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ABSTRACT

Technological advances, increased energy demand, and
political events have coalesced in recent years to make the
extraction of hydrocarbon energy resources 1in the arctic
attractive, U. S. efforts in this direction have begun an
Alaska's North Slope and are poised to expand into offshore
areas. These developments could have, particularly in con-
junction with marine transportation, a dramatic impact on the
U. S. Coast Guard and especially its icebreaking mission.

Evaluation of this impact is approached by a background
review of the Coast Guard's icebreaking role, and historical
development in Alaska; and by evaluation of five issues which
seem to be primary determinants of the relevant future.
These include (1) energy development; (2) energy-related
transportation; (3) concerns for the natural and social
environment; (4) Canadian arctic developments; and (5) the
international perspective., Trends in these five issue areas
are then integrated to formulate a projection of future Coast

Guard icebreaking requirements in the Alaskan Arctic.
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INTRODUCTION

The arctic, long a domain reserved for the natural world
and a scattering of awesomely-adaptive aboriginal people, now
faces the assault of rational man and the effects of his
civilization. It is quickly becoming a part of the "real”
political and economic world. The process began several
centuries ago and 1is in many ways analogous to the quest for
treasure that lured colonizing Europeans to the far corners
of world. Hydrocarbon energy is the arctic”s principal
treasure; and technology, the economics of demand and politi-
cal events in an increasingly interdependent world have
converged to make it irresistible. The region”s inhospital-
ity is no longer an adequate defense. One of the last
frontiers is yielding.

But the arctic may be conquered in a different way.
There is a new and powerful concern for the untrammelled
environment, and especially so in Alaska. This counter-
vailing force to indiscriminate development was born about
the time that the Prudhoe Bay o0il discoveries were announced
in 1968, and had an important effect on shaping that first
episode of resource development. Environmental concern will
probably have a significant role in shaping the course of
future events as well.

What happens in arctic Alaska will have significant

impact throughout American society, from the residents of
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that unique state to the consumers and end-users of petroleum
products. There will also be important consequences for gov-
ernmental agencies. The U. S. Coast Guard has particular
res- ponsibilities for marine transportation, and has
accumulated extensive organizational expertise in ice-covered
waters.

Icebreaking is both old and new. Men have navigated
gingerly through ice-strewn waters for centuries; somewhat
more recently they began strengthening their ships to with-
stand the forces of ice. The modern icebreaker, however,
developed only in this century and has made access to the
polar frontiers relatively routine. Icebreaking capability,
by making arctic marine transportation feasible, is one of
the technological factors which enables arctic development.
Similarly, development of natural resources in arctic Alaska,
however it ultimately unfolds, will inevitably make demands
on the Coast Guard”s icebreaking responsibilities.

The long lead time in planning for adequate icebreaking
resources requires a view forward. By examining the past and
events now in motion, it may be possible to glimpse the shape
of future requirements. More usefully, perhaps, issues can
be clarified and areas for policy decisions can be accent-
uated. Looking into the future and attempting to identify
what may be there 1is a hazardous undertaking. But not

looking ahead, toward the inevitable changes, probably

involves even more risk.
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I. BACKGROUND: TICEBREAKING AND THE COAST GUARD

The Coast Guard 1is in certain ways unigue in the
country®s governmental structure., It is, by definition, an
armed force of the United States vyet virtually the entire
thrust of its peacetime role 1is distinctly non-military.
This dual nature is characteristic of individual operating
units as well as the organization as a whole. The sheer
scope of duties 1is also noteworthy; there are fourteen
operating programs (or major endeavors) carried out by 38,400
uniformed personnel, 5,400 civilian employees, 11,700
selected reservists and an auxiliary of 42,500 [Reference
160]. The Coast Guard has been descriptively categorized
with regard to these features as a dual-role, multi-mission
agency: it is a military service performing a wide range of

civilian duties [Ref. 2].

A. OBJECTIVES AND OPERATING PROGRAMS OF THE COAST GUARD

The Coast Guard"s purpose as an organization stems from
seven formal objectives (designated by letters). The
operating programs are defined in terms of specific action
and resource allocation plans designed to achieve the
objectives. Formal objectives are as follows:

--Objective A - to minimize 1loss of 1life, personal

injury, and property damage on, over and under the high seas
and waters subject to U. S. jurisdiction.

e ____________— il —  _ _ __ —esdsacsmman-os




--Objective B - to facilitate transportation with
particular emphasis on waterborne activity in support of
national economic, defense and social needs.

--Objective C - to maintain an effective, ready armed
force prepared for and immediately responsive to specific
tasks in time of war or emergency.

--Objective D -~ to assure the safety and security of
vessels and of ports and waterways and their related
shoreside facilities.

--Objective E ~ to enforce federal laws and international
agreements on and under waters subject to the jurisdiction of
the U. S. and under the high seas where authorized.

--Objective F -~ to maintain or improve the quality of the
marine environment.

--Objective G - to cooperate with other governmental
agencies and entities (federal, state and 1local) to assure
efficient utilization of public resources, and to carry out
activities in the international sphere where appropriate in
furthering national policy.

The single factor which most nearly embraces the Coast
Guard”s multitudinous responsibilities 1is involvement with
the sea and maritime affairs. This especially applies to
inland waters and coastal areas, but modern responsibilities
also encompass large ocean expanses as well. A slightly more
restrictive generalization is the service”’s involvement with
marine transportation, which is reflected by its position in
the Department of Transportation. The maritime orientation
with a transportation focus is part of a historic legacy,
dating from Alexander Hamilton’s creation of the Revenue
Marine in 1790; prior to 1967 the Coast Guard was part of the

Treasury Department, reflecting its origin as a revenue

collection and smuggling suppression service. A hundred and
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ninety-one years of organizational mergers and acquisition
(in some cases, imposition) of new tasks has evolved into
today”s Coast Guard. The fourteen operating programs that
execute the broad responsibilities of the organization are
briefly described below.

1. Short-Range Aids To Navigation and Radionavigation

Aids (ATON)

Facilitation of safe and expeditious passage of
marine traffic is the purpose of a system of over 47,000
buoys, lights, radio beacons and daymarks, and numerous Loran
and Omega stations which provide far-reaching continuous
electronic navigation for ships and aircraft [Ref. 38].

2. Enforcement of Laws and Treaties (ELT)

Protection and preservation of natural resources and
national interests in U, S. territorial and adjacent waters
is one of the oldest functions but is particularly
significant since the country established a 200-mile economic
management zone for its coastal waters. The program
encompasses surveillance of foreign fishing fleets,
suppression of smuggling and other 1illegal activities and
enforcement of environmental protection regulations [Ref.
38].

3. Military Preparedness and Military Operations (MP/MO)

By law the Coast Guard must maintain itself as a
ready, effective armed force, prepared for specific tasks in

time of war or national emergency. Coast Guard units operate

12




with the Navy to train and support some naval operations.
The service is transferred to the WNavy Department at the
direction of the President for wartime utilization [Ref. 38].

4, Commercial Vessel Safety (CVS)

In order to prevent injury and death, property loss,
and environmental damage, the Coast Guard administers
regulations governing commercial vessels and oil rigs.
Safety standards are implemented through vessel and equipment
inspection, vessel documentation, licensing of seamen and
investigation of accidents and violations [Ref. 38].

5. Search and Rescue (SAR)

Perhaps the most glamorous of the operating programs,
the assistance of persons and property in distress extends to
U. S. Jjurisdictional waters, the Caribbean Sea, and most of
the North Pacific and North Atlantic Oceans. An estimated
4300 lives and $268 million in property were saved in 1973
{Ref. 38].

6. Recreational Boating Safety (RBS)

This program seeks to minimize the loss of 1life and
property associated with recreational boating. Safety
patrols are conducted, liaison with state and local agencies
is maintained, equipment is approved for manufacture, and
educational programs for the boater are promoted. The Coast
Guard Auxiliary, a volunteer organization sponsored by the
Coast Guard, provides valuable assistance in this functional

area [Ref. 38].

13
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7. Domestic and Polar Icebreaking (PRI, PO)

These programs are discussed in subsequent sections
of this chapter.

8. Port Safety and Security (PSS)

To reduce the risk of marine accidenis, the Coast
Guard monitors activity in ports and harbors and enforces a
variety of laws and safety regulations. This involves
supervision of vessels loading, carrying and discharging
hazardous cargoes, investigation of accidents and violations,
and managing traffic flows. The establishment of vessel
traffic systems is the newest development ([Ref. 38].

9, Marine Science Activities (MSA)

Oceanographic and meteorological activities are
conducted to support national marine science objectives and
other Coast Guard programs. This includes data collection,
conducting the International Ice Patrol in the North Atlantic
and supporting scientific research efforts [Ref. 38].

10. Marine Environmental Protection (MEP)

In order to prevent and minimize damage to the
marine environment, the Coast Guard enforces laws and
regulations in this area, maintains surveillance of coastal
waters, administers a system of enforcement and maintains a
cleanup capability. Pollution by petroleum products is
especially significant and a continuing concern of the

program. [Ref. 38].

14
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11. Bridge Administration (BA)

Bridges crossing waterways are frequently
impediments to the passage of marine traffic. The Coast
Guard inspects bridges, issues permits to insure that marine
needs are met, promulgates regulations for drawbridges, and
supervises modifications to bridges creating undue
obstructions [Ref. 38].

12, Support Programs

Support of the operating programs is provided by
communications, public affairs, research and development,
personnel, civil rights, legal, engineering, fiscal and

supply, health care, and intelligence/security programs.

