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SUMMARY
This is the first of a series of annual staff studies which will
provide data on the cost, schedule, and technical performance of the
Space Transportation System (STS). This effort was undertaken as part
of the General Accounting Office (GAO) review of the progress of major
acquisition prograns.

SYSTEM DESCRIPTION AND STATUS

The STS will include the space shuttle and space tug. The primafy
objective of the STS is to provide a new space transportation capability
that will substantially reduce the cost of space operations and support
a wide range of scientific, defense, and commercial uses,

The space shuttle is currently planned to be operational in 1980.

It will consist of a manned reusable orbiter; an external, expendable,
liquid propellant tank; and two recoverable and reusable solid propellant
rocket boosters. It will be boosted into space_through the simultaneous
burn of the space shuttle main engines (SSME) and the solid rocket boosters
(SEB).

The shuttle is expected to place satellites in orbit; retrieve
satellites from orbit; permit in-orbit repair and servicing of satellites;
deliver space tugs and their payloads to loﬁ-earth orbit; and conduct
short duration, low-earth orbit, science and applications missions with
self-contained experiments. The shuttle effort is currently progressing

under a combined design and development phase.



The space tug is a propulsive or upper stage that is expeé%éd to
extend the capabilities of the shuttle to greater altitudes than those
achievable by the orbiter alone, It is expected to be operational by
late 1983. An orbit to orbit stage (00S), with limited capabilities,
will be used during the 1980-83 period. A tentative agreement has been
reached between NASA and the United States Air Force (USAF) whereby the
USAF will modify an existing upper stage to become the 00S and MASA will

continue planning for development of the space tug.

COMING EVENTS

Major milestones of the program include the following:

-~External Tank Preliminary Design Review October 1974
--SRB Preliminary Design Review November 197k
-~0Orbiter Preliminary Design Review for First

Manned Orbital Flight February 1975
-=Shuttle System Preliminary Design Review for ’

First Manned Orbital Flight - March 1975
--Space Shuttle Preliminary Design Review for

First Manned Orbital Flight May 1975
~--First SSME Integrated Subsystem Test July 1975
~-External Tank Critical Design Review November 1975

RESTRICTIONS ON REVIEW

Numerous restrictions and delays by NASA on access to information
limited the depth of our review. Our attempts with NASA to resolve
access issues have not yet been completed. We anticipate that pending

changes will improve matiters and allow future reviews to be conducted



more effectively. NASA is currently preparing a management instfuction
for its various activities to follow in their relations with GAO.

RESPONSIBILITY FOR SPACE SHUTTLE

NASA has the primary responsibility for overall program management
and integration of the Space Shuttle Program. Rockwell International's
Space Division is NASA's principal contractor with overall integration
responsibility of the system's major components: orbiter, SSME, external
tank (BET), and SRB. It is also charged with the development and planned
production of five orbiter vehicles,

The remaining contractors are (1) Rockwell International's Rocketdyne
Division - SSME, (2) Martin Marietta Corporation, Denver Division - ET,
and (3) Thiokol Chemical Corporation - solid rocket motor pozxtion of the
SRB. The selection of Thiokol as the solid rocket motor's (SRM) prime
contractor is under award protest by Lockheed Propulsion Company and the
outcome has not yet been determined. The Marshall Space Flight Center
(MSFC) will perform SRB design and integrationu&aring the initial phases
of the program.

NEED TO ESTABLISH BASELINES

Cost, schedule, and technical performance baselines serve as a
starting point in our reviews of major acquisitions to measure the

status of a program and as a basis for tracking its progress through

the acgquisition cycle.



One of our review objectives was to identify the baselinéénwhich
had been established for the STS. Baselines play an important role in
the management of a program. They permit management to measure, control,
and evaluate the progress of a program. Established baselines provide a
benchmark against which subsequent estimates may be compared.

Also, the comparsion of baseline cost estimates and current estimates
aids the Congress in making decisions on whether a program should continue,
be modified, or terminated. Without baseline and current cost estimates,
the Congress may not be afforded an opportunity to effectively monitor
the program with confidence that it is achieving its goals.

ESTIMATED COST OF THE SPACE
TRANSPORTATION SYSTEM

NASA has not developed a cost estimate for the total cost of the
development and operation of the STS but has established baseline cost
estimates for four STS elements.

NASA stated that baseline cost estimétes_gﬁpuld be identified with
definitive program content and/or specific system configurations. We
believe that baseline estimates should be prepared early in program
definition and that, if necessary, a range of costs may be provided to
bracket the various system configurations under consideration.

When the present shuttle configuration was approved in March 1972,
NASA presented to the Congress the results of an analysis of the develop-

ment and operations of the STS from 1972 through 1990 based on a mission



model of 581l flights. The purpose of the analysis was to compare the
economics of the projected space effort for NASA, DOD, and others, using
the STS and alternate programs of existing and/or new expendable launch
systenms.

The analysis included a $16.1 billion cost estimate, including DOD
costs and STS operating costs from 1979 through 1990. Certain costs such
as Govermment institutional costs paid through NASA's Research and Program
Management (R&PM) Appropriation and Research and Development(R&D) technology
costs were excluded from the economic analysis because they were considered
applicable to all competing transportation systems. NASA has characterized
the mission model used for the economic analysis as a representative set of
candidate space missions rather than an approved program plan. Also, the
$16.1 billion estimate was in 1971 dollars; therefore it did not consider
inflation over the life of the program.

NASA officials stated that they have-coanQence in the estimates for
defined program elements identified as baselines, whereas, the other esti-
mates are considered preliminary or planning estimates which are likely
to change when the final configurations have been established.

STS elements which have
been baselined

NASA made in-depth reviews of the cost estimates for three STS elements

included in the analysis and considers them to be baseline cost estimates.

NASA has updated i1ts mission model throughout the program. Therefore,
matters presented in the staff study involve 439, 581, or 782 flight
mission models.
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These estimates are (1) $5.150 billion for RDT&E of the space shuttle
(2) $300 million for NASA's space shuttle facilities, and (3) $1.0 bil-
lion for refurbishment of the two development orbiters and production of
three additional orbiters. Apart from the March 1972 analysis, NASA
established a baseline estimate of $10.45 million as the average cost
per flight for the shuttle based on a 439 flight mission model.

STS elements which have not been baselined

The following are STS elements which do not have baseline cost eétimates.
The cost estimates shown are in some instances contractor estimates and
have not been subjected to in-depth reviews by NASA.
Cost

Estimate
March 1972

(millions)
Elements consldered in the March 1972 STS analysis:

Modifications and requirements for expendable

upper stages - $ 290
Development and investment for reusable space

tugs $ 809
DOD facilities $ 500

Recurring STS operating costs exclusive of
the space shuttle operating cost See below

Elements excluded from the March 1972 STS analysis:

R&PM costs See below
R&D costs not defined as development cost

chargeable against the STS See below
Inflation See below



Operating costs

The March 1972 economic analysis included STS operating costs of
$8.050 billion from 1979 through 1990. A baseline estimate has been
established only for cost per flight of the space shuttle. Operating costs

not baselined include such items as the cost per flight for (1) expendable

upper stages which NASA estimated to range from $1 million to $10 million

(1973 dollars) and (2) the space tug which NASA estimated to be about
$1 million (1973 dollars).

R&PM and R&D costs

NASA has projected that the Civil Service manpower level during
peak year shuttle development (costsvpaid with R&PM funds) will be about
5,000 people. Also certain R&D costs related to the space shuttle develop-
menﬁ are not being charged against the space shuttle. These costs are
for R&D effort which is funded by NASA organizations or activities outside
the Space Shuttle Program. We identifie& $ll§:6 million éf R&D obligations

through November 1973 which appeared to be related to shuttle development,

but were not charged against the shuitle RDI&E baseline estimate. In May
1974, NASA officials provided GAO with results of an analysis presented to
the Congress which indicated that the total in-house costs which could be
related or pro-rated to design, development, test, and evaluation of the
space shuttle has been estimated at about $2.049 billion (1973 dollars)

through fiscal year 1981.



Inflation

NASA used a 5 percent inflation factor to update its space shuttle
development estimate from 1971 dollars to 1972 dollars. Based on this
factor we projected inflation of about $1.5 billion on NASA's December

1973 estimate of $5.l50 billion for development of the space shuttle,

STATUS OF BASELINED STS ELEMENTS

As of December 31, 1973, NABA expected to complete the RDT&E portion
of the Space Shuttle Program within the $5.150 billion baseline estimate.
However, on February 4, 1974, NASA announced a potential $50 million cost
increase due to a program delay caused by funding constraints on the
fiscal year 1975 budget.

Some facility and facility related costs are not included in
NASA's shuttle facilities estimate but, according to NASA, will be
charged against the RDT&E baseline estimate. These costs are for
(1) unforeseen facilities requirements, (2) off-installation facilities,
(3) locally-funded projects, and (4) non—coliéiéfal equipment. Costs
for all of these shuttle~related facilities are charged against the
RDT&E estimate when they are uniquely and directly required for the
space shuttle.

During our review, we noted that NASA has identified potential cost
growth or additional program requirements for three facilities projects:
orbiter landing facilities, mobile launchers, and SSME test facilities.
NASA expectss,however,to complete its facilities program within the $300
million estimate because of off-setting changes which might occur in

other facility requirements.



NASA has a current working estimate of $9.06 ﬁillion for the average
cost per flight of the space shuttle but considers the difference between
this estimate and its baseline estimate of $10.h5 million a program reserve,
SCHEDULE

NASA has established schedule baselines for certaln critical milestones

for the STS. Changes for these baselines are shown below:

NASA's Milestone Commitments to Congress

Fiscal Year 1974

Fiscal Year 1975 Total
Baseline Budget Request Slippage Budget Requesta Slippage Siippage
Milestone (March 1972) (February 1973) (Months) (February 1974)" (Months) (Months)
First Horizon-
tal Flightl wMid 76 lst QTR 7-9 2nd QTR 1-3 10-12
1977 1977
First Manned
Orbital
Flight lst QTR By end of 9 2nd QTR 46 13-15
1978 1978 ) 1979
Operational  1st QIR By end of 9 ond QTR 46 13-15
Capability 1979 1979 1980

Data, provided by NASA and not verified.

bFirst Horizontal Flight replaced by Approach and landing Test.

The initial 7- to 9~ month slippage, according to NASA, was caused by
reduced funding which forced it to proceed at a slower pace and delay con-
tractor manpower buildup. However, NASA officials testified in fiscal

Year 1974 congressional hearings that further cost reductions or delays will

start causing major increases in the program's cost.



Schedule changes may have a significant impact on both the cost and
potential benefits to be derived from the STS. Target dates for delivery
of orbiters four and five were extended by 24 and 26 months, respectively.
These changes are related to the USAF's 1982 operational date for the
Vandenberg Air Force Base launch site which is 2 years later than the

date assumed by NASA in its economic justification amalysis in March 1972.

Since the original production schedule was established to produce
the most efficieni-; flow consistent w_ith anticipated annual funding, NASA
stated that the production stretéh-out may increase STS costs because of
inflation and a less efficient production schedule. The increase would
occur in the production phase of the program, rather than in the develcop-
ment phase where the NASA Administrator has made a commitment to the

Congress to develop the shuttle within the $5.150 billion baseline estimate.

PERFORMANCE

-

-

NASA has established pérformance requirements which serve as guide-
lines for the design and development of the Space Shuttle Program.

Numerous changes have been made to performance requirements at all
levels but, according to NASA personnel, have not significantly altered
overall program objectives and cost projectionms.

NASA's performance management system requires that major shuttle
contractors track and report periodically on selected performance
characteristics. The status of three characteristics being tracked by

NASA and Rockwell International's Space Division, is discussed below.
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Payload-to-Orbit - This refers to the weight the shuttle system is

expected to be able to place in orbit., The deployment of 32,000 pounds
into a specified near polar orbit was one of the major factors used to
establish the vehicle's size because this is the most demanding of the
shuttle's missions. As of December 1973 the projected capability was
32,108 pounds.

Orbiter Weight - In August 1972, when Space Division received

authority to proceed with the contract, the orbiter was designed to .
have a "dry weight" limitation (weight without payloads, fuel, etc.) of
170,000 pounds. In December 1972 this was reduced by NASA to 150,000
pounds primarily to reduce the cost per flight and to maintain control
of the total vehicle size.

Reduction of the orbiter weight eliminated a 15,000 pound growth
margin for contingencies and requirement changes. A vigorous weight
reduction program was initiated which subsequently provided a weight
margin of about 13,000 pounds. However, by December 1973, this margin
had been reduced to about 1,900 pounds. This provides only about a
1.3 percent margin in contingencies and requirement changes. Space
Division had originally planned to have a 10 percent margin at Preliminary
Design Review scheduled for February 1974 because historical data on space-
craft indicated a 10.6 percent weight growth from that point through the life
of the programs. NASA officials stated that the planned growth margin at
Preliminary Design Review was reduced to 6 percent for the 150,000 pound
orbiter., Studies are in progress to increase the orbiter welght~growth
margin and according to NASA several potential weight reduction changes

have been identified.



Thermal Protection System ~ The thermal protection system protects

the primary airframe structure of the orbiter vehicle from the effects
of aerodynamic heating during ascent and entry. The thermal protection
system is considered by NASA to be the highest risk area of the program
because methods of applying basic technology have not been fully demon-
strated. Two areas of concern are (1) the amount of heat which could
enter through gaps between tiles making up part of the thermal protec-
tion system and (2) whether the desired degree of reusability can be
achieved.

UPPER STAGES

The space tug and the 00S will extend the capabilities of the shuttle
to greater altitudes than those achievable by the orbiter alone.

Based on the 1973 mission model, upper stages such as the tug and
00S would be required for 65 percent of 555 automated payloads to be
deployed by the space shuttle from 1980 thrbu%h 1991. Some additional
payloads beyond the payload delivery capabilitym;g the shuttle alone
called for (1) expendable solid kick stages after deployment by the
shuttle in low-earth orbit and (2) the use of expendable launch systems.

Current tentative plans call for an estimated development cost of
up to $100 million (1973 dollars) for the 00S and $400 million (1973 dollars)
for the space tug rather than about $770 million (1971 dollars) as esti-
mated in March 1972 for development of upper stages. Upper stage capa-

bilities under these plars,however, are less than those considered in

March 1972. For example, the round trip payload capability of the tug
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between low earth orbit and geosynchronous orbit has been reducéd from

3,000 pounds to 2,400 pounds. The reduction in cost resulted primarily

from deleting the requirement for developing a new engine which was no

longer needed because of the above reduction in payload capability.

MATTERS FOR CONSIDERATION

The following areas warrant special attention:

1.

The absence of baseline cost estimates for some elements of the
STS limits visibility and reduces management's capability
to monitor and control the total SIS effort. In addition,
congressﬁonal decisions concerning the initial approval of

large programs and subsequent funding levels can best be made
when all related costs are known and baseline cost estimates

are provided. Consequently, the Congress may wish to require
NASA to provide cost estimates for all elements of the STS
including those elements of the $16.1 billion estimate included
in the economic analysis which have‘ﬁgffbeen previously baselined
dhd related elements excluded from this estimate such as R&PM,
other research and development effort, and inflation. For those
elements such as the space tug where a number of alternatives are
still being considered and it is not feasible to establish a
single baseline estimate, a range could be used as the baseline
cost estimate.

Two high risk areas identified by NASA are the space

shuttle's thermal protection system and the orbiter weight.

- 13 -



The Congress may wish to have NASA apprise them periéégcally
on the development progress in these areas and other high
risk areas which may arise.

Projected upper stage capabilities are now less than the
capabilities assumed in March 1972, Moreover, projected
economic benefits may occur later than ﬁlanned because the
planned operational date for the Vandenberg Air Force Base
launch site is 2 years later than assumed by NASA in March
1972. ?herefore, the Congress may wish to have NASA ex-
plain the impact the change in planned tug capabilities
and the extension of operational dates for the Vandenberg

Air Force Base launch sites will have on the program.

AGENCY REVIEW

A draft of this staff study was reviewed by NASA officials associated

with the management of this program and comments are incorporated as

appropriate. As far as we know, there are no residual differences in fact.
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CHAPTER 1

INTRODUCTION

This is the first of a series of annuval staff studies which will
provide data on the status of cost, schedule, and technical performance
for the Space Transportation System (STS) development by the National
Aeronautics and Space Administration (NASA). The STS will include the
space shuttle and the space tug. The review was undertaken in response
to congressional requests that the General Accounting Office (GAO) re-
port on the progress of major acquisition programs and covers the period
from approval of the present shuttle configuration in March 1972 through
December 1973.

The primary objective of the STS is to provide a new space transpor-
tation capability that will substantially reduce the cost of space opera-
tions and support a wide range of scientific, defense, and commercial
uses. In March 1972 NASA estimated that ecoﬂgﬁfé benefits from using the
STS instead of expendable launch systems would be $5.6 billion through
1990. By.October 1973, the number of projected space shuttle flights had
increaseq from 581 to 725. NASA estimated that this increase and other
program changes would increase the STS's economic benefits over expendable
launch vehicles to $1k.1 billion. Unless otherwise stated, all cost esti-

mates cited this report will be in 1971 dollars.
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The space shuttle is intended to place satellites in orbit; retrieve
satellites from orbit; permit in-orbit repair and servicing of satellites;
deliver space tugs and their payloads to low—earth‘ofbit; and conduct
short duration, low-earth orbit, science and applications missions with
self-contained experiments.,

DESCRIPTION

The space shuttle will consist of a manned reusable orbiter, which
looks like a delta-winged airplane with length and wingspand comparable to
a DC-9 airliner but with a wider body; an external, expendable, liguid
propellant tank; and two recoverable and reusable solid rocket booste?s
(SRB). It will be boosted into space through the simultaneous burn of
the space shuttle'main engine (SSME) and the SRB which will detach at an
altitude of about 25 miles and descend into the ocean by parachute to be
recovered for reuse, The SSME burn will continue until the orbiter and
external tank (ET) are near orbit velocity. The ET will then be detached
and will land at a predetermined remote ocean site. Using its orbital
maneuvering subsystem, the orbiter will continue into low-earth orbit.

A pictorial profile of a shuttle mission is sHovn below.

SOLID ROCKET MOTORS% TARK DISPOSAL

e \\%%

IANDING
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The space shuttle will be able to place 65,000 pounds in a.i50
nautical mile due-east orbit and 32,000 pounds into a specified 100
ngutical mile near-polar orbit. The shuttle will be able to deliver
lower payload weiBhts to higher orbits,

The space tug is a propulsiwve or upper stage that extends the
capabilities of the shuttle to greater altitudes than those achievable
by the orbiter alone and is expected to be operational by late 1983.

During the 1980-83 period, an orbit to orbit stage (00S), which is to
be a modification to an upper stage currently being used with expendable
launch systems, will be used but will have limited capabilities. The
space tug and the 00S are presented in Chapter 7.

HISTORY

After the first decade in space operations, the national space
program was confronted by (1) a mix of promising and important space
mission opportunities for the mid-1970s and beyond, and (2) a high cost
of then current flight hardware and ground supﬁ;f% operations for recurring
orbital transportation operations,

Based on NAGA's experience in space systems development and the large
number of space flights anticipated, consideration was given to a reusable
manned space shuttle which would operate between earth and low~-earth orbit.
NASA has projected economies in launch system costs and in payload develop-
ment and procurement costs through the use of a space shuttle. NASA has
stated, however, that the justification for the shuttle is not based on
economics alone. Another fundamental reason is the necessity to have a means

for routine quick reaction to space and return to earth in order to achieve

the benefits of the scientific, civil, and military uses of space.

- 17 - I



The United States Air Force (USAFY has been designated by the
Department of Defense (DOD) as the organization responsible for making
certain that DOD's interests are considered in the design and development
of the shuttle.

