANWR), and
the oil field at Prudhoe Bay.

Region II—The Bering Sea

Reduced visibility related to fog and
blowing snow and the presence during the
winter months of a highly mobile annual ice
cover is characteristic of this region. The
nature of the ice cover varies greatly from
north to south. Just north of the Aleutian
chain. ice islight and is restricted to shallow
water. In these regions the greatest environ-
mental hazards are the large waves that
develop as intense storms cross the area.
Waves become less of a problem in the
winter. as their development is hindered by
the presence of ice. The thickest ice reported
in the region is the highly deformed and
rafted ice that occurs north of St. Lawrence
Island. Thicknesses as great as 30 feet have
been reported. Large ice pileups can occur on
shoals such as those in the vicinity of the
Yukon Delta. Heavy ice is not reported in the
southern and central regions of the Bering
Sea nor in the eastern part of Norton Sound.
A characteristic of the Bering Sea ice pack is
its mobility: daily drifts of 6 to 10 miles are
common.

A number of islands in the Bering Sea
have been inhabited for long periods of time.
These include St. Lawrence, Nunivak, the
Pribilofs, and the Aleutian Chain.

Region III—The Beaufort and
Chukchi Seas

This region comprises the Alaskan
sector of the Chukchi and Beaufort Seas,
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which are marginal seas of the Arctic Ocean.
The environment of this area is poorly
documented as there are no permanent
observation sites north of the coast. The only
islands are near the coast and are not
inhabited except for Kaktovik, off the ANWR.
In the Chukchi and Beaufort Seas heavy sea
ice can be present at any time of the year. At
sites along the coast, the ice retreats some
distance offshore during July, August, and
September. Heavy pack ice is never far away
and can be pressed against the coast by a
shift of wind. Multi-year ice is found in the
coastal zone. The ice is highly deformed and
ridges with thicknesses of over 150 feet have
been reported. Ice drift velocities (one to two
miles per day) are less than in the Bering
Sea. Ice islands with lateral dimensions of
several miles are known to occur. Wave
heights are limited by the presence of pack
ice and are low in the summer. The sea floor
is furrowed by numerous gouges produced
by grounded pressure ridges and ice island
fragments.

There is currently no oil or gas
production from this offshore region; the
giant Prudhoe Bay field is located on the
coast. Some offshore oil and gas discoveries
have been made in the Mackenzie Bay area of
Canada. Exploratory drilling is under way at
numerous shallow-water sites within the
barrier islands of Alaska, and several
discoveries have been reported.

Specific Environmental Factors

The quality and quantity of scientific
physical data necessary or desirable for
Arctic engineering design vary widely. While
enough information is known to allow safe
installation and operation of conservatively
designed exploration, production, and trans-
portation facilities, more information is
needed to develop optimum designs.

Variation of Light and Darkness

Both Regions I and III have periods of
continuous daylight during the summer
and continuous darkness during the winter.
This is not a serious operational constraint.

Visibility
The main factors producing reduced
visibility are blowing snow and fog. If three-

mile visibility is required for unrestricted
aircraft operations, Barter Island in the



Beaufort Sea, Tin City on the Seward
Peninsula at the Bering Strait, and St. Paul
Island in the southern Bering Sea would be
closed 22 percent, 30 percent, and 20
percent of the time, respectively. Umiat,
which is in the interior of Region I, has fewer
periods of reduced visibility than coastal
sites such as Barrow or Cape Lisburne.

Air Temperature

Summer temperatures are variable
onshore, ranging from below freezing to over
85°F inland. The offshore temperatures
reflect the presence of cold water and pack
ice and are slightly above freezing from the
southern Bering Sea to the eastern Beaufort
Sea. Winter temperatures show a consistent
decrease to the north, where lows along the
Beaufort coast reach -60°F. The low temper-
atures are not appreciably colder than many
sites in the populated central area of Alaska.

Wind Speed

The windiest known locations areat the
Bering Strait and on the islands in the
Bering Sea. These conditions are represent-
ative of the offshore environment. Estimates
of the 100-year maximum sustained wind
are higher for the Bering Sea (110 knots)
than for the Chukchi (97 knots) and
Beaufort Seas (81 knots). The Bering Sea is
closer to the center of the intense storms
that characteristically move west to east
across the Gulf of Alaska.

Wind Chill

The combined chilling effect of the wind
and low ambient temperatures is called the
wind chill factor. Low equivalent wind chills
are common in all three regions during the
winter months. For example, during Janu-
ary wind chills are below -40°F roughly 40
percent of the time. To avoid frostbite,
workers must be protected. Summer wind
chill factors at Umiat, the one inland station
on the North Slope, are appreciably warmer
than for equivalent temperatures at sites in
Regions 1l and III because there is less wind
there.

Precipitation

Total annual precipitation is light,
ranging from 10 inches or less along the
Beaufort and Chukchi coasts to as much as
30 inches in the southern Bering Sea. The
mean annual snowfall shows a similar

pattern, ranging from 20 inches in the north
to 60 inches in the south. Snow in the Arctic
causes greater problems than would be
expected from its measured depths because
high winds cause severe drifting around
manmade structures, greatly reduce visibil-
ity, and redistribute the snow over wide
areas.

Permafrost

Permafrost is any earth material that
remains frozen from at least one winter to
the next. Water within the soil and
underlying rocks is frozen by the low surface
temperatures. Continuous freezing over
many winters causes the permafrost bound-
ary to migrate downward into the earth,
reaching depths greater than 2,000 feet. The
active zone at the surface is two to three feet
deep and freezes and thaws during the year.

Placing structures on this active zone or
drilling through the permafrost adds heat
and the ice melts, potentially causing
structural collapse or severe damage. Soil
and gravel in permafrost are difficult to
excavate as permafrost is very cohesive.

Industry has much experience with
construction in permafrost terrain in the
Prudhoe Bay field and the Trans-Alaska
Pipeline. In Region I, industry currently has
the experience and the technology to design
and construct oil and gas facilities where
permafrost exists.

Region I, the North Slope, is almost
completely underlain by permafrost. Subsea
permafrost is absent in Region Il under the
Bering Sea except at locations where
shoreline retreat has been very rapid. In
Region III the situation is different from
Regions I and II in that subsea permafrost
can be present near shore. Here, permafrost
can exist at temperatures that are appreci-
ably warmer than those found in typical
onshore permafrost and is more susceptible
to thaw and its associated engineering
problems. The presence and properties of
subsea permafrost can be determined by
site-specific investigations undertaken prior
to construction. Shallow submarine perma-
frost could have a significant effect on the
cost of some offshore systems in Region IIL

Soil Geotechnical Properties

Regional surveys of the distribution of
different sediment types have been completed
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changes in ridging. Data on ridging in the
Bering Sea are limited.

Recent ridging information comes from
laser profiles of ridge sails. The keel depth
cannot be accurately estimated from surface
data. Means of estimating how frequently
rare, large pressure ridges form have not
been refined. Data on the bulk properties of
first-year compressional and shear ridges
and of multi-year ridges are not available,
and little is known about the forces involved
in the ridging process.

Ice Drift Velocity

There are wide variations in observed
ice drift rates for the Bering, Chukchi, and
Beaufort Seas. In the Bering Sea, speeds are
high, averaging up to 0.5 knots. In the
vicinity of the Bering Strait, daily driftsof 19
nautical miles (0.79 knots) have been
recorded. Data for the Chukchi Sea are poor
but drift speeds are believed to be lower.
Within Kotzebue Sound the ice is shorefast
most of the winter. In the Beaufort Sea drift
rates reach 4 nautical miles per day (0.17
knots) with the larger values being observed
during the summer at locations near the ice
edge, where the floes essentially drift freely.
In protected areas within the barrier
islands, considerable ice movement data
have been collected by oil companies,
showing that ice movements over a whole
winter are less than a few hundred feet. Few
data are currently available for the region
outside the barrier islands and inside the
edge of the continental shelf, although data
collection has started recently using buoys.
This ice shows movements of only a few
miles over a winter.

Accurate measurements of ice move-
ments are needed for calculating ice force,
and for validating improved ice drift and
dynamics models. Such models are an
essential part of advanced ice forecasting
schemes.

Ice-Induced Gouging of the Sea Floor

When the polar pack drifts into the
shallower waters of the Alaskan continental
shelf, the deeper pressure ridge keels can
come into contact with the bottom. The
result is a series of gouges in the sea floor. In
terms of frequency, up to 400 gouges can be
found per nautical mile; occasionally, these
are deep. Gouges in excess of 10 feet are
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found off the Alaskan Beaufort coast.
Reasonably good documentation of both
gouge depths and spatial frequencies are
available for the Beaufort coast out to water
depths of 115 feet. Some data exist for the
Chukchi and Bering Seas but they are not
extensive.

Information is not available to accurately
estimate the frequency and depth of rare
deep gouges or the forces involved in
gouging different types of sediments.

Ice Islands

Ice islands are the icebergs of the Arctic
Ocean. They are tabular, originate as the
result of the gradual breakup of a fossil ice
shelf located along the north coast of
Ellesmere Island, and can be large. The best
known ice island, T-3, which for a number of
years was the base for a U.S. drifting
scientific observation station. had initial
dimensions of 5 by 11 miles and a thickness
of roughly 150 feet. Such large ice islands
are rare. No information exists on how many
of these exist or their locations as a function
of time. There are many smaller ice island
fragments for which there is no adequate
census, and their current locations are
unknown.