As key elements in an overall planning and budgetary
process, these programs are managed by program managers and
directors on the staff of the Commandant of the Coast Guard.
The programs are carried out by operating units in the field.
Figure 1-2 shows the basic organizational structure. The
Chief, Office of Operations is program director, and the head
of his Marine Science and Ice Operations Division is program
manager for the polar and domestic icebreaking programs.
This thesis will deal, for the most part, with the

icebreaking programs.

B. DEVELOPMENT OF THE ICEBREAKING MISSION
The earliest applications of icebreaking in this country

date from 1837 when municipal efforts in Baltimore,
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Philadelphia, New York and Boston sought to keep these ports
open for commerce. Paddle wheel ferryboats with "ram" bows
were used for the purpose. Also in response to the demands
of commerce, Great Lakes ferries began breaking ice in the
late 1880s with a high degree of success [Ref. 1l].

The same time period saw the beginnings of American
interest in the polar regions. Sealers and whalers ventured
into these unknown areas from the earliest days of WNorth
American settlement; Nathaniel Palmer discovered the
antarctic continent”’s Palmer Peninsula while sealing in 1820.
In 1838 Lieutenant Charles Wilkes led a six-ship U. S. Navy
expedition to the antarctic for research and exploration.
The arctic became a prime concern in 1867 with the purchase
of Alaska, and ice-strengthened revenue cutters were procured
for operation in Alaskan waters. Regular cruising in the
Arctic Ocean began in 1880, and a four-ship Bering Sea Patrol
Force was instituted in 1895. The legendary revenue cutter
BEAR was a fixture of Alaskan arctic and sub-arctic waters
for 41 years during this period.

Following the TITANIC disaster in 1912, the United States
established an ice patrol. This undertaking became an inter-
national one, and research efforts led to operations in the
eastern arctic and along the Greenland coast [Ref. 42],.
Although technically not a precursor of modern icebreaking,
the Coast Guard gained extensive organizational expertise

which built on long involvement in the western arctic.
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Admiral Richard E. Byrd“s antarctic expeditions in the
1930s represented a continuation of U, S. interest in the
high southern latitudes. The BEAR, retired as a revenue
cutter, was Byrd“s headquarters ship during his antarctic
exploits.

Domestic icebreaking was directly assigned to the Coast
Guard by Executive Order 7521 of December 21, 1936. It
directed the service to "assist in keeping open to navigation
by means of icebreaking operations . . . channels and harbors
within the reasonable demands of commerce" [Ref. 42]. This
was perhaps most significantly applicable on the Great Lakes
immediately prior to World Wwar II, where the defense effort
led to the Coast Guard charter of ferries for icebreaking
operations. The MACKINAW was specifically constructed for
the Lakes to expedite movement of iron ore. A number of ice-
reinforced buoy tenders were also built during the war for
added ice capability on these inland waters.

The Second World War brought with it development of the
first deep-draft, modern American icebreakers, thanks largely
to the foresight of Admiral Russell R. Waesche, the Coast
Guard“s wartime Commandant [Ref. 13]. A comprehensive review
of the icebreaking problem and state-of-the-art icebreaker
design in Europe had been undertaken in 1937, and from this
study, the venerable WIND-class design was developed [Ref.
13]. Seven of these ships were produced. EASTWIND was

commissioned in 1944 and saw service as a Coast Guard-manned

18




vessel, along with many others in Greenland during the war.
Three icebreakers of the class were transferred to the Soviet
Union for wartime use (although the ships were not returned
until 1951). The final three were built at the end of the
war, with one assigned to the Coast Guard and two becoming
Navy vessels. STORIS, a smaller and less powerful ice~
capable ship, was built in 1942 for use in the Greenland-
Labrador arena [Ref. 42].

The WIND-class has served as an enduring prototype for
the "modern" icebreaker. It is characterized by a heavily
strengthened underwater hull (1 7/8 inches thick fore and
aft), deep draft (29 feet), large beam, a bow which slopes
aft and downward from the waterline, and ample power. An
icebreaker functions by steaming continuously through
relatively light ice, or backing and ramming in heavier
accumulations. In both cases the vessel uses its power and
weight to displace the ice; in backing and ramming the
icebreaker is driven up onto its sloping bow until the weight
of the vessel breaks the ice and shoves it to each side.
Although many refinements in bow design, propulsion systems
and sheer power and size have been made over the years, the
basic concepts built into the WIND-class have survived. It
is worthy of note that two of these ships are still in
service.

The post-war years brought expanded roles for the

expanded capabilities of the icebreakers. The massive

19

e o s e o o

: - .
e ——————— e




Operation Highjump (1946- 47) involved use of naval and air
support for scientific operations in Antarctica, and the Navy
and Coast Guard icebreakers played a central role.
Construction of arctic defense early warning (DEW-Line)
stations during the cold war years required icebreaker
support as well, mainly for 1logistic purposes. A number of
routine annual missions for the icebreaker fleet evolved.

In 1965 the Coast Guard became the sole proprietor of U.
S. icebreakers. A memorandum of agreement transferred all
five Navy icebreakers to the Coast Guard; the move reflected
the Navy“s desire to utilize 1its personnel in combatant
vessels, and perceived advantages of centralizing management
of the resources. The agreement delineated that the ships
would retain their commitment to support naval operations,
including preparation for war in the high 1latitudes, and
would serve under Navy operational control when necessary.
The mission of the icebreakers was defined: "To ensure
passage of ships through ice fields and sea ice in support of
bases and operations in high latitudes." Eight more detailed
tasks were also specified, including ice reconnaissance,
scientific operations, 1logistic support, diving, salvage,

urderwater repair and as a command platform [Ref. 173].

C. CURRENT POLAR INVOLVEMENT AND POLICY
As the icebreaking mission has developed, it has

traditionally been separated into domestic and polar modes

20




and, up until the present; time, this division has been fairly
explicit. Differentiatié? of the two forms is focused, as
the terms imply, on thq&i geographic application, but an
additional distinction Eas evolved. Both involve assistance
to "users" of icebreakigg services. In domestic areas this
has generally meant commercial shipping, while high latitude
clients have been other governmental agenc}gs and
institutions. This destinction has its basis in‘ﬁthe fact
that the polar regions have traditicnally been géime areas
for research and, until recently, were irréievant for

commercial purposes.

1. Icebreaking at the Ends of the Earth

Requirements of user organizations ' have involved
logistic support, scientific research, assistance to vessels
in the ice and the contingent possibiliﬁy of supporting
military (especially naval) operations. As Figure 1-3 shows,
some of these requirements have other objectives further
downstream. There are some minor functions generated solely
by Coast Guard missions, such as marine science, search and
rescue, and aids to navigation work, but the bulk of polar
icebreaking has been a response to the needs of client

organizations.

The contractual implication in a client-icebreaker
relationship is descriptive, because memoranda of agreement

have been signed in some cases. At the behest of the Office
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of Management and Budget (OMB), the National Science
Foundation (NSF) became responsible for directing the U. S.
Antarctic Program in 1971, and the Coast Guard effectively
became a "contractor" providing icebreaking services. The
contractual nature of the relationship was further
strengthened by Congressional direction in the fiscal year
1976 appropriation bill that polar icebreaking services for
major users (identified as NSF and the Department of Defense)
be provided on a reimbursable basis [Ref. 167]. Memoranda of
agreement with these agencies specify criteria for planning
and reimbursement (Refs. 170, 171].
In recurrent functional terms, polar icebreakers

-=annually break a channel into Antarctica“’s
McMurdo Sound and assist the passage of a freighter and oiler
for provisioning the large U. S. station there.

-~-embark scientific parties for a variety of
research, under the aegis of NSF, WNational Oceanic and
Atmospheric Administration (NOAA), Office of Naval Research,

or Naval Oceanographic Office.

--assist in the resupply of arctic DEW-Line bases
and remote antarctic research stations.

--engage in trafficability studies, gathering data
of icebreaker performance in various ice environments.

2. Icebreaking on the Homefront

Domestic operations have been defined as those
conducted on the east coast from Maine to the Chesapeake Bay,
throughout the Great Lakes, on the upper Mississippi River
system, and in Alaskan waterways except along the northern

shore [Ref. 42]. The domestic Alaskan tasks have
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historically involved assisting vessels to reach Anchorage
through Cook Inlet, and occasional <clearing of small boat
harbors in exceptional conditions [Ref. 42].

The level of commercial support has long been
controversial. Shipping interests on the Great Lakes, for
example, strongly support moves to extend the shipping
season, even to the point of year-round navigation. This is
feasible with the commitment of enough icebreakers to do the
task; but the economic advantage to private concerns must be
balanced with the public cost. Providing service on a
reimbursable basis has been suggested, but never adopted for
domestic icebreaking. The Coast Guard”s current domestic
icebreaking policy provides that [Ref. 159]:

~-icebreaking operations will be conducted to keep
oven those principal waterways which are not normally closed
to commerce in the winter.

~-icebreaking operations will be conducted to
maintain traditional commercial navigation seasons on
principal waterways which are not normally open to year-round
navigation.

--the Coast Guard will extend the season or attempt
to provide year-round navigation where benefit/cost studies
indicate that it is in the national interest.

--the Coast Guard may provide icebreaking services
when requested by the Corps of Engineers to aid 1in the

prevention of flooding caused by ice jams.

--any icebreaking required in the pursuit of search
and rescue missions will be conducted.

--the Coast Guard will not normally compete or
provide service when commercial icebreaking service 1is
available.
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Domestic policy 1is significant to arctic Alaska
because the two modes are beginning to merge in this area.
Even though it is U. S. territory and waters, arctic Alaska
is a polar region and has been virtually devoid of commercial
marine traffic. The latter feature has begun to change. As
private enterprises have moved into the picture, the Coast
Guard has assisted barge convoys pushing through to Prudhce
Bay. With the possibility of huge 1increases in marine
traffic, the service faces some thorny policy issues on the
employment of its shrinking icebreaker fleet. These issues

will be pursued in later chapters.

