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LETTER OF TRANSMITTAL

House of Representatives, 
Committee on Science and Technology, 

Washington, D.C., December 1976. 
Hon. Olin E. Teague, 
Chairman, Committee on Science and Technology, 
House of Representatives, Washington, D.C.

Dear Mr. Chairman : I am forwarding herewith a report prepared 
by NASA entitled “Operational Cost Estimates—Space Shuttle”. This 
report is part of the continuing oversight activity of the Subcommittee.

As you know, at the outset of the Space Shuttle development pro­
gram, the National Aeronautics and Space Administration made spe­
cific commitments for the program. Key among these commitments was 
to provide an operational system of five orbiter vehicles with an out-of- 
pocket operating cost of $10.5 million per flight (1971 dollars). As the 
program has progressed, NASA has refined the estimates associated 
with these commitments and has recently proposed a pricing or “reim­
bursement” policy for the Space Shuttle operational flights. This 
report details these estimates as currently defined by NASA, and sum­
marizes the evolution of the pricing. The companion volume, previ­
ously submitted to you entitled “Space Shuttle—1977” details the cur­
rent cost, performance, and schedule aspects of the Space Shuttle de­
velopment program.

As with any estimates of complex actvities scheduled to take place 
over a decade, these NASA estimates should be treated as a gauge to 
evaluate the changes, both positive and negative, that take place as the 
program matures rather than fixed values to remain unaltered by time 
and changing circumstances.

It is intended that close scrutiny of the program cost elements within 
this report will be maintained by the Subcommittee as the Space 
Shuttle approaches operation in 1980.

Sincerely,
Don Fuqua, Chairman, 

Subcommittee on Space Science and Applications.
(in)
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INTRODUCTION
Three major Congressional commitments were made by the National 

Aeronautics and Space Administration at the outset of the program 
to develop a low cost, earth orbital transportation system—the Space 
Shuttle:

A. A research and development program not to exceed $5.2 
billion (1971 dollars).

B. A system capable of an “out of pocket” cost of $10.5 million 
(1971 dollars) per flight cost at flight rates of 60 missions per 
year.

C. A supporting facilities construction program not to exceed 
$300 million (1971 dollars).

A recent review of the current status of commitments A. and C. 
above are contained in “Space Shuttle—1977” published by the Com­
mittee and which examines the current cost performance and schedule 
aspects of the Space Shuttle development program.

Commitment B. above, is the subject of the information contained 
in this report, as prepared by NASA. The underlying rationale for 
the estimates for costs associated with an operational Shuttle system 
is presented. The effects of various cost elements are evaluated as to 
their effect on costs and the total operational costs are traced back 
to the commitment of B. above.

(1)
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OPERATIONAL COST ESTIMATES—SPACE SHUTTLE
NASA is in the process of establishing the initial prices for users 

°* $Pace Shuttle based on the projected costs incurred to operate 
the system. The purpose of this document is to summarize the present 
estimate of the cost of operating the Shuttle based on the flight model 
used in formulating the proposed user charge policies.

Shuttle Reimbursement Policy Objectives

The Space Shuttle is being developed as the prime vehicle of a 
transportation system designed to give the United States and coop­
erating nations the capability for routine access to space. The Shuttle 
reimbursement policy has been conceived to encourage full and effec­
tive use of space, to effect early transition from expendables, and to 
recover the operating costs incurred in providing the launch services. 

l au transit}on from. the expendable launch vehicles (ELV’s) to 
W* j result in lower user costs for all users and will benefit 

the U.S. by advancing and improving space technology. NASA is 
Plannmg an orderly transition from the expendable launch vehicles 
to the Shuttle at the Kennedy Space Center (1980-1983) and at Van­
denberg Air Force Base (1983-1986). This early transition to Shuttle 
wi 1 be advantageous to the users because the firm, fixed Shuttle price 
is less than that for expendable vehicles. NASA has estimated that 
the savings to all users in transportation costs is estimated at approxi­
mately $500 to $600 million in 1975 dollars, when comparing early 
transition to the Shuttle with a three year delay in transition.