Initially, NASA studied a two-stage fully regoverable shutile con-
Tiguration consisting of an orbiter and a booster, each of which would
be operated by a two-man crew. Both stages were to use high-pressure
oxygen/hydrogen engines and were to have internal tankage for both fuel
and oxidizer. The shuttle was to take off vertically, and the booster
rocket engines were to carry the orbiter to the fringe of the atmosphere.
The booster would then separate from the orbiter and fly back to earth
for an girplane-like landing using conventional air-breathing jet engires.

The orbiter would proceed under its own rocket power to orbit, per-
form its mission, and return to earth, landing horizontally like an air-
plane. The orbiter and the booster would maneuver in the earth's atmos-
phere using conventional air-breathing jet engineé, and would be designed
to be reusable for 100 or more flights.

During the fiscal year 1973 budget hearings, NASA testified that this
fully reusable sysfem would have maximum payload flexibility and would
provide the least costly operational space transportation. However the
anaual funding and peak-year funding required during research and develop-
ment were relatively high; so NASA extended its studies to cover new configura-

tions which could be developed within anticipated funding constraints.

BEST DOCUMENT AVAILABLE
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Subsequent alternatives considered before the present configuration
(described on page 16) included the use of expendable hydrogen ténks and
the use of liquid pump-fed or pressure-fed boosters.

When operational, the space shuttle is to accomplish most launches of
NASA, DOD, and others. Shuttle launcheé and landings will be at the Kennedy
Space Center (KSC) (to be operated by NASA) and a launch site at the Vanden-
berg Air Force Base (to be operated by the USAF),

NASA is to fund development of the space shuttle and construction of
almost all facility requirements except those at Vandenberg Air Force Base.
The USAF will fund facility costs at Vandenberg and plans to purchase two
production orbiters and associated flight and ground support equipment.

STATUS

The shuttle effort is currently progressing under combined design and
development phases of NASA's four-phase developmental approach--(1) Preliminary
Analysis, (2) Definition,(3) Design,and (4) Development and Operations.

SPACE SHUTTLE RESPONSIBILITY

T

NASA has the primary responsibility for overall program management and
integration. NASA also takes the lead in inline functions of softwear
development, SRB integration, and operational planning.

The responsibility for development, production, and operational support
for the space shuttle will be divided among four prime contractors and numerous
subcontractors. Rockwell Intemational's Space Division, is charged with the
development and planned production of five orbiter vehicles. It is also charged
with overall integration responsibility of the system's major components:

orbiter, SSME, ET, and SRB.

- 19 -



The remaining contractors are (1) Rockwell International's Rocketdync
Division - SSME, (2) Martin Marietta Corporation, Denver Division - ET, and
(3) Thiokol Chemical Corporation - Solid rocket motor portion of the SRB.
The selection of Thiokol as the solid rocket motor (SRM) prime contractor

is under award protest by Lockheed Propulsion Company and the outcome has

not yet been determined. The Marshall Space Flight Center (MSFC)
will perform SRB design and integration during the initial phases
of the program. Details concerning the contracts are shown in
Appendix I.
The contracts have been let in increments and the value of each
successive increment will be subject to negotiations. The amounts of
the initial increments of the major contracts are (1) $459.6 million
for Rockwell International's Space Division, (2) $4hk2.k million for
Rockwell International's Rocketdyne Division, and (3) $107.2 million
for Martin Marietta, Denver Division. BEST DOCUMENT AVAlLABLE

RESTRICTIONS ON REVIEW

Numerous restrictions and delays by NASA og—éccess to information
limited the depth of our review. Our attempts with NASA to resolve access
_ issues have not yet been completed. We anticipate changes which could
improve matters and allow future reviews to be  conducted more effectively.
NASA is currently preparing a management instruction for its various

activities to follow in their relations with GAO.

Restrictions on access to information stemmed from application and
interpretation of preliminary guidelines concerning the GAO review which
were prepared by NASA and issued by the Johnson Space Center (JSC) to
other space centers and contractors. NASA Headquarters never officially
approved the guidelines, but they nevertheless governed the release of

information to GAO.
- 20 -



Limitations were placed on access to support for fiscal year 1975
and prior years budgets, run-out cost estimates on individual contracts,
and "planned actions, proposed dates, and future milestones." Applica-
tion of the guidelines delayed receipt of essential information as long
as three months. On occasion, requested supporting documentation such
as contractor estimates on impact of delay in production, key issues and
problem areas for facility projects, and detailed cost estimates used for

internal management of the program was not released to the GAO.
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CHAPTER 2

SPACE TRANSPORTATION SYSTEM COST

Cost, schedule, and technical performance baselines serve as a starting
point in our reviews of major acquisitions to measure the status of a program
and as a basis for tracking its progress through the acquisition cycle.

One of our review objectives was to identify the baselines which had
been established for the STS. Baselines play an important role in the
management of a program. They permit management to measure, control, and
evaluate the progress of a program, Established baselines provide a bench-
mark against which subsequent estimates may be compared.

Also, the comparison of baseline cost estimates and current estimates
a2ids the Congress in making decisions on.whether a program should continue,
be modified, or terminated. Without baseline and current cost estimates,
the Congress may not be afforded an opportunity to effectively monitor the
program with confidence that i1t is achieving its goals.

ESTIMATED COST OF THE SPACE
TRANSPORTATION SYSTEM e

NASA has not developed a cost estimate for the total cost of develop-
ment and operation of the STS, but has established baseline cost estimates
Ffor four STS elements.

NASA stated that baseline cost estimates should be identified with
definitive program content and/or specific system configurations. We
believe that baseline estimates should be prepared early in program defini~
tion and that, if necessary, a range of costs may be provided to bracket the

various system configurations under consideration.
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When the present shuttle configuration was approved in March 1972,
NASA presented to the Congress the results of an analysis of thé'éevelop-
ment and operations of the STS from 1972 through 1990 based on a mission
model of 581l flights. The purpose of the analysis was to compare the
econontics of the projected space effort for NASA, DOD, and others, using
the STS and alternate programs of existing and/or new expendable launch
systems.

NASA informed the Congress of other categories of cost required for
the STS but did not provide cost estimates for future years for some of
these categories.

The following table presents the cost estimate from the STS/alternate
programs analysis as presented to the Congress in March 1972, It includes
DOD costs and STS operating costs from 1979 through 1990.

NASA officials stated that they have confidence in the estimates for
defined program elements identified as baselines, whereas, the other
estimates are considered preliminary or planning estimates which are likely

to change when the final configurations have beeﬁ established.

;NASA has updated its mission model throughout the program, Therefore,
matters presented in the staff study involve 439, 581, or 782 flight
mission models.
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TABLE 1

Estimated Space Transvortation System Costs
Throurh 1020 (1971 Dollars in Billions)

Elements Cost Estimate

Non-recurring Costs:

Developmental Costs--Research, Development, N
Test and Evaluation (RDTE) . $ 5.150

Orbiter Inventory (Refurbishment of the two
development orbiters and production of

three orbiters) 1.000%
Modifications and Requirements for
Expendable Upper Stages .290
Facilities (Including two launch sites):
NASA $ .3002
DOD . 500 .800
Reusable Space Tugs:
RDT&E $ .638
Investment at .809
Total $ 8.049
Recurring Costs During Operations ) 8.050"
TOTAL $16.099

8Bageline estimate.

ba baseline estimate has been established for the average
cost per flight of the space shuttle based on a 439 flight
mission model rather than the 581 flight mission model used
in this analysis.

o
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STS BIFMRNTS WHTCH PAVE BEEN BASELINED

TASA made in~depth reviews of tlhe cost estimateé for three STS
elements included in the analysis and considers them to be baseline cost
estimates. These estimates are (1) $5.150 billion for RDT&El of the space
shuttle, (2) $300 million for NASA's space shuttle facilities, and (3) $1.0
pillion for refurbishment of two development orbiters and production of
three orbiters. Apart from the March 1972 analysié, NASA established a
baseline estimate of $10.45 million as the average cost per £1ight® for
the shuttle based on a 439 flight mission model.

In addition to shuttle facilities to be funded within NASA's $300
million baseline estimate, some facilidty and facility related costs are
chargeable against the $5.150 billion RDT&T baseline estimate. These
cogts are for:

Unforseen facilities requirements - When facilities requirements of

$25,000 or less are not forseen at budget submission or are forseen bub

not ¥validated, authority provided by recent authorization acts is utilized
by NASA to fund them from its Research and De&éi5§ment (R&D) Appropriation
if they cannot be deferred to the next budget cycle. This same authority
can bhe used if the facilities have been made urgent by changed circumstances
after preparation of the annual budget. According to NASA, the funds spent

for all such projects are periodically reported to the Congress and have

totaled less than $1 million to date.

TiTso referred to by NASA as Design, Development, Test, and Evaluation
2The $10.45 million per flight estimate was bascd on a 439 flight mission

model rather than the 581 flight mission model considered in developing
the $16.1 billion STS cost estimate.
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Off-installation facilities - Authority provided in authorization

acts allows NASA to use R&D funds for facility items, other than'land,
at locations other than installations of the NASA Administrator when
they are used in the performance of R&D contracts. By exercising this
authority, NASA has obligated and charged to the RDT&E estimate $18.h
million for SSME test and assembly facilities at Conoga Park and Santa

Susana, California.

Locally funded projects - New construction and additions to existing

facilities up to $10,000 and rehabilitation and modifications up to

$25,000 are not charged against the $300 million estimate. These projects
are charged against the RDT&E estimate when the facilities uniquely support
shuttle requirements. We did not determine the funds spent on such projects,
if any.

Non~collateral equipment - Non-collateral equipment is defined by

NASA as equipment that "...can be severed and removed after erection or

installation without substantial loss of value or damage thereto or to the

premises where installed." By definition non-collateral equipment are not
facility items and are therefore not charged against the $300 million
estimate., Examples of this type equipment include office furnishings and
laboratory equipment. According to NASA personnel, shuttle related non-
collateral equipment is charged to shuttle RDT&E and, to the extent possible,
is disclosed to the Congress in annual construction of facility budgets and
other documents., Non-collateral equipment costing about $31.5 to $35.5
million will be required for projects included in NASA's fiscal year 1974

budget estimates.
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STS WIITTINTS WHICH I'VE IT0T BERN PASELINED

NASA purposely excluded certain costs from the analysis because they
were congidered egually applicable to all programs under analysis. These
costs included shuttle related costs paid through NASA's Research and
Program Management (R&PM) Appropriation and certain costs not defined by
NASA as shuttle RDTEE éosts. Also, the $16.1 billion estimate was in
1971 delliars and therefore, did not consider inflation over the life of
the program.

The following are STS elements which do not have bageline cost estimates.
"The cost estimaltes shown are in some inst;nces contractor estimates and
have not been subjected to in-depth reviews by NASA,

Cost

Estimate

March 1972
Elements considered in the March 1972 STS analysis:

Modifications and requirements for expendable

upper stages T $ 29
Development and investment for reusable space

tugs $ 809
DOD facilities $ 500

Recurring STS operating costs exclusive of the
space shuttle operating cost See below

Elements excluded from the March 1972 STS analysis:

R&PM costs See below
R&D costs not defined as development cost

chargeable against the STS See below
Inflation See below
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Operating conts

The March 1972 economic analysis included STS operating costs of $3.050
billion from 1979 through 1990, A baseline estimate has been established
only for cost per flight of the space shuttle, however, it was based on a
439 flight mission model rather than the 581 flight mission model that was
used in formulating the $16,1 billion estimate. Operating costs not
baselined included such items as the cost per flight for (1) expendable
upper stages which NASA estimated to range from $1 million to $10 million
(1973 dollars) and (2) the space tug which NASA estimated to be about $L
million (1973 dollars).

Shuttle Related R&D Costs

Funds expended from the OMSF's space shuttle budget line item of NASA's
R&D Appropriation are the only charges made against the development baseline
estimate of $5.150 billion. These charges do not include some additional
R&D effort related to shuttle development, NASA officials stated that a
definite dividing line does not exist between R& effort which should be
charged against the space shuttle estimate and R&D effort which should not.

One member of the Senate Authorizabtion Committee on Aeronautical and
Space Sclences expressed concern about NASA's accounting practices. This
Senator stated that:

"My own feeling is that at the outset of a project such

as this (space shuttle), where there is bound to be some

controversy, I think that for the purposes of your credi-

bility factor and ours, it would be best to have this

(space shuttle appropriation) as a separate line item, and

have everything in R&D included there... Then nobody can
accuse either you or the committee of having hidden costs.”

s e a e
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The NASA Administrator said this could be done, but no action has becn
tallen to include all RED costs in the space shuttle line item,

We identified about $116.6 million of R&D obligations through
November 1973 which appeared to be shuttle related and was not reported
against the RDT&E estimate or as a cost of the Space Shuttle Program., If
this amount were considered and added to the reported program obligations,
total R&D obligations would be $583.2 million or 25 percent greater, The
obligations we identified are discussed below.

Shuttle Technolozy and Shuttle Vehicle and Engine Definition

Shuttle Technology and Shuttle Vehicle and Engine Definition funds of
$12.,4 million from funds appropriated in 1970 are not considered by NASA as
chargeable to their RDT&E estimate., These obligations were primarily
incurred during early developmental phases and were excluded by an informal
agreement reached between NASA and the O0ffice of Management and Budget.
According to NASA, they should not be charged against the baseline estimate

because they were for feasibility studies rather than for development.

Supporting Research and Technolooy

By examining research and technology project definitions for NASA
organizations, we identified about $93.0 million (Table 3) obligated by the
OMSF and the Office of Aeronautbics and Space Technology (OAST) for research

and technology projects which appear to be in support of shuttle development.
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TADLE 3

Shuttle Related Research Activity
Oblirations by Fiscal Years (In Millions)

Prior to 1974 thru
Organization 1970 1970 1971 1972 1973  11/30/73 Total
OAST $1.2  $10.6  $30.1 $23.3 $6.8 $ .3 $72.1%
OMSF 0.0 b.h 5.6 8.4 2.3 .2 20.9
TOTALS $1.2 $15.0  $35.7 $31.7 $9.1  § .5 $93.0%

|

aFigures do not add due to rounding.

NASA officials said that there is no clear distinction between R&D:
efforts represented‘by these obligations and those efforts which are charged
against the RDT&E estimate,

Concerning OAST effort, NASA stated in 1972 Congressional lestimony
that "The OAST Shuttle technology program will ... support the Office of
Manned Space Flight Shuttle program activities as appropriate to help assure
that the shuttle vehicle will be built on schedule and within the available

funds."

g

NASA gtated that non-shuttle funded supportiﬁg research generally
concentrates on "state-of-the-art technology™ with broad potential appli-
cation in fubure programs while shuttle funded tasks concentrate on develop-
ment of a particular approach consistent with the shuttle system configuration
and other requirenments.

This explanation did not appear to be congistently valid for the research
projects we examined., For example, the justification for a 1973 OMSF research

project entitled Space Shuttle--Aerothermodynamics, the funds for which are

charged to the RDT&E cstimate (about $876 thousand obligated through June 30,

1973), reads in part as follows:

BEST DOCUMENT AVAILABLE
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"This effort is desisned to provide current state-of-the-art
technnlosy studics in support of the engineerini desipgn analysis
on the space shultle vchicles, TIT includes analytical studies

and evperimental besting as necessary to analyze vehicle acro-
thermodynamic characteristics and to accurately define performance
cepabilities....”

The justification for another 1973 OMSEF project with the same title, the
funds for which are not charged to the RDT&E estimate (about $319 thousand
obligated through November 30, 1973), reads almost identically:

"The objective of this... is to provide support for the aero-
dynamic and thermodynamic development of the Space Shuttle
vehicle., The tasgks listed are of analytical and experimental
nature. They involve the development of criteria and methods in
those areas where adequate knowledge or prediction tools exist
for the definition of aerctherr.dynamic environments or design
values, The following items listed below have been selected
because of their critical impact on the shuttle design: (1)
Aerodynamic Study of Space Shuttle Vehicle Concepts, (2) Shuttle
Load Distributions, (3) Booster Staging Environment,..."

Development, Test, and Mission Operations

Shuttle related R&D costs are alsoc paid from the OMSF Development,
Test, and Migsion Operations (DTMO) portion of NASA's R&D Appropriation.
DTMO funds provide a variety of contractual general support costs for
manned gpace flight activities. No estimate Waszﬁade for the amount of
these costs related to the STS, although NASA informed the Congress that
some DTMO costs would be related to shuttle development, NWASA officials
stated that the shuttle RDT&E estimate was made under the assumption that
DTMO funding would be maintained at an annual level of about $200 million
(1971 dollars).

Some of the general support programs planned that will benefit the

shuttle include materials testing at the White Sands Test Facility and
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electrical nover instrumentation testing at JSC. TFuture declsionsg on
whether developmental tasks will be accomplished by shubtle R&D con-
tractors or by contractors providing NASA's institutional support will
normally determine whether they are charged to the shuttle RDTEE estimate
or to DTMO. Only the cost of those tagks performed by shuttle R&D con-
tractors are charged to the RDTEE estimate.

As an example of DTMO funding, $11.2 million of DTHMO costs were
incurred at MSFC in direct support of the Space Shuttle Program from
July 1972 through December 1973. This amount represents about 10.4 percent
of the total DTMO funds allocated to MSFC for fiscal years 1973 and 197k,

Research and Program Management

Congistent with the NASA eppropriation structure, civil service
manpower costs and logistics, technical, and administrative support costs
are funded by the R&DII appropriation. For figcal years 1972 and 1973,

NASA identificd 1,234 and 2,300 positions, respectively, as direct effort

on the Space Shuttle Program. This number was expected to increase to

about 5,000 at the peak of the development progfgﬁ; Shuttle related costs
of $84.6 million were funded by this appropriation from July 1969 through
November 1973, R&PM costs are not charged against the shuttle's baseline
estimate., Therefore, future decisions on whether tasks will be accomplished

by NASA personnel or by shuttle contractors will determine whether the costs

are charged against the baseline estimate.
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InTlation

Inflation can constitute a major portion of a program's total cost

and the total a »unt of inflation incurred can be influencc’ by management

decisions affecting the rate and timing of expenditures., Cousequently, we

believe inflation showld be considered in the decision-making process and

included in estimates made by Federal agencies. Our position was presented

to the Congress in a report entitled "Estimates of the Impact of Inflation

on the Costs of propoged Programs Should Be Available to Committees of the

Congress,' dated December 14, 1972 (B-176873).

The potential inflationary impact of a recent decision on total shuttle

program costs is presented below for illustration:

During fiscal year 1974 Senate authorization hearings,

NASA announced that the shubtle development program had
been extended by Q menths in order Lo hold fiscal year

197h spending 1o the targets set by the President. This
extension will result in inflationary increases because

more funds will be expend=d duing the later years of

the program than previously planned. Projected inflationary
increases due to this change are shown in the following
table, An inflationary factor of 5 percent per year™ was
assumed in the calculation.

L 5 percent per year factor was selected by GAO because
NASA had previously used this rate as the inflation
factor for 1972.
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TARLE 72

Estinated Inflationary Cost
Increaces in BDTSE (In Billions)

Estimated
Estimate Before Estimate After  Inflationary
9-Month Delay 9-Month Delay Increase
RDTEE Estimate Withoutb
Inflation $5.150 $5.150 $ -0-
Inflationary Cost 1.406 1.482 076
Total Estimate Including .
Inflation $6.556 $6.632 $ 076

Additional inflationary cogt increases can be anticipated from other
management decisions. A delay of the Lirst manned orbital flight by an
additional 4 to 6 months as announced by the NASA Administrator in
February 1974, and a 2-year delay in production of two orbiters should
increase STS costs because of inflation. Additionally, changes made in
the timing of funding for facilities should result in similar increases,

In view of the impact of inflation, NASA has undertaken discussions
with the O0ffice of Managecment and Budget to recognize the influence of

inflation in projecting funding levels for its programs in the future.
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CHAPTER 3

STATUS OF STS ELFTITS
WITi TASELINE COST BOTATES

1
The status of three STS cost elements for which NASA has made
baseline cost estimates--space shuttle RDT&E, NASA funded facilities,
and cost per flight--is set forth below.

