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BY THE COMPTROLLER GENERAL

Report To The Congress
OF THE UNITED STATES

NASA Must Reconsider Operations Pricing
Policy ToCompensate For Cost Growth
OnThe §pace Transportation System

NASA’s Shuttle pricing policy, established 5
years ago and based on average pricing over
12 years of operations, combined with in-
creasing Shuttle operations costs, has created
a situation where NASA must absorb the
higher costs of operations for all users in the
early years. At the same time, because of
budget cutbacks, NASA must seek additional
appropriations or delay or cancel its own
research programs.

The projected average Shuttle launch cost has
increased 73 percent from $16.1 million in
June 1976 to $27.9 million in September
1980 (1975 doliars). Fixed user prices based
on the June 1976 cost data will result in a
$1.2 billion NASA subsidy to other users
through 1985 (1975 dollars}.

GAO recommends that NASA's Administra-
tor reassess the Space Transportation System
pricing policy to establish a more equitable
price to all users,
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Request for copies of GAO reports should be
sent to:

U.S. General Accounting Office

Document Handling and Information
Services Facility

P.0O. Box 6015

Gaithersburg, Md. 20760

Telephone (202) 275-6241

The first five copies of individual reports are
free of charge. Additional copies of bound
audit reports are $3.25 each. Additional
copies of unbound report (i.e., letter reports)
and most other publications are $1.00 each.
There will be a 25% discount on all orders for
100 or more copies mailed to a single address.
Sales orders must be prepaid on a cash, check,
or money order basis. Check should be made
out to the “Superintendent of Documents”.




U e COMPTROLLER GENERAL OF THE UNITED STATES

WASHINGTON D.C. 20548

B-202664

To the President of the Senate and the
Speaker of the House of Representatives

This report presents our views on how the National Aeronautics
and Space Administration's pricing policy for the Space Transporta-

tion System, coupled with continuing Shuttle operations cost in-
creases and constrained budgets, could affect future research
and development programs of the National Aeronautics and Space
Administration. This is our first report on the Space Transpor-
tation System's operational phase and is being furnished to the
Congress for its use in reviewing fiscal year 1983 requests for
funds.

Throughout this review, NASA officials have been slow to
provide us the data and information we have needed to perform
the review. A number of meetings between NASA and our offi-
cials failed to adequately resolve our access to records prob-
lems. On April 15, 1981, the Acting Comptroller General, in
accordance with section 313 (b) of the Budget and Accounting
Act, as amended, sent a demand letter to NASA's Administrator
requesting access to certain specific data within 20 days.
NASA responded on the 20th day. However, subsequent efforts
to obtain additional data were met with continued delaying
tactics.

Copies of this report are being sent to the Director, Office
of Management and Budget; the Administrator, National Aeronautics
and Space Administration; and the Secretaries of Defense, Air

Force, and Commerce.

Comptroller General
of the United States







COMPTROLLER GENERAL'S NASA MUST RECONSIDER OPERATIONS

REPORT TO THE CONGRESS PRICING POLICY TO COMPENSATE FOR
COST GROWTH ON THE SPACE TRANS-
PORTATION SYSTEM

The first 3 years of operating the Space Shut-
tle will significantly affect the National
Aeronautics and Space Administration's (NASA's)
budgets because NASA has committed itself to
charging a flat price over this period--even
though operations costs, which are continuing
to increase, would not, and do not, support the
current price. This will require substantially
higher prices than originally anticipated start-
ing in fiscal year 1986 if NASA adheres to its
present pricing policy of eventual recovery of
total operations costs. Also, increasing upper
stages and spacelab costs and understated

use fee charges will affect NASA's budgets.

'GAO made this review to determine the overall
effect that the increases in the Space Transpor-
tation System's operations costs, and the Space
Transportation System's pricing policy in
general, would have on NASA's future budget
requests and its other research and development
programs.

NASA SUBSIDIZES OTHER USERS

Based on estimated future costs, NASA established
a 3-year $18 million 1/ fixed price in 1977 for
commercial, foreign, and other U.S. civil agencies
launches and a 6-year $12.2 million fixed price
for the Department of Defense (DOD) launches.

The price was to be adjusted annually thereafter
as necessary to recover total operations costs.
(See p. 32.)