To assure that these savings can be realized while still maintaining 
an effective self-supporting system, NASA has included several com 
siderations in the charge policy for Shuttle. They are:

NASA will recover all operations costs from all user categories 
over the total span of the Flight Model.

From commercial users, and non U.S. government users NASA 
will recover the pro-rata share of depreciation for the use of fa­
cilities and equipment and the amortization for the investment 
in the Space Shuttle fleet.

Since operating costs decrease over time, there would be a ten­
dency by those users who are able to do so, to delay Shuttle utili­
zation as long as possible in order to take advantage of lower 
prices. It is presently planned to peg the first three years fixed 
price to the average price of the total twelve year period. This 
will assure that all users—early or late—are treated on an equita­
ble basis.

NASA will maintain price stability for the system through 
fixed price quotations to the users in subsequent years which will 
remain fixed for any contractual flight year. Adjustments in price 
for flights in subsequent years will be made as required to re­
cover all applicable costs.

a ParticuJar category will be treated equally for 
Shuttle flights and services, i.e., all commercial users wili pay 
the same price for equal services in a given year.

In essence, NASA’s approach to STS pricing (reimbursement) is 
to establish a comprehensive cost recovery policy that will obtain re­
imbursement of all Space Transportation Systems operating costs
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(direct and indirect) for all users. The policies main objectives are 
to encourage space users to convert to Shuttle based on lower prices 
on Shuttle versus expendable vehicles.

APPROACH

• DEVELOP DATA BASE FOR OPERATIONS COST AND MANPOWER

• EVALUATE COST DATA AGAINST CURRENT ELV POLICY AND 
ALTERNATIVES

ESTABLISH RECOMMENDED CHARGE POLICY FOR VARIOUS USER CLASSES

ASSESS IMPACT OF USER CHARGE POLICY OH NASA OPERATIONS
FUNDING REQUIREMENT

Figure A

As shown in Figure A, NASA developed a comprehensive cost data 
base for operations cost and manpower that was built up from detailed 
data at the lowest level of the NASA work breakdown structure, e.g., 
the food supply for each Shuttle mission is a cost included in the data 
base. This cost data base has been submitted for analysis and review 
by NASA organizations, Office of Management and Budget, General 
Accounting Office and committees of the Congress. It has been evalu­
ated against the current expendable launch vehicle policy as well as 
other policies used by other organizations—private, public and gov­
ernment.

PROJECTED SHUTTLE LAUNCHES 
1980 - 1991
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Figure 1, shows graphically the basic flight model used by NASA 
to develop the estimated costs to operate the system. The model begins 
in fiscal year 1980 with three operational flights and projects a level 
of 60 flights per year by fiscal year 1985. NASA considers the fiscal 
year 1980 through 1983 time frame to be an Operations Development 
period and the subsequent years, fiscal year 1984-1991) as the Full 
Operations period.

The present flight model is based on a representative future pay­
load program published by NASA in October 1973 and reviewed by 
Congressional Committees at that time. However, the frequency and 
distribution of these payloads have been adjusted to be more con­
sistent with current user objectives and budget constraints. On the 
basis of the data available from the many organizations’ planning 
for Shuttle use, a 572 Flight Model was projected as the baseline 
Space Shuttle flight activity level through 1991.

In considering future flight levels, adequate margin was provided 
for growth in program requirements, for new uses of space as yet 
undefined, and flight aborts.

THE DOD ANO WILL NEED TO BE ADJUSTED AS APPROPRIATE BASED ON FORMAL DOO INPUTS

SPACE SHUTTLE OPERATIONS COST AVERAGE COST ESTIMATES

$ MILLIONS

FY 80-83

1975$

FY 80 FY 85 FY 80-92
CDS T CAI

HI
FfiORY 
'1 EXTERNAL TANK

SOLID ROCKET BOOSTER

81 fLIS..