D. CURRENT ICEBREAKER RESOURCES

The Second World War left the country with ample
icebreaker resources relative to what had been available in
the pre-war era. The deep-draft fleet consisted of seven
WIND-class ships and MACKINAW, with STORIS and a number of
ice-strengthened buoy tenders providing additional
capability. The ©Navy commissioned GLACIER in 1955. As
discussed previously, these ships found a number of missions
supporting various activities in the polar regions and on
domestic waterways; there had been little need for
acquisitions or decommisssionings when the Coast Guard became
the nation®s sole icebreaker operator in 1965.

As the 1960s drew to a close, it became apparent that

some provision for replacing the WIND-class vessels was
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needed. EASTWIND was the first of the class to retire, in
1968, In 1971, after three vyears of study, Lockheed
Shipbuilding and Construction Company was awarded a $53
million contract to build the first of a new class of polar
icebreakers. Although oiiginal plans called for four of
these ships, only two were actually funded. After exten-
sive construction delays, POLAR STAR was delivered on the
last day of 1975 and was followed two years later by POLAR
SEA.

The POLAR~class vessels represent an enormous increase in
icebreaker performance and capability. Although 50 per cent
longer than the WIND-class, the new icebreakers have twice
the displacement, and the option of applying up to 60,000
continuous shaft horsepower (see Table 1-1). A "rule of
thumb" measure of icebreaker effectiveness is the maximum
available horsepower per ton of displacement [Ref. 14]; the
POLAR-class ratio is 4.55 compared to 1.54 for the "WINDs."
In an operational comparison, the WIND-class can break
approximately 75 linear feet of six~-foot fast ice per ram
before backing for another run, while the POLAR~-class can
break the same ice continuously at three knots and ice up to
21 feet thick by ramming [Ref. 39].

This degree of icebreaking capability is achieved by an
engineering plant of six diesel generators driving three
electric motors, and three gas turbines. Power can be

provided with wvarying engine combinations to drive the
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controllable pitch propellers. The fragility of propellers
with movable blades has continually plagued the POLAR-~class,
and problems with this innovation have caused several polar
deployments to be aborted. The propeller hubs have been
subjected to extensive re-engineering, Both ships are
currently considered fully available for deployment [Ref.
167].

Delays in delivery and full operational capability of the
POLAR-class caused severe disruptions in icebreaker
scheduling, as EDISTO, STATEN ISLAND and SOUTHWIND were
decommissioned without replacement in the early 1970s.
BURTON ISLAND was retained for three years beyond her
scheduled decommissioning, finally passing out of service in
1978. POLAR STAR and POLAR SEA thus replaced five of the
WIND-class vessels on the rationale that increased
operational capability compensated for the loss in quantity.

As shown in Table 1-1, today”“s polar icebreaker fleet
consists of five vessels, including the two newest, the aging
GLACIER and two reworked WINDs. They are not under
centralized command, being dispersed in homeports on the West
coast (POLAR STAR and POLAR SEA in Seattle, GLACIER in Long
Beach), in the Great Lakes (WESTWIND in Milwaukee), and on
the eastern seaboard (NORTHWIND in Wilmington, North
Carolina) under the district commander of the appropriate
geographic area. STORIS is homeported in Kodiak, Alaska and

ice-strengthened buoy tenders are 1located on the southern
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Alaskan coast as well as in the continental United States.

In fiscal year 1980, the Coast Guard spent $21.4 million
operating and maintaining ships and aircraft for the polar
icebreaking program, of which $2.7 million was reimbursed by
"user" agencies [Ref. 167). The expense of the program has
risen dramatically in recent years, as inflationary forces
have pushed up fuel and personnel costs. A number of
techniques have been implemented to increase ship
availability and to control costs, many of which encompass
quite untraditional ways of running ships. The POLAR~class
was designed to operate with a crew of 140, compared to 174
and 197 for the Wind~class and GLACIER, respectively. This
was achieved through automation, principally of engineroom
watchstanding, and maintenance augmentation from ashore., Low
maintenance construction materials and preventive maintenance
systems were also features in design. The POLAR-class
vessels are co-located in Seattle at a support facility which
provides supply, personnel and engineering assistance.

More ship availability is a recognized means of employing
the resource more efficiently. For years the Coast Guard has
"piggy-backed" missions on the icebreakers, fulfilling
multiple user requirements simultaneously. Many research
projects are compatible, for example, with each other and
with transits. Optimum geographic location of homeports, to

reduce time spent in transit, has also received
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consideration. Most radical is the concept of multi-crewing:
the POLAR-class manning levels were set on the basis of three
full crews for the two ships. This would in theory allow 270
days of ship operating time per vear, with no individual
crewman away from home more than 180 days. In the severe
budgetary climate of the late 1970s, however, the third crew
was never funded and it is suspected that the technological
complexity of the vessels will not allow 270 days of

operations each year ([Ref. 167].

How adequate are the existing icebreaker resources? TwWO
in-house Coast Guard studies in 1975 and 1979 estimated that
icebreaker requirements in the 1981-2000 period would average
890 and 819 days per vyear, respectively [Refs. 37, 42].
These figures were based on surveys of the user
organizations, fitting these projected requirements into
feasible schedules. Both studies also concluded that these
requirements carnot be met with existing resources. In
addition to calculating the number of ship-days available,
icebreaker scheduling is complicated by [Ref. 37]:

--concentration of user demand at certain times of the
year.

~--some missions which require two ships working jointly.

--the high level of vessel risk in the polar environ-
ments, making backup capability necessary.

A number of program changes are in the planning process.

Budget requests for fiscal year 1982 include $10.6 million
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for re~engining STORIS to upgrade her horsepower from 1800 to
4000 SHP., Her performance in 1975 North Slope tug and barge
convoying was marginal, and the added power would make STORIS
more effectively suited to the shallow water of Alaska’s
arctic coastline, Also requested for 1982 is $113.8 million
for the first of two dual-draft icebreakers. These are
replacement vessels for WESTWIND and NORTHWIND, and are
designed to have a shallow draft for winter work 1n the Great
Lakes and a deeper draft for summer deployments to the
eastern arctic. Draft would be varied by the amount of fuel
carried [Ref. 167]. Coast Guard headquarters has also
completed a mission needs statement for a shallow draft
icebreaker for arctic Alaska, an early step in the
acquisition process [Ref. 163]}.

Forecasting future icebreaking requirements is a highly
intuitive business. Yet the long 1lead time for building new
vessels, the growth of important new requirements, and the
austerity of the current budgetary environment necessitate
decision~making far in advance of firm information. of all
the icebreaker operating areas, the eastern arctic and
traditional domestic waterways appear least likely to
experience the largest growth in requirements. Certainly
this could be changed by policy revisions, such as year-round
navigation on the Great Lakes. The antarctic seems more
speculative. There is an increasing awareness of resources

at the "bottom of the world,"” and it seems highly likely that
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the United States would insist on participating in any moves
to exploit them. There 1is nothing to indicate immediate
movement, however.

Action in the arctic looms most ominously on the horizon.
Events are already occurring which involve icebreaker support
as well as other Coast Guard responsibilities; the STORIS
rework and shallow draft icebreaker represent responses to
these trends. Yet the scope of events in arctic Alaska
potentially involve great changes and could ultimately have a
huge impact on icebreaking. Understanding the background of

this area is a first step in understanding its future.
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IT. BACKGROUND: ARCTIC ALASKA TO THE PRESENT

Alaska retains, in the minds of most Americans, a flavor
of adventure and mystery that has been associated with the
land over much of its history. The name derives either from
an Aleut word, "alakshak," which refers to the mainland of
the Alaska Peninsula, or is from the Eskimo meaning "great
land." The latter truly befits the superlative nature of

this state.

A, HISTORY

One of the thrusts of post-Renaissance Europe“s outreach
for treasure and exploration was the search for a Northwest
Passage. Although Norse ships had earlier pushed beyond
Greenland into the Labrador Sea and on to the fringes of
North America, the European search for the fabled water route
to the East began in earnest when Cabot sailed for Cathay in
1497. He was followed by a host of others, all unsuccessful,
until Amundsen transited the ice~bound route early in this
century.

Its remoteness shielded Alaska from European contact
until Vitus Bering sighted Mount St. Elias and sent men
ashore in 1741. As "Russian America," the vast territory was
soon recognized as a rich area for whaling, sealing and

fishing; lying beyond the vast expanses of Siberia, the
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Russian colonizers never saw Alaska as more than a source for
these commodities.

The huge territory became the last significant
acquisition in a new nation”s manifest destiny when the
United States purchased it on October 16, 1867. The $7.2
million price made Alaska infamous as "Seward’s folly"” and as
an icy wasteland. These complaints dissipated, however, and
by the turn of the century Alaska achieved notoriety for gold
and adventure by the literature of Jack London and Robert
Service. Even as a possession of the United States, the
territory remained, for all intents and purposes, a colony.

The Second World War brought convulsive change to Alaska.
Japanese feints at Kiska and Attu, although far out 1in the
Aleutian Chain, were answered by a large military buildup.
The Alaska Highway was carved out of wilderness, creating the
first all-land transportation link to the territory. In the
postwar era, the military remained as Alaska’s largest
employer. The importance of geographic location was
heightened by the cold war and brought construction of a key
string of early warning stations (BMEWS and the DEW-Line) and
aircraft interceptor bases.