SPACE SHUTTLL RESEARCH, DEVELOFRMENT,
TEST AND EVALUATION

NASA's baseline estimate of $5.150 billion was for the cost to
design, develop, test, and evalvate two orbiters (including the SS@E)l
and the SRB and ET needed to fl+ six development missions, This esti-
mate was evaluated in detail by NASA,and the NASA Administrator made a
comitment to develop the space shuttle within the estimate. NASA has
subdivided the estimate inbto ten major categories. This subdivision
together with recorded obligations through November 30, 1973, is shown

in the following table:

lThe status of the baseline estimate for refurbishment of two develop-
ment orbiters and production of three new orbiters is nob discussed
because the Space Shuttle Program is still in the design and develop-
ment phase, -
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TABLE b

RDTXE Botiratec and Recorded Oblications
(7n ilillions)

Original Current Estimate
Istimate in . in Rea l Year
1971 dollars DollarsP Obligations
Category (i'2rch 1972) (December 1973)  November 1973
Vehicle and Engine
Definition $ 88.4 $ 99.9
Technology 21.1 21.8
Main Engine 135.9
Solid Rocket Booster 4,911,5¢ A
External Tank 2.6
Orbiter 211.9
Airbreathing Engines 2L.9 0.0
Launch end Ianding 482.0 o5
System Managenent 1,078.9 .5
Contract Administration 76.8 5.4
Subtotal §5,150.0 $5,680.6 $ L7904
Less: $12.4 million -
excluded by NASA
from RDI&E baseline 1ok
Total 35,150.0 $b,§§iﬁ§ $ 166.6

aDetailed estimates were not prepared by NASA.

PThe estimate in real year dollars is the estimate in 1971 dollars increaced
by assumed inflation factors.

CEstimates for the orbiter, main engines, external tank, and solid rocket
booster were combined at NASA's reguest so as not to hinder contract nego-
tiations with space shuttle contrazctors.

Figurcs do not add due to rounding.
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The oblications chowm above account for about 55 percent of the
$853.5 million budgeted for the Spacc Shuttle Progrem for fiscal vears
1971 throush 197hk.  NASA officials stated that through April 1974,
$761.6 million, or about 89 percent of the funds budgeted for the Space
Shuttle Program, had been obligated,

As of Deccember 31, 1973, NASA expected to complete the RDT&E portion
of the program within the $5.150 billion estimate., On February 4, 1974,
however, IASA announced & revised cost estimate of $5.2 billion and a °
revised development schedule due to a reduction in its {iscal year 1975
budget request from $889 million to $800 million. The $50 million increase
was described as tentative since FASA had not had an opportunity to work ouh
the d2tails of the new schedule with its contractors. Projected RUTEE
funding prior to this announcement is shown in the following téble:

TABLE 5

Projected RDT&L Funﬂing Reguirements
(1972 dollars in Millions)

Fiscal years Amount
1975 $ 850

1976 1,100

1977 . 990

1978 873
Balance to Complete (1979 & 1980) 728
Total $h, 541

BEST DOCUMENT AVAILABLE
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COVNTRYMTTION OF TACILITL J

HABA's $3OU million buseline estimate for construction and modification
of test, develoyment, and launch and landing facilities reprcsents 37.5
percent of the $800 miliion estimate for all Tacilities. DOD facilities
comprise the rewmainder. Included in HASA's estimate arc facilities planning
and design, both preliminary and finalj; engineering services of about 10 per-

1
cent; collateral equipment 3 and a 10 to 15 percent contingency.

Although the facilitics estimate comprises only a small portion of
projected STS costs, facilities are critical to the program's success.
Completion dates for somz facilities are linked directly to and are necesg-
sary Tor the shuttle development effort. MNASA stated that the shuttle
program will be delayed if these projects are not compl~ted on time. For

yanple, a l-year funding delay for the SSLE sea level test facilities
would result in a correspondiry, delay of the shuttle vehicle program. NASA

perzonnel hava testified that any further delays will cauce major increases

in the cost of the shuttle program.

Current Constructicn of Facilities Estimate

As of December 31, 1973, IASA's estimated facilities cost was $285 to
$310 million, as shown in Table 6. The amounts shown depict anticipated

costs through 1980 and are expressed in 1971 dollars.

Collateral eguipment is defined as that equipment which, if removed,
would impair the usefulness, safety, or enviromment of the facility.
Examples include elevators and heating, ventilating, and air con-
ditioning systeus.



TADLE G

Cost of racililies mstimate
FY 1971 = 1920
(illions of 1971 Dollars)

Baseline Current Variance
) Estimate Estimate fron
Facility catepory March 15, 1972 December 31, 1973  Baseline
Technology $ 8.0 $ 9.0-% 9.0 $ 1.0 -8% 1.0
Engine 20.1 16.6 - 16.6 ( 3.5)- ( 3.5)
Manufacturing and Final .

Assenibly 12.0 26.4 - 28.k b - 160k
SRB Production and Tesb 46.0 37.0 - 42,0 ( 9.0)~ ( 4.0)
Ground Test 40.9 38.7 = h1.7 ( 2.2)=~ .8
Iaunch and Ianding 150.0 135.7 - 148.7 ( 14.3)- ( 1.3)

Total Projects $ 277.0 $ 263.h - $286.4  $( 13.6)- $ 9.L
Plus:Iacilitics Planning

and Desicn 23.0 21.6 - 23.6 ( 1.4)- .6

Total $ 300,0 $ 285.0 -~ $310.0 $(15,0)- $ 10,0

NASA's explanation for the above variances was not furnished in time

for our evaluation but is included as Appendix II. Moreover, the specific
projects for vhich cost growth is projected by NASA were not identified in

the information furnished. However, we noted durlng our review that potential
cost growthshave been identified by NASA on at least three projects: orbiter
landing facilities, mobile launchers,and SSME test facilities. Even if these
cost growths materialize, however, MASA's goal is to complete the facilities
program within the $300 million estimale because of offsetting changes which

might occur in other facility requirements.
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Orbitnr londing facilitics - NASA stated on Decamber lh, 23, that

Tiscel yewr 194 funding ior construction of orbiter landing facilities

at KSC may increase Trom $28.2 million to $29.3 million. The anticipated
increase rcflecls potential cost growth attributable to shortages of

materials and supplies and to the cncrgy crisis. However, we were subsequently
adviscd by NASA that they were able to obtain fuel allocations for this con-
struction and resolve other uncertainties related to material escalation.
During March 197k, a Ffixed price contract was awarded for these facilities.
Based on the contract avard, the current estimated cest is within the ﬁudgeted
anount; and therefore NASA does not anticipate a cost increase related to

this facility.

Mobile_}aunchers -~ noC officials have identified

a requironent for a third mobile launcher to support the projected launch
rate of 4O vehicles per yeur. An estimated $10.1 million (1971 dollars) in
C of F funds would be required if the third launcher is necessary and is
approved by NASA headquarters. -

SSME tect Tacilities - In March 197k, WASA identified a potential cost

growth of aprroximately $3.85 million for the SSME test facilities at
Santa Susana, California. HNASA has advised the appropriate congressional
committees of this increase.

Costs Incurred Through Noverber 1973

NASA reports that thi :ugh fiscal year 1974, the Congress has appropriated
$123.5 million for shuttle facilities, or approximately 30 percent of the
bascline estimate as adjusted for inflation. Of the $123.5 million, about $47.k
million had becn obligated through November 1973,

.
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COST PER FLICHT

aoh (1

AL 'S bacscline cotimate of $10.45 million for the averape coot per
{light of the space shuttle was based on a traffic model of 439 flichts
rather than the 581 Tlicht mission model used for the STS cost estimate

in the March 1972 analysis. UWASA has a current working estimate of $9.00
million but considers the difference between its baseline estimate and its
working estimate a prograw reserve,

The cost per flight estimates are comprised of several major cost ele-
ments and several sub-~elements. The net changes belween the baseline estimate
and the current working estimate as of December 1973 are set Torth below.
TABLE 7

Estimated Average Cost Per Flight
(In 19/1 Dollnrs)

. Prorram Rescrve
March 1972 Decerrer 1973 Percent of
Million Millicen Million Ilisrch 1972
____Cost Flements dollars dollars dollars wstimate
External Tank and a ’

Solid Rocket Booster $ 6.59 $ 5.3 $ 1.25 19
Ground Cperational .27 .52 ( .25) 93
Spares 1.ho .70 .70 50
Main Engines .23 .23 -0~ -0~
Fuel and Propellants .20 .30 ( .10) 50
Program Supporti 1.76 1.97 2L 12

TOTATS $ 10,45 $ 9.06 $ 1.39 13

a .

These cost elements were combinced because they are considered contractor
sensitive information, wvhich, if disclosed, could compromise NASA's contract
negotiations.

Primary reasons for changes in the estimates are:

-
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External tank
Decreace resulting frem incorporatien of
contxoctor pronosal
Increase resulting from veight increase’
Solid rocket boosters
Decrease resulting from updated component/
system estimates and the use of five
boosters from RDTE&E phase
Increase resulting from better definition of
booster and an increase in attrition rate

Ground operations
Increase due to additional manpower for two
launch sites (original estimate assumed one
launch site)
Decrease resulting from reduction in manpower
rate
Net increase

SEares

Decrease resulting from deletion of abort solid

rocket motors and exclusion of installation
costs for thermal protection system

Decrease from update of orbiter spare require-

ment
Net decrecase

Fuels ard propellents

Increace resulting from resizing to larger tank

and orbiter :
Increcase resulting from additional production
facilities for two launch sites o
Net increase

Program support
Increase resulting from additional manpower
requirement for two launch sites

(millions)

<>
.

N
=

The change from one to two launch sites resulted in an estimated cost

increase of $540 thousand per flight or a total increase of about

$237 million.

1Individual figures were excluded because they are considered to

be contractor sensitive information by NASA.

- o .
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CHAPTFR 4

WAGA has stated to the Congress that the space shuttle will be
developed within certain timeframes. These timeframes were used to
establish controlled milestones for NAGA's three levels of Space
Shuttle Program management. These levels, called Levels I, IT and IIT,
cover the RDT&E and production phases of the program. WASA's objective
is to schedule all program phases in the most efficient and economicai
manner consistent with anticipated annual funding. ALl Level III
milestones have not been officially approved, and consequently, were

not included in the scope of this review.

HASA MILESTONES

During Tiscal year 1973 congressional hearings, MASBA established
timeframes for the first horizontal flight, the first manned orbital
flight, and operational capability of the space shuttle. These were
considered the baselines but were later changed because of funding con-
straints for fiscal years 197k and 1975. The original dates and changes
as presented in the fiscal year 1974 and 1975 budget submissions to the

Congress are as follows:
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Milestone
Firet Horizontal

Flightb

First Manned
Orbital IFlight

Operational
Capability

TABLE 8

NASK Milestowes

Fiscal Year

Fiscal Ycar

1974 1975 Total
Beroline Slippage Budget Slippage DBudget slippage

('oren 1072) (Months)  Subaission (Honths) Submission™ (Months)

lvid 1976 7-9 1st QIR 1-3 end QIR 10-12
1977 1977

lst QTR 9 By End of h-6 ond QTR 13-15
1978 1978 1979

1st QIR 9 By End of  4-6 ond QTR '13-15
1979 1978 1980

%Data provided by NASA and not verified with supporting documentation,

bFirst Horizontal Flirht revloced by Approach and Landing Test,

The initial 7- to 9-month program slippase, according to NAGA, was caused

by reduced funding whic
contractor manpower buildup.

mental costs to excecd the baseline RDI&E estimate.

1 foveced il

MAGA

to proceed at a slower pace and delay
said that this would not cause develop-

However, NABA officials

testified in the fiscal year 1974 congressional hearings that further cost

reductions or delays will start causing major increases in the program's

cost.

On February 4, 1974, NASA announced an additionzal L4- to G-month program

slippage caused by funding constraints.

this slippage will be covered during our next revicw.

IEVEL T UTLESTONES

Program adjustments resulting from

Level 1 baseline milestones were issuced in April 1972 and were con-

sistent with those made to Congress.

milcstones are depicted in Table 9.

W -

Changes in target dates for these



TALLE 9

Level I litlostiones and Tarsel Dates

Fiscal Year Fiscal Year
) 1975 1975 Total
Baselinc Slippage  gpugget, Slippage Budget Sliprage
Milestones (Arril 1072) (Months)  ciiriesion (Mouths)  Submission®  (llonths)
First Horizontal 14id 1976 6 Dec. 1976 1 Jan. 1977 7
Flight
First Monned Mar . 1978 6 Sept. 1978 2 Nov. 1978 8
Orbital Flight
Operational Mar., 1979 6 Sept. 1979 2 Nov. 1979 8
Capability

a . . . .o . L O
Data provided by NASA and not ~verified with supporting documentation.

bFirst Horizontal Flight replaced by Approach and Landing Test.

The slips reflected above resulted for the same reasons as the slippage

in TASA's commitment to Congress. The Level I slippoge wos not as great

because the Frogram Director vished to provide a contingency for unforeseen

problens,

In Dece..cer 1973, the number of milestones was increased to encompass

such prograr: elements as the orbiter, SSME, SRB, testing and facilities.

Changes are being mad: to the Level I controlled milestones to reflect

the

I-to 6-month slippage caused by funding limitations on the fiscal year 1g7s

budget request.

LEVEL IT MILESTONES

Tevel II milestones were officially established in June 1973. Several

approved changes to Level II milestones may have a significant impact on

both the cost and potential benefits to be derived from the STS. Level IT

targel dates for delivery of orbiters four and Tive were extended by 2l and



oG wonthic, rercentively,  FADA officials ondd the delay reculled because of
thadr pendl yoor Tunding probleas oand because the DOD's initial activabion date
Tor the Vandenberg Air Force Base launch site was 1982, FASA's initial
Level I1 milcestones had been established prior to the DOD decision and agsuned
a 1980 operational date for Vandenberg.

The original production schedule was estoblished to provide the most
efficient flow consistent with anticipated amual funding. HASA stated that
production stretch-out may increase program costs because of inflation_and

less efficlent production due to the schedule change.

iJ
e
i

- U6 -



CRAPTER 5
PERFORMATICE

To attain the objectives of the Spece Shuttle Progrom, the Program
Director has established design objectives. These goals, called program
performance requirements, serve as guldelines for detailed design and
development by the JSC program manager, project managers, and contractors.

Performance geoals controlled by the Program Director are referred
to as Level I program reguirements. They cover a wide range of topicé
in broad terms. For example, one requireiment is for the orbiter vehicle
to be capable of (1) use for a minimum of 10 years, and (2) low cost
refurbishment and maintenance for as many as 500 reuses, More detailed
requirements for atbtainment of Level T design goals have been established
by the JSC progran office (Level II), and the project offices (Level III).
Level T1T requircments have not been officilally approved and, accordingly,
were not included in our review, Numerous changes have been made to pro-
gram rcquircacnts at all levels but, according to NASA personnel, have
not significantly altered overall program objectives and cost projeclions.

LEVEL T REQUIRMENTS

Baseline Level I program requirements Tor the present shuttle
configuration were issued on April 21, 1972. They were revised on
May 4, 1973, and an interim supplement was issued on December 12, 1973.
We were able to determine the estimated cost impact of only four of the
Ievel I changes although numerous other revisions were made. These four

changes resulted in an estimated cost reduction of more thaa $330 million
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and o welrlhl reduction of over 100,000 pounds. Two substantive changes
made to Level I bascline program reguirements arce enumerated below,
~-=The shuttle was initially designed to have off-the-pad abort

capability throughh the use of abort solid rocket motors., NASA
stated that this requirement was deleted primarily because
studies revealed that the degree of safety provided by abort
motors was equalled or exceecded by increased redundancy requlire-
ments. This change resulted in an estimated cost reduction of
about $238 million; $20 million for RDT&E, $21L4 million for the
total program cost per flight, and ¢4 million for production.
A gross lift off weight reduction of 101,450 pounds was asso-
ciated with this change.

-~The safely requirement for SEB thrust termination was eliminated
to realize an inert weight reduction of about 1,566 pounds and a
simplification of SRB structural and avionics subsystems. NASA
was able to make this change after system abort studies were com-
pleted that deternined the system ascent mode should continus
throuzh SRB burnout for all abort models. According to NASA thig
eliminated any regulrement for SRB thrust termination to effect
early separation and resulted in a "safer" system configuration.
A total program cost reduction of $34.8 million is anticipated to

MENT AVAILABLE

result from an $80,000 cost per flight decrease.
LEVEL IT REQUIRE TS BEST pocy

Level II baseline program reguirements were issued on March 20, 1973.

Thirteen change packages were approved and ilssued against the baseline

docuent through Januwary 7, 197%. We were able to deteymine the impact
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ol only ninc individual chances. These changes resulted in a 4,000

pount ol Ll roduetion, We were not able lo determine the cost iwmpuct

of one of thesc changes, but the raszining eight changes resulted in

an estimated net program cost increase of at least $14 million. Exawmples
of Level II changes include the addition of ejection seats in test orbiters

and degcign changes to the thermal protection and thermal control systems,

CONTT! CTOR SUPPORT OF PERFORMVANCE
CHARACTERTSTICS

NASA's performance mansgecument systen requires that major shuttlg
contractors track and report periodically on sclecled performance charac-
teristicg., The status of four reguirements being tracked by NASA and
Rockwell International's Space Division, is presented below.

Payload-to-0Orbit -~ This refers to the weight the shuttle system is

able to place in orbit. The deployment of 32,000 pounds into a near
polar orblt (tho inclination) was uced as one of the major factors to
establich the vehicle's size because this 1s the most demanding of the
shuttle's missions. Ag of December 1973 the‘projected capability was
32,108 pounds.

Orbiter Weirht - In August 1972, when Space Division received

author.ity to proceed with the contract, the orbiter was designed to have

a "dry weight" (weight without payloads, fuel, etc.) of 170,000 pounds.

In Deceniber 1972 this was changed by NASA to 150,000 pounds primarily in
order to reduce the cost per flight and maintain control of the total
vehicle size. Space Division's estimated cost per flight for the 170,000
pound orbiter was about $2 million more than NASA's $10.45 million baseline
estimate. The cost per flight is lower with the lightweight orbiter because

it requires smaller, less expensive, SRB and LT.
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aduntion of the orbiter weiebhi to 150,000 pounds also eliminatled o
15,030 poune grovibh margin for contingencies aund requirements changes.,
A vigorous welght reduction program wac therefore initiasted by Space
Divigion hich subscquently provided a welght margin of approximately
13,002 pounds. Hovever, by December 1973, this margin had been reduced
to about 1,900 pounds.

The 1,900 pound growth margin provides only about a 1.3 percent

margin for contingencies and requirement changes. Space Division had

originally planned to have a 10 percent margin at Preliminary Design Review,

scheduled for February 1974, because historical data on spzcecraft indi-
cated a 10.6 parcent weight~growth from that point through the life of
the program. NASA officizls stated thut the planned growth margin at

Preliminary Desirn Review was reduced to 6 percent for the 150,000 pound

orbiter. Within certain limits, any dry weight over the 150,000 pound base-

line would reduce the payload-to-orbit capsbility discussed above. Studies

are in progress to increase the orblter weight growth margin, and according

to NASA, several potential weight reduction changes have heen identificd.