0.0
5.9

56 FLTS

3.0
0.2

60 FLTS

3.1
3.7

572 FLTS

3.0
3.6

<✓ co MAIN ENGINES .5 .3 .3 .3
CD CREW EQUIPMENT .3 .3 .3 .2

»— »— co 
co a 5 PROPELLANTS .8 .7 .7 .7

□ oi U SPARES(ORBITER/GSE) .9 .7 .7 .8
UJ O UO CONTR. ADMIN./SYS. MGMT. .3 .2 .2 .2

SUBTOTAL CONSUMABLES 12.7 9.8 9.0 8.8

FLIGHT OPERATIONS 2.6 1.2 1.1 1.0
(1)LAUNCH OPERATIONS 6.1 2.8 2.6 3.0

CARGO INTEG./NETWORK SUPT. .7 .3 .3 .3
OPERATIONS MANAGEMENT ,7 .3 .3 .3

SUBTOTAL DIRECT SUPPORT 9.1 0.6 0.3 5.0

INDIRECT SUPPORT 0.0 1.9 1.7 2.3

TOTAL OPERATIONS 26.2 16.3 15.0 16.1

(2) DEPRECIATION 1.6 l.G 1.6 l.G
FLEET AMORTIZATION 1.0 1.0 1.0 1.0
REFLIGHT INSURANCE  .3  .3  .3  .3

TOTAL AGGREGATE COST 29.1 19.2 17.9 19.0
NOTE- (’) direct and indirect vafb launch operations cost are based on preliminary 
JCOST ESTIMATES PROVIDED BY THE DOD. THESE ARE CURRENTLY BEING REVISED BY

(2) EFFORT IS CURRENTLY UNDERWAY TO REFINE THIS DATA WITH 
RESPECT TO ACCOUNTING PROCEDURES ANO DEPRECIATION CHARGES.

Figure 2

Figure 2, shows the present estimate of Space Shuttle cost per flight 
for different cost categories for various years of operations consistent 
with the current cost estimates. These costs are developed from a 
detailed buildup of data from the Space Shuttle development contracts 
down to the sub-contract level, many of which are fixed price and 
from detailed analyses by NASA centers for the operation of the 
system.
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A number of factors were considered in deriving the cost data as 
shown on Figure 2. Past experience with the launch and flight sup­
port systems at Kennedy Space Center and Johnson Space Center 
used for the Apollo, Skylab and Apollo/Soyuz Test Project Pro­
grams provided a background for Shuttle that is significant. The der­
ivation of operations costs assumed the existence of the capability 
derived from the Shuttle Design, Development, Test and Evaluation 
and the completion of the Orbital Flight Test program (flights 1 
thru 6).

The effect of learning experience (i. e., the historically documented 
decrease in unit cost as the number of units produced increases) and 
efficient procurement strategies were applied when deriving the opera­
tions cost for Shuttle. Further, the procurement approach to major 
hardware can and will have a significant impact on the price of pro­
duction units for the operational system. Lot buys of hardware were 
made consistent with program requirements.

Basic Shuttle operations costs provide only specifically defined 
standard mission services to the user. These include:

Orbiter Flight Planning.
Payload Safety Review.
Pay load Installation Verification and Compatibility.
Three Man Flight Crew.
One Day of Mission Operations.
On-Orbit Payload Handling.
Transmission of Payload Data.
Development of Free Flyer.
Standard Mission Destinations: Altitude 160 N. Mi.; Inclina­

tion 28.5°, 56°.
Cost associated with optional or special services were not included 

in the operations costs and would be passed on to the user in the form 
of additional charges for the specific services required. Examples of 
these optional or special services are listed below:

Payload Mission Planning.
Non-Standard Orbit Flight and Planning.
Launch Window Constraints.
Special Integration and Test.
Special Crew Training.
Short Term Call Up.
Upper Stages and Services.
Mission Kits.
Spacelab, Long Duration Exposure Facility, Special Equip­

ment.
Revisit and Retrieval.
Extra Vehicular Activity.
Additional Time On Orbit.
Payload Data Processing.
Western Test Range Launch 90° and 104° Inclination Standard 

Mission Available.
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The cost data base includes: all direct costs for hardware, launch and 
mission operations, and overhead costs related to Shuttle operations. 
Also, included in the cost data base is the depreciation of facilities and 
equipment and the amortization of the investment in the five orbiter 
fleet. These costs are included in the Aggregate Cost and are charged 
to all non-U.S. government users of the system (except for foreign 
countries making a major development contribution to the Space 
Transportation System). This point is very important to the user 
because through the payment of their share of the use for facilities, 
equipment and fleet amortization, they are entitled to the patent and 
data rights evolving from their use of space. As stated, Figure 2 shows 
on the left side margin a break-out of cost categories. These categories 
are: “Aggregate Cost” which is applicable to a foreign government or 
commercial user; “Total Operations” which provides the basis for de­
termining the price charged to all civil government users both U.S. 
and participating foreign governments (European Space Agency and 
Canada) who have made a substantial contribution to the Space 
Transportation System; “Direct Costs” which represent all costs associ­
ated directly with a Shuttle mission, i.e., this category essentially cov­
ers the cost of all material and services that are directly associated with 
operation of the system; “Consumables” which are defined as those 
items or activities that can be identified as expended for each flight. 
This last category for example, includes the external tank which is con­
sumed on each flight since it is not a reusable item of the Shuttle. The 
Solid Rocket Booster is partially consumed because even though it is 
recovered, it must be refurbished, reloaded and re-supplied to the sys­
tem. The same situation is true for the Main Engines spares, Orbiter 
spares and Government Support Equipment spares and Crew 
Equipment.

Flight Rate Effect

The right side of Figure 2 shows the estimated average costs as­
sociated with the various periods of Shuttle operations based on the 
572 flight model, Figure 1. The first column covers the 81 flights for the 
fiscal year 1980-83 time period (from the 572 Mission Model—Figure 
1). The second column indicates the estimated effect of an additional 
56 flights in fiscal year 1984. The difference shows in part the impact of 
increased flight rate cost. In fiscal year 1985, the flight rate of 60 
flights per year is reached and from that point to 1992 a steadv state 
flight rate of 60 flights per year is maintained. Although the effect of 
flight rate on the annual cost of operations per flight can be seen from 
comparing the data under the column heads : fiscal year 1980-83, fiscal 
year 1984 and fiscal year 1985 in Figure 2, it is more apparent in Fig­
ure 3 where the annual average operations cost is plotted against the 
annual flight rate.



1

SPACE SHUTTLE OPERATIONS COST 
572 MODEL VS 323 MODEL

Figure 3, while showing the effect of flight rate on costs, also has 
another important element in that it also indicates the cost of opera­
tions per flight if the 572 flight model is reduced to 323 flights, a re­
duction of approximately 45 percent, which results in an increase of 
only 29 percent in the estimated cost of the average flight.

Figure 3 shows the flight rate for each year from 1980 to 1991 with a 
partial year shown for 1992. When cost sensitivities are considered for 
various elements of the Shuttle program, it is important to recognize 
the three major factors affecting costs. These major factors are flight 
rate, hardware and manpower. The planned flight rate shown in Fig­
ure 3 for the operations development period (80-83) is conservative 
since it only meets the presently identified user launch requirements.

The variation in the annual average operations cost shown in Figure 
3 is influenced by the relative impact of learning experience on unit 
hardware costs and flight rate effect on manpower costs. The relative 
cost reductions in unit hardware costs is more pronounced during the 
early phases of production, thereby causing the majority of the de­
crease in the operating costs depicted in the early years. Variations in 
the flight rates in any one year during the early time period will there­
fore have a minimal impact on the operating costs shown.
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During the later years, the effect of learning has a smaller impact 
on hardware costs and the relative proportion of cost for manpower 
increases. Since yearly manpower costs are not overly affected by rea­
sonable variations in flight rate (i.e., a given crew size can handle a 
range of flight rates) the operating cost/flight in any one year can varv 
with variation in flight rates.