The projected average cost to fly a standard
Space Shuttle mission has increased 73 per-
cent . from $16.1 million in June 1976 to $27.9
million as of September 1980. (See p. 7.)

NASA must fund the full cost of its flights
and the difference between the actual cost
per flight and the reimbursements received

1/All costs are in 1975 dollars unless stated otherwise.
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from other users until the price charged to
users becomes more than actual costs and
provides recoupment to the U.S. Government.
(See pp. 32 to 34.)

It is currently estimated that NASA would pay

80 percent, or about $2.1 billion of the §$2.5
billion, of the Shuttle operations costs through
1985 while flying 36 percent of the Shuttle
flights. The $2.1 billion includes about a

$1.2 billion subsidy to other users. (See

p. 14.)

OPTIONAL SERVICES WILL
AFFECT NASA BUDGETS

A minimum of 62 percent, or 103 of the 166 NASA
flights included in NASA's 487 flight traffic
model, will require more than the standard launch
services. These services, such as upper stages
and spacelab, can significantly increase the
price of a Shuttle launch and affect future bud-
gets. When costs increased, NASA tended

to decrease the number of its missions

to be flown. These decreases in turn have meant
cutbacks in NASA's space science programs. (See
pp. 23 to 28.)

USE FEE IS UNDERSTATED AND
NOT CHARGED TO ALL USERS

NASA established a use fee of $4.3 million (1977
dollars) to recover a fair share of the Govern-
ment's capital investment in the orbiter fleet
and in equipment and facilities. This fee is
added to the standard launch price of $18 million.

The use fee is understated by about $6 million
(1977 dollars) and is only charged to commer-

cial and foreign users that did not partici-

pate in the Space Transportation System's
development. As a result, NASA's budget must
bear a major portion of these costs. (See p. 29.)

CONCLUSIONS

NASA is committed to a Space Transportation
System pricing philosophy/policy under which

it must subsidize other users' launches on the
Space Shuttle in the early years of operations.
At a time when NASA's programs are suffering
due to budget constraints, they are locked into
a pricing policy that encourages Space Trans-
portation System use at NASA's expense and at
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and aeronautics programs. (See p. 19.)

GAO believes DOD and other Government agencies
should bear a greater share of the Shuttle's
early years operations costs. GAO also believes
that optional services can increase the launch
price significantly. (See pp. 20 and 28.)

RECOMMENDATIONS

GAO recommends that NASA's Administrator reeval-
uate the Space Transportation System's pricing
and use fee policies with the objective of estab-
lishing a more equitable price to all users.

Some alternatives include:

-=Void the current pricing policy as it pertains
to DOD and other Government agencies and estab-
lish a price more in line with NASA's Shuttle
launch costs. (See p. 20.)

--Void the pricing policy as it pertains to all
users and establish a price more in line with
the cost to NASA to launch a Shuttle flight
except for those launches that have legally
binding agreements. (See p. 20.)

--Ensure that the prices established for the
period after the first 3 years of operations
adequately recoup the previous losses and fully
recognize the potential cost increases during
the early years of operations. (See pp. 20 and
21.)

--Charge DOD and other Government users the
current use fee charged to commercial and
foreign users. (See p. 30.)

--Update the current use fee to reflect all
appropriate facilities and equipment costs
and to reflect a more realistic orbiter flight
rate. Charge the updated fee to commercial
and foreign users where legally binding agree-
ments have not been signed. (See p. 30.)

--Update the use fee as above and charge it to
all users, including DOD and other Government
users. (See p. 30.)

GAQO also recommends that NASA's Administrator
direct that the Agency's annual budget presen-
tations to the Congress clearly show NASA's
subsidies by user class, that is, DOD, civil
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U.S. Government agencies, and non-Government
users. (See p. 21.)

AGENCY COMMENTS AND
GAO'S EVALUATION

GAO requested NASA, the Departments of Defense,
Agriculture, Commerce, and the Interior to com-
ment on our draft report. DOD declined comment
on GAO's recommendations except to state that
it believes any revision to DOD/NASL agreements
should be a matter of interagency negotiation
subject to the mandates of the Congress. Also,
the Departments of Agriculture and the Interior
declined comment on the report. NASA's and the
Department of Commerce comments, and GAO's
evaluations, are discussed below:

--NASA states that it is currently renegotlatlng
a new launch price. (See p. 21.)