Thermal Protection System - The thermal protection system protects

the primary airframe structure of the orbiter vehicle from the effects of
aerodynamic heacing during ascent and entry. Its function is to maintain
the tempecrature of the structure below 3500 Fahrenheit and it is to be
capable of at least 100 reuses with only minor repairs and replacements.
The thermal protection system is the program's highest risk area
because methods of applying the basic technology have not been fully
demonstrated. Some of the characteristics Space Division officials are

concerned about included: = s
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—--Gnud beuvween bhe tlles: The . :rmal protection system tiles

will be affixced to the orbiter structure in a manner similar
to reguler floor tiles. The amount of heat entering throuzh
the tile gaps could damage the orbiter if adequate tile gap
insulation and close out design is not provided.

-~Reusability: The material has to be reusable for over 100
missions, with 3 to 5 percent projected replacement after each
launch, Reusability is critical to keep cost-per-flight within
the estimate,

--Other potential problems: Maintaining system design weight

of 19,985 pounds and compensating for design changes thatb
affect orbiter weight.

Turnaround Tirig - This is the time required to rcfurbish the space
shuttle and prepare it for launch after it has returned from a mission. The
Level I baseline for turnaround time is 160 wo;;ing hours over 14 days. As
an operational goal, NASA does not expect to meet the 160 hours requirement
during the early flights where the scheduled launch rate does not require
a two week turnaround capability. Instead, an evolutionary approach will
be taken whereby the turnsround time is gradﬁally reduced as experience
is gained. According to HASA's April 1974 estimate, the turnaround capa-
pility is 211.5 hours, but various studies are under way to reduce this

time.
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CHAPTFR 6

PROGRAM MANAGEMUINT

NASA's progran mansgenent system for the space shuttle has not been
fully implemented. Implementation of the management system will continue
to evolve as the program progresses. A description of selected elements
of NASA's planned system is provided below for informational purposes.

RESPONSIBILITIES AND AUTHORITIES

The overall program planning, direction, and evaluation is conducted
by the Space Shuttle Program Director within the Cffice of Manned Space
Flight (OMST) at NASA Headquarters. He recommends the total program
budget, allccates and controls research and develcpment (RE&ED) resources
within authorizced levels, and defines and controls program requirements.
Program requirements controlled by the Space Shuttle Program Director are
known as Level I program requirements.

The authority to manage the shuttle program on a day-to-day basis
has been delepated to JSC as the lead center. A JSC Space Shuttle Program
O0ffice (Level TI) has been est<blished to provide managcment and technical
integration for the entire effort in cooperation with project managers
(Level TID).

Five Space Shuttle Project Managers have been designated: one at
J5C, three at MSFC, and one at KSC. Each of these managers, except the
KSC manager, is responsible for one of the shuttle's major components,
i.e., the orbiter, SSME, ET, or SKB. They must design and develop their

projects, manage applicable contracts, and establish Level IIT requirements.
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In addition, on overall prejects manager has been designated at MTSC and
is respo.nsibie {or all worlt assigned to that center. The KSC HManager's
respensibility includes Jaunch, landing, recovery, and refurbishment
operations. IHe must also assure that all shuttle program activities
assigned to KSC are carried out.

PERTORMANCE MARAGEMENT

An integrated performance management system is being implemented by
NASA and contractor organizations. As one of the significant management
features, this system is intended to provide for the integrated planning
and scﬁeduling of the Space Shuttle Program. In addition, the systen
provides the basic program performance parameters to be considered in
the normal technical decision and design process. This includes the
measurement of progress in achieving established performance paramsters.
Elemenin of the integrated performuance management cyster are (1) perfor-
mance planning and control, (2) performance change control, (3) perfor-
mance measurerent, and (4) program visibility techniques.

Performance Plenning and Control

A work breagkdown structure which establishes categories for all
work elements will be used to identify, plan, budget, allocate, authorize,
schedule, and report on program work and related resources. In conjunc-
tion with the work breakdcwn structure, a program logic diagram will be
developed. The diagram will graphically depict the integration of

system elements and their interrelationships.

BEST DOCUMENT AVAILABLE
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Por ermonee Chionre Contrel

The performance change control element of the system will be designed
to preclude unauthorized changes to performance baselines. The techniques
to be used will assess the cost and schedule impact of changes before
approval.

Performance Measurement

An integrated cost/schedule/technical performance measurement system
will be csteblished for the orbiter, ET, SSLE, and SRB. A performance
measurer- nt system is designed to measure progress toward achievement of
identified cost, schedule, and technical parameters and to identify
potential problems in sufficicrt time to permit corrective action without
adverse effects on the project. The system ic to be keyed to the work
brezkdovn structure.

Program Vigibility T chniques

Multiple technigues will be used to provide project management
visikility. These will ineclude Management Information Centers at NASA

and contractor facilities and key issue and problem lists.
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CHAPTER 7

UPPLER STAGES

The space tug is a propulsive or upper stage that is expected to
extend the capabilities of the shuttle to greater altitudes than those
achievable by the orbiter alone. The space tug will have the capability
to deliver and retrieve payloads to high altitude, particularly geosyn-
chronous orbit, to inject payloads into planetary trajectories and to
conduct in-orbit servicing of payloads. It is being designed to be
recoverable and reusable. The introduction of the space tug as an opera-
tional element of the STS will be in late 1983. An orbit to orbit stage
(C0S), with limited capabilities, will be used during the 1980-83 period.
A tentative agrecment has been reached between NASA and the USAT whereby
the USAF will 1modify an exnisting upper stage to beccme the 00S and NASA
will continue plaonning for development of the space tug.

Current tentative plens call for an estimated development cost of up
to $100 million (1973 dollars) for the 00S and $400 million (1973 dollars)
for the space dug rather than about $770 million (1971 dollars) which was
used in FASA's March 1972 analysis. Capabilities under these plans are,
however, less than those considered in March 1972,

The importance of the capability to launch high energy payloads
(payloads targeted beyond the capability of the shuttle alone) is demon-
strated by the fact that 43 percent of the 986 paylcads in the 1973
Payload Model for 1980 through 1991 are high energy payleads. Moreover,

65 percent of the automated payloads to be launched by the shuttle were
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high energy payloads. The 1973 liission Model concluded that 725 shuttle

flights and 80 expendable launch vechicle flights were required. The

distribution of the payloads for those flights is given below:

TABLE 10

Distribution of Payloads in the 1973 Mission Model

(1980 THROUGH 1991)

Launch System Number of Payloads
Expendable launch vehicles 95
Shuttle/Spacelab flights 336
Shuttle/Automated payloads

Not requiring an energy stare 190

Requiring a sclid kicl: stage@ 8

Reguiring an upper st-ge 357 555
Total 886

& A kick etage which is a small expendable propulsive stage can be attached
to the pavload for missions with extremely high energy requirements.

HISTORY

NASA and the DOD have studied a variety of upper stage approaches
including (1) expeudable stages not having payload retrieval or in-orbit
servicing capabilities and (2) recoverable space tugs with varying per-
formance capabilities (payload delivery; payload delivery and retrieval;
or payload delivery, retrieval, and in-orbit servicing).

NASA's March 1972 mission model analysis included expendable Centaur

and Agena stages as interim upper stages from 1979 through 1984 and a



space Lug from 1985 on. This model consisted of 581 shubtle flights and
called for 65 Agena and 65 Centaur flights and for 173 space tug flights.
Eight Agena kick-stage flights were also called for from 1985 threough
1590.

In view of peak year funding problems for development of the shuttle
and budget constraints on space effort, a tentative agreement was reached
between NASA and the USAF in October 1973 calling for a three-phased
upper stage development. The first phase was the 00S, which would be a
modified evisting stage and would be developed by the USA. Leading
candidates for modification were the Agena, Centaur, and Transtage.

The decision on whether the 00S would be expendable or reusable has
not been r.ode. NASA and the USAF are currently looking into performance
trade~offs, required mission cepabilities, cepture characteristics, funding
trade-offs, developrent trade-offs, and safety considerations.

The second phase was an interim space tug which would be operational in
1985. This tug was to be capal-le of payload déployment, retrieval, and
in~orbit servicing of payload based on existing technology through fiscal
vear 1976 and was to use an existing engine. The third phase was a full-
performance space tug which was to be operational sufficiently beyond 1985
to justify the development of the interim tug. This tug would be more
poverful than the interim tug and would be based on technology available
beyond fiscal year 1975. It would require new engine development to

accomplish its desired capabilities.
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In Decerber 1973, FAUA and th USAT reaffirmed the tcntative agreement
concerning development of the 00S, but changed from the interim tug v/ Full-
performance tug apprcach to the development of a full-capability tug
instead.

NASA stated that the change from the three-phased upper stage
development to the current tentative plan was made possible by reducing

the required roundtrip capability between low carth orbit and geosyn-

(full-capability tug). The decrease reduced the technical challenge in
tug developrent because it eliminated the nced for development of a new
engine. This factor and other projected hardwsre changes account for a
reduction in the estimated development cost from $800 million (1973 dollars)
for the full-p-rformance tug to $400 million (1973 dollers) for the full-
cepability tug. NASA will be responsible for planning related to this
tug, and officials of both agencies stated that NASA will probably be
responsible for development. )
COST

In the March 1972 analysis, NASA included about $132 million for
development of expendable upper stages (modifigd Agena and Centaur stages),
$638 million for development of the space tug, and $171 million for invest-
ment in space tugs. NASA officials testified in congressional hearings

that the estimated cost per flight for the tug was $1 million and that the

estimated cost per flight for the Centaur was $8 million.
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Acoereding, o A, the eobiruted costs relutive Lo the provious
inree-ririood develoywent plan and the current plans cre as follows:
TALLE 1L

Estimated Cost (1973 dollars) of the Three~
Pnased U ver Sitace Develoj.went Pla

Development Cost per Flight
———————————— (million)=emmmemm— e me e
Orbit to orbit stage up to $lOOa $ 2 to $ 10
Interim tug 400 $ 1-$2
Full performance tug 800 $ 1-$2

a . eo . . .
Depending on reuvsability. There is a tradeoff between development
cost and cost per {flight,

TABIT 12

Estimated Cost (1973 dollnrs) of the Current
Uoper Stage Develoraant Plen

Develonment Cout per Plight
------------- (million)-mmmem s
a T
Orbit to orbit ctape up to $100 $2 to $lOa
Full capschility tug 400 about $1

a
Depending on reusability. There is a tradeoff between development cost

and cost per flight,
SCHEDULE
As stated previously, WASA's March 1972 analysis called for use of
modified Agena and Centaur stages from 1979 through 1984 and for a space
tug beginning in 1985. The three-phasced development plans called for
operational datcs of 1980 for the 005 and about 1905 for the interim tug. The

operational date for the full-performance tug had not been determined.
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Tho curv one bentallve plons eall for an C08 operolional date of

Decumber lyoo, tolloving a 3-ycur development reriod and an operoational

>

date of late 1653 for the full-cap~bilit; tug following o 5-ycar develop-
ment period. A prelimirnry analyslis of the full-capability tug is planned
for fiscal year 1975 so that interface dabta can be obtained Tor inpubt to
the spacc shublile development.

PERFORANCE

Orbit to orbit stare

NASA stated that ihe number of flights and cost for modifyinsg an
existing vpper stace does nobt appear to justify the developuent of more
than one 003. Therefore, due to the differences in the size and power of
the candidate stacec (Arens, Ceontaur, and Tronstage), the 008 will have
cerlein liunttations in cowrarison vwith the wodified Agena and Centaux
stares as acsured in Parch 1072, For example, selection ol the Transtage
would not allov soie high energy missions to be flowm without the use of
multiple stages. Also, becouse of the longer~léngth of the Centaur, some
DOD missions involving long payloads could not be flown in the shuttle
with a modified Centaur stage unless a "short version" were developed.
Expendable launch systcas will be used during the transition period to
the shuttle and one possibility is that more missions will be {lown on
the ecxpendable launch systoms thon would have been required under the

asswpbions in March 1972,
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Fullecarat 1704 fuae

Tha spuce tug congideored in March 1972 was to be operational in

1925 and wac to be cagsble of transporting a 3,000 pound paylozd round

4

trip between low carth orbit and geosynchronous orbit.
The interim space {ug in the three~phased development plan was also
to be operationsl in 1985, but was to have a similar round trip capobility

of 2,000 pounds. The fvll-performance space tug (operational date not

-

deternined) was to have 2 3,000 pound r¢ md-trip capability as showm below:

TABL® 13

-

Upper Stage Capabilities Under the Three TMased
Dovelopqent Plon

Geosynchronous performsnce froa low earth orbit

Deploy Retrieve Round Trip
o e e e e (0ovsas Jmmm == e
Orbit-to-orbit stage 100-17,000 - -
Interin tug 6,500 T .. 2,h00 2,000
Full perforronce tug 8,000 4,000 3,000

Current tentative plans call for a full-capability tw: in late 1983
which will have o round trip capability from low-carth orbit to geosyn-

chronous orbit of 2,400 pounds as shown below:
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YADIL 1h

Planned Corabilities of the Orbit-to-0rbit
Stage and the Iull Capability Y'ng

Geoooynchronous Perloneanee

Deploy Retricve Round Trip

———————————— poundsj———~-—~————~~—~—
Orbit to orbit stage 3,500(minimum) a
Full~capability tug 8,000 4,000 2,400

a . . - . ‘s '
The 003 will not have payload retrieval or round trip capabilities, but
ayloads launched by the COS rav be recovered by the tug at a latcr date.
Y Y 3 y g

HAS, stated thet the use of expendable kick stases is being considered
to inercase rayleooed carability and that the upper sbace may be expended on
Ly g i3 o 2 oy

sane lounches to allow a groater payload capablility.
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SEACE SHUTTLE CONZRACT DATA

—_—

L

(Dollurs in Millions)

Orbiter-Shuttle Inte-~
gration Tncrement I®

Main Engine
Phase A & B

External Tank
Increment T

Solid Rocket Motor

TYrz OF
CONTRACT

Cost Plus

Award TFee

Cost Plus
Avrard Tee

Ccst Plus
Avward TFee

-

T
TARGET POTENTIAL
COST BASE FEE TARGET PRICE AWARD FEE
$hko $ 19.6  $ L59.6 $ 17.8
$hol, 6 $ 17.8 $ Lho.b $ 23.1
$103.6 $ 3.6 $ 107.2 $ 6.2
- e -b - ~b-

i1s currently under negotiation and when finalized will incorporate a longer timeframe and more

currently included.

not shown.

Award now under bid protest,

There will, therefore, be significantly larger contract values for this
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APPENDIX II
Tage L

HACA DIXPIAMATION FOR CHANGES 1U
SIULITLE FACILITY ESTIMATES AT

APRIL 15, 1972 A7 DECI#BER 13, 1973

This is in response fo the above referenced GAQO inquiry requesting an explanation
of the variances in the shuttle facility runout costs frem those originally developed,
dated April 13, 1972, and the current estimotes doted Dacember 13, 1973,

It is our intention end goal to accomplish space shuitie facility requirements within
the $200 million (1971 dollars) commiiment., Our latest estimotes indicote clearly that
we are stifl on forget, Incvitably, however, we expected ar.’ e~<pe‘iencr-d some
internal variotions belween the major categories thot make up the $300 million total,
Breudly sicaking, these varionces are the result of some chang s from the original
assumptions, increased requirements in some arcas, decreased rcquirements in oiher
categories, and better definition and improve:! cost estimates of the {acilities as we
move from the conceptuul stage to the design and construction phases,

Speciﬂcal!y, the thermal protecticn sysiem (TPS) facilities have increased by
approximaiely one millicn dollars (1971 dollars), This increare is primarily dus

to the need {or an cdditional requirement at JSC to provide capability for
verificotion and accepiance festing for the TPS maierial,

Y"“
it s

BEST DOCIMENT AVATL AR

- 6L -



A\ 7
M
W

)

@

-

4

APPVHDIX 1T
Puge 2

The engine test facilities, on the othe hand, experienced o net reduction in the
arssunt of $3.5 million, This wos cavsed by two reoeons: (o) Deletion of the

reguirtasnt for olfitode festing of the main engine, oficr the decision wos made
fo select the "parallcl burn™ concept, wher:in the enginas ignite at launch (sca=
tavel) and nead not ignite in the altitude envlionment, (b) Increased requirenients

for the sea level irsting at MTF to provide capability for engine throttling tests.,

Concerning the manufactuiing end final assembly facilities for the orbiter end
external fank, a net increase of approximately $15 million was experienced,
The major part of the increase is attributed to the facility requirements ot
Downcy and Palmdale in support of the orbiter manufacturing and assembly,

The sclection of these plants for this function wos predicaied on the successful
proposci by Rockwell in mid=1972, In our initial estimates, we assumed a
differcnt locction and a different manufacturing plan for the ombiter assembly
functions, Although the Michoud " ssenbly Focility was baselined for the
external tanks, some incr:ase was experienced for these facilities as well, The
current {igures are buzed on preliminary engincering effort that was accomplished
in the fall of 1972, after Michoud was selecied for the external tank activiti e,
These costs have now been confirmed after the Mortin Marictta Corporation v' 15

selecied for the development effori,

For SRB production and iest focilities, our orin
disci ions with petentict

Hmitod praliiminory ensinsering ©
premaiure, however, fo reach £zl conclusions econcurning these requiremenis
unfil efier 1.2 finol produciion (-"s:2 and the related sites are loter

The ground tesi facilitics category combines those focility categories previously
identified in the April 1972 summary as vehicle development test, systems integra-~
tion and crew training, mission control and horizontal flight testing. The total
for this category is essentially the scime now as in the original estimates; although
some variations have occurred within the projects involved.

Regarding the launch and landing facilities, our current estimates indicate
potential reductions in the amount of $8-10 million, This is based on completed
preliminary engineering for several projects and the final design of only one
project, the runway. Again, it is foo soon fo reach final conclusions in this
area although we feel confident that the $150 million previously estimated for
these focilities, would not be exceeded,
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APPEIDTX TT
Tage 3

In curmmory, therefore, we bave based our originel estinates on coriain assumpiions
as to locutions, requitemenls, raies and other factors, As assumptions vary, there will
be corresponding varinnees in the focility categories invoived, We have expecicd
such variances would occur, and some had in fact occured, We keepthe
Congressicnul Commitiecs informed of significant changes as they occur, We
anticipate further infcrn 1 chunges as assumptions chunge and as requirements are
further definitizd and as the facility proaram advunces from the conceptual stege
fo the tinol duslon and consfruction phase -, But basod on final design and/or
consiruction awurds of approximautely 3G% of the total facilities progrom, ocur
current assessment is that we will achieve our gosl of completing the facilities
within the 300 million commitment announczd in carly 1972,
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In summery, therefue, v Lave based our originel estinates on corizin st
as to !ocus‘ior*-',, reauitemzenis, rates ond ather factors, A arsumpticons vary, oo -;5]%
be cerrespanding varinnces in the fosility categories inve sedy We have expecivd
such vcncnces would occur, and som» hud in fact occured, We keepthe
Congressicaul Commitioes informed of sig: ;"ic nt changos as they oceur, We

i chunges ds assumptions change and as requirements aje

s
(RRS b

anticipaiz {ur! LAsr inicon

Furihcr definiti-+ 4 and o, the facility prowrom ddv(fnces from ihe conceptunl -tag
fo the tinal dusiyn and consfruction ghes: o But Lased on Tineal dosien and/sr
corciruction awares of appreximutely 2020 of tha total facilitizs prertam, cur
curient as;ezment is fhat we will ¢c LH"VQ our 5| of completing the facilivios

within the 3500 million commitmant annour 2d in carly 1972,
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SUMMARY
This is the first of a series of annual staff studies which will
provide data on the cost, schedule, and technical performance of the
Space Transportation System (STS). This effort was undertaken as part
of the General Accounting Office (GAO) review of the progress of major
acquisition programs.