In 1959, the Statehood Act was passed by Congress and
Alaska became the forty-ninth state. There were only 211,000
residents [Ref. 8) 1living on the 375 million acre expanse.
Alaska”s history to this point can be characterized as a

series of transformations, where aboriginal Alaska yielded to
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colonial Alaska and then was changed by the exigencies of
wartime into garrison Alaska [Ref. 22]. With the advent of
colonization, the Great Land had become an area useful
primarily for outside purposes: for resource exploitation
and for defense of a national heartland.

Statehood dramatically altered this pattern by shifting a
great deal of political control from a distant Congress to
the residents themselves. Although the federal government
retained title to most of the state, the Statehood Act
allowed Alaska to select 103 million acres of land over the
following 25 years for its own purposes. This provision was

to be significant.

B. OIL AND THE NEW YUKON FEVER

Although nationally unnoticed wuntil Atlantic Richfield
Company (ARCO) announced the 1968 Prudhoe Bay strike, oil had
Leen known to exist in Alaska for a number of decades. Early
travellers noted natural seeps of o0il along the arctic coast,
and the first exploration on the North Slope was conducted by
Standard 0il in 1921 [Ref. 18]. A large segment of northwest
Alaska was designated Naval Petroleum Reserve #4 two vyears
later by President Harding, although Navy drilling programs
in 1944-53 and 1974-77 produced nothing significant [Ref.
S1]. 1In 1957 the first oil well began flowing in Kenai, and
Six years later the first offshore well was sunk in Cook

Inlet, beginning modest production in south central Alaska.
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ARCO”s announcement of the huge Prudhoe structure on July
18, 1968 did bring petroleum into the spotlight. The
estimation ran to 10 billion barrels of recoverable o0il; but
it lay underground in an environment new to the oil industry
and where advances in technology would be needed for
exploitation. While drilling obstacles were significant, it
rapidly became apparent that the overriding problem would be
one of transporting the extracted crude oil.

Several trans-Canadian pipeline routes were proposed, to
bring the 0il to southern Canada where it could be funnelled
into pre-existing pipeline systems. Although pipeline
technology was well established, construction 1in the 1low
temperatures, seasonal extremes and permafrost conditions
posed formidable engineering problems. Additionally, a
Canadian route would be 2400 miles in length and require the
consent of a sovereign country [Refs. 54, 71].

A similar idea surfaced for a pipeline across Alaska to a
suitable terminal port on the southern coast. It would be
only 800 miles long, yet would necessitate a marine terminal
and an extensive tanker fleet.

More exotic proposals for air cushion tanker vehicles and
tanker submarines were studied {Refs. 54, 63, 83]}. But one
of the more interesting ideas that remained within the bounds
of realistic technology and economics was a system of
icebreaking tankers. This became an especially attractive

alternative since the production from Prudhoe Bay was most
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urgently needed on the U. S. east coast. The concept of
large icebreaking tankers plying the Northwest Passage
appeared to be a pragmatic solution as well as the romantic
fulfillment of a centuries-old dream,

To test the feasibility of the concept, Humble ©Oil (now
Exxon) had a 115,000 deadweight ton tanker re-engined and
fitted with an icebreaking bow in a joint project with ARCO
and British Petroleum. In August 1969 the 1005~foot
MANHATTAN departed Philadelphia to transit the Northwest
Passage and arrived at Point Barrow, Alaska a month later.
Although the ship received some assistance from an
accompanying Canadian icebreaker and sustained minor damage
on the return trip, the overall concept was proven in a
dramatic way. The costs, however, were sobering: on the
basis of the vessel’s performance, it was estimated that
year-round operation would require 100,000 to 150,000 shaft
horsepower (SHP) instead of MANHATTAN’s 43,000; and the
projected cost per ship was revised upward from $30 million
into the $75 to 100 million range [Ref. 26].

MANHBATTAN made a second trip into Baffin Bay and the
eastern arctic archipelago in the spring of 1970, but the
transportation mode she represented 1lost in the final
decision process. The consortium of o0il companies elected
instead to build the Trans-Alaska Pipeline System (TAPS).

The factors in this choice may have included:
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~-~the absence of proven reserves in sufficient quantity
to develoo a new technology, including a deepwater 1loading
terminal in the Beaufort Sea. Pipeline technology was
probably felt to be closer to "state of the art" ([Refs. 29,
4073 .

--the more uncertain economics of icebreaking tanker
operation [Ref. 29].

--potentially lucrative "swap" possibilities, 1including
shipment of Alaskan oil to Japan in return for Caribbean
deliveries, which might yield more profit for the companies
[Ref., 61]. None of these have materialized, since the
authorizing legislation for TAPS specifically banned export
of the oil.

--avoidance of the sovereignty problems that a trans-
Canadian pipeline or the Northwest Passage would present; in
fact, the MANHATTAN operation raised serious concern 1in
Canada about the status of her arctic waterways [Ref. 6] (see
Chapter VII).

The real reasons behind the decision can only be
speculation, but its effect was immediate and intense.
Coming as it did at the ©peak of national ecological and
environmental concern, TAPS aroused significant opposition.
Various analyses showed the chosen alternative to be
environmentally and economically inferior to other modes
[Ref. 6]. Congress acted in 1971 to settle native claims in
Alaska, an issue that had been dormant for years; the Alaska
Native Claims Settlement Act provided 40 million acres and $1
billion to the 43,000 natives through their membership in a
system of 13 native corporations [Ref. 15]. In January of
the same vyear, the Department of the Interior £filed a
preliminary assessment of ecological impact for the project,

as required by the National Environmental Policy Act of 1969

[Ref. 54].
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TAPS was subsequently challenged in court. The State of
Alaska, the Interior Department and the o0il companies were
sued by an alliance of Alaska natives, fishermen, Canadian
environmentalists, and American environmental groups which
included the Wilderness Society, Environmental Defense Fund
and Friends of the ®Barth [Ref. 6], A court injunction
against construction of the pipeline was granted. In March
1972, the 1Interior Department released an environmental
impact statement and economic and security analysis of the
project [Ref. 54]. After much lobbying and other 1legal
maneuvering, TAPS received final legislative approval of the
Congress in the form of the Trans-Alaska Pipeline

Authorization Act of November 1973. It benefitted at the

eleventh hour from the October 1973 oil embargo.

The Authorization Act did not represent a clear-cut
victory for the o0il companies and their development-minded
allies. It was above all a piece of compromise legislation,
mandating significant environmental safeguards. These
included extensive baseline studies of the environment,
construction techniques that would minimize wilderness and
wildlife impact, and strong monitoring of construction and
operation. For example, tankers carrying crude oil from the
Pipeline”s southern terminus in Valdez were prohibited from
discharging oily water at any point on their voyages; this
common ballasting procedure was replaced by a water treatment

plant in Vvaldez that processes contaminated water from
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arriving ships and recovers 3000 barrels of oil per day.
Water returned to Prince William Sound contains 4-6 parts per
million o0il, against an allowable standard of 8 ppm [Ref,
101}. The pipeline was built with sufficient overhead
clearances to allow passage of reindeer herds 1in certain
areas, and sits on refrigerated stanchions to prevent melting
of the permafrost. While not satisfying the most vociferous
critics, these types of safeguards produced an end result
that was significantly different from what had been planned.

The construction phase had a convulsive social impact on
the state. With the pressure of several years” delay and the
limitations of the seasons, the builders paid exorbitant
wages to attract skilled workers to the project and to Kkeep
labor peace. Uncontrolled qgrowth of towns, skyrocketing
prices, and large numbers of transients resulted. and
although the pipeline greatly increased the economic base of
the state, most of the boom faded when the mammoth project
was finished. A future wave of development brings mixed
emotions to most long time Alaskans.

TAPS was completed in May 1977, and the first barrel of
Prudhoe Bay crude reached Valdez on the 28th of July [Ref.
4]. The cost of what was billed as the largest privately
financed project in history had escalated from the planned
$800 million to over $8 billion. The MANHATTAN, in spite of
her icebreaking capabilities, now carries Prudhoe Bay oil to

the U. S. west coast. The wisdom of the TAPS decision can be
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called into question; and with the prospect of more petroleum
development it is of more than academic interest to ask if a

similar project would be undertaken again.

C. ALASKA AT THE PRESENT

Once in routine operation, TAPS has proven itself
successful. At the end of 1980, 1.52 million barrels flowed
through the 48-inch pipeline each day, representing some 8-10
per cent of U. S. consumption, Construction of extra pump
stations could boost daily flow to two million bharrels. Pump
station 7 was completed at the end of 1980, adding no new
throughput but eliminating the need for some expensive drag-
reducing additive [Ref. 135]. The system is monitored by the
Interior Department's Alaska Pipeline Office, and marine
operations are regulated by the U. S. Coast Guard. The state
asse.ts a regulatory function through the Alaska Department
of Environmental Conservation, There have been minor
operating problems, including small leaks and adverse winter
weather precluding tanker loading, but TAPS has remained free
of any major catastrophies.

The Coast Guard's role is a significant one. The
Authorization Act mandated that a vessel traffic service
(VTS) be established for Prince William Sound, to provide
navigational assistance to TAPS tanker traffic along with a
system of traffic lanes, speed limits, operating rules and

radar monitoring. The effect of TAPS traffic on the pristine
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and biologically abundant waters of Prince William Sound was
a major concern of the environmentalists, and the Coast Guard
regulatory presence addresses this issue in seeking to reduce
the risk of a vessel casualty. The Marine Safety 0Office in
valdez provides additional on-scene capability in conducting
the commercial vessel safety, port safety and marine
environmental protection programs. Coast Guard involvement
with TAPS is a significant precedent for oil development and
transportation,

Financially, the o0il flowing from Prudhoe Bay has been a
bonanza for the state. Taxes and royalty revenue now
register about $300 to 350 million monthly, and by November
1980 Alaska had accumulated a fund of $2 billion. Although
officials have, with considerable historical irony, invested
some of this in gold bullion [Ref. 88] and abolished the
state income tax, this reservoir of capital will in all
likelihood be used to back further development projects as
well. One indication is that Alaska, along with several
other states, has set up a state-financed venture capital
organization. The state is also considering acquisition of
a 255-foot ice-strengthened research vessel (Ref, 167].