Details on NASA's proposed pricing policy revi-
sions and revised DOD agreement were not avail-
able to GAO for analysis and inclusion in this
report. (See p. 21.)

--NASA says a revised Space Transportation System's
pricing policy and use fee are being reviewed
and will be the basis for missions booked after
1985. NASA's position is that a pricing policy
change now, including a change in the use fee,
would undermine user's and potential user's
confidence in the Shuttle program and the
agency. (See pp. 21 and 31.)

GAO believes that price adjustments now would
help alleviate NASA's budget problems. Canceling
or delaying space science programs because of
Shuttle cost increases and budget constraints
also undermines the scientific community's confi-
dence in NASA. (See pp. 21 and 31.)

--NASA states that GAO's recommendation that
NASA charge the use fee to all users would be
an exception to the practice of Government
agencies providing services to one another
without charge.

NASA further states that its practice of not
charging the use fee to all users is consistent
with the Office of Management and Budget
Circular A-25. (See p. 31.)
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Although the Office of Management and Budget
Circular A-25 does provide exceptions to recover-
ing full cost, it is an option, not a require-
ment. Under current economic conditions and
NASA's present critical budgetary environment,
GAO believes that NASA should charge the full
use fee to DOD, civil U.S. Government agencies,
and foreign governments. Otherwise, NASA appro-
priations are indirectly funding other U.S.
Government agency and/or foreign government
missions. (See p. 31.)

--NASA did not specifically comment on GAO's
recommendation that the Agency revise its
budget presentations to the Congress to
identify NASA's subsidies to Shuttle users.

NASA is currently considering revisions to its
Space Transportation System's pricing policy. The
revised policy could conceivably reduce the
amount of NASA's subsidies to Shuttle users.
However, an underlying principle of the Space
Transportation System's pricing policy is to
encourage users to change over to the Shuttle

by offering a launch price that is less than

the cost to NASA to launch the Shuttle. Con-
sequently, GAO believes it is reasonable to
assume that even after NASA revises its current
pricing policy, the Agency will be subsidizing
users in the early program years. GAO continues
to believe that NASA's Space Transportation
System budget presentations to the Congress
should provide greater visibility by clearly
showing NASA's subsidies by user class. (See

p. 22.)

The Department of Commerce objected to a revised
pricing policy that would shift additional fund-
ing responsibilities to the users. (See p. 22.)

GAO believes the user agencies should be respon-

sible for justifying any additional program costs
to the Congress. If a user cannot justify a pro-
gram's cost, then it raises a gquestion as to the

program's overall worth. (See p. 22.)

The full text of each agency's comments on a
draft of this report and GAO's response to those
comments are included in appendixes II through V.
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CHAPTER 1

INTRODUCTION

On April 12, 1981, a new space era was born. The spaceship
Columbia roared to life and literally leaped from its launch pad
at Kennedy Space Center (KSC) as it began its near perfect 54-1/2
hour journey into space--a scene that is to be often repeated in
the decades ahead.

Columbia is the first of several orbiters that will become
the workhorses of the Space Transportation System (STS). De-
signed to fly a minimum of 100 times, this reusable vehicle is
the key to providing routine access to space for a wide range
of scientific, defense, and commercial users.

The STS, approved for development in 1972, is composed of
the Space Shuttle, expendable upper stages, spacelab, and related
launch and landing facilities.

SPACE SHUTTLE

The Space Shuttle consists of a reusable piloted orbiter,
such as Columbia, with three main engines, two reusable solid
rocket boosters, and an expendable liquid propellant tank re-
ferred to as the external tank. It is being designed to place
payloads weighing up to 65,000 pounds into a 150-nautical mile
due-~east orbit from KSC and up to 32,000 pounds into a specified
100-nautical mile near-polar (north-south) orbit from Vandenberg
Air Force Base.