Ice Properties

The small-scale properties of sea ice are
fairly well known, but published information

on the properties of multi-year ice from

either undeformed floes or from pressure
ridges is lacking. Recent discoveries of
strong crystallographic alignments in first-
year ice, new data on oriented ice, and
studies of the effect of grain size on strength
have given a better understanding of ice
mechanics. Ice engineering properties are
not simply a function of brine content. An
improved understanding is needed of changes
in bulk strength with changes in sample
size in order to estimate the mechanical
properties of aggregate assemblies of various
ice types acting against an offshore structure.

Although uncertainties exist in the
behavior of small “laboratory scale” samples
and less is known about the properties of ice
masses of the size that would interact with
structures, there is enough information on
sea ice to give usable estimates of most
engineering properties.












herd. Mountain passes in the Brooks Range
and De Long Mountains are used for north-
south migration routes. Post-calving move-
ments are circular and take the caribou
southwest across this corridor to the high
country and, by July, east across the corridor
through the De Long Mountains and
adjacent foothills.

The representative pipeline corridors
Cross numerous river systems that are
important to commercial and subsistence
fisheries. All five species of salmon, grayling,
Arctic char, whitefish. and sheefish spawn
in these streams and tributaries during the
summer months. The Nome to Cook Inlet
corridor would cross the upper reaches of
some of the most productive fish regions in
Alaska.

The main channels of the Yukon and
lower Koyukuk Rivers are principal migra-
tion routes. Spawning areas for all species,
including king, coho, chum, and pink
salmon, grayling, Arctic char, whitefish,
sheefish, northern pike, and burbot, exist in
streams flowing into Norton Sound. Tribu-
tary streams of the Yukon River contain
spawning runs of king and chum salmon.
Along the Yukon River in the sloughs and
side channels, lakes, and small tributary
streams grayling, northern pike, and burbot
occur.

A new line in the TAPS corridor would
parallel the existing system, which transports
crude oil from Prudhoe Bay to Valdez. It is
assumed that the existing haul road would
be used and any additional pipeline would be
constructed approximately 200 feet from the
existing line. The same wide variety of big
game animals would be encountered as
along the other possible inland Alaska
pipeline corridors.

Region II—-The Bering Sea

The eastern Bering Sea is characterized
by: a broad, relatively shallow continental
shelf: narrow constrictions such as Unimak
Pass through the Aleutians to the south and
Bering Strait to the north; freshwater runoff
from major rivers; deltas; islands; and winter
ice. These physical aspects establish un-
usual oceanographic conditions that support
a very biologically productive area.

The Bering Sea supports important
fisheries and an impressive population of
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marine mammals, including whales. seals,
sea lions, walrus, and sea otters. There are
vast numbers of seabirds, and the region is
the summer home for millions of migrant
waterfowl, shorebirds, and marine birds.

These resources have both shore-based
and oceanic aspects. Mammals, birds, and
some fish are tied to the shore (or to the ice)
for spawning or resting and raising their
young. This dependence is focused on
islands that offer resting and nursery sites
that are relatively free from land-based
predators. Recent research has established
the existence of several oceanographic
fronts in the southeastern Bering Sea. Major
food chains, from large stocks of ocean
swimming animals to ocean floor animals,
are separated in space and organized
relative to these fronts. The outermost front
is along the continental slope near the shelf
break at the 600-foot depth. Shoreward of
this, near 300 feet, lies a middle shelf front.
Large stocks of birds, mammals, and ocean
fish are found in the outer shelf zone
between these fronts. An inner front is
located near the 150-foot depth. Large stocks
of ocean floor animals, fish, and crabs occur
in this middle shelf zone.

The ice pack of the Bering Sea isa major
component of the habitat of marine mam-
mals. The ice provides a solid substrate upon
which mammals can travel, haul out, and, in
the case of seals and walrus, bear young.
The ice forms a rigid layer through which
mammals must find or make holes in order
to breathe. The ice edge and open leads are
areas of concentrated activity for marine
mammals and birds. The open-water ac-
cesses move as the ice changes. In particular,
the ice edge migrates through the Bering
and Chukchi Seas as ice forms in the falland
retreats in the spring. The ice front isa 10- to
40-mile-wide zone at the southern periphery
of the pack.

The influence of sea ice dominates the
Arctic environment, requiring that its role in
any physical or biologic process in the area
be considered.

The life histories of the organisms
indigenous to the Arctic, from plankton to
whales, are determined to some degree by
the character and distribution of sea ice in
both space and time. This ice is not stable,
smooth, and uniform like a freshwater lake,



but is an incomplete cover, widely variable in
form and structure and typically unstable
and dynamic under the influence of surface
air and water currents. The percentage of the
surface of water covered by ice, ice thickness,
degree of pressure ridging, and depth of
snow on the ice are important habitat
characteristics.

Discussion of biological resources can
be divided at the Bering Strait between
Regions II and III. but many species of
mammals and fish migrate extensively
through the Strait. High concentrations of
animals exist around a few key areas, such
as the offshore islands.

Variable winter/spring conditions along
the ice front are reflected by the uneven
distribution of marine mammals. Few
mammals are found east of 160°W longitude.
From 160°W to 162°W, walrus are the most
abundant mammal, and from 162°W to
165° W, spotted seals are the most abundant
mammal. Spotted seals and ringed seals are
the most abundant west of 169°W. They
utilize the front intensively throughout the
winter/spring period, when they give birth,
care for their young, haul out, and molt.

Walrus inhabit moving ice where there
is open water and where the ice is thick
enough tosupport their weight. Their winter
distribution is in areas of loose-pack heavy
ice 30 to 300 miles north of the southern
edge of the front, particularly to the
southwest of St. Lawrence Island and the
inner part of the front west of 160°W
longitude.

Bearded seals are widely dispersed in
moving ice in winter and spring, when
young are born. They live along the front, but
the highest population is farther north in
heavier ice. Sea lions may haul out on floes
along the front, but their population centers
are in ice-free areas further south. Some
bowhead and belukha whales winter along
the front.

Region [II—The Beaufort and
Chukchi Seas

Polar bears are abundant on drifting
pack ice year-round, ranging as far south as
the Bering Strait in winter. Winter densities
are highest along the northwest coast of
Alaska. Polar bears are concentrated on
drifting ice during winter because juvenile

ringed and bearded seals, the bears’ main
food, are numerous.

In the fall the formation of shorefast ice
along the northern coast of Alaska is an
important bridge for polar bears coming to
shore from drifting ice. While polar bears
prefer dens on land, many dens have been
reported on offshore ice. The most important
polar bear denning area is along the north-
ern coast, east of Point Barrow, on ice or ad-
jacent land.

Polar bears travel northward from the
southern Chukchi Sea in March, prior toice
breakup. Along the northern coast of Alaska
in the spring a pronounced movement of
bears takes place to the east from areas
where ice is breaking up to an area where it
is still solid.

Remnants of the pack ice harbor some
of the largest annual concentrations of seals.
After molting, ribbon seals stay at sea for the
summer, spotted seals disperse along coast-
lines, and bearded seals migrate to summer
near the edge of the permanent ice pack.

Walrus move north to feeding grounds
in May when the Bering Sea ice pack is
rapidly degrading, and by mid- to late
June the animals pass through the Bering
Strait to the degrading ice pack in the
Chukchi Sea.

Belukhas and other whale-type mammals
follow the receding ice as they disperse
northward and inshore. Few individuals
inhabit the loose ice of the front. The zone
along the northwest coast of Alaska between
the permanent polar ice pack and seasonal
drifting ice provides a pathway for north-
migrating bowhead whales in spring. The
bowhead whale is of special interest because
of its importance to the native population. It
is an ice-associated whale that has inhabited
Arctic waters on both the eastern and
western sides of the North American
continent. This species was once widely
distributed, but the last concentration of
bowheads was reported as being restricted
to the Bering, Chukchi, and Beaufort Seas,
where there were about 2,250 whales in
1979. The bowheads spend most of their
lives in or near the edge of the ice pack,
migrating north as the ice recedes in the
spring, and south as it extends in the winter.
They winter in pack ice from St. Lawrence
Island south to St. Matthew Island. or, in
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heavy ice years, to the Pribilof Islands. In the
spring, they follow open leads through the
Chukchi Sea and around to the Mackenzie
Delta area, where they summer. Bowheads
may penetrate over 1,500 miles into the pack
ice via lead systems, and can break holes in
ice up to 10 inches thick.

Rare, Endangered, and Protected
Species

The Endangered Species Act of 1973
provides for the conservation of species that
are either presently endangered or threatened
with extinction. The current list of endan-
gered and threatened species includes eight
species of whale (bowhead, gray, fin, hump-
back, blue, sei, right, and sperm), and four
species of birds (peregrine falcon [American
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and Arctic subspecies], Aleutian Canada
goose, Eskimo curlew, and short-tailed
albatross) that inhabit Alaska.

In addition to these species, the bald
and golden eagle are similarly protected by
specific federal law. Disturbing, harassing,
or Kkilling of any of these species is
punishable by heavy fines, imprisonment,
or both.