A major undertaking now in progress is the Alaska Natural
Gas Transportation System. At a projected cost now placed at
$40 billion, this 4800-mile pipeline 1is designed to bring
Prudhoe Bay natural gas through Canada to the continental U.

S. It will initially move 1.1 billion cubic feet per day of
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Canadian gas and when finished will supply approximately 5
per cent of U. S. gas consumption. Arrangements for the
project have been complex and delicate. Federal law, for
example, precluded the Prudhoe producing companies from
ownership in the pipeline; the Canadians have sought
reassurance that the entire system will be built before
committing to their portion of it; and securing financing for
such a mammoth project has been difficult. The State of
Alaska may participate 1in building ¢the $2.3 - '3.0 billion
conditioning plant at Prudhoe Bay, and an initial contract
for this facility has been let (Ref. 129]. Portions of the
pipeline are now under construction, Approval has been
received for 430 miles of right of way on federal land,
leaving 311 miles of state, native and private 1land still
under negotiation [Ref. 98]. It seems reasonable to say that
the line will be built, but the targeted 1985 completion date
seems certain to slip [Ref. 159].

Exploration for oil is imminent 1in a number of promising
areas in Alaska, as will be discussed 1in Chapter 1IV. The
heated battle over disposition and £future use of huge land
areas has recently reached a momentary 1lull; this is
described in Chapter VI. The mood in Alaska can perhaps be
characterized, at the risk of simplification, as generally
favoring development but with stringent controls and local
participation, There 1is, of course, a multiplicity of

interests in the state., The residents of Alaska are well
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aware of their enormous resource potential and its wvalue in
an energy-huncry world; but perhaps because of the past <hey
are extremely sensitive to outside manipulation., Aalaska will
refuse to be merely a treasure trove, and it is in this

context that future development will occur.
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ITI. THE FUTURE AND ARCTIC ALASKA

Alaska's history of resource exploitation and the
f tumultous events of recent years leave the state, or at least
certain portions of it, poised for a rather uncertain future.
The differences in the various possibilities are large. The
arctic basin may become the Persian Gulf of this era,
producing a huge stream of hydrocarbons to feed the world's
appetite for energy; or it may remain in a stable state with
only peripheral inroads from "development." The course
m between these extremes that events will eventually follow is
difficult to foresee. The subjectiveness of the observer and !
the imaginative appeal of large changes make evaluation even
more elusive.

The Coast Guard will have to react to events and demands
from the external environment that are perceived ¢to fall
within the scope of 1its responsibilities. This 1is the
cornerstone of organizational strategy. Secondarily there

must be an identification, as one text presents it, of the

distinctive competence that ideally equips the Coast Guard to
! £ill the needs. This leads to development of adequate human
} and physical resources [Ref., 2].

i Although this age is recognized as one of accelerating

change, the lead time required for organizational reaction
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seems to be lengthening. Implementation of new operational
systems, development of personnel expertise and acquisition
of capital facilities 1involve structured procedure. Though
it would he wrong to spring immediately to the conclusion
that arctic development will require a new type of icebreaker
for the Coast Guard, this situation would for example,
necessitate ten years between identification of the need and
commissioning of the first ship [Ref. 162]. The organization
must therefore haVe a lengthy (and lengthening) "weather eye"
for future shifts in the winds of change.

The problem then, is one of determining the future of
targeted areas of interest and the Coast Guard's role in
them, far enough in advance to allow action, our
rationalistic view of the world leaves us without a belief in
oracles or spiritual seers; but modern thought hardly
conceptualizes the occurrence of events as completely random.
Trend extrapolation, scenario-writing, expert consensus
techniques, and simulation and modeling all have parts to
play in future study. Extrapolation of the past and present
is the most common of these.

The future effect of certain trends 1in the arctic are
reasonably clear. A primary impact on the Coast Guard's
present role in arctic Alaska will be through marine
transportation. This is important due to the orientation of
the Coast Guard's organizational objectives and statutory

responsibility, and partially to the 1legacy of the Alaska
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Pipeline where North Slope barge convoys and tanker traffic
trom the terminus were the Coast Guard's main concerns. It
can also be rather obviously surmised that any 1large-scale
development in Alaska's future will be dominated by petroleum
and natural gas resources. Virtually any development of
these resources in the arctic reqions will involve some form
of marine transportation.

The brunt of Coast Guard impact will undoubtedly fall on
the icebreaking program, and a number of issues are involved.
Icebreaking operations in the midst of a 1large commercial
development effort may finally dissolve any remaining
distinction between domestic and polar icebreaking.
Icebreaking assistance to commercial vessels on the North
Slope is now placed under the domestic label [Ref. 1471, and
increased icebreaker involvement along these lines may
reorient the program on a geographic basis rather by an
arbitrary distinction between domestic and polar tasks.
Reimbursement for icebreaking service is another 1issue
lacking resolution. As discussed in Chapter I, commercial
assistance has been rendered for vyears on traditional
waterways, but it is unclear as to whether similar assistance
should be expected on waters heretofore devoid of commercial
activity (Ref. 164].

Assessing the impact of events 1is complicated by a
potential overlap of programs. Search and rescue, short

range aids to navigation, enforcement of laws and treaties,
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marine environmental protection, port safety and security,
and military preparedness/operations are all likely to have
applications in future Alaskan arctic activity. 1In executing
tnese functions, ic~breakers will without guestion be
uatilized to a gJgreat extent, since in many arctic areas during
much of the vyear only these ships will be capable of putting
Coast Guard resources on the 3cene. TIcebreakers may become

much more multi-program units than in the recent past.

The foregoing outline touches only briefly on the future

factors affecting arctic Alaska and the Coast Guard.
Predicting the shape of things to come involves the
examination of highly complex and contingent events.

Attempts at fitting all the pieces together by intuitive
means is probably beyond the raticnal/analytical capability
of the human mind. There are simply too many separate
streams of events and processes in motion to be examined Iin
toto. Nor does the subject lend itself well to a programmed
approach: only partial quantification is realistic and the
relationships and contingencies are generally too nebulous to
specify with mathematical precision.

One method of overcominag this problem of scale 1is to
break the "picture" down into smaller, more comprehensible
areas for closer scrutiny. The risk in doing this, however,
is the same risk faced by any use of specialization: loss of

overall perspective and of the essential interconnectedness
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2f the seaments. Yet orjanized and thorough analysis demands
some conpartmentaion of the field, with careful relating of
“he results to compile an understanding of the whole.

The "break-down" approach represents one methodological
ispect of this study. Five 1issues which pertain to the
future of arctic Alaska and icebreaking activities have been
itentified from a review of literature and discussion with
individuals close to unfolding events. Each of these issues
will be examined in detail, with the goal of identifying the
likely future by informally extrapolating trends and
flavoring them with scenarios, opinions and "best guesses."

Before describing these five issues, however, a number of
basic assumptions underlying the study must be restated for
clarity. These include:

-- undeveloped o0il and gas resources exist 1in arctic
Alaska (including the Bering Sea) in commercially practical
quantities.

--though all necessary technology is not in existence, it
ic within reach; and technology per se is not the most
significant barrier to the future development of oil and gas
reserves.

--exploitation of other minerals will remain far behind
oil and gas development. The U. S. Bureau of Mines estimates
130 billion tons of coal in Alaska, ninety percent of it
north of the Brooks Range [Ref. 59]. Commercial quantities

of the following minerals are also believed to exist [Refs.
41, 571:

>copper >tungsten >molybdenum >silver
>fluorite >mercury >lead >nickel
>tin >antimony >zinc >cobalt
>platinum >beryllium >asbestos
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The demand for these minerals 1is much less than current
petroleum needs, and development of the former may become
economic once a functioning transportation system is in place
fref. 407.

--other commercial ventures in arctic Alaska, such as
fisheries and tourism, will remain minor compared to oil and
gas efforts.

--marine transportation will play at least some role in
the region's development; at the present it is the only

economic means of moving large quantities of material in the
arctic.

~-Coast Guard objectives and programs will remain roughly
in line with the status quo, with no significant additions or
deletions of respcnsibility. The Coast Guard will therefore
retain its organizational orientation toward marine-related
transportation.

--as stated above, the future of arctic Alaska will have
its major impact on the Coast Guard through waterborne
transportation.

With these guiding assumptions, the following five issues

will be examined:

1. Energy development. Perhaps the singly most

important factor in arctic Alaska's future, petroleum and
natural gas energy is to a large extent the fountainhead of
many other "downstream" occurrences. What will transpire is,
of course, far from certain. Although the country is in the
midst of an almost obsessive concern for "Energy," and
"enerqgy independence" has become a catchword, there is little
that could be called a national -energy policy. Energy
development in arctic Alaska will be influenced by a host of
public policy issues, international economic factors, and
foreign political events, but these factors will be

significant only in the long run and cannot be confidently
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oredicted. What will be examined are the energy-related
activities now in process in Alaska, and the directions in
which they point.