SYSTEM DESCRIPTION AND STATUS

The STS will include the space shuttle and space tug. The primafy
objective of the STS is to provide a new space transportation capability
that will substantially reduce the cost of space operations and support
a wide range of scientific, defense, and commercial uses.

The space shuttle is currently planned to be operational in 1980,

It will consist of a manned reusable orbiter; an external, expendable,
liquid propellant tank; and two recoverablg and reusable solid propellant
rocket boosters, It will be boosted into spazce_through the simultaneous
burn of the space shuttle main engines (SSME) and the solid rocket boosters
(SRB).

The shuttle is expected to place satellites in orbit; retrieve
satellites from orbit; permit in-orbit repair and servicing of satellites;
deliver space tugs and their payloads to lo&-earth orbit; and conduct
short duration, low-earth orbit, science and applications missions with
self-contained experiments. The shuttle effort is currently progressing

under a combined design and development phase.



The space tug is a propulsive or upper stage that is expeéféd to
extend the capabilities of the shuttle to greater altitudes than those
achievable by the orbiter alone. It is expected to be operational by
late 1983, An orbit to orbit stage (00S), with limited capabilities,
will be used during the 1980-83 period. A tentative agreement has been
reached between NASA and the United States Air Force (USAF) whereby the
USAF will modify an existing upper stage to become the 00S and NASA will

continue planning for development of the space tug.

COMING EVENTS

Major milestones of the program include the following:

--External Tank Preliminary Design Review October 1974
--SRB Preliminary Design Review November 1974
-=0rbiter Preliminary Design Review for First

Manned Orbital Flight February 1975
-~Shuttle System Preliminary Design Review for

First Manned Orbital Flight - March 1975
~=Space Shuttle Preliminary Design Review for

First Manned Orbital Flight May 1975
~=First SSME Integrated Subsystem Test July 1975
~-External Tank Critical Design Review November 1975

RESTRICTIONS ON REVIEW

Numerous restrictions and delays by NASA on access to information
limited the depth of our review. Our attempts with NASA to resolve
access issues have not yet been completed. We anticipate that pending

changes will improve matters and allow future reviews to be conducted



more effectively. NASA is currently preparing a management instfuction
for its various activities to follow in their relations with GAO.

RESPONSIBILITY FOR SPACE SHUTTLE

NASA has the primary responsibility for overall program management
and integration of the Space Shuttle program. Rockwell International's
Space Division is NASA's principal contractor with overall integration
responsibility of the system's major components: orbiter, SSME, external
tank (ET), and SRB., It is also charged with the development and planned
production of five orbiter vehicles,

The remaining contractors are (1) Rockwell International's Rocketdyne
Division - SSME, (2) Martin Marietta Corporation, Denver Division - ET,
and (3) Thiokol Chemical Corporation - solid rocket motor portion of the
SRB., The selection of Thiokol as the solid rocket motor's (SRM) prime
contractor is under award protest by Lockheed Propulsion Company and the
outcome has not yet been determined. The Marshall Space Flight Center
(MSFC) will perform SRB design and integrationu&aring the initial phases
of the program.

NEED TO ESTABLISH BASELINES

Cost, schedule, and technical performance baselines serve as a
starting point in our reviews of major acquisitions to measure the
status of a program and as a basis for tracking its progress through

the acquisition cycle.



One of our review objectives was to identify the baselinéé“which
had been established for the STS. Baselines play an important role in
the management of a program. They permit management to measure, control,
and evaluate the progress of a program. Established baselines provide a
benchmark against which subsequent estimates may be compared.

Also, the comparsion of baseline cost estimates and current estimates
aids the Congress in making decisions on whether a program should continue,
be modified, or terminated. Without baseline and current cost estimates,
the Congress may not be afforded an opportunity to effectively monitor
the program with confidence that it is achieving its goals.

ESTIMATED COST OF THE SPACE
TRANSPORTATION SYSTEM

NASA has not developed a cost estimate for the total cost of the
development and operation of the STS but has established baseline cost
estimates for four STS elements.

NASA stated that baseline cost estimétes_g@puld be identified with
definitive program content and/or specific system configurations. We
believe that baseline estimates should be prepared early in program
definition and that, if necessary, a range of costs may be provided to
bracket the various system configurations under consideration.

When the present shuttle configuration was approved in March 1972,
NASA presented to the Congress the results of an analysis of the develop-

ment and operations of the STS from 1972 through 1990 based on a mission



model of 581l flights. The purpose of the analysis was to compare the
economics of the projected space effort for NASA, DOD, and others, using
the STS and alternate programs of existing and/or new expendable launch
systems.

The analysis included a $16.1 billion cost estimate, including DOD
costs and STS operating costs from 1979 through 1990. Certain costs such
as Government institutional costs paid through NASA's Research and Program
Management (R&FM) Appropriation and Research and Development (R&D) technology
costs were excluded from the economic analysis because they were considered
applicable to all competing transportation systems. NASA has characterized
the mission model used for the economic analysis as a representative set of
candidate space missions rather than an approved program plan. Also, the
$16.1 billion estimate was in 1971 dollars; therefore it did not consider
inflation over the life of the program.

NASA officials stated that they have‘coanQence in the estimates for
defined program elements identified as baselines, whereas, the other esti-
mates are considered preliminary or planning estimates which are likely
to change when the final configurations have been established.

STS elements which have
been baselined

NASA made in-depth reviews of the cost estimates for three STS elements

included in the analysis and considers them to be baseline cost estimates.

1
NASA has updated its mission model throughout the program. Therefore,

matters presented in the staff study involve 439, 581, or 782 flight
mission models.

-5 -



These estimates are (1) $5.150 billion for RDT&E of the space shuttle
(2) $300 million for NASA's space shuttle facilities, and (3) $1.0 bil-
lion for refurbishment of the two development orbiters and production of
three additional orbiters. Apart from the March 1972 analysis, NASA
established a baseline estimate of $10.45 million as the average cost
per flight for the shuttle based on a U439 flight mission model.

STS elements which have not been baselined

The following are STS elements which do not have baseline cost eétimates.
The cost estimates shown are in some instances contractor estimates and
have not been subjected to in-depth reviews by NASA.
Cost

Estimate
March 1972

(millions)
Elements considered in the March 1972 STS analysis:

Modifications and requirements for expendable

upper stages - $ 290
Development and investment for reusable space

tugs $ 809
DOD facilities $ 500

Recurring STS operating costs exclusive of
the space shuttle operating cost See below

Elements excluded from the March 1972 STS analysis:

R&PM costs See below
R&D costs not defined as development cost

chargeable against the STS See helow
Inflation See below



Operating costs

The March 1972 economic analysis included STS operating costs of
$8.050 billion from 1979 through 1990. A baseline estimate has been
established only for cost per flight of the space shuttle. Operating costs

not baselined include such items as the cost per flight for (1) expendable

upper stages which NASA estimated to range from $1 million to $10 million

(1973 dollars) and (2) the space tug which NASA estimated to be about
$1 million (1973 dollars).

R&PM and RE&D costs

NASA has projected that the Civil Service manpower level during
peak year shuttle development (costs paid with R&PM funds) will be about
5,000 people. Also certain R&D costs related to the space shuttle develop-
ment are not being charged against the space shuttle. These costs are
for R&D effort which is funded by NASA organizatioms or activities outside
the Space Shuttle Program. We identifieé $116.6 million of R&D obligations

through November 1973 which appeared to be related to shuttle development,

but were not charged against the shubttle RDI&E baseline cstimate, In May
1974, NASA officials provided GAO with results of an analysis presented to
the Congress which indicated that the total in-house costs which could be
related or pro-rated to design, development, test, and evaluation of the
space shuttle has been estimated at about $2.049 billion (1973 dollars)

through fiscal year 1951.



Inflation

NASA used a 5 percent inflation factor to update its space shuttle
development estimate from 1971 dollars to 1972 dollars. Based on this
factor we projected inflation of about $1.5 billion on NASA's December
1973 estimate of $5.150 billion for development of the space shuttle,

STATUS OF BASELINED STS ELEMENTS

As of December 31, 1973, NASA expected to complete the RDT&E portion
of the Space Shuttle Program within the $5.150 billion baseline estimate.
However, on February 4, 1974, NASA announced a potential $50 million cost
increase due to a program delay caused by funding constraints on the
fiscal year 1975 budget.

Some facility and facility related costs are not included in
NASA's shuttle facilities estimate but, according to NASA, will be
charged against the RDT&E baseline estimate. These costs are for
(1) unforeseen facilities requirements, (2) off-installation facilities,
(3) locally-funded projects, and (4) non—coliﬁééfal equipment. Costs
for all of these shuttle-related facilities are charged against the
RDT&E estimate when they are uniquely and directly required for the
space shuttle.

During our review, we noted that NASA has identified potential cost
growth or additional program requirements for three facilities projects:
orbiter landing facilities, mobile launchers, and SSME test facilities.
NASA expects;however,to complete its facilities program within the $300
million estimate because of off-setting changes which might occur in

other facility requirements.



MASA has a current working estimate of $9.06 million for the average

cost per flight of the space shuttle but considers the difference betwecn

this estimate and its baseline estimate of $10.45 million a program reserve.

SCHEDULE

for the STS.

Milestone

NASA has established schedule baselines for certain critical milestones

Changes for these baselines are shown below:

NASA's Milestone Commitments to Congress

Fiscal Year 1974 Fiscal Year 1975 Total

First Horizon-
tal Flightb

First Manned
Orbital
Flight

Operational

Baseline Budget Request Slippage Budget Requesta Slippage Slippag

(March 1972) (Februvary 1973) (Months) (February 1974)" (Months) (Months

Mid 76 lst QIR 7-9 2nd QTR 1-3 10-12
1977 1977

1st QTR By end of 9 2nd QTR ‘ L6 13-15
1978 1978 1979

1st QTR By end of 9 ond QTR L6 13-15
1979 1979 1980

Capability

*Data provided by NASA and not verified.

b

First Horizontal Flight replaced by Approach and Landing Test.

The initial 7- to 9- month slippage, according to NASA, was caused by

reduced funding which forced it to proceed at a slower pace and delay con-

tractor manpower buildup.

However, NASA officials testified in fiscal

year 1974 congressional hearings that further cos. reluctions or delays will

start causing major increases in the program's cost.



Schedule changes may have a significant impact on both the cost and
potential benefits to be derived from the STS. Target dates for delivery
of orbiters four and five were extended by 24 and 26 months, respectively.
These changes are related to the USAF's 1982 operational date for the
Vandenberg Air Force Base launch site which is 2 years later than the

date assumed by NASA in its economic justification analysis in March 1972.

Since the original production schedule was established to produce
the most efficienf flow consistent with anticipated annual funding, NASA
stated that the production stretéh-out may increase STS costs because of
inflation and a less efficient production schedule. The increase would
occur in the production phase of the program, rather than in the develop-
ment phase where the NASA Administrator has made a commitment to the

Congress to develop the shuttle within the $5.150 billion baseline estimate.

PERFORMANCE . -
NASA has established performance requirements which serve as guide-
lines for the design and development of the Space Shuttle Program.
Numerous changes have been made to performance requirements at all
levels but, according to NASA personnel, have not significantly altered
overall program objectives and cost projections.
NASA's performance management system requires that major shuttle
contractors track and report periodically on selected performance

characteristics. The status of three characteristics being tracked by

NASA and Rockwell Iniernational's Space Division, is discussed below.
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Payload-to-Orbit - This refers to the weight the shuttle system is

expected to be able to place in orbit. The deployment of 32,000 pounds
into a specified near polar orbit was one of the major factors used to
establish the vehicle's size because this is the most demanding of the
shuttle's missions. As of December 1973 the projected capability was

32,108 pounds.

Orbiter Weight - 1In August 1972, when Space Division received

authority to proceed with the contract, the orbiter was designed to
have a "dry weight" limitation (weight without payloads, fuel, etc.) of
170,000 pounds. In December 1972 this was reduced by NASA to 150,000
pounds primarily to reduce the cost per flight and to maintain control
of the total vehicle size, V

Reduction of the orbiter weight eliminated a 15,000 pound growth
margin for contingencies and requirement changes. A vigorous weight
reduction program was initiated which subsequently provided a weight
margin of about 13,000 pounds, However, by December 1973, this margin
had been reduced to about 1,900 pounds. This provides only about a
1.3 percent margin in contingencies and requirement changes. Space
Division had originally planned to have a 10 percent margin at Preliminary
Design Review scheduled for February 1974 because historical data on space-
craft indicated a 10.6 percent weight growth from that point through the life
of the programs. NASA officials stated that the planned growth margin at
Preliminary Design Review was reduced to 6 percent for the 150,000 pound
orbiter, Studies are in progress to increase the orbiter welght-~growth

margin and according to NASA several potential weight reduction changes

have been identified.



Thermal Protection System - The thermal protection system protects

the primary airframe structure of the orbiter vehicle from the effects
of aerodynamic heating during ascent and entry. The thermal protection
system is considered by NASA to be the highest risk area of the program
because methods of applying basic technology have not been fully demon-
strated. Two areas of concern are (1) the amount of heat which could
enter through gaps between tiles making up part of the thermal protec-
tion system and (2) whether the desired degree of reusability can be
achieved.

UPPER STAGES

The space tug and the 00S will extend the capabilities of the shuttle
to greater altitudes than those achievable by the orbiter alone.

Based on the 1973 mission model, upper stages such as the tug and
00S would be required for 65 percent of 555 automated payloads to be
deployed by the space shuttle from 1980 thrbugh 1991, Some additional
payloads beyond the payload delivery capabilityu;; the shuttle alone
called for (1) expendable solid kick stages after deployment by the
shuttle in low-earth orbit and (2) the use of expendable launch systems.

Current tentative plans call for an estimated development cost of
up to $100 million (1973 dollars) for the 00S and $400 million (1973 dollars)
for the space tug rather than about $770 million (1971 dollars) as esti-
mated in March 1972 for development of upper stages. Upper stage capa-

bilities under these plans,however, are less than those considered in

March 1972. For example, the round trip payload capability of the tug

-12 -



between low earth orbit and geosynchronous orbit has been reduced from

3,000 pounds to 2,400 pounds. The reduction in cost resulted primarily

from deleting the requirement for developing a new engine which was no

longer needed because of the above reduction in payload capability.

MATTERS FOR CONSIDERATION

The following areas warrant special attention:

l.

The absence of baseline cost estimates for some elements of the
STS limits visibility and reduces management's capability

to monitor and control the total STS effort. In addition,
congressional decisions concerning the initial approval of

large programs and subsequent funding levels can best be made
when all related costs are known and baseline cost estimates

are provided. Consequently, the Congress may wish to reguire
NASA to provide cost estimates for all elements of the STS
including those elements of the $16.1 billion estimate included
in the economic analysis which have‘55£'been previously baselined
and related elements excluded from this estimate such as R&F,
other research and development effort, and inflation. For those
elements such as the space tug where a number of alternatives are
still being considered and it is not feasible to establish a
single baseline estimate, a range could be used as the haseline
cost estimate.

Two high risk areas identified by NASA are the space

shuttle's thermal protection system and the orbiter weight.
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The Congress may wish to have NASA apprise them perié&ically
on the development progress in these areas and other high
risk areas which may arise.

3. Projected upper stage capabilities are now less than the
capabilities assumed in March 1972. Moreover, projected
economic benefits may occur later than ﬁlanned because the
planned operational date for the Vandenberg Air Force Base
launch site is 2 years later than assumed by NASA in March
1672, Iherefore, the Congress may wish to have NASA ex-
plain the impact the change in planned tug capabilities
and the extension of operational dates for the Vandenberg
Air Force Base launch sites will have on the program.

AGENCY REVIEW

A draft of this staff study was reviewed by NASA officials associated
with the management of this program and comments are incorporated as

appropriate. As far as we know, there are no residual differences in fact.
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CHAPTER 1

INTRODUCTION

This is the first of a series of annual staff studies which will
provide data on the status of cost, schedule, and technical performance
for the Space Transportation System (STS) development by the Naticnal
Aeronautics and Space Administration (NASA). The STS will include the
space shuttle and the space tug. The review was undertaken in response
to congressional requests that the General Accounting Office (GAO) re-
port on the progress of major acquisition programs and covers the period
from approval of the present shuttle configuration in March 1972 through
December 1973.

The primary objective of the STS is to provide a new space transpor-
tation capability that will substantially reduce the cost of space opera-
tions and support a wide range of scientific, defense, and commercial
uses. In March 1972 NASA estimated that ecoﬁeﬁfé benefits from using the
STS instead of expendable launch systems would be $5.6 billion through
1990. By.October 1973, the number of projected space shuttle flights had
increaseq from 581 to 725. NASA estimated that this increase and other
program changes would increase the STS's econcmic benefits over expendable
launch vehicles to $1k.l billion. Unless otherwise stated, all cost esti-

mates cited this report will be in 1971 dollars.

1



The space shuttle is intended to place satellites in orbit; rei,.rieve
satellites from orbit; permit in-orbit repair and servicing of satellites;
deliver space tugs and their payloads to low—earth'orbit; and conduct
short duration, low-carth orbit, science and applications missions with
self-contained experiments,

DESCRIPTION

The space shuttle will consist of a manned reusable orbiter, which
looks like a delta-winged airplane with length and wingspand comparable to
a DC~9 airliner but with a wider body; an external, expendable, liquid
propellant tank; and two recoverable and reusable solid rocket boosters
(SRB). It will be boosted into space through the simultaneous burn of
the space shuttle main engine (SSME) and the SRB which will detach at an
altitude of about 25 miles and descend into the ocean by parachute to be
recovered for reuse. The SSME burn will continue until the orbiter and
external tank (ET) are near orbit velocity. The ET will then be detached
and will land at a predetermined remote ocean site. Using its orbital
maneuvering subsystem, the orbiter will continue into low-earth orbit.

A pictorial profile of a shuttle mission is shéwn below.
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The space shuttle will be able to place 65,000 pounds in a 150
nautical mile due-east orbit and 32,000 pounds into a specified 100
nautical mile near-polar orbit. The shuttle will be able to deliver
lower payload weiBhts to higher orbits.

The space tug is a propulsiwve or upper stage that extends the
capabilities of the shuttle to greater altitudes than those achiesvable
by the orbiter alone and is expected to be operational by late 1983.

During the 1980-83 period, an orbit to orbit stage (008), which is fo .
be a modification to an upper stage currently being used with expendable
launch systems, will be used but will have limited capabilities. The
space tug and the 00S are presented in Chapter 7.

HISTORY

After the first decade in space operations, the national space
progren was confronted by (1) a mix of promising and important space
mission opportunities for the mid-1970s and beyond, and (2) a high cost
of then current flight hardware and ground supﬁéf% operations for recurring
orbital transportation operations,

Based on NASA's experience in space systems development and the large
number of space flights anticipated, consideration was given to a reusable
manned space shuttle which would operate between earth and low~earth orbit.
NASA has projected economies in launch system costs and in paylcoad develop-
ment and procurement costs through the use of a space shuttle. INASA has
stated, however, that the justification for the shuttle is not based on
economics alone. Another fundamental reason is the necessity to have a means

for routine quick reaction to space and return to earth in order to achicve

the benefits of the scientific, civil, and military uses of space.