The Marine Mammal Protection Act of
1972 prohibits the harvest of marine
mammals by U.S. vessels or foreign vessels
using U.S. ports, with the following excep-
tions: for subsistence by certain Alaskan
natives: for display and scientific collections:
and for harvest of the fur seal. which is
regulated by international treaty.
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History

Exploration in Arctic Alaska began with
the U.S. Geological Survey’s surface work in
1901. Oil seeps were recorded in 1904 on
what is now the National Petroleum Reserve-
Alaska (NPRA). This 23.6-million-acre area
was designated the Naval Petroleum Reserve
Number 4 (NPR-4) by Executive Order in
1923. The Navy sponsored geological map-
ping from 1923 through 1926 and an
extensive geological mapping and drilling
program from 1944 through 1953. Nine
noncommercial oil and gas fields were
discovered. The NPR-4 was redesignated the
NPRA in 1976, and jurisdiction was trans-
ferred from the Secretary of the Navy to the
Secretary of the Interior. The Navy's explora-
tion program on NPRA stimulated industry
interest in the North Slope area between the
NPRA and the Arctic National Wildlife Refuge
(ANWR).

Four cycles of exploration have occurred
on the Arctic North Slope since 1962 (Figure
5). Each surge in exploration can be clearly
related to acreage availability or the antici-
pation of acreage availability for private
industry exploration.

Cycle I began with basic geological field
mapping. As land became available for
leasing, blocks of acreage were acquired by
various companies. Evaluation of leases by
gravity and seismic surveys and exploratory
drilling peaked in 1964. Lack of success in
exploring the structures in the foothills
region led to a decline in activity. Land was
still available for lease in 1966, but industry
interest was moved from the foothills region
northward to state lands by rumors of a
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federal land freeze. This land freeze occurred
in late 1966, and the oil industry was limited
to evaluation of state leases acquired in 1964
and 1965.

Cycle II began with the Prudhoe Bay
discovery on state land in 1968. Exploration
activities surged with efforts to evaluate the
significance of Prudhoe Bay, then declined
through 1972 as leases were evaluated. Much
geologic field work took place in anticipation
of possible lease agreements with the natives
and the possibility of future state and federal
lease sales, but it declined in1973 as geologic
field mapping neared completion in the
Brooks Range and foothills, and no new
acreage became available.

Cycle 111 started in the early 1970s with
renewed government exploration of the
NPRA. Companies that were successful in
negotiating land and exploration agree-
ments with the Arctic Slope Regional
Corporation conducted additional geologic
field studies and seismic evaluation of the
foothills area. Speculative and proprietary
seismic surveys were conducted in the
Beaufort Sea in anticipation of a state lease
sale in 1976. Perimeter drilling around the
proposed sale area also increased. But all
activity decreased as a result of postpone-
ment of the sale.

Cycle IV started when the Beaufort-
Outer Continental Shelf (OCS) joint fed-
eral/state sale was rescheduled. Seismic and
drilling activity increased in 1977, 1978, and
until immediately before the 1979 sale.

A reasonable projection for the future is
that an increase in activity will take place
prior to the 1982 offshore sale. After the sale,
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These would most likely be programs and
studies of fundamental problems.

Industry programs, in turn, should focus
on equipment and operating systems
research and development. on model
testing, and on site-specific studies.
Collection of data and information on
particular engineering designs and opera-
tional programs should be primarily an
industry function.

¢ Government remote-sensing and satellite

systems have been utilized to gather
physical data in the U.S. Arctic. Govern-
mental and industrial needs have been
partially met by these systems. Ways
should be explored to increase the
capability to meet future needs.

Some overlap between industry and
federal programs is inevitable, but open
communication and a spirit of cooperation
will be necessary to expedite progress.
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by TAPS. Any new lines would follow this
same technological pattern.

For a crude oil pipeline, direct burial of
uninsulated pipe would be practiced to the
maximum extent possible, limited by the
presence of thaw unstable soils. In those
areas where heat from the buried line could
cause thawing and line subsidence, above-
ground construction techniques would be
used, with either refrigerated or conventional
piles for line support as local conditions
require.

Pump stations would use gas turbine
drivers and centrifugal pumps that have
demonstrated high dependability and there-
fore do not require the use of new or
unproven technology. The gas turbines
would be natural gas fired in all areas where
gas can economically be transported, and
liquid fuel fired from topping plants that
fractionate crude oil at other locations.
“Repeatable” designs for pump stations
would be sought out to minimize engineering
and construction and to ease operator
training. Each pump station would have its
own permanent living quarters and life
support systems for the operational staff.
Refrigerated or pile-supported foundations
would be used in thaw unstable soil areas.

The pipeline would be operated from a
centralized control center located at the
shipping terminal, with microwave com-
munication to all pump stations and to
remote valve locations.

A haul road and a pipeline work pad
would be constructed initially to permit
delivery and installation of the pipe. Both
would become an integral part of the
operating pipeline for purposes of mainte-
nance, repair, and operational needs. Con-
struction camps would be used only during
the construction phase and then shut down
for relocation. Airfields would be constructed
to provide for air delivery of personnel and
materials during the construction phase
and would be maintained and utilized in the
operational phase as well.

The end-of-the-line oil shipping terminal,
if located at a relatively ice-free port, would be
similar to the current Valdez terminal, with
vapor recovery facilities, ballast water treat-
ment, power plant, control system, and the
core facilities including tank farm, metering,
berths, and loading lines.

A gas line would be installed totally
underground using the chilled gas process,
construction techniques, and design features
developed through the current ANGTS
research and engineering efforts. Compres-
sor stations at approximately 100-mile
intervals would move the gas through a gas
pipeline to a port location for movement as
LNG to the West Coast.

Marine Pipelines

No major marine pipeline systems exist
in the Arctic. It is considered technically
feasible to construct long (up to 200-mile),
large-diameter marine pipeline systems in
Arctic waters off Alaska. The task of
installing and protecting these pipelines,
particularly for the northernmost Beaufort
and Chukchi Basins, would involve direct
extensions of current technology. One major
need would be to protect these pipelines
from ice scour, probably by lowering the line
into the sea floor in trenches.

The major portion of the marine
pipelines would be uninsulated. Shore
approaches where shallow permafrost could
be present would be protected with appro-
priate insulation. The on-bottom stability of
the pipelines before burial would determine
either the pipe thickness requirement or,
alternatively, the thickness of the concrete
weight coating required. A number of
combinations of pipe diameter, pipe wall
thickness, and concrete coating thickness
would be satisfactory.

Trenching by subsea plow and pipeline
installation by the bottom-tow method are
construction methods considered feasible
for the northern basins (Beaufort, Chukchi,
and Hope). Pipelaying in the southern
basins (St. George and Bristol) could be done
by conventional lay barge means. Although
conditions and pipelay methods vary be-
tween the northern and southern basins,
the total pipelay costs on a dollar-per-mile
basis are about the same.

The primary reason for trenching in the
Arctic is to lower the pipe below ice gouge
hazards. Pipe trenching depths would be
decided on the basis of acceptable risk since
very few deep ice gouges have been found,
deep trenching is very expensive, and the
(rinajority of gouges are less than three feet

eep.
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A significant amount of trenching
would be required for all basins except
Navarin, St. George, and Bristol. In the latter,
only shore approaches need to be lowered. In
all other basins a clearance of at least three
feet would be needed above the pipe for ice
gouge protection. Careful selection of pipe-
line routes could be done in order to avoid
trenching depths of more than six feet.

The state-of-the-art of pipeline repair is
sufficiently developed to make Arctic marine
operations technically feasible. Problems
with ice-covered water that hampers diver
operations and with excavation of damaged
pipeline will make repair operations expen-
sive. Practical considerations dictate that
operations for permanent repair take place
during the ice-free season.

Marine pipeline operations in the Arctic
should be similar to operations further
south but will be more difficult and
demanding because weather and logistics
are more severe. If the oil being transported
is waxy, startup problems could exist if the
line is shut in and the oil is allowed to
approach water temperature. Another con-
cern would be pipeline integrity, which must
be rigorously monitored because of the
potential for ice damage. There is a potential
for maintenance problems with refrigeration
systems for permafrost protection at shore
approaches.

Marine Terminals (Nearshore)

It is feasible to design and construct
nearshore crude oil terminals for the basins
located south of the Bering Strait. For
Norton Sound this conclusion is qualified by
the assumption that grounded ice rubble
piles will not interfere with the operation of
the terminal. Further work is required to
establish a method for predicting a mini-
mum water depth to prevent the formation
of rubble piles.

The influence of multi-year ice on the
design and operation of an offshore loading
berth makes feasibility studies and cost
estimates for terminals located north of the
Bering Strait tentative.

In general, the technology to construct
Arctic and sub-Arctic marine terminals is
proven technology. Industry experience with
construction and operation of the TAPS
terminal at Valdez demonstrates an ability
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to design and construct facilities that can
safely cope with extreme cold, prolonged
periods of darkness, and remote and
inaccessible locations.

The following are desirable characteris-
tics for a nearshore marine terminal site:
proximity to offshore production facilities,
proximity to an existing harbor and airport,
sufficient elevation to avoid flooding, up to
500 acres of relatively level land near the
shore, rapid dropoff of the seabed near the
site to a water depth safe for mooring
tankers, and soil conditions at the offshore
berth sites adequate to support a structure.