2. Energy-related transportation. As previoulsy noted,

the development of energy resources in arctic Alaska will
undoubtedly entail substantial movement of materials by
water. Marine activity mav be principally a support function
for exploration and construction operations, much as barge
traffic to the North Slope has been utilized for Prudhoe Bay
operations. Much more significantly for the Coast Guard the
marine mode is a likely alternative for transporting oil and
natural gas to collection points or to markets if production
levels rise sufficiently.

3. Concerns for the natural and social environment. The

concept of "progress" has recently undergone a significant
redefinition in this country, where development of natural
resources has always been considered desirable. The Trans-
Alaska Pipeline was one of the first large-scale projects to
be confronted by the new environmentalism; this was reflected
not only as outright opposition but also resulted in
construction of a greatly modified npipeline. The "TAPS
precedent” will undoubtedly flavor any new plans for
development in Alaska.

4, Canadian arctic developments. With a vast expanse of

arctic frontage, Canada is much more oriented toward northern

resources than is the United States. A number of Canadian
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orojects are underwav in the high latitudes that are highly
ambitious in scope and involve high technological
soohistication. This type of arctic leadership may exert
enough influence to pull arctic Alaskan development along the
same lines. In addition, the very real possibility of
Canadian energy exports to Japan through the Bering Straits
presages a direct and significant impact on Coast Guard
responsibilities.

5. The international perspective. A number of issues

point to a growing international significance for the arctic.
These include concerns such as protecting development efforts
there, sovereignty issues related to transportation and
resource exploitation, Soviet arctic efforts, and the
potential for military and naval operations in the arctic. A
federal interdepartmental policy group has been formed to
study and discuss national policy for the area. A review of
events in arctic Alaska and future icebreaker needs must also
look beyond domestic commercial concerns to the exigencies of
national security, and to the impact that present and
prospective arctic developments will have on the world as a

whole.

The foregoing issues form the framework of this studv.
While this overview and integrative approach 1in no way
presumes to be comprehensive, it appears to offer the most

clear-cut means of examining the complexities involved. The
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framework fits well the most pertinent trends and influencing
factors.

Chapters IV through VIII will examine each of the five
issues in detail. Chapter IX will seek to combine and
svnthesize the results into useful conclusions about future

icebreaking program requirements.
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IV. ENERGY DREVELOPMENT

A. THE HYDROCARBON ENERGY PICTURE

In recent years world events have projected hydrocarbon
energy, and particularly petroleum, into the international
spotlight. The speed of this transition to prominence was
remarkable not only for its convulsive abruptness but also
for the incredible complexity of economic, political,
religious and ethnic factors underlying the change. In one
sense, the oil embargo of 1973 and the continuing ©price
increases for this commodity have forced world awareness of
the finiteness of petroleum and natural gas resources. The
industrialized nations especially were relieved of their
illusions that such cheap and convenient energy would last
forever.

The "energy crisis" is perhaps more accurately labelled
as a petroleum crisis (with 1its natural gas first cousin
following closely in the same vein). In 1979, oil
represented 46 per cent of primary U. S. energy consumption,
and natural gas accounted for another 25 per cent [Ref. 47].
With the advantage of several vyears' hindsight, it can be
seen how fortuitous the discovery of o0il at Prudhoe Bay
really was. Atlantic Richfield's 1948 announcement was made
five years before the OPEC hammer fell, and added a

jnificant fiow of domestic o0il to the American economy
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relatively quickly. Although developments beyond the initial
production area have proceeded slowly for a variety of
reasons, the potential impact of arctic offshore and onshore
resources is huge.

Estimation of hydrocarbon reserves is truly an art of
augury. Figures are in abundance but, of course, come with
no guarantees. In a global context, it is estimated that
there are 648,5 billion barrels of proven oil reserves and
2,738 trillion cubic feet of natural gas worldwide [Ref.
138], of which some 10-12 billion are in Alaska. FEstimates
of undiscovered reserves are much less firm; U. S. Geological
Survey figures, expressed in terms of probabilities, seem to
be accepted as most authoritative. Table 4-1 contains USGS
reserve estimates for Alaska and the continental U. S., and
Figure 4-1 indicates the hierarchy of oil and gas categories.

The estimated Alaskan resources 1in Table 4-1 are
significant, especially those for oil. It must also be
considered that the continental United States has been much
more thoroughly explored than has Alaska's northern areas,
and figures for the latter may therefore be low. In the
opposite vein, resources that are technologically recoverable
may not be economically practical for production.

The supply-demand context 1is worth considering, although
as indicated in the previous <chapter, the complex realm of
world events behind supply and demand is beyond the scope of

this study. 1980 was the second consecutive year of
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declining U. S. consumption, matched with a 1.4 per cent
increase in domestic production. The 1increase was due
largely to stepped-up flow through the Trans-Alaska Pipeline
(TAPS), but to some degree it also results from a slowing of
the decline in "lower 48" production. World petroleum output
simultaneously decreased 5 per cent, to its lowest level in
three years [Ref. 1381, These trends seems likely to

continue, Economic pressure for development of domestic

sources will grow with each incremental rise in the price of

imported oil.

Areas of present and potential hydrocarbon development
fall into natural geographic divisions, illustrated by Figure
4-2. The Prudhoe Bay field, established by current
production, li-s between the 1immense National Petroleum
Reserve-Alaska (formerly Naval Petroleum Reserve #4), and the
William 0. Douglas Arctic Wildlife Range extending eastward
to the Canadian border. The Beaufort and Chukchi Seas are
nearshore portions of the Arctic Ocean, with the Bering Sea
encompassing Hope and Navarin Basins, Norton Sound and

Bristol Bay.

The Department of the Interior's "Final 5-Year 0OCS 0il &
Gas Leasing Schedule" of June 1980 wutilizes these large
geographic areas. Fach lease area 1is broken down into small
tracts averaging -8 square miles. Federal leasing of the

outer continental shelf generally involves a two and one-half
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year process comprised of the following events:

--nominations

--tentative tract selection

--submission of draft environmental statements, for each

tract

--public hearing

--submission of final environmental statements

--proposed notice of sale

--submission of state comments

--energy review

--notice of sale

--sale
Lease procedures are complicated by the fact that the state
leases offshore areas inside of a three-mile boundary from
any land area, with federal control outside this limit. The
state of Alaska has disputed this arrangement by filing suit
with the Supreme Court. It could be two to five years before

the issue is presented to the justices [Ref. 126].

B. THE DEVELOPMENT PROCESS

Production of o0il and natural gas in an arctic
environment is a far more complex and expensive undertaking
than has been the case elsewhere. Most large reservoirs of
petroleum have been exploited in areas where it 1is easily
produced and close to user markets. The oil «c¢risis of the

seventies has moved the development process to a new plane:
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more expensive techniques such as deep-drilling and secondary
recovery (injection of water or gas to maintain pressure) are
now feasible, and adverse environments such as the North Sea
and the arctic are increasingly attractive,

The difficulties facing arctic energy development stem
from two physical features of the region: uneven annual
distribution of daylight and low winter temperatures [Ref.
21]. These make most work highly seasonal, pose severe
sStresses on personnel and equipment, and inflict
substantially higher costs. Construction of TAPS
demonstrated how a month's slippage 1in a crucial step could
mean a vyear's delay; and this seasonal inflexibility proved
even more important in barging materials to the North Slope.

The process of oil and natural gas development can be

subdivided into three phases. Exploration generally begins

within a year after the lease sale and may continue up to
four years. The purpose is to discover oil (or natural gas)
and determine the economic feasibility for extracting it
[Ref., 48]. Although analysis of surface geology and earth
gravity surveys done with aircraft provide useful
information, knowledge of the subsurface geology is
necessary. This information has generally been gathered by
seismic methods which more positively indicate structures
favorable to the presence of oil [Ref. 8)]. The existence of
oil must then be proved by drilling. Seismic testing has

been considered to pose little environmental risk, although
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this assumption has heen called into question for the effect
that blasting and surface activity may have on «certain
wildlife specics. Exploratory drilling 1is hazardous: the
danger of blowouts and fire [Ref. A8) poses risk both to the
environment and to personnel on the site. The Bureau of Land
Management (Interior Department) must issue a permit prior to
actual drilling.

Installation is the second phase of development,

following successful exploration activities. In arctic
environments, the duration c¢ould stretch from the fourth
through eighth years after lease. A field plan must be
approved by the Geological Survey. Platforms must be
designed and constructed [Ref. 48]; this 1is difficult on
tundra which turns to quagmire during summer, but especially
so for arctic offshore work. Drilling from the low, flat
Barrier Islands, or construction of artificial gravel islands
seem to be preferred methods for exploratory work underway in
nearshore Beaufort Sea areas. Man-made islands are
notoriously expensive on the gravel-poor North Slope, and
represent an extensive disruption of the natural setting.
This solution is not at all viable for deeper water. In
addition, 15 meters (52 feet) is considered the maximum for
conventional jack-up rigs which are 1in any event a s:-asonal
alternative [Ref. 1A5]., An ice island tested by Exxon in the
Beaufort Sea was unsuccessful as a drilling platform due to

undercutting by wave action [Ref. 126]. Deepwater rigs that
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can withstand the forces of winter ice are still conceptual,
although some interesting designs have emerged. Platforms
with hollow, bell-shaped bottoms and sloped "icebreaking"
sides have been proposed; they would be towed to the drilling
site, filled with seawater and frozen [Ref. 74].

Beyond the problem of suitable platforms, production 1s
generally less hazardous than putting in exploratory wells
fRef. 68]. This 1is due to the bhetter understanding of
geologic structure gained during exploration activities. The
installation phase also requires development of support
systems. Transportation for the increased number of
personnel and large volumes of materials and equipment is
needed, and if arctic efforts expand beyond the developed
facilities at Prudhoe Bay, most transportation requirements
will have to be met by shipping.