R
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The United States Air Forcc (UCAFY) has been designated by the
Department of Defense (DOD) as the organization responsible for making
certain that DOD's interests are considered in the design and development
of the shuttle,

Initially, NASA studied a two-stage fully reqoverable shuttle con-
figuration consisting of an orbiter and a booster, each of which would
be operated by a two-man crew. Both stages were to use high-pressure
oxygen/hydrogen engines and were to have internal tankage for both fuel
and oxidizer. The shuttle was to take off vertically, and the booster
rocket engines were to carry the orbiter to the fringe of the atmosphere.
The booster would then separate from the orbiter and fly back to earth
for an girplane-like landing using conventional air-breathing jet enginres,

The orbiter would proceed under its own rocket power to orbit, per-
form its mission, and return to earth, landing horizontally like an air-
plane. The orbiter and the booster would maneuver in the earth's atmos-
phere using conventional air-breathing jet engineé, and would be designed
to be reusable for 100 or more flights.

During the fiscal year 1973 budget hearings, NASA testified that this
fully reusable sysfem would have maximum payload flexibility and would
provide the least costly operational space transportation. However the
anmmual funding and peak-year funding required during research and develop-
ment were relatively high, so NASA extended its studies to cover new configura-

tions which could be developed within anticipated funding constraints.

BEST DOCUMENT AVl it
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Subscquent alternatives considered before the present confifuration
(described on page 16) included the use of expendable hydrogen tanks and
the use of liquid pump-fed or pressure-fed boosters.

When operational, the space shuttle is to accomplish most launches of
IIASA, DOD, and others. Shuttle launcheé and landings will be at the Kennedy
Space Center (KSC) (to be operated by NASA) and a launch site at the Vanden-
berg Air Force Base (to be operated by the USAF).

NMASA is to fund development of the space shuttle and construction of
almost all facility requirements except those at Vandenberg Air Force Base.
The USAF will fund facility costs at Vandenberg and plans to purchase two
production orbiters and associated flight and ground support equipment.

STATUS

The shuttle effort is currently progressing under combined design and
development phases of MASA's four-phase developmental approach-~(1) Preliminary
Analysis, (2) Definition,(3) Design,and (%) Development and Operations.

SPACE SHUTTLE RESPONSIBILITY

e

NASA has the primary responsibility for overall program management and
integration. NASA also takes the lead in inline functions of softwear
development, SRB integration, and operational planning.

The responsibility for development, production, and operational support
for the space shuttle will be divided among four prime contractors and numerous
subcontractors. Rockwell Intemational's Space Division, is charged with the
development and planned production of five orbiter vehicles. It is also chargec
with overall integration responsibility of the system's major components:

orbiter, SSME, ET, and SRB.
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The remaining contractors are (1) Rockwell International's Rocketdyne
Division - SSME, (2) Martin larictia Corporation, Denver Divisioa - IT, ond
(3) Thiokol Chemical Corporation - Solid rocket motor portion of the SR3.
The selection of Thiokol as the solid roclket motor (SRi) prime contractor
is under asmrd protest by Lockheed Propulsion Company and the outcomce n2s
not yet been determined. The Marshall Space Flight Center (}SFC)
will perform SRE design and integration during the initial thases
of the program, Details concerning the contracts are shown in
Appendix I.

The contracts have been let in increments and the value of each
successive increment will be subject to negotiations. The amounts of
the initial increments of the major contracts are (1) $459.6 million
for Rockwell International's Space Division, (2) $4l42.4 million for
Rockwell International's Rocketdyne Division, and (3) $107.2 million
for Martin Marietta, Denver Division. BEST DOCUMENT AVA”_ABL

RESTRICTIONS ON REVIEW

Numerous restrictions and delays by 1ASA og-éccess to information
limited the depth of our review. Our attempts with NASA to resolve access
_ issues have not yet been completed. We anticipate changes which could
improve matters and allow future reviews to be conducted more effectively,
NASA is currently preparing a management instruction for its various

activities to follow in their relations with GAO.

Restrietions on access to information stemmed from application and
interpretation of preliminary guldelines concerning the GAO review which
were prepared by MASA and issued by the Johnson Space Center (JSC) to
other space centers and contractors., NASA Headquarters never officially
approved the guidelines, but they nevertheless governed the release of

information to GAO.
- 20 -



Limitations were placed on access to support for fiscal year 1975
and prior years budzets, run-out cost estimates on individual contracts,
and "planned actions, proposed dates, and future milestones." Applica-
tion of the guidelines delayed receipt of essential information as long
as three months. On occasion, requested supporting documentation such
as contractor estimates on impact of delay in production, key issues and
problem areas for facility projects, and detailed cost estimates used for

internal management of the program was not released to the GAO.
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CHAFTER 2

SPACE TRANSPORT..TIOU SYSTEM COST

Cost, schedule, and technical performance baselines serve as a starting
point in our reviews of major acquisitions to measure the status of a program
and as a basis for tracking its progress through the acquisition cycle.

One of our review objectives was to identify the baselines which had
been established for the STS, Baselines play an important role in ths
management of a program. They permit management to measurz, control, and
evaluate the progress of a program., Established baselines provide a bench-
mark against which subsequent estimates may be compared.

Also, the comparison of baseline cost estimates and current estimates
aids the Congress in making decisions on whether a program should continue,
be modified, or terminated. Without baseline and current cost estimates,
the Congress may not be afforded an opportunity to effectively monitor the
program with confidence that it is achieving its goals.

ESTIMATED COST OF THE SPACE
TRANSPORTATION SYSTEM -

NASA has not developed a cost estimate for the total cost of develop-
ment and operation of the STS, but has established baseline cost estimates
for four STS elements.

NASA stated that baseline cost estimates should be identified with
definitive program content and/or specific system configurations. We
believe that baseline estimates should be prepared early in program defini-
tion and that, if necessary, a range of costs may be provided to bracket the

various system configurations under consideration.
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When the present chittle configursotion was aprproved in Hurch 1277,
NASA presented to the Congress the results of an analysis of the develop—
ment and operations of the STS from 1972 through 1990 based on a mission
model of 5811 flights, The purpose of the analysis was to corpare the
econorrics of the projccted space effort for NASA, DOD, and others, using
the STS and alternate programs of existing and/or new expendable launch
systems.

NASA informed the Congress of other categories of cost reguired for
the STS but did not provide cost estimates for future years for some of
these categories.

The following table presents the cost estimate from the STS/alternate
programs analysis as presented to the Congress in March 1972, It includes
DOD costs and STS operating costs from 1979 through 1990.

NASA officials stated that they have confidence in the estimates for
defined program elements identified as baselines, whereas, the other
estimates are considered preliminary or planning estimates which are likely

to change when the final configurations have been established.

lNASA has updated its mission model throughout the program. Therefore,

matters presented in the staff study involve 439, 581, or 782 flight
mission models.
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Estimated Sraece Trensvortation Svstem Costs

Throust 1237 (1671 Dollars in Billions)
Elements Cost Fstimate

Non-recurring Costs:

Developmental Costs--Research, Development,
Test and Evaluation (RDTE) $ 5.150%

Orbiter Inventory (Refurbishment of the two
development orbiters and production of

three orbiters) 1.000%
Modifications and Requirements for
Expendable Upper Stages .290
Facilities (Including two launch sites):
NASA $ .3002
DOD .500 .800
Reusable Space Tugs:
RDT&E $ .638
Investment 71 .809
Total $ 8.0L9
Recurring Costs During Operations 8.050b
TOTAL $16.099

8Baseline estimate.
bA baseline estimate has been established for the average
cost per flight of the space shuttle based on a 439 flight
mission model rather than the 581 flight mission model used
in this analysis,

EST DOSULENT AViias
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STO TTIENDE WITeH PAVE PRI PATSLITIND

IASA made in-depth revievs ol the cost eslimabes for three 515
elements included in the analysis and considers them to be baselinz ccorot
estimates, These estimates are (1) 35.150 billion for RDTERT of tho space
stuttle, (2) $300 million for NASA's srace shuttle facilities, and (3) 1.0
billion for refurbishment of two development orbiters and production of
three orbiters. Apart from the March 1972 analysis, lASA ecstablished a
baseline estimate of $10,45 million as the average cost per flight® for
the shuttle based on a 439 flight mission model.

In addition to shuttle facilities to be funded within NASA's $300
million baseline estimate, some facility and facility related costs are
chargeable against the $5.150 billion RDT&T baseline estimate. These

costs are for:

Unforscen facilities requirements - When facilities requirements of

$25,000 or less are not forseen at budget submission or are forseen but

not validated, authority provided by recent authorization acts is utilizad
by NASA to fund them from its Research and Deféiéﬁment (R&D) Appropriation
if they cannot be deferred to the next budget cycle. This same authoritvy
can be used if the facilities have been made urgent by changed circumstances
after preparation of the annual budget. According to NASA, the funds spent
for all such projects are periodically reported to the Congress and have

totaled less than $1 million to date.

1Also referred to by NASA as Design, Development, Test, and Evaluation
2
2The $10,45 million per flight estimate was bascd on a 139 flight mission

model rather than the 581 flight mission model considered in developing
the $16.1 billion STS cost estimate.

-8 - BEST DOCUMENT AVAILABLE



Off-installation faciliti~s - Authority provided in authori-ation

acts allows IIASA to use RED funds for facility items, other than land,
at locations other than inctallations of the NASA Administrator when
they are used in the performance of R&D contracts., By excrclsing this
authority, I/ASA has oblisated and charged to the RDTEE cstimate $18.):
million for SSME test and assembly facilities at Conoga Park and Santa
Susana, California.

Iocally funded projects - New construction and additions fo existing

facilities up to $10,000 and rehabilitation and modifications up to

$25,000 are not charged against the $300 million estimate. These projects
are charged against the RDT&E estimate when the facilities uniquely support
shuttle requircments., We did not determine the funds spent on such projects,
if any.

Non-colloteral equipment - Non-collateral equipment is defined by

1

NASA as equipment that "...can be severed and removed after erection or

installation without substantial losgss of value or damage thereto or to the
premises where installed," By definition non—coiiéteral equipment are not
facility items and are therefore not charged against the $300 million
estimate, Examples of this type equipment include office furnishings and
laboratory equipment. According to NASA personnel, shuttle related non-
collateral equipment is charged to shuttle RDT&E and, to the extent possible,
is disclosed to the Congress in annual construction of facility budgets and
other documents. Non-collateral equipment costing about $31.5 to $35.5

million will be required for projects included in WASA's fiscal year 1974

budget estimates,
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NASA purposaly excluded certain costs from the analysis becaus> thoy
were considered egually applicable to all programs under analysis. Theze
costs included shuttle related costs paid throush NASA's Research and
Program Munagement (R&Pi) Aprropriation and certain costs not defined by
NASA as shuttle RDT4E costs. Also, the $16.1 billion estimate was in
1971 dollars and therefore, did not consider inflation over the life of
the program,

The following are STS elements which do not have baseline cost estimates.
The cost estimates shown are in some instances contractor estimates and
have not been subjected to in-depth reviews by NASA.

Cost
Estimate

March 1972

(millions)
Elements considered in the March 1972 STS analysis:

Modifications and regquirements for expendable

upper stages . $ 290
Develorment and investment for reusable space

tugs 5 809
DOD facilities $ 500

Recurring STS operating costs exclusive of the
space shuttle operating cost See below

Elements excluded from the March 1972 STS analysis:

R&PM costs See below
R&D costs not defined as development cost

chargeable against the STS See below
Inflation See below
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Operatin~ costs

The March 1972 econcmic analysis ineluded STS operating costs of £9,050

-

billion from 1979 throush 1990, A baseline estimate has been established

[as]

only for cost per flight of the space shuttle, however, it was based on
430 flight mission rodel rather than the 581 Flight mission model that wos
used in formulabing the $16.1 billion estimate. Operating c-sts nct
baselined included such items as the cost per flight for (1) expendable
upper stages which NASA estimeted to range from $1 million to $10 million
(1573 dollars) and (2) the space tug which NASA estimated to be about $1
million (1973 dollars).

Shuttle Related R&D Costs

Funds expended from the CLSF's space shuttle budget line item of NASA's
R&D Appropriation are the only charges made against the develorment baseline
estimate of $5.150 billion. These charges do not include some additional
R&D effort related to shuttle development. WASA officials stated that a
definite dividiag linc dces not exist between RED effort which should be
charged against the space shuttle estimate and R&D effort which should not.

One member of the Senate Authorization Committee on Aeronautical and
Space Sciences expressed concern about NASA's accounting practices. This
Senator stated that:

"My own feeling is that at the outset of a project such

as this (space shuttle), where there is bound to be some

controversy, I think that for the purposes of your credi-

bility factor and ours, it would be best to have this

(space shuttle appropriation) as a separate line item, and

have everything in R& included there... Then nobody can
accuse either you or the committee of having hidden costs.”
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The NASA Administrator snid this could be done, but no action hos he-n
teolen bo include all B2D cozts in the gpace shubtle line iten,

We identified obout 2126,6 millicn of RED obligations tiwourh
Toverber 1973 vhiich arycared to be shuttle reloted and was not reported
acainst the ROTEE ectirate or as a cost of the Drace Shuttle Program. If
this amount were considered and added to the reported prozram oblisaticns
total R&D cbligaticns would be $583.2 million or 25 percent greater. The
obligations we ldentified are discussed below.

Siuttle Technole~ and Shuttle Vehicle and Fngine Definition

Shuttle Technolory and Shuttle Vehicle and Engine Definition funds of
$12,4 million from funds appropriated in 1970 are not considered by NASA as
charpgeable to their RDTEE estimate. These obligations were primarily
incurred during early developrmental phases and were excluded by an informal
angreement reached botueen NASA and the 0ffice of lManagement and Budget.
According to UTAS:A, they should not be charged against the baseline estimatz

because they were for Teasibility studies rather than for develorment.,

Surrorting Reseavch and Technolosy

By examining research and technology project definitions for MNASA
organizations, we identified about $93.0 million (Table 3) obligated by the
OMSF and the Office of Aeronautics and Space Technology (OAST) for research

and technology projects which appear to be in support of shuttle develoymsnt.

(R
f
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TADLE 73

Shuttle “rlilnd Recapreh Achivitys

Obli~atirns b Vicenl Vosps (In il Tioag)
Prior to 1974 thru
Or-2niraticn 1970 1970 1971 1972 1973 11/39/73 Totzl
OAST $1.2  $10.6 $30.1 $23.3 $6.8 $ .3 $72.a%
OLiST 0.0 L.L 5.6 8.4 2.3 .2 20.9
TOTALS $1.2  $15.0  $35.7 $31.7 $9.1 $.5 $03.0%

aFigures do not add due to rounding.

NASA officials said that there is no clear distinction between R&D .
efforts represented by these cbligations and those efforts which are charged
against the RDTE&E estimate,

Concerning CAST effort, NASA stated in 1972 Congressional {estimony
that "The OAST Shuttle technology program will ... support the Office of
Manned Space Flight Shuttle program activities as appropriate to help assure
that the shuttle vehicle will be built on schedule and within the available
funds, "

NASA stated that non-shuttle funded supportiﬁé research generally
concentrates on "state-of~-the-art technology" with broad potential appli-
cation in future programs while shuttle funded tasks concentrate on develop-
ment of a particular approach consistent with the shuttle system configuraticn
and other requirements,

This explanation did not appear to be consistently valid for the research

projects we examined. For example, the justification for a 1973 OMSF research

project entitled Space Shuttle--Aerothermodynamics, the funds for which are

charged to the RDTSE cstimate (about $876 thousand obligated throush June 30,

1973), reads in part as follows:

REST DOCUMENT AVAILABLE
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"This effort is Aasi~ned 4o rrovide current state-of-tho-art
teelmnlesy sludic s in cwuporh of the eoncinecrin desirn onnly~is
on the cpace snullle vobleles, Tt ineludes anulytical staidlie
and evperiprentel Gectin~ &g neocosnary to analrre vohiels coena
thermodymemie chizrnetorictics ond to accurately define perfornunce
capabilities....”

The Justification for winther 1073 CUI5Y project with the same title, tho
funds for which are not charged to the RDTIE estimete (about $319 thoucind
obligated through lovember 30, 1973), reads almost identically:

"The objective of this.,.. is to provide support for the acro-
d;naxic and thernodynamic develorment of the Space Shuttle
vehicle., The tasks listed are of analytical and e¥perimental
nature. They involve the develcpnent of criteria and methods in
those areas where adequate knowledge or prediction tools exist
for the definition of aerctherr. -dynamic environments or design
values. The following items listed below have been selected
because of their critical impact on the shuttle design: (1)
Aerodynamic Study of Space Shuttle Vehicle Concepts, (2) Shuttle
Load Distributicns, (3) Booster Staging Enviromment,..."

Developrment, Test, and Mission Operations

Shuttle related RED costs are also paid from the OMSF Development,
Test, and Mizsion Operations (DTMO) portion of NASA's R3D Appropriation.
DTLI0 funds provide a variety of contractual general support costs for
manned space flight activities. No estimate was made for the amount of
these costs related to the 5TS, although NASA informed the Congress that
some DTiO costs would be related to shuttle development, NASA officials
stated that the shuttle RDTEE estimate was made under the assumption that
DTMO funding would be maintained at an annual level of about $200 million
(1971 dollars).

Some of the general support programs planned that will benefit the

shuttle include materials testing at the White Sands Test Facility and
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electricnl nower instrirmentation tecting ot JSC., Futura decicicns on
hothinr developmzntal vecie will be wcecerrlished by shuttle RéD con-
tractors or hy controctors proviling HASL's inctitubtional support will
normally determine whetihicr they are charged to the shuttle TDTIE estimate
or to DT:10, Only the cost of those tasks performed by shuttle RID con-
tractors are charced to the RDTED estimate,

As an example of DII0 funding, $11.2 million of DTMO costs were
incurred i MS8FC in direct support of the Space Shuttle Program from
July 1972 through December 1973. This amount represents about 10.4 peorcent

of the total DTMO funds allocated to MSFC for fiscal years 1973 and 197k,

Regearch and Progran llanagement

Consistent with the NASA appropriation structure, ecivil service
manpcwer costs and logistics, technical, and administrative support costs
are funded by the R&DII appropriation, For fiscal years 1972 and 1973,

UASA identificd 1,234 and 2,300 positions, respectively, as direct effort
on the Srace Shuttle Pregram. This number was expected to increase to

ahout 5,000 at the peak of the development progréﬂ. Shuttle related costs
of $84,6 million were funded by this appropriation from July 1969 throuzh
Novertber 1973, R&PM costs are not charged against the shuttle's baseline
estimate. Therefore, future decisions on whether tasks will be accomplished

by NASA personnel or by shuttle contractors will determine whether the cocts

are charged against the baseline estimate.
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Inflation

Infloticn can conctitute o nujor portien of a procram's total cozb
and the total a wnt of inflation incurred cen be influenc.: by managem-nt

LR PRt < B Y O e iy d A St - s - - - -
deeisiene nTfocting the rate and liming of cipenditures. Co:soauently, <o

[

believe inflation should be congiderad in the decisien-meliing: procecs and
included in estimatcs made by Federal agencies. Our position was preconted
to the Congress in a report entitled "Estimates of the Impact of Inflaticn

on the Costs of proposed Programs Should Be Available to Committescs of the

Congrese,” dated December 1L, 1972 (B-170873).
The protential inflationary iwpact of a recent decision on total shuttle
program costs is presented belor for illustraticn:

During fiscal year 1974 Senste authorization hearings,

NASA announced that the shuttle development program had
been extended by 9 menths in order to hold fiscal year

197 spendin Lo the sarzets set by the Presidznt. This
extension will result in inllationsry increases becouse

more funls will be expendcd duing the later vears of

the progrum than previously planned, Projected inflationary
increzses due to this chanse are showm in the following
table, An inflationeary factor of 5 percent per year™ was
assumed in the calculation.

g 5 percent per yecar factor was selected by GAO because
NASA had rreviously used this rate as the inflation
factor for 1972,
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TARTE 7

Nohtodhad Tnflotiennrs Cocl
Iocenoces da Pov™s (in 2illicns)

Eoblivind
Jutamwt % fore  TLstimate Alter Inflationcry
g-llenth Delay 9-lionth Telayv Tneranae
RDYCE Estimwate wWitioutb
Inflation $5.150 $5.150 $ -0~
Inflationary Cost 1.406 1.482 L0770
Total Estimate Including .
Inflation $6,556 $6.632 $ 076

Additional inflationary cost increases can be anticipated fiom other
managenent decicions. A delay of the first manned orbital flizht by an
additional 4 to 6 memthe as announced by the NASA Administrator in
February 197h, and a 2-year delay in production of two orbiters should
increase 3TS costs because of inflation, Additionally, changes made in
the timing of funding for facilities should result in similar incrocases.