The optimal selection of a terminal
location requires extensive surveys of many
potential sites before a judgment can be
made.

A marine terminal consists of three
major subsystems: onshore facilities, con-
necting pipelines, and loading berths.

Onshore facilities consist of everything
necessary to receive, store, and pump oil into
the pipelines leading to the loading berths.
This includes tankage, a vapor recovery
system, warehouses and shop buildings,
meters and meter-proving equipment, a
water supply, sewage treatment, heating
systems, storage for oil spill contingency
equipment, firefighting systems, fuel storage,
fire water storage, a topping plant, and a
communications and control center.

Each loading berth is connected to the
onshore facilities by pipeline. Onshore and
nearshore portions of the pipeline route may
contain thaw unstable permafrost, which
needs protection from the effects of a hot oil
line. Beyond 10-foot water depths, permafrost
degradation should not be of concern
because the distance to the top of the
permafrost should be great enough that any
heat effects would be negligible. Permafrost
protection would be provided by a gravel
causeway constructed for each mooring
berth extending out to 10 feet of water. The
onshore and nearshore portions of the
pipelines would be insulated and buried in
the gravel roadway and dock. The offshore
portions of the pipelines would be buried to
protect the lines from the effects of ice scour.
Thermal insulation is not included for
offshore line estimates because the large
diameters and high flow rates of the loading
lines result in small temperature drops.









winches similar to systems used in the
North Sea.

Several other loading tower concepts
have been proposed that may be applicable
in very deep ice-covered water beyond the
feasible depth for gravity-base designs.
These concepts include variations on articu-
lated tower designs, which would be
extensions of demonstrated technology used
in non-ice regions throughout the world. A
novel concept would employ a sea-bottom oil
transfer manifold with a marine riser
suspended from the hull of a storage or
shuttle tanker.

Tankers and Icebreakers

There is every reasonable expectation
that ice-capable vessels can be built,
powered, and operated to maintain reliable
year-round ratable offtake from ports south
of the Bering Strait. Multi-year ice is
extremely rare in the Bering Sea, and the ice
conditions are sufficiently well known and
defined that equipment may be designed for
such trades.

Year-round tanker operation to ports
north of the Bering Strait can probably be
established, but reliability is uncertain. The
tanker system must be reliable, however,
and must provide the rated offtake. Some
delay can be accommodated by a slowing of
production or additional tankage; gross
interruptions would severely affect the
economics of a tanker system and
consequently jeopardize production of a
marginal reserve. Operations north of the
Bering Strait carry a high risk of
interruption considering the present state-
of-the-art of operating commercial vessels in
the Arctic.

The use of the U.S. Coast Guard's Polar
Star and Polar Sea in ice trafficability
studies has provided useful information on
ridging, rafting, multi-year ice extent, and
maneuverability. The feasibility of reliable
tanker operations in the Beaufort and
Chukchi Seas needs to be established
through operating experience.

The principal characteristics of ships
that could be built for Arctic service have
been defined. For oil transport from the
Navarin, Norton Sound, Hope, and Chukchi
Basins, a 250,000-ton dead weight
icebreaking vessel can be expected to supply
the trade. This vessel would be 1,450 feet

long, would have a draft of 60 feet, a hull
depth of 104 feet, and abeam of 170 feet, and
would transport approximately 2 million
barrels of crude oil. For gas transport from
the same basins, an icebreaking LNG tanker
of 140,000 cubic meters (880,000 barrels of
LNG, or 3 billion standard cubic feet) has
been selected. This vessel is 1,250 feet in
length, and has a draft of 42 feet and a beam
of 140 feet. The Arctic LNG tanker can be
shaped to give substantially higher speeds
than an icebreaking oil tanker in both open
water and ice.

Icebreaking tankers may require
icebreaker assistance from time to time.
Much has been said in the literature of ice-
capable tankers with the implication that
such vessels may be built powerfully enocugh
that, with their size and strength, they will
be totally self-sufficient in the ice. But even
the most ice-capable tanker could eventually
be slowed and finally stopped by multiple
ridges, contact with multi-year ice, or
pressure in the ice. At such times, even these
powerful vessels will probably need some
icebreaker assistance to help them in
backing clear so that they may regain
momentum or maneuver. Experience may
prove that such icebreaker assistance is not
needed south of the Bering Strait, but until
such demonstration is made, icebreaker
assistance should be considered.

Ice conditions dictate the technical and
economic feasibility of a marine
transportation system. It is of primary
importance to develop representative ice
conditions as a function of calendar time.
Important ice conditions include brokenice,
sheet ice or uniformly thick ice, pressure
ridges, and pressure in the ice field. Today's
technology can generate data on ice edge, ice
flow size, sheet ice thickness, number of
pressure ridges, and ice movement. It must
be emphasized that ice conditions in the
Bering, Chukchi, and Beaufort Seas can
vary extensively. Improved knowledge of ice
dynamics would be valuable in the design
and operation of marine systems to
minimize transiting delays.

In addition to developing long-range
knowledge of ice conditions, short-term ice
reconnaissance and forecasting are needed
for efficient operations. Ice reconnaissance
is largely dependent on aerial survey
methods, but because of the great expense
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the NPC risked mean resource assessment
of undiscovered oil in the area.

The timing assumptions used are
shown in Figure 19 and assume no
significant delays in accordance with the
scenario descriptions in prior chapters. It
should be noted that in no case is oil
production achieved in less than 9 years;
this extends to as much as 14 years in the
more hostile areas. Details of other assump-
tions used in the cases are given in Part I of
Appendix F.

A complete economic evaluation was
run on each of these cases using a
commercially available computer program
that developed such economic indicators as
discounted cash flow, DCF return, payout,
and profit-to-investment ratio. Numerous
sensitivity calculations were made to indi-
cate the effect of prices, costs, timing of
development, and other factors on these
results.

An important conservative assumption
was made for analyzing land transportation
costs. It was assumed that it would be
necessary to build a new line in the present
TAPS corridor and to enlarge or duplicate
the terminal facilities at Valdez to handle the
increased oil volume. This study fully
recognizes the capability of the present
TAPS line to handle increased volumes of oil,
and that the economic attractiveness of
many of the areas in the vicinity of the TAPS
line would be significantly increased by
transporting the newly found oil through
the present TAPS line since the requirement
for building an entire new line would be
eliminated. However, assuming that total
new production would substantially exceed
any spare capacity in TAPS, it was consid-
ered beyond the scope of this study to
allocate TAPS capacity.

Early in the analysis it became apparent
that the potential transportation investment
required to deliver crude oil to an ice-free
port on the south coast of Alaska or in the
Aleutians would be a considerably larger
portion of the total investment than is
normal when evaluating the costs of
developing an oil reserve. While the highside
reserve estimates in most areas are sufficient
to justify independent transportation sys-
tems, if each area had to provide an
independent transportation system its eco-
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nomics would be less attractive. Conse-
quently, it was found to be desirable to
consider the use of one transportation
system to move oil from a combination of
potentially productive areas. In this way, the
transportation costs can be shared by each
of the areas and the economicattractiveness
increased.

Four separate cases are presented to
illustrate a range of attractiveness for
economic development. Both stand-alone
cases for individual areas and combined
cases for groups of areas that share a
common transportation system are included.
These were chosen from those areas for
which technology is considered to be
available for development and to determine
general economic attractiveness. A far more
detailed economic study for each area would
have to be conducted before definitive
conclusions could be reached.

Stand-Alone Cases

Two of the cases are representative of
areas that could stand alone and might
support a transportation system. They
evaluate the Beaufort Shelf and the NPRA.
The assumption is made that no capacity is
available in the TAPS line and that the
individual areas would have to support their
own pipeline to an expanded Valdez terminal.

The NPRA case was evaluated over a
range of reserves from 1.0 billion barrels to
4.0 billion barrels. This was done to bracket
the assumed resource base from the NPC oil
resource assessment of 2.1 billion barrels for
that area. All facilities for production and
transportation were sized to support the
selected rates.

The Beaufort Shelf case was defined for
the same production range as the NPRA case
to facilitate comparison even though the
NPC oil resource assessment estimated 8.2
billion barrels for that area. The major
difference in the assumptions for these two
cases was the imposition of the Alaska
severance tax for the onshore NPRA case.

Combined Cases

The combined cases consider a North-
ern Group supporting a pipeline similar to
that used in the stand-alone cases and a
Bering Sea Group supporting a marine
transportation system that delivers oil to an
ice-free port such as Dutch Harbor.
























evaluation are summarized in Table 9, and
the detailed methodology is described in
Part V of Appendix F.

The first two columns of Table 9 present
the risked mean values for undiscovered oil
by area and the adequacy chance, which
depicts the probability of finding a large field
in the specified areas as they are reported in
Chapter One. The third column shows the
minimum economic reserve required to
obtain a 10 percent return as read from
Figures 23 and 24. Relating this to resource
assessment probability curves allows deter-
mination of the chance of discovering the
minimum economic reserve shown in the
fourth column. It also allows the economic
resource base for each area to be calculated
as shown in the fifth column. Similar figures
developed in the same manner for a 15
percent return are shown in the last three
columns.