The final development phase is that of production. The
arctic environment has stretched the time from drill permit
to production from a normal five years to an estimated 8-10
years [Ref. 164]., It can only begin when the problems have
been resolved and the stage set by successful installation.
Production from the Prudhoe Bay field has been routine almost
without exception when compared to the intense political
battles and engineering obstacles of its installation. This
stormy implementation was due in large part to transportation
of the crude o0il; movement of the petroleum to market was the

focus of most, though not all, of the environmental
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opprosition. The same situation seems likely for further
netroleum development in the Alaskan arctic.

A fourth, pre-exploration phase cculd be added to the
foregoing description., 0il companies must decide, usually
with very scanty and incomplete information, on lease areas
to bid for. Acquiring leases represents a substantial outlay
and typifies the gamble of petroleum and natural gas
development. The level of risk reinforces a preoccupation
with rapid payback for investments: the industry is
reluctant to invest in projects which do not present a likely
return within five years [Refs. 145, 168]. Throughout the
development process, the risk of obtaining rights,
discovering and exploiting commercially profitable quantities
of resources is completely assumed by the companies. There
are winners, like the Prudhoe Bay find, but there are also an
ample number of expensive "dry holes." The unfavorable public
image of the multinational companies largely obhscures the
degree of this development risk; and the escalating price of
01l has probably increased the risk significantly. 1In dollar
terms, a barrel of new o0il is worth more and more. But oil
must now be sought in unforgiving settings such as the
arctic, where the total cost of development is so much

greater.,

C. AREAS OF DEVELOPMENT

With new events occurring almost on a daily basis, it 1is
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difficult to present a "snapshot" wview of the various areas
of potential oil and gas development. However, the following
paragraphs summarize the status of land and offshore regions
in arctic Alaska, and descriptive information is presented in
Table 4-2,

1. Prudhoe Bay

Alaska's first arctic oilfield has experienced three
and one-half years of production, pumped over 1.5 billion
harrels by the end of 19380 [Ref. 1201, and reservoir
pressures have decreased exactly as expected [Ref. 126]. At
the current production rate of 1.5 million barrels per day,
the field should last another 20 years, although a decline is
expected around 1990 [Ref. 164]. Peripheral discoveries have
been made in the area, and drilling to the west, northwest
and northeast of the known reservoir gives indications of
important new reserves [Ref. 99], The producers plan to
begin daily injection of 2.2 million barrels of seawater to
maintain reservoir pressure, adding one billion barrels to
reserves at a cost of 83 billion fRefs. 1254,1311. Prudhoe
Bay will, therefore, continue to be a significant producricn
region until at least the end of the century.

2. Beaufort Sea

Currently scene of the most active exploration in
Alaska, the shale formations wunder the Beaufort Sea are
geologically the same as those containing Prudhoe Bay's oil.

Moreover, economics has reduced the minimum field size from 1
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areas close to Prudhoe TRef. 12A7,. In December 1979, 20
major oil companies paid $491.7 million for 25 federal tracts
fRef. 1517, and §5A7.4 million for 53 state-managed tracts
[Ref. 125]. Only the shallow protected waters inshore of the
Barrier Islands are now attractive from a technological
standpoint, and the 1979 sale brought no bids beyond a depth
of 15 meters (52 feet).

Beaufort Sea development, for all of its
attractiveness, is fraught with complications. Separation of
federal and state lease control has resulted in the frequent
inability of companies to do joint drilling, with subsequent
higher costs [Ref. 145]. A map of offshore lease areas |is
convoluted by the 1location of the Barrier Islands and the
three-mile demarcation lines; consequently some of the lease
areas are, as previously mentioned, in dispute. For wvarious
political and legislative reasons, no efforts to settle the
federal-state disputes were made before the lease sale [Ref.
126]. Future court action may change tract management 1in
some areas.

An additional obstruction to Beaufort Sea exploration

is 2 lawsuit Dbrouaght in federal district court by
environmental groups and Alaska natives, claiming the
Interior Department failed to comply with environmental

regulations prior to conducting the 1979 sale. However, the
court has cleared the way for exploratory drilling during

winter 1980-81, allowing the Interior Department to appeal.
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A similar lawsuit has been brought in Alaska state courts.
The issue has been further complicated as the North Slope
borough has indicated a desire to exert local «control by
restricting some tracts for subsistence use only. If
successful, such a move would render them worthless as oil
properties [Ref. 125].

A more significant boundary dispute could emerge when
the February 1983 1lease sale opens Beaufort Sea tracts
further to the east and west. The offshore U. S.-Canadian
border is the subject of disagreement, and with extensive
development activity already well underway 1in the Canadian
Beaufort (see Chapter VII), the disputed boundary adds
another factor of uncertainty [Ref. 126]. The actual value
of the 1983 tracts will depend, however, on results of
current offshore work in the Reaufort Sea [Ref. 991.

Work planned or now in progress involves drilling
from the Barrier Islands, from shore or from gravel islands;
it is possible to reach up to 7000 feet laterally from a
drill site {Ref. 126]1. SOHIO, Exxon, Conoco, Shell, Mobil,
Phillips, BP Alaska and Chevron have all begun exploratory
drilling [Ref. 99]. Exxon reportedly scored two promising
discoveries a half-mile offshore and beyond the known 1limits
of the Prudhoe field, although 1little information was
released by the company [Ref., 109]. Even though construction
of gravel islands costs $1 million per foot of water depth

and requires permits from the Army Corps of Engineers and




Alaska Depar+tment of Natural Resources, Exxon, Amoco, Union
of California and ARCO have applied ¢to build four of the
islands [Ref. 1197.

The Beaufort Sea is now in the limelight for new oil
discoveries. The activity has not yet, however, revealed any
major new finds. The answers should be quickly forthcoming.

3. National Petroleum Reserve-Alaska

This huge area, covering over six per cent of
Alaska's land area, has been long associated with oil
potential. Early attempts at exploration were disappointing.
Since its renaming and administrative transfer to Interior
Department control in 1977, Husky 0il has conducted explora-
tory work under government contract. The results have also
been discouraging: 22 exploratory wells have yielded 22 dry
holes [Ref. 99] and seismic work has been equally fruitless
[Ref. 52]. Some exploration 1is still in progress, and
Congress has authorized $117 million for more drilling prior
to offering the area for lease in August 1982, as President
Carter recommended [Ref. 99]. The Department of the Interior
isssued a call for NPR-A nominations in late 1980 [(Ref. 1247}.

For all of its disappointments thus far, the oil and
gas future of NPR-A is not completely bleak. Small wells
have produced gas for the community of Barrow for a number of
years. Additionally, the undeveloped Umiat field is known to
contain 70 million barrels of oil [Ref. 126]. The sheer

vastness of the area tends to mitigate the negative results
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of exploration to date; and the oil companies are eager to
have their "own look" [Ref. 99]. The reserve's proximity and
geologic similarity to the Prudhoe field makes further
exploration reasonable.

4, William O. Douglas Arctic Wildlife Refuge

Recognized for its abundance of wildlife and set
aside as a preserve for that reason, this 8.9 million acre
range also has the perhaps unfortunate distinction of being
prime oil and gas territory. The area is considered to be
far more promising than NPR-A, The Geological Survey's 50
per cent resource probabhilities 1listed 1in Table 4-2 are
hardly certain; they were made without subsurface seismic
data and depend heavily on extrapolation of figures from
nearby areas. Although aeromagnetic, gravity and surface
geology surveys have been made, seismic data is needed for
confirmation of resource presence [Ref. 99].

The subsurface rock structures of the range, while
youndger than those at Prudhoe Bay, are similar to oil-bearing
structures in the Canadian Beaufort Sea [Ref. 1241}, Alaska
senator Ted Stevens, echoing an ARCO statement, labelled the
wildlife range as the most promising oil and gas area in the
country [Ref. 111]. This opinion has been reiterated by the
Alaska Division of Geclogical and Geophvsical Surveys [Ref.
1237.

The range is home to polar bears, wolves, musk oxen

and migrating birds, as well as the summer <calving grounds
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for an estimated 130,000 caribou ([Ref. 102]. As such, it
became a bitter issue in the Alaska lands turmoil that was
decided by Congressional action in November 1980 (see Chapter
VI). Senator Stevens has gone on record stating that the
industry has proved drilling not to be harmful to visiting
caribou herds [Ref. 111]. The Alaska lands bill has provided
for some seismic exploration in the range two vyears after
enactment (i. e., in 1late 1982), with a Congressional
decision on leasing after five years [Ref. 11l1]. In any
event, seismic testing should provide a more complete
understanding of oil and gas potential.

5. Bristol Bay

Geologists theorize that these shallow waters may be
extremely promising, and they are ccnsidered the industry”s
first choice outside of the North Slope and Beaufort Sea.
However, little firm data exists. A good deal of the bay was
excluded from the Interior Department”s 1lease schedule in
deference to state requests made on behalf of fishing
interests [Ref. 99], but a sale labelled "Northern Aleutian
Shelf" is scheduled for October 1983. This lease area covers
the coastal waters of the Alaska Peninsula forming the
southern portion of Bristol Bay. The exclusion of Bristol
Bay leasing is therefore partially a matter of semantics
[Ref. 174]. The bay is an abundant fishing area, with 1-3

feet of ice cover for 7-8 months each year [Ref. 48].
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6. St. George Basin

This Bering Sea region is marked by less extensive
and severe ice conditions than Bristol Bay [Ref. 48] and was
once considered most promising. It has, however, been
downgraded because of disappointing stratigraphic testing
[Ref. 99].