In view of the impact of inflation, NASA has undertalen discussions
with the 0ffice of NManagcment and Budget to recognize the influence of

inflaticon in projecting funding levels for its programs in the future.
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The status of three OT3 cost elemcants for +hiich "ASA has nde
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stiruies--srace chuttle RDTED, TASA funded faciliiies,

and cost yer flight--ic cet forth below.

SPACT SHUTTLL REDEARCE, DEVOLOPLIRIT,
TEST AND EDVALUATION

NASA's baseline estimate of $5.150 billion was for the cost to
design, develop, test, and evaluate two orbiters (including the Sb.vf
and the SR3 and ET needed to 1 siz de'eTO nent missions. This esti-
mate was evaluated in detail by HASA.and the [ASA Administrator made a
connitment to develop the srace shuttle within the estimate. NASA has
subdivided the estimate into ten major categories. This subdivision
together with recorded obligations through November 30, 1973, is showm

in the following table:

1 . . . .
The status of the bascline estimate for refurbishment of two develop-
nent orbiters and production of three new orbiters is nob discussed

because the Space Shuttle Program is still in the design and develop-
ment phase,
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TADLE L

ROTD Wetimainn and Recorded Obli ation:
{7 fi1lliong)

Oricanyl Current Lotimate
POV inte dn a in Renl Yenr
1971 dollars Dollarsb Oblirations
Crtr~ory (*mvch 1677) (Dacerbor 1973) ovare 173
Veolhidcle oo Jising
Uefini ion 3 83.h $ 92,9
Technolo: 21.1 21l.¢
Main Bngine 135.9
Solid Rocket Eooster 4,911.5° A
External Tank 2.6
Orbiter 211.9
Airbreathing ™mgines 21.9 0.0
Izunch ond Inndine 482.0 .5
System Managoamt 1,078.9 .5
Contruct Awvinisvreation - 76.8 5.k
Subtotal $5,150.0 $6,680.6 $ L79.0%
Less: 312.4 million -
excluded bJ NEA
from RDIZE bascline 12,4
Total $5,150.0 &b,ocilé $ ng:é

?Dctailed gstimates wore not vrevared by MADA.

CThe estimate in real year dollars is the estimate in 1971 dollars increr.cz?i
by assumed inflation factors.

CEstimates for the orbiter, main engines, external tank, and solid rocket
booster were carbined at IASA's request so as not to hinder contract ncZo-
tiations with space chuftle contrzctors.

Figurcs do not add due to rounding.

BEST DOCIL 5™
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The oblisasions o chove necotut For ~Lout 55 percent ol Lic

$853.5 million budgeted for the Cpaco shubttle Progron for fiscal wyears
1071 thro- 1 107h, AL officisls statcd that {throush April 107k,
701,06 »illion, or chout 32 rzrcent of the funds budgeted for the [ineco

ram, had beea obligated.
As of Ducember 31, 1973, IASA ermpected to complete the RDTLL roriion
of the yrosrem within the $5.150 billion estimute, On Februwary b, 1074,

however, I\CA announced a revised cost estimate of $5.2 billion and a

reviscd development schedule duce to a reduction in its fiscal year 1975

budget request from S882 million to $800 million. The $50 million increace

EN

was desceibed s tentative sinca IASA had not had an opportunity to work ou®

tha ¢2tails of the neu schadule with its contractors. Projected RUIEE
fundinge vrior to this onnouncement is shown in the folloriaz table

TABLE 5

Projacted RDTLE Duniingc Reqauircenments
(1972 dollars in :iil'ioms)

Fiscal years Amount

1975 $ 850
1976 1,100
1977 _ 990
1978 873

Balance to Comolete (1979 & 1980) 728
Total $h, 541

BEST DOCUY WT WYAILAR
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PR N .o . L . . et e
TAGA ¢ 500 milllion recline estimate

of test, dovelorriont, and Lounch and lundiaz facilities rejwrecentc 37.9
rereont of ohie 5w uC nilllion estimate for all facilitics. D00 froeilitlios

comprize thic reraidnder. Included in TASA'5 ostinale are freilibtices -Iooal

and design, both rrelivincry and finzl; engineering services of about 17 vow
1

cents; colliberal eguiyuent 5 and a 10 to 15 tercent contingency,

Althous;h the facilivizs estimate comprises only a em2ll rortion of
projected STS costs, fzeilities are critical to the program's succers.
Conrletion dates for somz Tacilities are linked directly lo and are necaes-
sary Tor the shuitle develeoprent effort. IASA stated that the shuittl
procron will be delayed if these projects are not comp! ~ted on time. ror
eranrle, 32 l-year funding delay for the SSUE sea level test focilities

vould result in a corresucnd'-, delay of the shuttle vehicle prozro.y. T8

2

Pl =

perconnel have testified that any further delays will cause =z jor incr.ac=:z

in the cost of the shuttle vro_ran.

Curren’ Constructicn of Tacilities metimate

As of Decamber 31, 1973, IASA's estimated facilities cost s $235 to
$310 million, as shown in Table 6. The amounts shoun derict anticiyated

-

costs through 1980 and are cipressed in 1971 dollars.

’._l

Collateral equirment is defined as that equipment which, if removed,
would impair the usefulness, safety, or cnviromment of the Tacility.
Examples include elevators  and heating, ventilating, and air con-
ditionin; systoms.
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Bascline Curront
: Estirmiic Tstihrwte

Fac lity catuerory Farch 15, 1972 Deemdber 31, 1973
Technology $ 8.0 $ 9.0-8% 9.0 5 1.0 -0 L
Tnrine 20.1 16.6 - 16.6 ( 3.5)-{( 3.:
MoenuTacturing and Final .

Agserbly 12.0 260.4 - 23.k Wb - 10,
SRB Production and Test bé.o 37.0 - L2.0 ( 9.0)- ( &
Cround Test 40.9 38.7 - 41.7 ( 2.2)-
Iavnch anl Iending 150.0 135.7 - 1L8.7 ( 1h.3)- (2

Total Projccts $ 277.0 $ 263. - $236.4  §( 13.0)-35 ¢

rlus:Tacilitiics Planning

and Desion 23.0 21.6 - 23.6 (1.5)- .

Total $ 300.0 $ 285.0 -~ 3310.0 5(15,0)- & 1o

MASAtYs explanation for the above variances was not furnished in time

for our cvaluation but is included as Appendix I

=l

. lloreover, the speecific
projects for vhich cost grovth is projected by IASA were not identiflied in

the information furnished. Howvever, we nobted during our review that potoenticl
cost growtlshave been identified by IMASA on at least three projects: ordlilter
landing facilities, mobile launchers,and SSME test facilities. Even if these
cost growths materialize, however, MASBA's goal is to complete the facilities
program within the $300 million estimele because ~f offsetiing chonges shich

mnicht occur in othe: facility requirements.



, i e ) . ‘ 5
Orbiter Londing focililics - TASA stated on Tocambers L4, 5%, ©

e

rloendl ear 1age dundin ;) sor construction of orbiter loading focililil oo

H_m'

at KSC may iner-ase fros 526,20 nillion to 129.3 million. The anticirvaib.d

ineraon rollaet e nobontind cost roslh oibributeble Yo chortz e of
maveriols and surrlics ond to the sacegy crisiz, iowever, we wver. oub.onuzanl
advised by IASL that they were able to obtain fuel allocations for ihis coi-
structicn and resolve other uncertainties related to material escalstion.

k)

During arch W”YL. a fixed price contract was awmrded for these facllitien

‘:i

tJ

ased on the contract award, the current estimated cost is within the bﬂu, ted
amount; and therefore IASA deoes not anticipate a cost increace related
this facility.

iobil - 1_‘ncnef - u0oC officials have identified

a reguircent for a third mobile launcher to suprort the projected lounch

ratc of L0 vehicles rer year. An estimated $10.1 million (1971 doll~rs) in

C of I furds would be requiraed 1f the third launcher is necessary and 1o
approved Ty FASA headguarters. -
E fest fanilities - In March 197k, WASA identified a potentisl cost

orowsh of aprroximately $3.05 million for the SSHUE test facilities at
Santa Susana, California, IABA has advised the appropriate congressional
committees of this increase.

Costs Incurred Throwrh Noverber 1973

NASA reports that th: 1wh fiscal year 1974, the Congress has approrriated
$123.5 million fo: shuttle facilities, or approximately 30 percent ol the

bascline estimate as adjusted for inflation. Of the $123.5 million, about bt

million lad becn obligated throush Hovember 1973.

P



TACA S Lascllae ebizabe of oloJS nillion for ithe wvernoe o . .o
clicht ol Lhe crace chulble wms bascd on o tralfic model of 43) JLi o
rother than the 554 13, ht wicscion model used for the $T3 cooht _obivwse
in che Joech 1072 analysis,  UASA has @ current vorking colivate ol | lawu
million bhud considzrs the difference betveon its baseline ectiinte snt iz
nyg estirote a projram reserve

The cost per flisht estimates are comprised of several major <oct 2lo-

ments and ceveral sub-elemencs, The net changes betwean the bagelins osti ..

and lhe currant worliing cstinate as of Decenber 1973 are set forth belonr.

TABLE 7

Detimuted Averaze Cort Ter Flirht
(In 19/L Doli~vs)
. Prorrai Resorve
Merch 1972 Dacoror 1G7 Pereent ov
Miliioca ill'ea 1lillion 1reh 1070
__ _Cogt Tlerments dollars dollars dollars Colivate

Erteornal Vol and a
Lolid Rocliet Booster $ 6.59 $ 5.3 $ 1.25 19

Ground Ovorciional .27 .52 ( .25) 93
Spares 1.ho .70 .70 £0
Modin Engines .23 .23 -0- -0~
Fuel and Propellants .20 .30 ( .10) 50

Program Supportl 1.76 1.97 (.21) 2

TOTALS $ 10.h5 $ 9.06 13

a .. . .
These cost elements were conbincd because they are considered coatractor
sensitive information, which, if disclosed, could compromise MAZA's controet
nesotiations.

Prinary rcasons for changes in the estimates are:

w - BEST DOCU



External tank (milliens)

Decrrace recultirg Frim incorporaticn cof
cont=acior nroesal

- Lot T . . 1

InCiceue roesuiclug ool velyhit uicrease-”

Solid ro. Tet boosters
Decreaﬁe<}csuLting {rem updated cowrponent/
sveteom eegirntes and the ygse of five
boosters frem BUTEN phagse
Increace resulting from better definitioen of
booster and an increwase In attrition rate1

Greund onrcraricrs
Increase due Lo a
launch sites (orizinal estimate cssuned one

launch site) $.26
Decrease rezulting from reduction in manpover
rate (.01
Net increcse $.25
SEares

Decrecase rcsultirg from deletion of abort solid
roclet motors and erxclusion of installation
costs Jor thermal protcction systenm ($.54)

Decrease frem update of orbiter spare require-
ment ( .16)
Net decreese (5.70)
Fucds nnd orerellents
Increar 2 resulting from resizing to larger tank
and orbiter $.03
Increase resulting f{rom additional production
facilities for two lcunch sites i .07
Net increase $.10
Proaran support
Increase resulting frem additional manpower
requirenant for two launch sites $.21

The change from one to two lzunch sites resulted in an estimated cost
increase of $5340 thousand per flight or a total inecrease of about

$237 million.

lIndiVidual figures were excluded because they are considered to

be contractor sensitive information by NASA.
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ool to Shie Conoreco that the oroce chiabtle will oo
«ﬁf‘

develorced vithin certoin timefruiec.,  YWhese tiazfraies were used to

establish controllcd nilzztones [or IADA's threc levels of Snace

-

T~
2]
~lg

Shuttle Progrom manaremcnt. These levels, called Levels I, TI and
cover the RDTLE and production phoses of the progran, MASATs ohjectire
is to schedule all progrem phases in the most efficient and econ nlc“1
manngr consistent with anticipoted annual funding., A1l Level ITT
milestones have not been officially approved, and consequanlly, were
not included in the scope of this review,

TASA UTLECTOITNS

o) -y

During fiscal ycar 1973 congressional hearings, TA3A establicsled
timeframes for the {irst horicontal flight, the first manned orbital
flight, and operatlonal capability of the space chuttle. Thesc irere

considered the baselines bub ware loter changed because of fundiri con-

straints Tor fiscal years 1974 and 1975. The orizinal dates and chan s
as presented in the fiscal year 197L and 1975 budget submissions to the

Congress are as follows:
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Fiseol ¥ oz risecd Yoor
o~ e ‘
107 1975 zo.. L
R Cliryaoe Tuton CllgiLoe ool DlIoval
- - .- e e . - R
Tivoo LﬁrlﬁcA;n. . l)x‘ 7_9 1o :L 1_3 Ry
Tii kb 1477
First iiamned st NTR 9 By Fnd of -6 ond QTN 13-15
- R — . »] -0 IS
Orbital THhirnt 1979 1975 1979
Operaticnal 1st QIR 9 By End of 4-6 ond QTR 13-15
- Cy s ~ e “
Capebility 1979 19706 1900
&Date rrovided by JASA and not vorified with supportirg docurentation,
b L Tr B Lo e, ¥ Avamimach n »1 T~ “(1 s Maet
First Uerirontal Flioho renloend by Arrvreach and Londing Test,
Trho initinl 7- 1o J-ronth jrosww lippo.e, cccording Uo IalA, < 5 cnuc~i
by rzduecd it “hiea Jores to zroceed 2t a slover yace en? coloy
conbvractor rwonporoe buildur,  ATA caid that this would nob causc Javelor-
mnental corts to excerd the bos:line RDTGT AVA ofilelcdls

Cra)

teostificzd in the

aduetions or

cost.

delarys will

On February 4, 1974,

6]

lip
this slippage

IEVEL T

UTLESTOINES

Level I baseline

sistent wis

miloo

toneso

are Jdopictoed in

3 yan L
escinase,

start causins major lncreases

TTA O
Ldbran

vage caused by funaing ¢

Hovever,
+ congressional hearinzgs that

in lhe pro_.ri-

announced an a2dditionzl k- to

R’
o

thoso node to Congress.

craints,

willl be coversd during our noit review.

Table 9.

Program adjustne

nts

further

Chanses in turget dales for

COI%

1

~
(et
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ere issued in April 1972 and were con-
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Tovel ©2000 Looner «nd Mareet puknsg
Lonoe Yoo Yigeal o
e
1“(5 1975 ol L
o
- . AT 2 3 o Trea it L
To-olins Blitea 2 mo, Clu clivyooe Tuiond DL
AR foeocny oy lenghe) “uie 2) r
el —— e L T e e —_—l ‘ Lt P SO
Ticoh ovnental i 190 4 Tooe. 1975 ’ 1T '
L0006 DOV UL L L.l NINRN |8 L2, Lo 1 Jan. L0 {

Flichy ¥

First ond iar o 1973 6 Sept. 1978 2 Fov. 1975 :
Crbital #licht
Operational inre 1979 6 Sept. 1979 2 Hov. 1979 :

idz? by (00 ond aot verificd with currorting decwiiniation.

Torisont WL Tlicht renlucol by Approach and Landing Test.
Tie slips rerleched zbove resculbe™ for the same reucsons as the slivnose

in JASLYs cormitment to Confress.  Tie Level I sliproge s not as grezt

P y " vy~ e L TELF- COREE JUS B 4+ - * A B <y 0 Vs - -
cowase bhe Frogema Directeor wiched To provide o contingency for wnlor Seun

In Dz2cs ..zr 1973, the nuxber of milestones wos increased to encco.;

such vrograr: olenznts as the orbiter, 3WE, SR, testing ond facilitloc.
Chanres arc being mac : to the Level I controlled mileslones to rclloct ihe
L-to O-month slippage caused by fundaing limitations on the fiscal yeor 1475
budget requast

IEVEL IT MILSSTONES

Level IT milestones vwere officially established in June 1973. Severcl
approved chances to Level 1T milestones may have a significont impact on
both the coct and potentinl benefits to be derived from the STS. Level (X

tarce. dotes for delivery of orbliters four and Tive were extended by oleond



il Ll S R S O R SN S I VI UGS TS TR OIDR NS SR S
Lor ihie Vonoa~doare Mdv Cuvee Tore Lot oite -3 1000,
Loved o0 7 o s s b oo el ol ca oneior o Bty 0T dieiot
a 1970 or seniloncl anle for Vondodhors,

The orloinndl rreoldusiion sciizlule s ecioblished to provide
erficiont flov consiztont sith onticlpwted enunl fuadin~. AL
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(39

lecs officient proiuclica due Lo the zchedule chanse.
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N -~ - N - -~— - Y
o Sooth s onectives ol e 3oz Thuttle Troovo.r, Bhiy Do
Y e 1., PR B B v} S =r T, - - 3 an - N
Dircescr bor cotebliched desion cbjecbivas.  These gozls, called vro oo

perior - Liace rajulrewnis, s2rve a8 guidelinns for detziled desicn ould

develowent by the JOC program manager, project manajers, and controchorz.
Performance goenlc coatrolled by the Prosram Diveztor are reforred

to as Level T nrojrom resulrimeats, ‘Tacy cover a wide range of topité

in BGroad tomasz, ror eramile, one regulrsient 1s for the orbiter vehicle

to he carubl

L

()
o
¥

(L) usa for o minimua of 10 years, and (2) low cost
refurtisiri-ne nnd xzointenince for as many as 520 reuse lMore detailed
requirenzabs for atioinzont of Lovel T desisn goals have been estahlighzd
by the 732 nrogr: oflfice (Level IT), and the project offices (Level ITI).
Level T311 requir-iments bave not been officlally aprroved and, accordirrl;
were not includeu in our review, Hueeroos chionges have beon made to pro-
gran reguirermts at all levels but, according to TASA personnel, hove

nob sicnificantly altered overall progcram objectives and cost projociiorsz,

IEVEL T RIOSUIRT ZLTES

Baseline Level I proirom raquirements Tor the present shuttle
configuration were issuz2d on April 21, 1972, They were revised on

-

lay 4, 1973, and an interim supplerent was lssued on December 12, 1973.

t
Y~
V-
i

We irere able to determine the estimated cost impact of only four of
Level 1 changes althourh numorous othor revisions were nmade. These fouv

chanzes vosultel in nn estimated cost reduction of more than $330 rillic,

- - 3EST DOCUMENT avails .o



cindd el 0l voossviun o wl oves Lo, LLD rounde, CRvo subcirative o
rnede o Level T bLoacelice progsrien retulraei:m s ave cau.ernted baler,
-l Lt e oo inivio 1y desisoandl to hove off=lii=rnd s Lost
caralb il chrou i the use of aborbt so0lid rocliel rmotorz. 0 7.
stated thot this reguirement s deletoed prinneily bocauvceo
A 1 4

>4 that the degree of safety provided by ohort
motore o eyualled or emccaded by incrensed redundoucy relulri-
ments, This clonge resulted in an estinmated cost reduetion of
cboat 3235 williony #20 millicon Tor RDTE, $214 million for thz
totzl prosraur cost per £1ight, and ¢4 million for production.