At a 10 percent return, the economic
resource base for most areas is only slightly
lower than the risked mean undiscovered
resource: however, imposing a 15 percent
return requirement results in a significant
reduction in the economic resource base.
For the total U.S. Arctic, the risked mean
undiscovered oil resource decreases from
24.1 billion barrels to 20.6 billion barrelsat a
10 percent return primarily because some of
the more remote northern areas are consid-
ered to be technically infeasible to develop at
this time. When a 15 percent return
criterion is imposed, however, the economic
effect is felt and the total economic resource
base decreases to 17.8 billion barrels.

Achievement of the economic resource
base will require a significant period of time
since several of the structures in an area may
need to be drilled to reach the minimum
reserve. The current lease term of five years
may not provide sufficient time for a
development to prove economic. Since the
lease owners may need to aggregate sufficient
reserves to justify a transportation system,
an extension of the lease term may be
desirable. Increasing the primary term to 10
years would be an improvement but may not
be sufficient. A more desirable system would
be an automatic "suspension of production.”
which would allow owners to retain leases
with discovered resources until a transpor-
tation system becomes economically feasible.
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Capital Requirements

The total capital required to develop and
produce the expected crude oil resource
base in the Arctic region covered by this
study is about $95 billion. of which $70
billion is spent in the northern area. with
the remaining $25 billion spent in the
Bering Sea. These costs do not include
sizable lease costs or the exploration
expenditures associated with unsuccessful
ventures, which will also be substantial.

These data were developed as shown in
Table 10. The unit costs of development and
transportation for each basin as shown in
Part | of Appendix F were multiplied by the
economic resource base at a 10 percent
return to calculate an expected investment.

There will probably be significant
increases in these costs as they actually
occur over time due to inflation and revised
estimates based on actual expenditures.

Gas Cases

An economic assessment of the explora-
tion, production, and transportation to the
lower 48 states of undiscovered non-
associated Arctic natural gas was developed
for representative cases. This assessment
was based on technology, cost, and timing
factors established in previous chapters.
The analytical approach used was similar to
that used to evaluate crude oil.

Of the total 109 TCF of risked mean
undiscovered gas resources estimated in
Chapter One, 68 TCF are expected to occur
as non-associated gas and 41 TCF should be
associated with oil production. Evaluations
have not been carried out for the more
complex economics of associated gas nor
were the economics of the incremental use of
TAPS or the proposed ANGTS pipeline. It was
assumed that associated gas would either be
reinjected to maintain reservoir pressure or
used as fuel on site.

In order to establish representative
cases for evaluation, two Bering Sea loca-
tions with substantial resources were
selected: the St. George Basin, which
exemplifies a fairly accessible area, and the
Navarin Basin Shelf, which represents a
more remote area. For the North Slope, it was
evident that transportation costs would
represent a major economic hurdle.
Accordingly, this analysis was confined to a




































percent of the annual catch. All five species of
salmon are harvested from the Yukon with
the major commercial fisheries located in
the lower 150 miles of the river. Limited
commercial fishing is widely dispersed
throughout the upper Yukon drainage
where it is quite important to local village
economies. Subsistence fishing along north-
ern Norton Sound is primarily for king, coho,
chum, and pink salmon. King and chum
salmon are important subsistence fish along
the Yukon River and some northern pike are
taken for food. The chum salmon harvest in
the Bristol Bay and Yukon River area is the
largest in Alaska. In the Norton Sound area,
particularly around Nome, salmon, Arctic
char, and grayling support limited recrea-
tional fishing. In general, there is little sport
fishing along the Yukon, except for some
pike and salmon fishing in several tributary
streams.

In the Kuskokwim drainage system,
commercial harvests of king, coho, and
chum salmon are small but very significant
to local communities. The Kvichak River
system, including Lake lliamna/Lake Clark,
is the largest producer of sockeye salmon in
Alaska. A major commercial salmon fishery,
including all five species, is the economic
mainstay for the area and the state.
Kuskokwim subsistence fishing is the
largest in the state, with chum and king
salmon being the two most important
species. In the Lake Iliamna/Lake Clark
drainage, residents also take significant
numbers of salmon and other varieties for
subsistence. Sport fishing in the Kuskokwim
is generally limited to king and coho salmon,
and sheefish near population centers. The
Lake Iliamna/Lake Clark area attracts
anglers from around the nation and the
world. Trophy rainbow trout and grayling
are present, along with the five species of
salmon, char, and lake trout.

Five species of Pacific salmon are
harvested in the coastal southern Bering
sea, with sockeyes and pinks being the most
important commercially from Unimak pass
to the Kuskokwim Delta. The world-famous
sockeye salmon runs of Bristol Bay provide
the major source of income to resident
villagers either by direct participation in the
fishery or seasonal employment in canneries.
Salmon fisheries are also important locally
in the northern Bering and southern
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Chukchi Seas, although they are of minor
significance in the state’s total salmon
harvest.

King crabs, tanner crabs, pink shrimp,
and herring presently constitute important
commercial fish resources in the eastern
Bering Sea and Aleutian Islands. Razor
clams and surf clams hold some potential to
support commercial fisheries. The king crab
fisheries in this region are among the most
important shellfish fisheries in the world. At
present the major U.S. fishing areas for blue
king crab are in the vicinity of the Pribilof
Islands, and for red king crabs are over an
extensive area of the shelf between the
Alaska Peninsula and the Pribilofs. Tanner
crabs have been the direct target of a fishery
since 1964, but prior to that date were taken
incidentally in the king crab fishery. The
Bering Sea U.S. herring catch is a relatively
small part of the total ex-vessel fishery value
but increases severalfold after processing.

The groundfish resources of the eastern
Bering Sea and Aleutian Island regions are
among the most productive in the world.
This eastern Bering Sea Fisheries Conserva-
tion Zone is long line fished intensively year-
round, at rates approaching overexploitation
of several species, by fleets from five nations.
In order of highest reported tonnage these
include Japan, the USSR, the Republic of
Korea, Poland, and Taiwan. About 1 million
metric tons per year, or 95 percent of the
reported catch, is by foreign fleets; only 5
percent is by the U.S. fleet. Foreign bottom
fishing occurs between the 300- and 600-
foot depths and focuses on pollock. Other
important species include Pacific Ocean
perch, Pacific cod, halibut, atka mackerel,
sablefish, and yellowfin sole.

The fishing industry is the economic
mainstay of the Dutch Harbor, Unalaska
community. Dutch Harbor was reported to
be the leading port in the United States in
the value of seafood landed in 1979 due to
the shrimp and king crab fishery. The
seasonal nature of the fishing industry hasa
tremendous impact on the community. The
permanent resident population of 1,000
increases to approximately 5,000 with the
influx of transient fishermen and processing
and cannery workers. These transients
include Alaskans, and many from other
states and several foreign countries.
















































fall freeze-up. Tiny streams during spring
melt periods can become great ice-choked
torrents.

Contingency Planning

Every oil production operator is indi-
vidually responsible for prevention of oil
spills, and if one should occur, he is fully
responsible for cleanup. In response to these
obligations, the operator develops a compre-
hensive oil spill contingency plan that
includes a trained standby organization
with the authority to act immediately in an
emergency. Adequate spill control and
cleanup equipment and materials must be
available for timely deployment.

It is usual practice for each onshore
operator to have the necessary oil spill
equipment available. In coastal and offshore
areas where the risks and consequences are
greater, operators form mutual assistance
organizations that make available a pool of
material, equipment, and expertise. Such
organizations have been functioning for
years in the coastal producing areas of
California, the Gulf of Mexico, and major
harbors. Alaska has three active organizations:
Cock Inlet Response Organization (CIRO),
Guilf of Alaska Cleanup Organization (GOACO),
and Alaskan Beaufort Sea Oilspill Response
Body (ABSORB). A yet unnamed organization
is being formed for the Bering Sea.

ABSORB is an association of 14
companies with interests in the Alaskan
Beaufort Sea. A full-time director is employed
and periodic training is conducted for
member companies’ personnel. ABSORB
owns oil spill equipment, such as booms,
skimmers, and barges, that are available to
member companies. Each operator is still
responsible for control of its own spill, and
other members will assist on request.

A very important part of ABSORB's
activity is research and development of oil
spill control techniques in Arctic waters.
Current research includes investigating
long-term weathering of crude oil under ice
offshore and testing new dispersants de-
signed to be effective in cold, quiet water
without stirring.

Oil Spill Control Techniques

Oil spilled on open water can be
contained by booms during the initial phase
of cleanup operations to prevent the spread

of oil and to protect environmentally
sensitive areas. Conventional booms (flexi-
ble water piercing barriers) are designed for
open water conditions and have limited use
in the presence of ice. However, with
adaptation and strengthening they may be
effectively utilized during freeze-up or
breakup conditions. Special heavy-duty
booms that have been successfully left in
place during winter months in the Arctic as
secondary containment around an oil tank
barge are available.

Under calm water conditions, an air
bubble barrier may be used to provide
protection for sensitive areas. A notable
advantage is that marine traffic is not
impeded by bubble barriers.

Skimming systems are used to recover
oil spilled on water after containment has
been accomplished or determined to be
impractical. The most common systems use
one of four principles to collect the oil in a
tank from which it can be pumped for
disposal.