Because of these considerations, there will be a strong management 
effort on the control of hardware costs during the early operational 
time period (1980-83) together with a special effort to establish the 
mechanisms for close monitoring and control of direct and indirect 
manpower in order to achieve the most efficient operations durin" the 
later operational time period.

Cost Sensitivity

NASA has analyzed the sensitivity of total operational cost to cost 
increases for individual elements; the result of this analysis is shown 
m Figure 4. As shown by Figure 4, a 4.5 percent increase in the Solid 
Rocket Booster would represent approximately a one percent increase 
in total operations cost while a 71.6 percent increase in crew Govern­
ment Furnished Equipment (GFE) would be required in order to 
realize a one percent increase in total operations cost. For example, to 

- a ten percent increase in total operations cost ($16.1 to $17.7 
million), all of the elements shown in Figure 4 would be required to 
individually increase by the percentages shown under column 1.

COST SENSITIVITIES 

OF SELECTED ELEMENTS

ELEMENT

SOLID ROCKET BOOSTER 
EXTERNAL TANK
DIRECT & INDIRECT C. S. 
DIRECT & INDIRECT S. C. 
KSC & VAFB GROUND OPS/GSS 
JSC PROGRAM SUPPORT 
KSC & VAFB PROPELLANTS 
DRBITER SPARES 
SSME
CREW RELATED GFE

REQ’D 
PERCENT RISE
BY ELEMENT FOR 
1% INCREASE IN 
TOTAL OPS COST

PERCENT OF 
TOTAL COST 
BY ELEMENT

4.5 23.3
5.3 19.8
7.6 13.8
7.7 13.6
8.4 12.5

17.9 5.8
21.7 4.8

36.0 2.9
52.5 2.0
71.6 1.5

Figure 4

wa- v^ew the sensitivity is to consider column 2 in Fig- 
uie 4. Column 2 shows that, for example the Solid Rocket Booster ac­
counts for almost one fourth of the total cost to operate the system 
whde crew GFE accounts for only 1.5% of the cost. Therefore, the 
Solid Rocket Booster is about 15 times more significant in terms of cost 
control than the crew GFE.
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Column 2 provides a ranking of the sensitivity of the elements to 
total operations cost. Based upon this analysis, NASA has established 
a preliminary user charge price range which allows for some growth 
in operations costs. For example, the Total Aggregate Cost $19.0 mil­
lion associated with the right hand column of Figure 2 is planned to 
be quoted to a commercial user as being within the range of $19.0 to 
$20.9 million.

COST RECOVERY RANGES

USER CLASS

COMMERCIAL AND FOREIGN 
AVG, OPS. COST THRU '92 
PLUS DEPRECIATION

CIVIL U.S. GOVERNMENT 
AVG. OPS. COST THRU '92

Figube 4a

PRICE/FLT. M 75$

19.0 - 20.9

16.1 - 18.0

The final price within such a range will be set at the time of contract 
negotiation for a flight. Figure 4a shows the presently contemplated 
ranges for U.S. government, commercial and foreign users of the Space 
Shuttle.

USER CHARGE SENSITIVITIES

FLIGHT RATE vs COST PER FLIGHT
(12 YR TIME PERIOD)

Figure 5
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An indication of the cost sensitivity to flight rate is shown on Fig­
ure 5 which shows the average flight cost for three different flight 
levels earned out during the 1980-92 time period. It is significant to 
recognize that even at the low flight rate (144), the cost of a Shuttle 
flight is about the same as the cost of the expendable Atlas-Centaur 
launch vehicle. The Shuttle cost at this low launch rate plus the esti­
mated cost of an upper stage, which will do the equivalent mission of 
an Atlas-Centaur would cost the user about $21 million (75 $’s) because 
the user pays only for his share of Shuttle use which in this case is 
two thirds of a dedicated Shuttle flight. Therefore, even at this very 
low flight rate (12/year) for the Shuttle, it is still competitive with 
expendable launch systems.

