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COMPTROLLER GENERAL'S LESSONS LEARNED FROM CONSTRUCTING
REPORT TO THE CONGRESS THE TRANS-ALASKA OIL PIPELINE

It is widely known that construction of

the trans-aAlaska oil pipeline turned out

to be a costly experience. This exXperience
should be applied to future large-scale
Arctic construction Projects (such as the
Alaska natural gas pipeline) in the hope

of keeping costs under control,

LESSONS LEARNED

The following lessons from the o0il pipe-
line apply to similar future projects.

~-First and subsequent cost estimates
should be viewed with skepticism.

~-As much site-specific data as is
economically practicable should be
obtained. _

-=Technical and geological uncertainties
should be thoroughly investigated.

-~Government approval should be contingent
on detailed planning for management con-
trol, including budgetary controls.

--The Alaska natural gas pipeline project's
expenditures should have an ongoing Govern-
ment audit to protect the public interest.

COST ESTIMATES

In 1968 a feasibility cost study estimated
that an oil Pipeline system from Prudhoe
Bay to Valdegz, Alaska, would cost $863
million for a 500,000—barre1—a~day line

or $1.046 billion for a l.2-million-
barrel-a-day capacity. These estimates,
based on minimal Site-specific data, con-
tained no allowances for cost escalation.
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The $7.9 billion final cost estimate re-
flects better estimates based on more sys-
tem design and engineering, greater sys-
tem sophistication, improved system de-
finition, general price and wage inflation,
and actual construction experience. Most
of the increase was identified before a
large amount of construction had been
completed. :

Shortly after pipeline construction began
in 1975, the Alyeska Pipeline Service
Company——the agent for the companies de-
signing and building the pipeline--
established a base control budget of about
$6.4 billion. By December 1977 this
budget had been exceeded by about §1.5
billion (23 percent). Pipeline construc-
tion costs increased roughly $1.0 billion,
terminal and pump station construction
costs increased about $500 million.

The 19.8 million (54 percent) additional
direct labor hours needed to complete the
project accounted for most of the $1.5-
billion increase. The labor hour increase
resulted primarily from unexpected site
conditions and construction difficulties.

More geotechnical and site-specific work
before construction would have reduced
the number of surprises encountered once
construction started. This is especially
true since the pipeline route crosses a
wide variety of terrain, goes from arctic
to temperate climatic zones, and is lo-
cated in permafrost and earthquake-prone
areas. ' :

PROJECT MANAGEMENT

Alyeska's contracts with its execution con-
tractors were reimbursable cost-plus-fixed-
fee and fixed overhead. Contractors would
not bid fixed-price type contracts because
a definitive design d4id not exist. Other
factors, such as so0il conditions and labor
productivity in extremely cold climates,
were unknown.
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While Alyeska was able to negotiate a
reimbursable cost contract more quickly,
the execution contractors digd not have
the same financial incentive to minimize
costs as they would under other contrac-
tual arrangements--such as fixed-price
type contracts. For example, labor costs
were reimbursable and labor hour overruns
did not adversely affect the contractors®
fee.

The management systems Alyeska had when
construction began in April 1974 were not
satisfactory. They were modified during
the construction period.

- The cost reporting system initially could

not provide detailed up-to-date informa-
tion on actual costs. The May 1975 budget
control estimate and the September 1975
pipeline cost center report did not use
actual costs, Alyeska's cost control
system did not function properly until
December 1975--the end of the second con-
struction year.

PROJECT LABOR

Alyeska negotiated an umbrella-type pro-
ject labor agreement with 17 international
unions in late 1973 and early 1974. The
agreement included a strong, enforceable
no-strike clause.

Alyeska's experience shows that the no-
strike clause in the project labor agree-
ment prevented section-~ or project-wide
strikes. As far as GAO could determine,
relatively few work stoppages occurred
for a construction project of this size.

GOVERNMENT INVOLVEMENT

The Federal Government and the State of
Alaska granted Alyeska right-of-way agree-
ments to construct the pipeline on public
lands. These agreements contained require-~
ments to protect the public interest in
these lands. Many were to minimize
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environmental degradation during construction,
To insure Alyeska's compliance, both Govern-
ments reviewed Alyeska's system design and
construction plans and monitored construction
activities.

Some disagreements over the meaning of re-
quirements occurred during construction.
Alyeska personnel generally interpreted

the environmental regquirements less restric-
tively than Government personnel. Alyeska
had to make some adjustments to accommodate
the Government's interpretation.

Environmental organizations filed a suit in
1970 which delayed construction for several
years. Although environmental organizations
generally were not allowed on the right-of-
way, Alyeska believes that Government agen-
cies' technical staff members represented
environmentalists' interest. Environmental-
ists are currently concerned with the
adequacy of the o0il spill recovery plan and
the effect of opening the haul road to the
public in future years.

NO ONGOING AUDIT

The right-of-way agreements contained no
regquirement that the Government conduct an
audit during construction to assure that
moneys spent were justified in order to be
considered allowable expenses to be included
in tariff submissions.