Weir-type skimmers operate on a princi-
ple that may be likened to submerging a pail
closed end down. Oil floating on the water
surface flows over the weir's edge and into a
tank.

Disk skimmers utilize the oleophilic (oil-
adsorbing) properties of vertically mounted,
parallel rotating metal disks. Oil adhering to
the disks is wiped off by rubber or plastic
blades and deposited in a tank.

Rope-mop and belt skimmers also use
the oleophilic/hydrophobic (oil-absorbing,
water-rejecting) properties of the material of
which they are made. Rope mops or belts
that have been oil soaked by being drawn
through an oil spill are passed through a
series of wringer rollers, which squeeze oil
from the material into a holding tank.

Vortex-type skimmers separate oil from
water by centrifugal force. The skimmed
mixture is introduced into drums or cones
and set into a circular motion. The heavier
water is propelled to the periphery while the
lighter oil moves toward the center where it
is discharged into storage.

Recently, chemical dispersants have
been successfully applied to offshore oil
spills. The early dispersant applications
received widespread adverse publicity since
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preparing agency to inform the local
community of relevant data that may not
be included in the EIS.

e NEPA should be amended to require
participation, through the submission of
comments, in the public review of a draft
EIS as a prerequisite to establishing legal
standing to bring a citizen suit attacking
the adequacy of that EIS. A specific time
limit should be placed on the filing of
suits.

¢ The duplicative and time-consuming
effect of dual regulation of OCS activities
by the OCS Lands Act and the NEPA could
be obviated by amending the OCS Lands
Act, to provide that compliance with the
environmental requirements of the act
would constitute compliance with the
requirements of the National Environ-
mental Policy Act.
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Other Regulatory Constraints

Numerous other major regulatory prob-
lem areas exist. For example, depending on
how they are applied, the Wild and Scenic
Rivers Act could isolate northwestern Alaska
from any pipeline connection, and the
Endangered Species Act could block explor-
ation activity in large, prospectively produc-
tive areas. Enforcement of still other statutes
and regulations, such as the Beaufort lease
stipulation that requires a pilot test structure
to be in place for two years prior to use in
water depths beyond 43 feet, may delay
permitting to the extent that a construction
“window" is missed and a project postponed
for a year or even cancelled.

Recommendations for correction of
other regulatory constraint problems follow
a similar pattern and are detailed in the
working papers of the Environmental Pro-
tection Task Group. See Appendix G for
information on the working papers.
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For the “unrisked” curve, the existence of at least one major field containing at least 50
million barrels of oil (0.05 BBOE) or the gas equivalent of roughly 0.3 TCF is provisionally
assumed. Thus the curve starts at the top of the graph on the 100 percent chance line at 0.05
BBOE or 0.3 TCF (Figure C-3).0nly if the adequacy entry in Line 1 is 100 percent can the
curve start at a larger amount on the 100 percent chance line on the graph. Curves generally
are asymmetric, the lower chances being concave upward with long tails to the right. Curves
indicating possibilities of multi-billion barrels reflect possibilities of billion-barrel-plus fields.
The maximum potential shown is at the 1 percent chance level.

The BBOE scale on the form is adjustable. A very large assessment curve tail running
offscale on the right at 10 BBOE can be brought back at the same probability on the left side by
adding 10 to the BBOE scale. Further shifts can be made if the potential exceeds 20, 30, 40,
etc., BBOE. The maximum BBOE value should be written where the curve ends at 1 percent
chance.

The “unrisked” possible resource should represent hydrocarbons in stratigraphic as well
as structural traps. Historically, about 35 percent of U.S. oil and gas is in stratigraphic traps
and 65 percent is in structural traps. The proportion in stratigraphic traps typically is less in
well structured areas and greater in poorly structured ones.

Adequacy Chance

The Line 1 entry is the estimated chance that the geologic controls of oil and gas—source,
reservoir, trap, and recoverability—are all adequate to provide at least one 0.05 BBOE (or 0.3
TCF) field at some one place in the area. It is the chance that the “unrisked” curve is
geologically appropriate; it denotes, for example, how many of 100 similar areas might actually
contain oil or gas in the range postulated in the curve. Geologic risk is represented by the
remaining number of these 100 areas that have less oil or gas than the minimum specified on
the curve—or in effect, zero oil or gas.

Klemme's data (Bull. Can. Petrol. Geol., 1975, p. 63) suggest that the average chance of a
basin being productive of at least one giant field (>0.5 BB) is about 50 percent, the general
range for different basin types being from 20 to 80 percent. Basin chances for>0.05 BB fields
perhaps average 65 percent. White's data (AAPG Bull., 1980, p. 1175) suggest that productive
chances for>0.05 BB fields in individual plays in good basins average about 35 percent within
a 15 to 60 percent range for different play types. (The higher basin chances probably reflect the
combined chances of two or more plays in many basins.) Obviously, adequacy chances can
range from O percent for a very poor basin or play to 100 percent for the developing extension
of an already richly productive area.

Any submitted probability curve must also have an entry for the adequacy chance in Line
1 (Figures C-2 and C-3), even if that entry is 100 percent. To portray a completely zero
assessment, the probability curve is a vertical straight line passing through 0.05 BBOE, and
the Line 1 entry is “0.”

Qil versus Gas

On Line 2 is entered the percentage of the curve mean that is oil. The remainder of the
BBOE consists of gas plus NGL. This required estimate will be used to construct separate
curves for oiland for gas plus NGL (Figures C-2 and C-3, respectively). This entry should be left
blank only for completely zero assessments.

In the United States and much of the rest of the world, oil and gas on the average occurin
about equal proportions on an energy equivalent basis. However, many individual basins
contain mostly oil, whereas others contain mostly gas. (Some gas is always present with oil,
but a few gas areas have virtually no recoverable oil.) Any local indications of gasiness or
oiliness carry much weight in estimating oil versus gas proportions.

Mean Assessment

The "unrisked” curve mean BBOE (Line 3A) should be determined by planimetering the
area (or counting squares) under the curve: each square inch of Figures C-2 and C-3
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Reporting Specifications

1. If fewer than four validated responses are available for any NPC area, the only results to
be reported for that area is the number of validated submittals received (counting
validated zeros).

2. For NPC areas with four or more validated “Minimum Requirement” submittals the
amount of detail reported depends on the number of valid responses received for each
entry. Report should be made for each column on Sheets 1 through 3,in the level of detail
defined in Table 1 below. BB and TCF units, and all decimal fractions should be reported
to two decimal places. Mean major field size, NGL ratio, and A and D gas ratio should be
reported to three significant figures.

Table 1. Items checked are to be reported for each 'of the columns on Sheets 1-3.

Report Number of Validated Column Entries
Item

' <4 5 6 7 8 or

more

Number of
valid entries X X X X X
Mean X X X X X
Median* X X X X
Maximum X X X X
Minimum X X X
High Quartile* X X
Low Quartile* X

*See “Computing Quartiles” for exact definition of these quantities.

3. Reporting is also required for all entries on Sheet 4, unless the column averages incorpor-
ated in calculating an entry are not reported due to the above restrictions (fewer than four
valid entries in the column).

4. The plot of the aggregate curve, and its planimetered mean, must also be reported.

!The one exception to this is column 21 of sheet 1. For this column the maximum value
should be reported rather than the mean for those basins with the only 4 validated responses.



CODE NO.

Check validated items.

Circle items which require
JSurther clarification from

submitter.

Checklist for Validation
of NPC Input Forms

Items A - D below must be filled in and validated before a submittal can be included in the
study. If any of these items are invalid, the submitter should be contacted in an attempt to
resolve the problems. If no valid resolution can be reached the entire submittal must be
discarded. No changes or additions to the submittal should be made without verbal
confirmation from the submitter, except as noted.

A. Characteristics of the Curve

1.

3.
4.

5.

The left most point on the curve must be at 100% on the vertical scale. (If
the above condition is satisfied but the left most point is not at .05 on
the horizontal axis, a line may be drawn from .05 to the left most point
along the 100% line at the top of the graph to complete the curve. The
submitter need not be notified of this addition.)

The right most point on the curve must be at 1% on the vertical scale (for
the last scale shift).

The curve must decrease everywhere or remain flat from left to right.

Shifts to higher decades on the scale must have matching points on
both left and right margins.

The curve cannot contain gaps or overlaps along the horizontal scale.

B. Adequacy Chance (Item 1)

1.
2.

An entry is required for this item.

If the adequacy chance is zero, the curve must be a vertical line at the .05
position on the horizontal scale. If no curve is drawn, this curve position
may be assumed without contacting the submitter.

The adequacy chance percent cannot exceed 100 or be negative.

If the adequacy chance is non-zero but less than 1, the submitter
should be contacted to verify that conversion from percent to decimal
fraction is actually intended.

C. Oil Fraction (Item 2)

1.

If the adequacy chance (Item 1) is not zero, an entry is required for this
item. (If the adequacy chance is zero and item 2 is blank, a zero may be
entered on the form here without contacting the submitter.)

The value cannot be greater than 100 or negative (see also check-
list Item G3 below).

If the value is non-zero but less than 1 the submitter should be
contacted to verify that conversion from percent to decimal fraction is
actually intended.

D. Unrisked Mean (Item 3a)

1.