The spacecraft Columbia was designated Orbiter 102. It
is currently scheduled to make four test flights before the time
the system will be considered operational in late 1982. By March
1985, three additional orbiters are planned to be in operatiocn.
Orbiter 099 (Challenger) is being converted from a structural
test article to flight configuration and is scheduled to be used
for the second operational mission. Procurement of long-lead
items for Orbiter 103 (Discovery) and Orbiter 104 (Atlantis) has
started and their initial operational flights are scheduled for
January 1984 and March 1985, respectively. The fiscal year 1982
Shuttle production request also provides the necessary funding
for long-lead materials to maintain an option for a fifth or-
biter.

EXPENDABLE UPPER STAGES

The STS upper stages are required to deploy Shuttle-launched
payloads to orbits not attainable by the Shuttle alone. Thgse
upper stages are the spinning solid upper stages, the inertial
upper stage, and the centaur. Each upper stage has its own unique
capabilities. The spinning solid upper stage, for example, was
developed commercially by the McDonnell Douglas Astronautics



Company and includes two models. The D and A models will be

used to deploy payloads of up to 2,750 pounds and 4,400 pocunds,
respectively, from the Shuttle's low Earth orbit of about 100~ to
600-nautical miles into a geosynchronous transfer orbit for even-
tual placement into the geosynchronous orbit 1/ which is about
22,000-nautical miles above the Earth. -

The Department of Defense (DOD) is developing a solid=fueled
"two stage" inertial upper stage for use by DOD and the National
Aeronautics and Space Administration (NASA). The inertial upper
stage is designed to place a 5,000 pound payload into geosynchron-
ous orbit. NASA canceled a "three stage" inertial upper stage
initially intended to provide for NASA's planetary mission needs
because of cost overruns and performance deficiencies. The Admin-
istration's revised fiscal year 1982 budget for NASA supported
the decision to replace the three-stage inertial upper stage with
a modified General Dynamics Corporation centaur upper stage for
integration into the Shuttle. ) ‘

SPACELAB

The spacelab is a cooperative venture between NASA and the
European Space Agency. The major program objective is to provide
versatile, low-cost laboratory and observatory facilities. This
self-contained laboratory will be carried into orbit in the
Shuttle's cargo bay and will remain in the orbiter throughout
its mission. Early spacelab flights will last up to 7 days with
future missions projected for as long as 30 days. The orbiter
will provide all of spacelab's support requirements. Using the
spacelab, scientists can conduct space research in a shirt-sleeve
environment.

The spacelab consists of module and pallet sections used
in various configurations to suit the needs of a particular
mission. The pressurized module is accessible from the orbiter's
cabin through a transfer tunnel. Pallets accommodate experiment
equipment for direct exposure to space. NASA considers research
for inspace manufacturing to be one of spacelab’'s most promising
uses. The spacelab will also have advantages for life sciences’
research because such research on previous spacecraft had to be
fully automated and self-contained and d4id not allow interaction
with the investigator after the experiment had started as the

spacelab will do.

LAUNCH AND LANDING FACILITIES

NASA and DOD agreed that the program, to be fully opera-
tional, would require two launch and landing sites~-KSC in Florida
and Vandenberg Air Force Base in California. Missions from KSC

1/A geosynchronous orbit is one with the same period as the
Earth's rotation.



are launched eastward out over the Atlantic Ocean and include all
satellites for geosynchronous orbit. Missions requiring north-
south orbits, including many weather and Earth-survey satellites,
are launched southward over the Pacific Ocean from Vandenbergqg.

A MISSION PROFILE

A Shuttle mission begins with the installation of the payload
into the orbiter cargo bay either on the launch pad or in special
payload installation facilities. On launch, the Shuttle's three
main engines and the two solid rocket boosters fire in parallel.
The two solid rocket boosters are jettisoned at burnout which
is approximately 2 minutes into the mission at an altitude of
about 35-nautical miles. Using a parachute system for decelera-
tion, the boosters fall back through the atmosphere into the
ocean, are recovered by ship, and towed to land for refurbishment
for future missions.

The main engines continue to burn for a total of about 8
minutes. Just before entering orbit, the main engines shutdown
and the empty external tank, which contained the fuel for the
main engines, is jettisoned. It is largely destroyed as it re-
enters the Earth's atmosphere and falls into remote ocean areas.

The Shuttle's orbital maneuvering system is then fired to at-
tain the correct orbit. The orbital maneuvering system plus
the reaction control system is used to accomplish the orbital
maneuvers required for the mission.