Figure 5 again indicates the relative insensitivity of the average 
cost per flight to Mission Model size assumption. The 572 Mission 
Model could decrease by approximately 100 flights before a 10% in­
crease in average cost per flight is exceeded.

Cost Per Flight Target

In developing the operations cost for Shuttle, NASA has been very 
conscious of its original target for Shuttle cost per flight. A compari­
son of the original target of cost per flight to the current estimate con­
tained m the User Charge Data Base is shown in Figure 6. This figure 
snows a list of the cost elements used to develop the original cost per 
flight target of $10.45M in 1971 dollars and compares those elements 
with the current values from the 1976 User Charge Data Base. The 
nU *I,y.es mJ*16 User Charge Data Base were developed against 

Flight Model that spans a twelve year time period (1980- 
1992), whereas, the original target of cost per flight was developed 
against a 439 Flight Model spanning ten years. The User Charge Data 
Base has been adjusted to approximate the 439 flight level of the origi­
nal target.
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SPACE SHUTTLE COST PER FLIGHT 
ORIGINAL TARGET vs USER CHARGE 

$ HILLI0N-197B-439 FLIGHTS

ORIGINAL TARGET
MARCH 1972

USER CHARGE 
MAY 1976

EXTERNAL TANK 2.31 2.76
SOLID ROCKET BOOSTER 4.28 3.28
MAIN ENGINES .23 .27
SPARES 1.40 .68
PROPELLANTS .20 .33
GROUND OPS .27 .97 ’
PROGRAM SUPPORT .26 .58 ’
OPERATING BASE 1.50 1.52 •

TOTAL 10.45 10.39

• THESE ITEMS ARE IDENTIFIED IN USER CHARGE AS:
CREW EQUIPMENT
FLIGHT OPS
LAUNCH OPS

Figure 6

As can be seen in Figure 6, the major hardware cost elements have 
undergone change between March 1972 and May 1976. The External 
tank has increased in cost while the Solid Rocket Booster has decreased 
by $1 million per flight. In total, the present estimate of the cost per 
flight has dropped from the original target of $10.45 per flight to 
$10.39 million in 1971 dollars. This small change is due to the fact that 
the original cost per flight as well as the development cost of the 
Shuttle are the two major cost control elements in the design-to-cost 
approach which is used in the day-to-day evaluation of the develop­
ment program. As has been stated in the past, changes proposed by 
the development contractors are evaluated on the basis of their impact 
on the development costs and their impact on the cost per flight.

A recent activity, now underway, is an analysis of a 560 twelve year 
flight model. This model represents an update of the NASA and DOD 
projections for Shuttle traffic in the 1980-1991 time frame and will 
be completed in the near future. Since there are very limited deviations 
in the traffic levels between the 560 and 572 flight models, the opera­
tions cost per flight discussed in this document will be substantially 
unchanged with the exception of the Vandenberg costs and the depre­
ciation of facilities and equipment costs which, as indicated on Figure 
2 are currently undergoing a more thorough analysis.

81-196 0 - 77 -2
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Summary

The Operations Cost for the Shuttle is the basis for developing the 
User Charge Policy for the system. The policy contains several ele­
ments that are significant to the user and to NASA. It will encourage 
the full use of the system to the benefit of the U.S. The charge policy 
will encourage early transition from the expendable launch vehicles 
to the Shuttle and this will result in lower costs for government as 
well as commercial users. The relationship between the charge policy 
and the utilization of the Shuttle is critical to the economic efficiency 
of the system. NASA recognizes the challenging relationship between 
pricing, the cost of using the reusable space system, and the need to 
make sure it is re-used often.
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