If the adequacy chance (Item 1) is zero, the unrisked mean must be .05
BBOE. (See also checklist Item B2). The .05 value may be entered to
replace a blank or a zero entry without contacting the submitter.

C-17



2. For submittals with non-zero adequacy chances:

a) The BBOE volumes at the 84 and 16 percent points should be read
and averaged. If this calculated average agrees with the stated mean
within 10 percent, no further checks are necessary.

b) If the average calculated above differs by more than 10 percent from
the stated mean, the area under the curve to the zero edges of the
graph must be planimetered for a closer check. The mean BBOE
equals 0.2 times the area under the curve in square inches. If this
planimetered mean agrees with the stated mean within 10 percent
the stated mean is valid and should be entered in column 3A of
sheet 2. If the difference exceeds 10 percent the inconsistency must
be resolved with the submitter before the submittal can be included
in the study. It is critical to the study that the unrisked mean be
consistent with the curve.

¢) If no entry is provided for Item 3a, the curve must be planimetered
as described in step D2(b) above to determine the mean. As acheck
on this step, D2(a) above should also be taken, and the
planimetered value rechecked if a discrepancy is found. The
validated planimetered mean must then be verified with the
submitter before including any of the submittal in the study.

Items E - H below must be validated for each of the optional entries to be
included as entries on sheet 2 “Basic Data.” Blank entries on the input forms for
these items are not counted in N (number of responders). Attempt should be
made to resolve any inconsistencies found for the entries for these items. If
these attempts are unsuccessful, the invalid entries should be regarded as
blank entries, and not be recorded on sheet 2, nor counted in “N” for that
column.Where Item 1 is zero, items 3b through 7c must all be considered
blanks regardless of entries.

E. High Side Statement on Graph

1.

The high-side value written out on the graph should agree within 0.1
BBOE of the curve value plotted at the 1% point. Be sure the stated high-
side is consistent with any scale shifts.

If the high-side value is not written out on the graph, the curve BBOE
value read at the 1% point should be used as the entry in column 21 on
sheet 1. If the Item 1 entry is zero, the high-side of the vertical curve is
0.05. Verification of these entries with the submitter is not necessary.

F. Mean Number and Mean Size of Fields (Item 3b and 3c)

The product of these items should agree within 10 percent to the unrisked
mean BBOE (Item 3a).

G. NGL and Associated and Dissolved Gas (Items 5a and 5b)

1.

2.

C-18

NGL ratios (Item 5a) less than 1 or greater than 100 may indicate an
error in units assumed by the submitter and should be verified.

Associated and dissolved gas ratios (Item 5b) less than 100 or greater
than 3000 may indicate an error in units assumed by the submitter
and should be verified.

For oil fractions (Item 2) greater than 65 percent a calculation should be
made to verify that the fraction of non-associated gas implied by these
ratios is not negative. For example, if the A&D gas is 1500 CF/BBL and
the NGL is 30 BBLS/MMCEF, the oil fraction must be less than 76



percent to accommodate any non-associated gas. The maximum
percent of oil allowed can be calculated from the formula

Max Pct Oil = 100

1 4+ G X (1 + .0056L)
5600

where G is the A&D gas ratio (Item 5b), and L is the NGL ratio (Item 5a).

If an entry is provided for G but not for L, use L =0 to evaluate the

formula, but do not include a value for L on sheet 2 for this submittal.
H. Other Fractions

All of the entries for the other items (4a, 4b, 6a, 6b, 7a, 7b, 7c) must be

between O and 100. If any of these entries are non-zero but less than 1,

the submitter should be contacted to verify that conversion from
percent to decimal fraction is actually intended.
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Digitizing

The first reading is always 0.05 BBOE at 1.0 P for all curves.

The last reading is the final highside BBOE, determined at 0.01 P (See
“Algorithm For Finding The One Percent BBOE Point”).

Divide the interval between 0.05 and the highside BBOE into from 10 to 20
equal divisions that are easily read on the graph—e.g, divisions 0f 0.25, 0.5,
1.0, 2.0, or 4.0 BBOE.

Generally, the first (lowest) and possibly second BBOE divisions should be
further cut in half, whereas the last and possibly next-to-last divisions can
be taken at double or quadruple the standard interval. In any event, there
should be no more than 20 total points for readings.

Draw the final curve from the digitized points. If there are any long
uncontrolled segments where the true curve position is indoubt, additional
intermediate readings may be required (some previously digitized points
may have to be dropped to keep the total number at 20 or less).

Planimeter the area under the final curve. Each square inch equals 0.2
BBOE. The planimetered BBOE should agree within 10% with the average
A calculated on sheet 2 (Basic Data). If these values do not agree, there may
be miscalculations in digitizing (sheet 1) or averaging (sheet 2), orerrorsin
some participants’ unrisked means (sheet 2) or in drawing the final curve.



Algorithm for Finding the One Percent BBOE Point

As a starting point in selecting digitizing points for averaging the
submitted curves, the curve end-point must be found. This will be a trial-and-
error process to locate the BBOE value where the average probability over the N
curves is one percent (or where the sumequals N). In some cases inspection and
a hit-or-miss approach may be effective. Below is a convergent algorithm which
can be used to find this BBOE point when simpler methods fail.

A. Getting Started

1.

2.

Sort input forms into a stack with descending high sides from top to
bottom.

For the top curve read the BBOE value at the percent point equal to N
(the number of curves in the stack). (Call this 3,)

Select (from the top down) all curves with a highside greater than this
BBOE value. Set the other curves aside. If there are no other curves with
greater highsides, then B, is the final answer.

From the retained set of curves, read and sum the probabilities at the 3
BBOE position. Call this sum P,.

Read the highside BBOE value [rom the lowest curve in the retained
stack. Call this B,.

From all retained curves read and sum the probabilities at the B, BBOE
position. Call this sum P, .

Compare P, to N

a. If P, equals N (within 1) Then B, is the_final answer Proceed to
digitizing operation.

b. If P, is less than N skip to beginning of section B below.

c. If P, is greater than N
(1) set P, =D,
(2) set B, = B,

(3) set aside the bottom curve in the stack
(4) go back to step A5

B. Interpolating to the Answer

1.

2.

Calculate a tentative answer from the formula,

. P, —N
B :Bl +(I‘2 —_ B,)X ﬁ

Read and sum the probabilities at the B* BBOE Value. Call this sum P*.

3. Compare P* to N

a. IfP*isequalto N (within #1) Then B* is the final answer. Proceed
to digitizing operation.
b. If P* is less than N
(1) set ', = P*
(2) set B, = B*
(3) go back to step B1 above.
c. If P*is greater than N
(1) set P, = P*
(2) set 3, = B*
(3) go back to step Bl above.
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COST AND TIMING ESTIMATES INDEX

Tables
1,000,000 500,000
Title B/D B/D
Land Pipeline: - Wainwright to Nome E-6 E-15

Wainwright to New TAPS
New TAPS to Valdez

Land Pipeline: Kotzebue to Cook Inlet E-7 E-16
Kotzebue to Nome
Kotzebue to New TAPS
New TAPS to Valdez

Land Pipeline: Nome to Cook Inlet E-8 E-17
Arctic Wildlife Range to New TAPS
New TAPS to Valdez

Land Pipeline: Nome to New TAPS E-9 E-18
New TAPS to Valdez
Wainwright to Kotzebue
Kotzebue to Cook Inlet

Land Pipeline: New TAPS—Prudhoe to Valdez E-10 E-19
NPRA to
Wainwright
Nome
New TAPS to Valdez
Marine Pipelines E-11 E-20
Terminals E-12 E-21
Tankers/Icebreakers E-13 E-22
Support Logistics E-14 E-23
1 Billion 1/2 Billion
SCF/D SCF/D
Land Pipeline: NPRA to E-24 E-25
Wainwright
Nome
New TAPS to Valdez
LNG Tankers/Icebreakers E-26 E-27
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Oil Case Assumptions

The following assumptions were used in preparing the oil case economics:

1. Production rates are based on analogy with expected and actual production rates of 17
fields recently developed in the North Sea. Although the actual performance in an area will
depend on reservoir characteristics, productivity of wells, drilling schedules, and
transportation mode, the following performance has been assumed for each of the basins
evaluated:

a) Peak rate of 9.1 percent of reserves per year.

b) Building up of peak rate from production startup is 20 percent in year 1, 70
percent in year 2.

c) Peak rate occurs in years 3, 4, and 5.
d) Starting in year 6, decline is 12 percent per year.

e) All reserves are produced. There is no automatic cutoff because of high costs
in later years.

f) Associated gas/oil ratio is 1,000 SCF per barrel.
g) All associated gas is reinjected or used for fuel.
h) In a few cases, the buildup of production described in (b) above is extended.

i) Water injection is the primary pressure-maintenance mode and begins in
adequate time to avoid pressure depletion. Increasing gas/oil ratio or
decreasing wellhead pressures requires artificial lift.

j) No additional reduction in efficiency is made for the cases where tankers are
used, as fleet size and journey times account for any weather-related
downtime.

2. An oil price of $36.50 per barrel delivered to the Gulf Coast is used as the base price. The
tariff from the Gulf Coast to the ice-free port at Valdez or the Aleutians is $5.00 per barrel,
giving a net back to an Alaskan port of $31.50 per barrel, which is the price used.