The normal stay in orbit is 7 days, but NASA hopes to even-
tually extend this to 30 days with Shuttle electrical power aug-
mentation such as the 25-kilowatt power module. While in orbit,
the payload bay doors can be opened to expose the payload to
space. The crewmembers can conduct extravehicular activity related
to the payload and mission requirements or safety considerations.
Experiments can be conducted and satellites can be placed in
orbit, launched to higher orbits or to a trajectory for deep space
missions using upper stages, retrieved, and serviced. These or-
bital operations can be conducted at altitudes of 100- to 600~
nautical miles.

When the orbital mission is completed, deorbiting is initi-
ated by the orbital maneuvering system. The orbiter reenters
the Earth's atmosphere at an altitude of about 76~nautical miles.
When it gets about 5- to 6-nautical miles from the runway, the
orbiter goes into a horizontal flight glide for an aircraft type
approach and landing. Once the orbiter has landed, the payload
is removed and the orbiter is serviced and reloaded for the next

mission. The goal is to achieve ground turnaround in 2 weeks.
'



TRANSITION FROM DEVELOPMENT
TO OPERATIONS

NASA originally planned six orbital test flights for the
design, development, test, and evaluation phase of the Shuttle
program. Only four test flights are now planned with the final
flight set for July 1982. The same orbiter, Columbia, will be
used for the four test flights. :

The test flights are to verify the design and operational
capability of the Shuttle flight system and all of the ground-
based monitoring, communications, and support systems. The
first flight conducted in April 1981 was structured to minimize
risk and complexity and was about 2 days in duration. The second
flight, conducted in November 1981, was scheduled for 5 days but
was cut to about 2 days due to a fuel cell problem. The latter
two flights increase up to 7 days and will expand the mission
and payload capabilities and become progressively more complex.

Following completion of the four orbital test flights in
July 1982, NASA plans to move into the STS operations. The first
operational flight is scheduled for November 1982 and will also
use the Columbia.

NASA/DOD OPERATIONS
MANAGEMENT RESPONSIBILITY

NASA and DOD have been jointly involved from the beginning
in planning for the Space Shuttle. As the Shuttle design evolved
in the early 1970s, DOD requirements were a driving factor, and
DOD is now anticipated to be the single largest user and a major
investor in the Shuttle.

In January 1977, DOD and NASA executed a Memorandum of
Understanding to formulate their responsibilities. This memorandum
was revised in March 1980 to better define DOD/NASA management

interfaces.

DOD is responsible for the conduct of all national security
missions. Also, DOD will develop and acquire specified elements
of the STS and ensure that other aspects of the STS program are
consistent with national security requirements. On behalf of
DOD, the Air Force will provide and operate the facilities for
all Shuttle operations at Vandenberg.

NASA's responsibility under the revised Memorandum of Under-
standing is to develop, manage, provide systems engineering,
and operate the Shuttle to serve all authorized space users. NASA
will also provide and operate the facilities and equipment for
Shuttle mission planning, simulation, training, and flight opera-
tions at the Johnson Space Center (JSC) and for Shuttle launch,
landing, and turnaround activities at KSC.



BACKGROUND

Developing the Space Shuttle and producing a fleet of opera-
tional vehicles has dominated NASA's overall program and its fund-
ing requests in recent years. NASA estimates that the Shuttle
development will cost $9.9 billion (1982 dollars) and the orbiter
procurement ‘$4.6 billion (1981 dollars). During the February
1980 hearings on NASA's authorization for fiscal year 1981, the
chairman of the Senate Committee on Commerce, Science and Trans-
portation said that technical difficulties, schedule delays,
program management problems, and the need for additional funds
for the Shuttle program during the past year had been a source
of increasing concern to the committee. He further stated:

"While the Shuttle program is an immediate concern,
the committee desires to assess carefully the space
science and applications activities contemplated by
this budget, because these activities, in fact,
represent the substantive means for exploring and
utilizing the space environment. The NASA space
program must have balance. We cannot at this time
neglect the planning and other preparatory work
essential to effectively utilizing the shuttle's
capabilities in the future."