Future agreements granted for similar large-
scale projects should contain such a require-
ment and include a provision for the Govern-
ment's direct access to project files and re-
cords. With such a requirement, the developer
would know what costs should be recoverable
through the tariff before project complet-
tion; the Government could more effectively
audit costs and have a better understanding
of the project's ultimate costs and its ef-~
fect on consumer costs.
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COMMENTS ON THIS REPORT

The Alyeska Pipeline Service Company
disagreed with GAQ's lessons learned.
Differences of opinion exist about whether

——-enough site-specific geotechnical in-
formation was obtained before construc-
tion:

-~fixed-price type contracts for execution
contractors were possible;

-—any benefits would result from a Govern-
ment audit during construction; and

--project approval should be contingent
upon management systems being operational
before starting construction.

The Department of Energy made no substan-
tive comments, noting that the report's
information may be useful to Energy in
assessing future pipeline construction.
projects.

The Department of the Interior replied
that the regulatory agency responsible
for establishing a tariff might appro-
priately require an ongoing audit.

Formal replies are reproduced as appen-
dixes I, II, and III.

GAO carefully evaluated each comment re-

ceived and appropriately revised this re-
port.
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CHAPTER 1

INTRODUCTION

The Chairman of the Senate Committee on Energy and
Natural Resources requested that we examine the increases
in the original cost estimates to construct the Trans-Alaska
pipeline system. We were also requested to address the im-
plications that this project would have on similar future
large-scale energy projects.

In a previous report, 1/ we presented the results of
our literature research into published information avail-
able on Alaskan oil.

This report focuses on the lessons learned from build-
ing the system and highlights the issues of project budget
estimates, project management, project labor, and Government
involvement which can be useful in assessing similar future
projects.

COMPANIES RESPONSIBLE FOR
THE PIPELINE SYSTEM -

In August 1970 the permittee companies formed the Alyeska
Pipeline Service Company as their common agent for designing,
constructing, and operating the pipeline system. The organi-
zation of the private interests involved in this undertaking
is shown on page 2.

In 1972 Alyeska hired Fluor Engineers and Constructors,
Inc., as its prime contractor for the stations and terminal;
the contract included management of subcontracts. In 1973
Alyeska hired Bechtel Incorporated as construction manage-
ment contractor for the pipeline. Bechtel's responsibility
included managing the execution contractors {contractors
that were to perform the actual construction work). In early
1975 Alyeska relieved Bechtel of its responsibility as con-
struction management contractor for the Pipeline but retained
i1t as construction technical services contractor for the
pipeline. Alyeska removed Bechtel because of its performance
in certain areas, a desire to simplify a duplicative manage-
ment structure, differences in management philosophy, and
the owner companies' desire for more direct control.

1l/"Survey of Publications on Exploration, Development, and
Delivery of Alaskan 0il to Market," EMD~77-11, Jan. 14, 1977.
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COMPANIES RESPONSIBLE FOR DESIGNING, BUILDING, OR OPERATING
THE TRANS—ALASKA OIL PIPELINE SYSTEM

AMERADA HESS CORPORATION
ARCO PIPE LINE COMPANY
SOHIO PIPE LINE COMPANY
EXXON PIPELINE COMPANY

MOBIL ALASKA PIPELINE COMPANY
PHILLIPS PETROLEUM COMPANY
UNION ALASKA PIPELINE COMPANY
_ BP PIPELINES, INC.

(OWNERS)

ALYESKA PIPELINE SERVICE COMPANY

{DESIGNER AND BUILDER)

FLUOR ENGINEERS AND
CONSTRUCTION, INC.

BECHTEL INC.
CONSTRUCTION TECHNICAL SERVICES

MANAGEMENT CONTRACTOR FOR CONTRACTOR FOR PIPELINE

PUMP STATIONS & TERMINAL

SUBCONTRACTORS

EXECUTION CONSTRACTORS FOR
PIFELINE AND ROADS




On January 23, 1974, the Secretary of the Interior and
the owner companies signed the agreement and grant of right-
of-way for the trans-Alaska pipeline. On May 3, 1974, the
State of Alaska and owner companies signed the right-of-way

lease. . : '

Pipeline system construction officially began on April 29,
1974. 1In 1974 Alyeska constructed a 36l-mile-long, 28-foot-
wide, gravel-surface road roughly parallel to the Pipeline
route from the Yukon River to the Prudhoe Bay o0il field.
Alyeska also built construction camps in 1974 and began site
preparations. o

Actual pipeline construction began in early 1975: the
construction schedule called for completion of the pipeline
system in phases, and the pipe was to be installed by Nov-
ember 1976. The system was to be capable of transporting
600,000 barrels of 0il a day by mid-1977, when five pump
stations and the terminal would be complete. The system
was to have a nominal design capacity of 1.2 million barrels
a day when it was completed. However, due to the oil'sg
thickness, which affects the o0il flow through the pipeline,
the pipeline's actual capacity is 1.16 million barrels a
day. :

: Pipeline construction was completed in May 1977, and
the first oil entered the line on June 20, 1977. On July 8,
1977, an explosion at pump station 8 destroyed the main pump
building and, as a result, the 0il flow through the pipeline
did not approach capacity until April 1978.

