
Table 2

LAUNCH SCHEDULE FOR MAJOR PROGRAM ELEMENTS

Item

Earth-orbital Manned

Living Module

Working Module

Nuclear Power Module

Lunar Program
Lunar Station Module

Lunar Base

STS
Shuttle
Nuclear Ferry
Lunar Tug
Saturn V
Saturn V (downrated)

Orbital Fuel Depot

Shuttle Flights
(includes military)

Year

175 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

1
2
3
2

2
1

2

1 3

41 31

2 2

1 1

34 34 53 52 62 58 56 60 59 59 66 66
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to be effective, although in early 1980 a peak is evident for plans 2
and 4 because of 'concurrent shuttle and lunar program developments.
Plan 3, the one that delays the space station rather than the shuttle,
does not reduce the mid-'70 peak as much as 2 or 4, but it also has no
sharp peak in Che early '80s. Also shown in Fig. 2 are the total costs
of each of the alternate space plans. There is little to choose one
over another.

Plans 5-8 are in essence plans 1-4 without a lunar program com-
ponent. Figure 3 shows comparative year-by-year costs for these four
plans (5-8) as well as their cumulative costs through 1990. The cost
trends noted for plans 1-4 also apply for these four plans, except
that peaks caused by the lunar program in the early 1980s are substan-
tially reduced. The total cumulative costs are also less than above.

Consider now implementing these plans but without a shuttle (or
its development cost). Ignoring- potential perturbations in space pro-

*grams due to differences in peak funding levels, we assume that each
of the above plans is unaltered except for the shuttle and that modi-
fied hardware (Apollo, Titan III) will be employed to support the
manned (and large unmanned) payloads. Figure 4 shows the cumulative
savings (loses) for each program associated with developing the 50K
shuttle. In only one case, plan 1, does the shuttle pay for itself by
1990 and in this case the savings are quite marginal. Increases in
the RDT&E or operating costs would quickly deplete any savings indi-
cated. Because of substantial uncertainties in the shuttle's RDT&E
and refurbishment costs, such an increase might well be anticipated.

Consider in addition abandoning the entire STS (i.e., the shuttle,
the nuclear ferry, the Lunar Tug, the orbital fuel depot, and an orbit-
to-orbit chemical shuttle for synchronous orbit flights). The increase
in total costs through 1990 (over the simple no shuttle case) is in
excess of $3 billion- for plan 1. As this cost gain is achieved in

It might be noted that removing the shuttle program altogether 1
1diminishes substantially most of the peak funding problems mentionedabove, i.e., if no shuttle is developed, much of the pressure for de-laying other programs would be relieved.
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less than 10 years operational lifetime for the lunar specific elements

a lunar program without the nuclear ferry and the reusable lunar tug

is economically unwise.

Total costs through 1990 for plans 1-4 are nearly the same des-

pite apparent large differences in the pace of these programs. It is

clear that these different plans are not entirely equivalent in their

effects on U.S.-manned spaceflight activities. Delaying the space sta-

tion program can only hurt these activities and delay eventual U.S.

manned exploitation of space and its characteristics. It is also clear

that delaying the shuttle's IOC date past that of the space station

costs NASA money (about $300 million per year for a I2-man station).

We urge some serious study of the tradeoffs between peak funding prob-

lems associated with concurrent shuttle/station development, the loss

to U.S.-manned spaceflight associated with funding the shuttle first,

and the added yearly costs (to NASA and DOD) associated with giving

priority funding to the station.

THE CASE FOR A SMALLER PAYLOAD SHUTTLE

There is some doubt that 50,000 pounds is the most cost-effective

size for the shuttle's payload capacity. A smaller payload shuttle,

while giving up some traffic capability, would cost less than the larger

shuttle to develop and purchase. Furthermore, it probably has fewer

development problems and could be available sooner. The basic question

to be answered is whether the loss of traffic capacity plus the addi-

tional number of flights required for some missions is compensated for

by the reduced RDT6E and investment costs.

Figure 4 also shows the cost savings associated with a smaller

25,000 lb shuttle for plann 1, 4, and 5. The smaller shuttle is mon.:

cost effective than its larger brother in all cases shown. Furthermore,

it becomes even more attractive than the larger shuttle when total space

costs are reduced (as in case 5), showing an overall cost advantage of

$2.3 billion dollars by 1990.