NASA has already canceled or delayed a number of new programs
because of STS' development costs and budget constraints. For
example, funding constraints precluded major new initiatives
in NASA's fiscal year 1980 program and limited the number of new
initiatives in all the years of its fiscal years 1980-84 5-year
plan. It now appears that increases in the cost to operate
STS and NASA's policy for determining the price to users of
STS could further strain .NASA's budgets.

OBJECTIVE, SCOPE, AND METHODOLOGY

The objective of our review was to determine the overall
effect that the increases in STS' operations costs, and STS'
pricing policy in general, would have on NASA's future budget
requests and its other research and development programs. Our
review was directed to the fiscal years 1983-94 time frame, which
is the projected operational life of the STS program as currently
designed. This review was performed in accordance with our cur-
rent "Standards for Audit of Governmental Organizations, Programs,
Activities, and Functions."

Our audit was conducted primarily at the Marshall Space
Flight Center (MSFC), Alabama; KSC, Florida; and NASA Headquarters,
Washington, D.C.

We selected MSFC because they manage the solid rocket boost-
ers and external tank--two items that make up the bulk of the
consumable operations costs. KSC was selected because the majority
of the flights will be launched from this site. NASA Headquarters
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manages the overall program and is the source for official NASA
positions. Additional information was obtained at DOD Headquarters
and from JSC, Texas, and the Air Force Systems Command's Space
Division, California.

The fluidity of the STS' operations data and time constraints
compelled us to limit our report to data supporting NASA's fiscal
year 1982 budget request that was submitted to the Congress in
January 1981. We did not attempt to determine the effect that
subsequent reductions in NASA's fiscal year 1982 budget will
have on the STS program.

We obtained our data on STS' operations costs and costs per
flight from NASA Centers' inputs to the STS program operating
plans and from NASA Headquarter's presentation of this data.

The program operating plan is NASA's internal management system
used in preparing NASA's annual budget.

Our review of NASA's pricing policy was directed to the price
of a dedicated flight which is one flown for a single user. We
did not review prices per payload on multimission launches or
on small, relatively inexpensive research and development "get-
away specials" that require no Shuttle services and are flown

on a space available basis.

We reviewed NASA's budget presentations to the Congress, in-
cluding related congressional testimony and NASA's 5-year planning
documents. We also reviewed various NASA studies and assessments
on Shuttle operations costs, documents prepared by NASA's user
charge working group, NASA's user charge pricing and reimbursement
policy and supporting data and conducted interviews with re-
sponsible NASA and DOD officials concerning the rationale and
justification for decisions made and actions taken.

We asked NASA, DOD, and the Departments of Agriculture,
Commerce, and the Interior to comment on our draft report. The
Department of the Interior did not provide comments. The comments
of the other agencies are included in their entirety as appendixes
II through V. Their responses to our recommendations are discussed
on pages 21 and 30 of this report.

NASA's STS pricing philosophy is discussed in appendix I and
a listing of our 11 previous reports on the STS is included in

appendix VII.



CHAPTER 2

SHUTTLE LAUNCH AND OPERATIONS COSTS HAVE EXCEEDED

ESTIMATES AND WILL PROBABLY CONTINUE TO GROW

The basic criterion of NASA's user charge policy is to
recover total Shuttle operations costs, not for each flight or
for each year but, rather, over a l2-year projected operating
life of the program. In June 1976, NASA officials estimated
that the cost of the Space Shuttle operations for 572 flights
between 1980 and 1991 would cost about $9.2 billion 1/, or an
average of $16.1 million a flight. However, NASA established
a price range of $16.1 million to $18 million to cover possible
cost increases before reimbursement agreements were negotiated.

The projected average cost of a standard flight has in-
creased from $16.1 million in June 1976 to $27.9 million as of
September 1980, or about 73 percent. The external tank, the solid
rocket boosters, and other items whose costs are common to either
an East or West Coast launch account for $9.2 million of the recog-
nized $11.8 million cost-per-flight increase. The remaining
$2.6 million is the average cost-per-flight increase for KSC
and Vandenberg launch operations, propellants, and ground-support
equipment spares. These costs vary depending on the launch loca-
tion.

Additional cost-per-flight increases are likely to be recog-
nized by NASA in its fiscal year 1983 budget submission to the
Congress. These increases could add as much as $2.6 million to
the $27.9 million cost per flight.