The pipeline system was privately financed by the owner
companies. As of December 1977 the estimated cost of con-
struction, excluding interest, was $7.940 billion. The assets
are owned in common; each owner is an individual common carrier
and files for its own tariff rate in accordance with State
and Federal laws and reqgulations covering its share of the
capacity. The owners each collect their own revenues payable
by shippers under such tariffs.

THE TRANS-ALASKA OIL PIPELINE SYSTEM

The trans-Alaska o0il pipeline extends from Prudhoe Bay
on Alaska's North Slope to Port Valdez (see map on p. 4).
The pipeline system consists of about 800 miles of 48-inch
pipe, 12 pumping stations, a communications system, and a
terminal at Port Valdez.
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Before the start of pipeline construction, the right=-
of-way was cleared and a work pad was constructed. The gravel
work pad, which covers most of the right-of-way, was needed
to support construction and maintenance activities and to
protect the tundra. To support pipeline construction, Alyeska
constructed and operated many temporary facilities, including
14 airstrips and 19 pipeline construction camps. Nine pump
stations and the terminal also had temporary construction
camps to house, feed, and supply the workers. Permanent
State airfields were constructed near three camps.

Other than the three pump stations which are pass—-through
stations, the pump stations are equipped with pumps, pressure-
relief systems, storage tanks, shops, warehouses, personnel
housing, a food service facility, electrical generators, a
central heating plant, water treatment and storage facilities,
a sewage and waste disposal system, and an automatic fire
detection and extinguishing system.

The 1,000-acre terminal site will have the capacity to
store about 9.2 million barrels of oil. The terminal also
includes

——three fixed berths and one floating berth for tankers,

—-—a treatment facility to process the ballast water
received from incoming tankers prior to discharge
into the sea, :

~=& vapor-recovery system to prevent oil fumes in the
storage tanks from escaping into the atmosphere, and

—-—a computerized control center and various administra-
tive buildings. '

To prevent damage from earthquakes, the terminal facilities
at Valdez are built largely on bedrock and well above the
level of potential seismic sea waves. : :

The pipeline's communication system consists of a micro-
wave system, a backup satellite communications system, and
a radio communications system. The 41 permanent microwave
stations link all pump stations, pipeline maintenance stations,
and remotely controlled block valves with the Valdez control
center.

The climate, soil, and seismic conditions along the
Pipeline route are unusual and required special construction
techniques. Temperatures range from 90 degrees F. in the




summer to minus 70 degrees F. in the winter, the soil under
much of the route is permanently frozen, and earthquakes

in the area may range as high as 8.5 on the Richter scale.
All posed special construction and design problems.

In those areas where the so0il becomes unstable when
thawed, the pipeline was installed above the ground on sup-
port platforms that are 50 to 70 feet apart. & support plat-
form consists of a crossbeam installed between two vertical
supports placed in the ground. To compensate for the expan-
sion and contraction of the above-ground pipe due to tempera-
ture changes, the line was built in a zigzag configuration
and secured in an assembly that allows the pipe to slide on
a ¢ross beam. (See pp. B and 9.} 2About 422 miles of the
pipeline were constructed in the above-ground mode.

About 341 miles of pipeline are buried in the conventional
manner where the 50il remains stable even when thawed. There
are also about 4 miles of buried pipeline that required a
special ground refrigeration system, and 32 miles of river
and steam crossings. .

SCOPE OF REVIEW

We reviewed documentation of the Alyeska Pipeline Serv-
ice Company at their offices in Anchorage, Alaska. At the
time of our study, three separate Government audit groups
needed Alyeska data. Alyeska hired a law firm to respond
to these requests and to act as liaison. Alyeska stated
that they established this procedure to protect its rights
in the event of any future litigation. In the interest of
obtaining as much information as possible for hearings held
by the Senate Committee on Energy and Natural Resources, we
agreed to this. While we can appreciate Alyeska's need for
the arrangement, it caused us procedural difficulties in
getting the information necessary to carry on our review,
and left us with much uncertainty about the completeness
of the information given in response to our requests. Fur-
thermore, we cannot attest to the accuracy of the informa-
tion obtained.

We interviewed officials of Alyeska, the construction
management contractors, several execution contractors, unions,
and the Department of the Interior's Alaska Pipeline Office.

With assistance from a labor relations consultant, we
evaluated the project labor agreement under which the project
was constructed.




We also reviewed information Presented in public
hearings held from 1968 to 1977 relating to the granting
- of the_right—of—way and protection of the environment., we
discussed the environmental concerns with current officials
of environmental organizations in Washington, D.C.; Anchorage,
and Fairbanks, Alaska.
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