3. No lease acquisition costs are included in these analyses and bonus calculations cannot be
made using these economics, as the cases are too generalized and exclude the effect of risk.

4. Year 1 of the economic runs is the first year after lease sale. As the lease sales are staggered
in time, year 1 does not indicate the same calendar year.

5. Constant, unescalated 1981 costs and prices are used throughout this report for capital,
operating costs, and oil prices. No attempt has been made to forecast either inflationary
trends in expenditures or real growth or decline in oil pricing.

6. For simplicity a royalty of 1/6 was used for all offshore areas and a 20 percent royalty was
used for NPRA, North Slope other, and ANWR.



7.

%

10.

11.

12.

Income tax calculations include the following assumptions:
a) Windfall profits tax is not levied against properties considered in this report.
b) Depletion allowance is O percent.
c) Investment tax credit equals 10 percent of all tangible investments.

d) All intangibles are expensed in the year spent. All tangibles are written off
using the unit-of-production method.

e) Onshore leases have a combined federal and state taxation rate of 52 percent.
Offshore OCS leases have a 46 percent federal tax rate applied.

f) Income tax credits that occurina field development as investment tax credits
and operating losses are assumed to offset the operators’' taxable income
elsewhere.

g) State and local taxes other than income taxes are applied as currently
imposed. These include a state severance tax of 11 percent of wellhead value
applied to all onshore production and a state ad valorem tax of 2 percent per
year applied to the tangible capital value of all onshore facilities.

Financing—all capital is assumed to be 100 percent equity with no financial leverage.
Geological and geophysical (G&G) costs for each successful development in a basin are set
at 86 MM. Allocation of total industry expenditures to the successful individual cases was
considered to be unrealistic. An arbitrary allocation of $3 MM, $2 MM, and $1 MM for years
1, 2, and 3, respectively, was made. This means that only the G&G costs for successful
prospects are included in these economic analyses and any unsuccessful G&G costs are
excluded.

Unit costs used for exploration and development are shown in Figures F-1 and F-2 as a
function of reserves. Net transportation costs used are defined by Figures F-3 through F-5.

Combining the production from several areas into a group transportation system requires
allocation of capital and operating costs for shared facilities. In each use, the reserve chosen
for the case is ratioed to the group’s economic resource base to develop a cost allocation
factor. This calculation is an iterative procedure.

In order to assess the impact of various parameters on the economics, the following
sensitivities were run on all cases:

a) Capital expenditures increased by 50 percent.

b) Capital expenditures reduced by 50 percent.

c¢) Price variation of $5/bbl, $10/bbl, -85/bbl.
On selected cases—Central Chukchi Shelf, ANWR, and Navarin Basin Shelf—the following
additional sensitivities were run:

d) Zero royalty.

e) Increase investment tax credit to 30 percent.

f) Impose one year production delay.

The range of oil prices used in the sensitivity runsis intended to be sufficiently broad to
allow future users of the report to correct the then current prices to 1981 constant dollar
prices and to find results in the report that encompass these new constant dollar prices. The
price sensitivity also allows the reader to consider the economic effect of factors such as
different prices for sweet versus sour crudes, or for sales in different markets.
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Gas Case Assumptions

The following assumptions were used in preparing the natural gas case economics:

1. Natural gas is discovered in sufficiently large quantities to fill the transportation system
~ from a basin for a period of 20 years. Production is maintained by additional drilling and
field compression. Produced condensate is re-injected into the reservoir and not sold.

2. No reduction in efficiency is made for tanker downtime resulting from operations in ice-
covered areas. The size and the journey time of tankers are adjusted to give 100 percent
efficiency.

3. Gas price on the West Coast has been assumed to be $6.48 per MCF ($6.29 per MMBtu). This
reflects equivalency with crude oil price, assuming a landed crude oil price of $36.50 per
barrel on the West Coast.

4. Natural gas price sensitivity runs were made to allow future use of the study when 1981
constant dollar prices may be somewhat different than they are today. The range of gas
prices used in the sensitivity runs is intended to be sufficiently broad to allow future users
of the report to correct the then current prices to 1981 constant dollar prices and to find
results in the report that encompass these new constant dollar prices.

The prices selected for sensitivity are:
$6.48 per MCF Base Case

$7.52 per MCF +1.04
$8.55 per MCF +2.07
$5.44 per MCF —1.04

5. Other assumptions are identical to 3 through 9 of the oil cases.

Note: An acceptable DCF rate of return for the natural gas industry is generally about 1-1/2
percentage points less than the DCF rate of return for the crude oil industry. This
difference between the DCF rate of return for natural gas and crude oil is due to the
regulated elements (i.e., pipeline and plant) of the natural gas chain. It is generally
accepted that the cost of capital for a regulated utility is less than that for companies
that face the threat of competition. The monopoly status offered natural gas pipelines
by the FERC reduces both topside potential and bottomside risks by limiting the
amount of return that can be collected from the customer to an established range of
allowable returns, which is generally based on past precedent, and by allowing the
regulated entities to pass on certain expenses to the customers. Also, a regulated
pipeline venture can generally be more highly leveraged than an oil venture.
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Economic Resource Base
Calculation Methodology

The economic resource base (ERB) of each basin is the risked mean potentially
recoverable resource that can be economically developed under a selected rate of return
criterion. The ERB is determined by combining the probability distribution for risked
potentially recoverable resources, as provided in Appendix C, with the economic assessment
of the minimum reserve that can be economically developed under selected rate of return
criteria, as provided in Chapter Six.

The methodology used in calculating the ERB can best be explained by an example
calculation. In the following steps, the Arctic National Wildlife Refuge is used, for illustrative
purposes, as a typical basin.

Step 1

The basin’s minimum economic reserve for a selected after-tax DCF rate of return of 15
percent is determined, from a graph of reserve vs. DCF rate of return for the basinin Figure 23,
to be 1.6 billion barrels of oil.

Step 2

Since the graph of probability distribution of risked potentially recoverable resources on
Figure C-12 is on an oil-equivalent basis that combines oil and gas, the minimum economic
reserve must be scaled up to use the potential resource curve. The ratio used in scaling up the
minimum economic reserve is the risked mean total resource base expressed in billion barrels
of oil equivalent (BBOE) divided by the risked mean oil resource base expressed as billion
barrels of oil [OIL(BB)]. From Table C-3, the ratio is calculated as 3.71/2.34 =1.59. Multiplying
the minimum economic reserve for oil by this ratio gives a minimum economic reserve, on an
oil-equivalent basis, of 2.54 billion barrels.

Step 3

Entering the graph of probability distribution of risked potentially recoverable resources
(Figure C-12) at 2.54 billion barrels oil equivalent, the chance of discovering at least the
minimum economic reserve is determined to be 44 percent.

Step 4

Since the ERB is the risked mean of the reserves greater than the minimum economic
reserve, it is determined by integrating the area remaining under the probability distribution
curve after the uneconomic resources have been rejected. This economic area is that
illustrated in Figure F-14. For the ANWR, the risked mean economic reserve is determined, by
integration, to be 3.28 billion barrels on an oil-equivalent basis.
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11.

12.

13.

14.

15.

16.

17.

18.

reaction of compliant floating structures to ice forces is examined along with a
discussion of superstructure icing. Wave and earthquake loads are also
reviewed.

Exploration Drilling Systems (6 pages)

Exploration drilling systems suitable for each of the three U.S. Arctic regions are
described and cost estimates for exploratory drilling in different areas are
presented.

Offshore Development Structures (24 pages)
Structures that may be used for offshore development platforms, as well as their
costs and selection criteria, are described. Types of platforms reviewed include

manmade islands, pile-founded steel structures, gravity structures, and
floating platforms.

Development Wells (10 pages)

The drilling and completion of development wells in the Arctic regions is
described, with particular emphasis on methods for coping with permafrost.
Costs and timing for development drilling in various Arctic areas are presented.

Crude Oil and Gas Production Facilities (28 pages)

‘Facilities required for both onshore and offshore production are described and

typical costs are presented. Particular emphasis is placed on deck concepts for
offshore structures. Offshore loading and storage terminal systems are
reviewed. Systems for subsea production are also discussed and typical costs
are given.

Field Production Operations (7 pages)

Production operations in Arctic regions and their organization are described,
with both onshore and offshore considerations noted. Typical manpower and
cost data are presented.

Gas Processing Facilities (15 pages)

Alternatives for disposition of natural gas produced in the Arctic are discussed.
Reinjection may be employed when economic transportation is unavailable.
Transportation may be by pipeline, or by tanker after the gas is either liquefied
or converted to other products. Facilities for processing gas into liquefied
natural gas (LNG) or methanol are described as they would be constructed in
Arctic regions. Costs and yield data for LNG and methanol process plants are
presented, including storage, loading, and receiving facilities.

Construction Methods and Equipment (20 pages)

Construction methods and particular Arctic considerations for both onshore
and offshore production facilities are discussed. Typical field data for several
offshore locations are presented and various types of marine construction
equipment and their availability are described. Personnel requirements and
availability for Arctic construction projects are reviewed.

Field Development and Production (15 pages)

An historical review is made of field development in the North Sea to serveas a
model for timing of offshore U.S. Arctic development. Leasing, exploration, and
development times leading to peak production are reviewed, and costs,
manpower, physical environment, and delaying factors are discussed.

