REASONS FOR COST GROWTH
ALREADY EXPERIENCED

NASA data show that at least half of the cost growth is
due to design changes, added requirements, and inaccurate es-
timates. Other increases can be attributed to inaccurate in-
flation rates and a reduction in the mission model from the
1976 baseline projection of 572 flights to 487 flights projected
as of September 30, 1980. With the exception of the reduction in
the mission model, which is unique to the Shuttle, the causes
of the cost growth in the STS are not new or unlike the causes
of cost growth experienced by other Government agencies. Unfor-
tunately, significant cost growth, and the factors contributing
thereto, have historically occurred with some consistency in major
research and development programs. In fact, in our reports as

;/All costs are in 1975 dollars unless stated otherwise.
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far back as 1975, we discussed these factors as the major contri-
buting factors to cost growth in NASA programs. 1/

The following schedule shows the cost-per-flight increases
since 1976 by cost element.

Cost-Per-Flight Increases

September
June 1976 1980
estimate estimate Increase

—{millions in 1975 dollars)————

Common cost elements:

Solid rocket boosters $ 3.55 $ 6.98 $3.43
External tank 3.04 6.22 3.18
Flight operations
support 2.82 5.01 2.19
Orbiter spares .63 .87 .24
Main engine .31 . .48 .17
Contract adminis-
tration .14 .18 .04
Crew equipment .26 .18 (.08)
Total $10.75 $19.92 $9.17
KSC only: .
Launch operations $ 4.29 $ 5.11 $ .82
Ground support equip-
ment spares .45 .31 (.14)
Propellants .76 .66 (.10)
Total $ 5.50 $ 6.08 $ .58
Vandenberg only:
Launch operations $ 4.10 $12.45 $8.35
Ground support equip-~
ment spares .12 .24 .12
Propellants .69 .77 .08
Total $ 4.91 $13.46 $8.55
Totals:
KSC launch $16.25 $26.00 a/$9.75
Vandenberg launch $15.66 $33.38 a/$l7.72
Combined Averages $16.07 $27.90 a/$11.83

a/The 1976 projection was based on a 572 flight model, 399 flights
from KSC and 173 flights from Vandenberg. The current estimate
is based on the September 1980 presentation to the Office of
Management and Budget for 487 flights; 362 flights from KSC,
and 125 flights from Vandenberg.

1/"Need for Improved Reporting and Cost Estimating on Major
Unmanned Satellite Projects" (PSAD-75-90, July 25, 1975).
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The following paragraphs provide some of the reasons for
the cost-per-~flight increases. ‘

S0lid rocket booster

Each Shuttle launch requires two solid rocket boosters.
They are recovered, refurbished, and reused on future flights.
The solid rocket boosters along with the external tank make up
the bulk of the consumable costs. Since 1976, the solid rocket
booster cost-per-flight estimate has just about doubled. A
November 1980 NASA assessment showed a number of reasons for the
cost growth. For example, there were a number of design and con-
figuration changes to the solid rocket motor and booster systems
to perfect the hardware. In some instances this required addi-
tional hardware and/or equipment handling, processing and in-
spection, and production labor.

A reduction in the mission model has decreased usage of re-
usable hardware in the solid rocket motor and the booster systems.
This has reduced the expendable hardware and labor learning bene-
fits. Production gaps and restartup have primarily affected the
booster systems.

The 1976 and current cost-per-flight estimates are stated
in 1975 dollars. Actual inflation has outpaced the Bureau of
Labor Statistics inflation index. For example, the solid rocket
motor expendable material costs were 64 percent greater than
reflected in the inflation rates. Similar results were noted
for the booster systems' structural material and labor rates at
20 percent and 30 percent, respectively. Thus, according to NASA,
although the cost-per~flight estimates are stated in 1975 dollars,
certain inflation factors have crept in.

In addition to the above items, the cost-per-flight estimate
for the solid rocket boosters was understated. For example, re-
curring refurbishment kits and other items not initially con-
sidered in the estimate have been included.

External tank

The external tank is actually two tanks in one, one for
liquid oxygen and one for liquid hydrogen. It is mated to the
bottom of the orbiter and supplies propellant to the main engines
through an umbilical connection. Shortly before reaching orbit
the external tank is jettisoned and destroyed. The external tank's
cost has doubled since 1976 to over $6 million.