7. Navarin Basin

The area is considered to have good potential. Based
on some seismic work, it could rival Bristol Bay in promise
(Ref. 99]. 0il discoveries on the Russian mainland tend to
support the geologic prospects of the area [Ref. 126}. Year-
round exploratory drilling would be feasible since the waters
are mostly beyond the ice edge 1in all but the most severe
winters [Ref. 48].

8. Hope Basin

Ice cover generally ranges from 4-6 feet for wup to
six months ([Ref. 48]. The area”s potential has been
downgraded somewhat because of dry holes drilled on the
adjacent shoreline [Ref. 99].

9. Norton Sound

A lé-company stratigraphic test was conducted 45
miles south of Nome in the summer of 1980 ([Ref., 126], and
ARCO plans additional testing in 1981 [Ref. 164]). Little
firm evaluative information 1is «currently available. Ice
cover is normally three feet, and up to six feet thick in

severe winters, for 6-7 months [Ref. 48].
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10. Chukchi Sea

Little is known of potentials for the most remote of
the prospective development areas. Monumental drilling and
transportation problems exist [Ref. 99], and the federal
schedule included the provison that leases will be made only
if it can be reasonably assumed that adequate technology is
in existence. Like the Navarin and Hope Basins, the Chukchi
Sea borders the US-USSR Convention Line of 1867; if extrac-
tion from these fields occurs, it will raise the questions of
drainage from reservoirs on the Soviet side and the possibil-

ity of Soviet response to activity in the area [Ref. 99].

D. FUTURE DEVELOPMENT

A huge rush of optimism about Alaska”s o0il and gas
votential followed the Prudhoe Bay discoveries. While there
are promising prospects and some peripheral discoveries have
been made, there have been no subsequent finds on the same
level as Prudhoe Bay. A recent article in an industry
periodical asked, "Alaska: will it ever 1live up to 1its
potential?" [Ref. 99]. It may be that Prudhoe will prove to
be the only major oil and gas field in arctic Alaska; but it
is also possible that twelve years have not provided
sufficient time to adegquately explore such vast areas,
especially given the technological, political and economic
barriers confronting arctic development. The future course

of development, however, is most relevant.
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Studies undertaken in recent years have estimated
recoverable reserves and development dates. One of the most
comprehensive was done by Energy Resources Company and E. G.
Frankel (ERCO/EGF) for the Coast Guard {Ref., 48]. Some of
the quantitative results of this study, submitted in January
1980, are summarized 1in Tables 4-2 and 4-3. The study
projected three possible scenarios: pessimistic, optimistic
and highly optimistic development. The resulting numbers,
although representing educated guesses based on the best
information available, are unconvincing even a year after the
study”s completion. As can be seen in Table 4-~3, the
projected lease sale dates are mostly longer term than those
on the June 1980 lease schedule. The future of arctic energy
development is far too fuzzy for such precision in

projecting.

The national political setting in particular is in a
state of flux with the election of Ronald Reagan in November
1980. His advisers ar? :retary of the 1Interior have
generally taken a pro-,.owth, pro-production stance; and oil
industry perceptions of the new administration”s direction
include:

--an emphasis on increased production, rather than
conservation, in response to the "energy problem"™ [Ref. 120].

--easement of environmental rules, leading to faster
development [Ref. 120]. Consolidating the environmental
statements requirements required for each tract into a single
document covering the entire lease area 1is one possibility
[Ref., 164].
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-~accelerated leasing of federal 1lands, including those
in Alaska [Refs. 120, 129]. Telescoping the leasing process
down to 24 months is a real possibility [Ref. 174].

The announcement of immediate decontrol of o0il prices
within days of Reagan”s inauguration is further evidence of
his administration”s policy direction, as is Energy Secretary
Watts” restoration of offshore California areas to the 1lease
schedule. National policy is likely, therefore, to change in
favor of more immediate availability of federal 1land for
exploration. As the ERCO/EGF study noted, expert opinion
seems in agreement that Alaska contains some of the nation”s
most promising o0il and gas areas; but there is not agreement
on the extent of the resource or on a timetable for
development [Ref. 48], Stepped up exploration does not
ensure that commercial quantities of the resources will be
found, nor that exploiting arctic areas will be preferable to

opoortunities elsewhere.

From deduction and a combination of the information
currently available, the following flow of events seems most
likely:

--any significant new production will come first from the
nearshore Beaufort Sea. Even if only minor finds are made,
the proximity to TAPS will make their exploitation
attractive. 0il should begin €flowing by 1988, but as a
General Accounting Office report noted, it will primarily
offset declining Prudhoe production [Ref. 11lJ].

--accelerated seismic exploration in the Douglas Wildlife
Range seems likely. The area could well symbolize a change
in national policy to favor resource production over somewhat
esoteric and disputed environmental/biological arguments. If
significant resources are found, the pressure to develop them
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will be intense since the area will be easier to exploit than
either the deeper Beaufort Sea waters or the Bering Sea
areas. Production, though with careful controls, will
probably result early in the next decade.

--the National Petroleum Reserve is more speculative.
Exploration leasing could well be expedited, and any
commercially sized finds will be rapidly exploited since the
area does not have the wildlife constraints of the Douglas
Range. It would likewise be preferred over the offshore
areas. Production could begin by the end of the decade.

--successful nearshore Beaufort exploration will enhance
the attractiveness of the deeper waters, but movement of
production into deep water will be delayed by onshore
drilling, if it unfolds. The heavy pack 1ice and depth of
water problems will keep production from occurring until near
the end of the century.

--production from all areas of the North Slope will not
exceed the two million barrels per day capacity of TAPS
before 2000.

--pressure for a step up of the scheduled lease of Bering
Sea areas will emerge only if offshore and onshore ©North
Slope results are disappointing. This assumption tends to
vush Bering Sea production almost to the end of the century.
It seems unlikely that the industry will scatter its efforts
widely; reinforcing this tendency is the problem of
logistics, advanced technology requirements and lack of data
on Bering Sea reserves.

--Bristol Bay mav be an exception of the item above.
Current favorable prospects make it a prime candidate for
inclusion on a revised lease schedule. If less-restricted
exploration is allowed and produces significant reserves,
development could proceed closely on the heels of North Slope
production and in advance of other Bering Sea areas.

--the Chukchi Sea will be the 1last area to experience
exploratory drilling and production. Logistic remoteness and
weather/ice problems make it unattractive as long as other
areas offer reasonable possibilities. Production will not
occur until after 2000.

The foregqoing outlook is primarily a set of reasoned
guesses; Figure 4-3 organizes them on a time scale for

comparison, A key element of the reasoning bears further
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mention. The possible development areas represent many
differences in terrain, weather and 1ice <conditions, 1legal
status, oproximity to logistic bases, proximity to established
oroduction centers, etc. The view is taken that the industry
as a whole will develop new areas in an essentially

sequential manner, rather than simultaneously. This process

is now in effect. Prudhoe Bay was the first step and is
being followed by Beaufort Sea exploration. Iindustry will
"feel" for the next best prospect by simultaneous

exploration, but major development effort will be focused on
one geograprhic province at a time. The size of the
investment, the technological difficulties, the lack of good
information on resources, regulatory procedures and legal
challenges all make this reasonable, Development will
proceed from the easiest to most difficult environments.

A primary contingency is also involved. The degree of
success of North Slope areas, as represented by producible
resources, will determine the rate of development of Bering
Sea fields. The Beaufort, NPR-A, and Douglas Range are much
more attractive and have a higher ©probability of resource
presence; but disappointing results on the North Slove should

increase the pace of Bering Sea development.

General as it is, the outlook presented forms a primary
part of understanding Alaska®s more comprehensive future.

Energy development is in many respects the pacesetter of
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events in the region. Transportation, the subject c<f the
next chapter, is closely associated. Though greatly
dependent on the enz:rgy picture, transportation also serves

as an input to the production decision process.
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V. ENERGY-RELATED TRANSPORTATION

It is tempting and less complicated to examine arctic
Alaska®s potential energv resources without considering
transportation. Although the previous chapter discussed
develcpment as if it were a problem separate from
transportation needs, this division 1is largely artificial.
Transportation must be available to support the exploration
and installation phases, and a production decision is
dependent on a transportation system to move the product.
Yet transportation is not merely one of several logistic
elements. The applicability of various transportation modes
affects the attractiveness of developing a prospective area
almost as much as the presence of hydrocarbons. The previous
chapter alluded to logistic convenience, and the full impact
of transportation will be pursued here.

Energy-related transportation can be viewed as having two
components: transportation supporting the development
process, and transportation of the product. Both were
significant in the development of Prudhoe Bay, and both will

figure prominently in future energy activities.

A. TRANSPCRPTATION FOR ENERGY DEVELOPMENT
NDevelopment activity in the Alaskan arctic is, and will

be, strongly influenced by remoteness from commercial and
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industrial centers and by large material requirements. The
latter encompass everything from drilling equipment to the
awesome amount of support facilities that accompany the pre-
varatory phases as well as actual production. The TAPS
experience is instructive. The pipeline and terminal complex
in Valdez often attract the bulk of attention, but to produce
oil at Prudhoe Bay it was necessary to build a small city.
Most of the <cargo tonnage for Prudhoe development was
transported by water.

The gently sloping continental shelf of Alaska’s arctic
coast precludes the use of deep draft freighters. Prudhoe
Bay construction relied on a proven standby, the tug and
barge combination, which has served the region since the mid
1950s [Ref. 40]. 1In 1969, 100,000 tons went to Prudhoe Bay
by this mode [Ref. 71]; 1970 was the peak year with 180,000
tons, and volumes declined after a 70,000 ton 1lift in 1974
[Ref. 91]. Annual resupply con