2

A gross 1ift off wreight reduction of 101,450 pounds vas asso-

ciatued with this chonre,

~~The roiuily requirerens for SRB thrust temmiantion wmg elil i-niod
. . e . A 7 N -
to realize an inert welzlit reduction of sbout 1,560 pouiliz wal .
sinplifictlon of SEB structural and avionics subsystems., TASA

w2s able to w2ie this chanve after system abort studies srere cci~
pleted thaet deteralned the syrbtenm ascent mode should contina:
throush SER burnout for all abort models. According to “ASA thic
eliminated any rejuirernent for SRB thrust termination to eflent

early separation and resulted in a "safer" system configuration

A total program cost reduztion of $3%.8 million is anbiciratel v

result fron an $80,000 cost per flight decrease. \j;
- esT DOCUMENT RIAILAS

cllae prozcam requiremcobs were issued on larch 20, 1973,

LVZL IF RE

1
l

Level IT ba

u')

Thirteen change packeges were approved nnd issued against the bac-lin:

docauzntl throuch Januery 7, 1974, Ve werc able to deteimine the Impact

L8



o ond s ol Snedvidusd Cranoes. Yhes: choa on o rosulbed dnoe L

ol on: ol Lhoes: ety woy bue Choe cexining oichi chances resulitld In

S I S o CoLh Ler o A Lest Yl Il ben, '
P A F L BN PSR I S B n AL . - i e

ol LovlLori el oo dnelude the wiiition of o) oction conho ln toon o B

e A N Al o~ e 4 Llim e i -t me] 1 man S B, -

Gotods oo el 2o vo the Lol problotion and thomwel control L .

WU s rerfemince monnTuont systor renuirves that major shuttlo
ceutroesore trach and roport rericdicnlly on sclecled yewformance chorc-
terigiics, The status of four regulraoments

Roclnwedl Iriernziiontl's Sroce Division, is precented below,

Poylocid=to-0rit - This refers Yo the welght the chuttle sysbem iz

ehle to tlice 1a orbiv, The derlement of 32,000 povalds into o nomi
inclinetlon) was used o5 onc of the pajo
. .-

cstablich Lhe vehicle's size pecause this is the most demanding of ths

shuttlz's micsions, As of Decerber 1973 the projected carablility sms

a "dry weight" (weight without payleads, fuel, etc.) of 170,0C0 pounds.

In Decawber 1972 this ~ms chonged by TASA to 150,000 pounds prinmarvily 1
order to reduce the cosl per flight and maintain coatrol of the total
vehilels size, Space Division's estimaled cost per flight for the 175,070

pound orbiter was zboub £2 million more thon IMIA's 310.45 mililon bauolin

estirmote,  The coct rev flight is lowver with the liphtueishl octiter becius

iv requires sumzallier, less exponcive, SRS ond

- h9 -
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A vigovonr micht poduchlon rweosver o thoweloeoe Inivlobhel Lo T
L Lo 3 . 1 reonid -s) vy - -
Ly ) - [ [T ;_L v d N Ol [ 3 L. .
2 RGN Tt wmag s ol 1o 072 3 -
13, 0 owounvic. Fouolver, by Decorber 1073, Lo e

rrovides only about a 1.3 roveill

. oo e T A e A E - 43 e - ~ev e N E QRPN S .
warrin for conbtinzencies and requiremsnt ehanges.  Space Jivicion i

. s — =1 - . N . .
schedulzd lor Tebruzry 1971, because historical data on spucacraft indi-
t oweisht-growth fron that noln
the prozvon, 1A2A officizls stalad thut the plunned sroth nargin ot

Prelirinary Desicon Levicr wos reducced to O percent for

A ST s PR IR I . -y mn N S, J o R ~ - s -
ort ter. Wilain covioin linits, sny dry -relcht over itz 100,000 scul Lol
line would reduce the vaylozi-to-orbit caoobility discusscd wbove. Ctuilzs
ore in oro_sess o inerence the orbiter weight growth uorglin, ond cecc:. i

to 1AM, severcl poteasinl weizht reduction chznges have baon

Therm~l Protectlion Zysten - The thernal protection systel protocis

P

ructure of the orbiter vchicle from tae ef

the primary cirfrone st

acrodynamic heating during ascent and entry. Its function 13 To malninin
- - L L Ao - - O 1 . . -
the temperature of the structure telor 350 Tahrenheit aad it is to bo
capable of at least 100 reuses with ouly minor repairs and replacencontc,
The thermal protection syctem 1s the prozran's highest rislk srew
beenuse methods of applying the basic technolosy have not been fully
deaonstrated.  Some of the choractevictics Space Division officials are

concerne<d cbout iacluded: -

inally planned to have 2 10 rercent pargin at Preliminary Delion Doviou



will b alfiwed o e orbitor citructare iu a2 manmar siallow
‘oo o Moo BT los, Thy caooo ol etk mpliyier bloeos L
e owdle oo s eoukd coonoe e orblier 17 adeauate LIln ol
Iasurtbion wad ¢lose out dosion fc not vrovidad,
~=Foucerhdlity Tne rulcrinl 123 fo be reucoble for over 105
missions, with 3 to 5 perceal projecicd reylacerent ofter cach
louach, Reesol 'lity is critical to keer cost-ror-Sli-hit wishin

the estirate,

necnoating for design ¢langes thal

1T

T 2 G0N e tine recuired Lo refurlish the oz

et - — e e e 54V

shuttl: ~nd rrezare it for lounen after it has retureed from o missic.:,
Level T basaline for tuincroun” tine is 100 woi'.ing hours over 1b dagc.

an ovorztlonal goal, 1o

[ %]

dur’ng the early flichis vhere the scheduled lounch rate does not

1~

a w0 weell turnarvound cejzbi r. Instead, zn evolutilonary approaci il
be taken whereby the turnuround lime is gradurlly reduced as exgerieace

is gained. According to I18A's April 1974 estirmete, the turnarouad csro-

bility is 211.5 hours, bubt various studies ars under way to reduce thic
time,
ST AT
R B RN S
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CIATIrD 6

NASA's prosran iauwsrereont sveter for the space shuttle has not been
fully ir0leznted,  Loplercntation of rhe menagerent system will ceontinu:

to evolve &s the program progreases. A description of selected elerents

of VASA's planned system is provided below for informational purposes.

RESTCYVY TAILAT T8 AND AUTEORITIFS

The overall prosram pleonning, directicn, and evaluation is conducted
by the Space Shuttle Prograr Director within the Office of Manned Space
Flight (OMST) o1 NASA Peadquarters. He recomnmends the total program
budget, allecates ond controls research ond develepment (R&D) resources
within authorizcd level , and defines and centrols program rcquirerents.
Pregren requise . ant:s controlled by the Space Shuttle Program Director are
knowp a5 Level T progran recuirerznts.

The atvthovity to manage the shuttle program on a day-to-day basis
has becn deferscted te JSC a2s the lead center. A JSC Space Shuttle Program
Office (Level TI) has been ect-blished to provide management and technical
intceration for the entirve effort in cooperation with project mancgers
(Level III).

Five Space Shuttle Project anagers have been designated: one at
JSC, three at MSFC, and one at KSC. Each of these managers, except the
KSC manager, is responsible for one of the shuttle's major components,
i.e., the orbiter, SS¥ML, ET, or Skil. They nust design and develop their

rojects, manara applicable centracts, and establish Level III requirerants,
p J 3 E .l 14
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In addition, r conyn1? orcicets momorer hres been desirnoted ot 770 04
i roo Con o e JXT Lot s ond e et conlery Thie VSC Mool 'e
responsihiliity includes Tawnch, landine, vecove.v, ond refurhishrent

[QITEa oL s ol aesute t.

[

operat
assisrned to I'SC are carried out,

seaa- \f\v—l remnyr,
L. oa, AR

PEETCPALC

An inte:roted perforrance ranegement system is being implerented by
NASA and contracter orgerizaticns. As one of the sipgnificent manareront
features, this scysten is intended to provide for the integrated planning
and schecduling of the Space Shuttle Pregram. In additicn, the systoen

provides the basic program perfermance paraneters to be censidered in

(9]

the norral tcchnical decision and dacign proccrs. This Includes the

[}

macsure ent of progress in achieving establislhied perforrinca pavarrter

Eicrmo.i o of the dntzerated prriorrence manaperant cvster are (1) pocior-

¢

mance planrisg end cortrol, (2) performance chenge control, (3) perfor-—

.

manc> srecsurcoant, and (4) program visibilitv techiniques,

Pevforr:acs Plenping ord Control
A work brealidown structurce vhich establishes categories for all
‘work elements will be used to identify, plan, budget, allocate, authorize,
schedule, and report on program verk and related rescurces. In conjunc-
tion with the work brezkdcwn structure, a program logic diagram will be
developed. The diagram will graphically depict the integration of

systenr elerents and their interrelationships

agsT DOCUMEN!
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The peirioriinpoe chense cent ol elerznt of the svsrerm will be desirn’
to nreclvd. unut-Hvined cbaro s to per ires, The techniques
approvel.

Perfor: —~re

An integrated cost/schedule/technical performance measurement svstorm

ill be cotoblishel Tor the orbiter, IT, CIZ, and {52, A perforonce
measuvcl Lt system is decigned to measure progress toward cchievenent of
identified cost, schedule, cnd technical paraneters and to identify
potcrtial preblers in suffici -t time to permit corrcetive action without
advirze eflecte on the project. The systenm is to be lLeyed to the work
brec'.dern structure.

ropr . Vieihilig

T Y -7 -
/ CERIaues

<!

Mulziple techniques vill be used to previde project ranaszerent

visit:1lity. These vill include Manzagement Information Centers at NASA

and contractor facilities and key issue arnd problem lists,

BLE
()CA)\“ER\
pEst b

_5_)4..



crepTia 7

Tho apicl tny, s a provulc tve or upper zstore thet ds cipected o
extend the cap.bhilivies of the shuttle to greater zltitudes tien those
achicvable by the erbiter alene. The space tug vill have the capab licy
to deliver and retrieve parloads to high altitude, particularly geosyn-
chro:cus orbit, to inject paylords into planetary trejectorics and te
counduct in-crbit servicing of payloads. It ig beinn designced to be
recoverable ond reucable. The introduction of the apace tug as an opera-
tional element of the STS will be in late 1983. An orbit to orbit stage

(CCS), wih linited capsbilities, will be used during the 1980-33 pericd.

i}
o]
o

WA

A tentarive agre Torc har been reached betuveen NASA and the USAT whereby
the UIAT viil rodiT on existing urper stage to baccue the CGOR ard TASA

will contioue plzraing for develeopmont of the space tug.
P 5 ¢

L A2

Current tentavive plang call Tor an estinnted develownent cost of oo

[ 44]

to (L0 nillien (1973 dollsrs) for the 003 end 3400 miliion (1973 dollnws)

ct

for the space tug rather than about 3770 million (1971 dollars) which 145
sed In IAGA's larch 1972 analysis. Capabilities under these plons are,
however, less than those coasidered in llorch 1972,
The importance of the capability to launch high energy payloads
(payloads targeted beyond the capability of the shuttle alone) is demen-
stratced by the fact that 43 pcrcent of the 986 payleads in the 1972

Payload odel for 1980 threough 1991 are high energy paylecads. DMorcover,

65 percent of the automated payloads to be launched by the shuttle were

- 55 -



L) - . ol c 72 H L N T - ¢ .
hish crerny paylecdo, Bho 1073 lliscion Todel corcluled that 25 il
flionts and 60 cpendeble Laveceh vebiele flights vere required. L

dictribuiicn of th< paylode fer these fligits is given belcew:

TAELT 10

Dictribution ef Pavleacs in the 1973 MHssion !lodz]

(1980 TU~UGH 1%91)

Lounch Syston Number of Pevle-ds
Fxpendeble lavrnch vehiclen 95
Shuttle/Spacclab flishts 336
Shustle/lvtonnted puvlonds

Yot rveocuiring an energy stace 190
Reatirivs a eclid kicl stage? 8
Rec'.'ving an upner o fe 357 555

Total 9eh

] . 1
A kick ztor: vhich ie a small expendable propulsive stage can ce a
to the pavic .l for misciens with extremely hlsh ciergy requirements.

HISTORY
NASA and the DCD huve studied a variety of upper stage approeches
including (1) expcudable stages not having payload retrieval or in-ozbit
servicing capabilities and (2) rcceoverable space tugs with varying per-
formance capabilities (poyload delivery; payload delivery and retrieval;
or payload delivery, rctrieval, and in-orbit servicing).
NACSA's M

\CA's March 1972 missicn medel analysis included expendable Centnur

and Agena stages as interim upper stages from 1979 through 19384 and



space tar [reom 12795 on.  This nwdel eonsicecd of 5°1 shu!

]

18,079, T e TG . e T
flichis aod Tor 173 space tvz 710,000 .

s

called for 65 foora and GO Certour
Eight Apena kick-stgre flights wvere also called for freom 1985 threush

In vier of peak year funding problems f{or develop~ont of tha -hutrle
and budget constrzints on space c¢fiort, a tentative agreerment was rcach.d
between WASA and the USAT in October 1973 calling for a three-rthased
upper stage developmiant. The first ph:re was the 005, wvhich would be a
modified ecxisting stage and would be developed by the USA.. Leading
candidates for redification were the Agena, Centaur, and Tranctage.

The decicion on vhether the 00S would be expendable or reusable hes
not been v 'c., NASA ond the USAV are currently loclh:ing into perforrance

-

trade—ofia, cevelors nt trade-oifs, and safety consideraticu
H

69}

The secend thase was an interim space tug which would be operatiouzl in
1985. This tug was to be cape' le of peyload deplovment, retrieval, and

in-orbit servicing of payload based on existing technology through fiscal

(&3

year 1976 and wvas to use zan exnicting engine. The third phase was a full-
performance space tug which was to be operational sufficiently beyoend 1985
to justify the development of the interim tug. This tug would be more
powerful than the interim tug and would be based on technology availcble
beyond fiscal year 1975. 1t would require new engire develcpment to

accomplish its desired capebilities.



concerning cevelepront of the COJ, but chanped Tron the interim tur/ fui’-

performence tug apprench to the developr int of a full-capsbilit

<
153
i)

instead,
NASA stnted that tha change from the threc phosed uprer stage

developrent to the current tentative pler wvas made pessible by reducing

(full-capability tug). The decrease reduced the technical challense in

tug develeoprant because it eliminated the nced for develcpment of a new
engine. This factor and cther projected hardwrre changes account for a
reduction in the estinnted divelopment cost frem S800 ndillion (1873 dollarz)
for the full-p-rformencee tug to $4C0 million (1973 dollers) for thoe full-
cepchbilicy tug. ASA vill be responsible for planning relatad to this

tug, ond officials cf both agencies stated that FASA will prebably be

+

responsille for cdoveloprent., -
cosT

In the March 1972 analysis, ¥ASA included sbeut $132 million for
developrent of expendable upper stages (modified Apena and Centaur stcooes),
$638 million for development of the space tug, and $171 million fer invect-
ment in space tugs. NASA officials testified in congressional hearinrgs

that the estimated cost per flirht for the tug was $1 million and that the

estimated cost per flight for the Centaur was $8 million.
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0010 Lo oruit efaca up to £109 S0 to 310°

ity tug 4o about 1

a

Devendin: on reucability. Theore is a tradeofl betizen develor~ent cocot
and cost ror Tlight.

SCLIDuLE

As stated previoucly, LAN's larch 1972 anclysis called for use ol
nodified Agena and Centaur staces from 1979 throuch 1¢84 and for a2 synee
becinring in 1925, The theee~rhased developrant planc callcd Tor
operntlional datcs of 1950 for the 008 and about 1905 vor the intzrin Lu .

operatlionnl dote Tor the full-performance tug hod not been Jetermined,

o9~ BEST DOCUMENT AVAILABLE
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Viemocory Lot st o ) coney, Contney,

vowld nol ollow o

) . . T merarn o L1, e s -
il Looete -5, Also, bacuuzo of tha loa~cr len

10t be flovm in tha simthle

witlh a c.edified Centavs stage wnless a "short version” <ore dovelor 4,
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This is in rezponse fo the cbove referenced GAO inguiry requesting an explanaticn
of the variancas in the snuttle facility ronsut costs frem those originally developed,
dated April 13, 1972, and the current estimates dated December 13, 1973,

It is our intention ond goal to accomplish space shuitle facility requirements within
the 5300 million (1971 dollars) commitment, Our latest estimates indicate clearly that
we are stitl on turget, Incvitably, however, we expected ar ' experienced some
internal variations belween the major categories that make up the $2C0 millicn total,
Bredly s; cakinz, these variances are the result of some chang < from the oriziral
assumpticts, increased requiliments in some arcas, decrecsed tcquirements in g.aer
categories, and better delinition and improved] cost estimates of the facilities as we
move from the conceptucl stage to the design and construction phases,

Specifically, the thermal pretecticn system {TPS) facilities have increased by
approzimaialy one million dollars (1971 dollars), This increa-e is primarily due
to the need for an a.diticnal requirement at JSC to provide capability for
verification and acceptance testing for the TIPS material,
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The engine iest {acilitics, on the ofhe: hand, experienc~d a net redvction in the
amuunt of $3, 5 millien, this vos cavsod by bvo recesns: (@) Deleticn of the
requirtinont fer ol 2 incl 5 o7 the meln srgine, efivy the dzeision was wtz
to select the "parallei burn® cencopt, wher inthe engins ignite ot launcii (1=
Iuyo‘) an-d nzad not ignii=2 in thn altitud~ r-nv?,-_\nrnenf, (5’) Incroas~d r'?qui:('. 2nis
for the sza level b sting af MTF to provide copability for enginz throttling icsls,
Concerning the manufactuiing and final assembly facilities for the orbiicr cad
extornal tank, a net incicasze of aporoximatzly $15 million was experienced,
The major part of the increase is attributed to the facility requirements at
Downey end Palmdzic in suppoirt of the orbifer manufacturing ond acsembly,
The scluction of the:c plants for this function was predicated on the succecsful
propesal by Rockwzll in mid=1972. In cur initial estimates, we assunad a
differrat loee tHion and a different manufacturing plen for the omiter asscmbly
functicns. Althouch the Michoud " zznxly Fecility was baselined fer th
exierial tanks, some incr ase was experienced for ihese facilities as well, The
current {igures are burnd on preliminary engincering effort that was accomplished
in the fall of 1972, alier thichoud wos seleciad for the external tank activiti ¢,
These costs have now been confirmed afizr the Martin ‘Aarictta Corperation s 5
selected fer the developmant eficrt,
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For SEN procustion =rd tzit focilitier, our orininal estimat s were based on

dise ime: with rotent | centracters, cur present estimaics -2 bassd on
Vimii~ 2 proliains ry snsinzorirg <0 %ot which indicatn possible ravings, b i

until efior i final production 1 c.2 and th2 related siics are later dstormined,

. ] o . . . . .
premetore, hovever, to ronch fi 2l conelusions eoncorning fhote reguiromenis

The ground tust fazilitias category combines those focility categories previously
ideniified . the April 1972 summary as vehicle development test, sysiems integra-

tion and crew fraining, mission contiol and horizontal flight festing, The foral
for thiz category is essentially the scine now as in the originel cstimate; although
somec variations have occurred within the projects involvid.

Regarding the launch and landing facilities, our current estimates indicate
potential reductions in the amount of 58-10 million. This is basec on completed
preliminary engineering for several projects and the final design of only one
project, the runway. Again, it is too soon to reach final conclusions in this
area although we feel confident that the $150 million previously estimated for
these focilities, would not be exceeded,
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