The external tank has required a more complicated thermal
protection system than originally anticipated. There have teen
additional structural requirements. Requirements were also added
for a range safety system, ice protection, weight reduction, and
interface hardware.



NASA has also adjusted its estimate to reflect the cost
of certain Government and contractor furnished hardware that was
excluded from the original estimate. NASA has also been able to
better identify requirements for spares; Michoud Assembly Facility
support; propellants and pressurants; barge operations; trans-
portation; and sustaining engineering at MSFC.

Finally, the STS' flights 5 and 6 have been dropped from
the development test phase and are now scheduled as operational
flights. The cost of external tanks 5 and 6 formerly included
in the design, development, test, and evaluation programs are
now included in the operations costs.

Flight operations support

JSC has responsibility for providing users preflight and real-
time support. Standard real-time payload support services include
one of two flight controllers to assist the user. One controller
functions as the user's primary interface with the STS operations
while the other works closely with the user to resolve payload
data routing problems, and so forth. Additionally, JSC will. pro-
vide flight control support of the Shuttle during launch and entry
and support of on-orbit Shuttle operations.

Flight operations support costs have increased about 77 per-
cent since 1976. This has been due in part to increases in civil
service and contractor human resources requirements at JSC from
3,523 to 5,071. The reasons for the human resources increase
include flight planning complexities, increased mission control
center support from a 7-day/2-shift operation to a 7-day/3-shift
operation, increased simulator modifications between flights,
increased flight-to-flight software reconfiguration requirements,
inclusion of orbiter postflight data reduction analysis, and pro-
gram office management integration support.

Orbiter spares

The orbiter spares cost-per-flight estimate has increased
from $0.63 million in 1976 to $0.87 million as of September 1980.
There are several factors contributing to the increased costs,
including reduced flight hardware operating life. The fuel cell
has an estimated 600- to 800-hour operating life compared to the
2,000-hour design goal. The orbiter has 3 power units each with
an estimated operating life of 10 missions instead of the 50-
mission design goal. Also, the nosecap and wing panels on the
leading edge support structure has an estimated life of from
20 to 50 missions compared to a 100-mission design goal.

There has also been a better identification of consumables
and spares requirements that have increased costs. The orbiter's
wheels will be changed every flight instead of every 36 flights
as originally planned. The addition of pyrotechnics in the
consumables estimate has also increased unit costs.
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NASA has also included thermal protection system tile spares
in the orbiter cost per flight. These spares were not previously
included. Also, NASA has identified the spares shelf life which
has also increased spares requirements and thus the costs. The
better identification of requirements further increased costs
due to the need for increased sustaining engineering tasks.

Main engine

The orbiter has three main engines, which combined with the
solid rocket boosters provide the power for launch. The design
goal was to have each engine fly 55 flights before major overhaul.
Since 1976 the Space Shuttle main engines cost per flight has in-
creased by $0.17 million.

One reason for the cost increase is that the current estimate
is based on main engine overhaul once every 40 flights instead of
the design goal of 55 flights. This has also increased require-
ments foOr replacement spares. NASA also increased the sustaining
engineering for resolution of anomalies.

Crew equipment, ground support
equipment spares, and propellants

Each of these three elements has shown cost-per-flight
decreases since 1976. There was an $0.08 million decrease for
crew equipment attributed to a decrease in the outyears con-
tractor price. Ground support equipment spares cost per flight
has decreased by $0.14 million. The original replacement factor
of 5.9 percent was based on aircraft experience and was too high.
Based on the ground support equipment replacement factor for the
Shuttle, the estimate has been reduced. Finally, the $0.10 mil-
lion cost-per-flight reduction for propellants is the result of
a 19-percent reduction in the acquisition cost of liquid hydrogen.

KSC launch operations

The primary reason cited for the KSC launch operations in-
crease was a 26-percent increase in civil service and contractor
human resources requirements, that is, from 5,423 to 6,837. About
64 percent of the increase was for additional tasks to prepare
the orbiter, main engines, solid rocket booster, and external
tank for launch, and to refurbish this equipment, except for the
external tank, 