While the smaller shuttle reduces the total cost, it costs the

military additional moa:/ to support a large payload 1aunch2s that
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cannot be accommodated in the 25K shuttle. The traffic rates for NASA

increase substantially for support of the lunar program, but other

program traffic requirements do not significantly change. The princi-

pal differences in the 25,000-lb payload shuttle and the 50,000-lb

payload shuttle (both have 10,000 cu ft cargo bays) are:

o significantly lower developments costs

o slightly higher operational cost per pound of
payload

;o the traffic rates are nearly the same as there are
very few missions requiring payloads in excess of
25,000 pounds

It is worth noting that the reduced R&D cost for the smaller shuttle

alleviates to a degree the funding peak problems.

WILL SATELLITE COST SAVINGS JUSTIFY THE SHUTTLE? 

We have often seen it asserted that the availability of a low-cost
Earth orbital space transportation system will inexorably lead to
significant savings in total space operations costs, over and above
those directly associated with launch vehicles, because of the attendant
effects upon payload costs and effectiveness. One can assume that R&D
and satellite .hardware costs would be significantly reduced if satellites
did not have to be designed to an irreducable minimum weight. While
the magnitude of these additional savings is often implied to be great,
or at least sufficient to erase any nagging doubts about the attractive-
ness of the shuttle, it remains unquantified. Quantifying these sav-
ings is admittedly a difficult if not impossible task. Nevertheless,
before we can recommend their use to influence a decision on an eco-
nomically questionable shuttle development program, some bound on their
magnitude must be found.

The problem of finding an upper hound on these estimates divides

naturally into two parts; how much money idealistically can be saved,

and what fraction of this money can realistically be saved. Neither

part has a ready answer. With regard to the former, only a portion
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of the entire space budget (less transportation costs of course) will

be influenced by lowered launch costs. Certain space programs, partic-

ularly those involving manned spaceflight, will continue to demand

expenditures essentially unaltered by the existence of the shuttle.

Other payloads, such as hydrogen fuel for the nuclear ferry, are simply

not subject to cost-benefit tradeoffs. Still, a fairly large number

of satellites, mainly military, mostly small in size and weight (less

than 10,000 lbs) are theoretically subject to design savings as a re-

sult of reduced launch costs per payload weight. For the military and

civilian space programs mentioned above, we have tentatively estimated

the total costs of these programs as lying between $1.5 billion and

$2.0 billion per year.

If most of these costs could be saved through satellite redesign,

then the economic attractiveness of a shuttle could be substantial.

For an appropriate set of assumptions, it can be shown that reducing

the launch costs (C
L
) by a fraction f leads to a fractional decrease

in total system costs equal to F, where

C
L
/C

p 
(C
L
/C

p
)+1

F f

**
and where C is the current satellite costs. F depends only on f and

We assume that total system costs are minimized for future systems
for both current launch costs and for those assumed for the shuttle.
Any gains shown are the differences between optimally designed systems.
However, it is possible that future systems using current launch hardware
would not be optimally designed, for whatever reasons present systems are
not optimally designed. It is possible that the presence of a shuttle
could have a catalytic effect, changing present design and management
procedures to permit cost minimization to occur. In such a case, the
shuttle could chow larger cost savings than indicated here. However, we
do not feel that such savings are properly attributed to the shuttle's
reduced launch cost.

**
This result is taken from work by Carl Builder, of The Rand Cor-

poration, and will be the subject of a forthcoming Rand Research Memo-
randum.
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the ratio of current launch to current payload costs. As F is always

greater than f, the total satellite system cost savings never exceed

in percent those for the transportation costs. This simply means that

large system cost savings can only comr, about with large percentage

savings in launch costs.

In order to bound the cost savings, assume that each shuttle flight

is completely filled (thus showing the lowest cost per pound into orbit).
**

f may be estimated to be as low as 0.1. For this estimate, total

satellite cost savings between $150 and $300 million dollars per year

might be anticipated. While these savings are not negligible, nor are they

sufficiently large aF: to constitute such a bonanza that any doubts

about the shuttle's economic attractiveness are dispelled.

Potential satellite cost savings do impact somewhat on which alter-

native space plans are Treferred. Most of the satellite savings come

from systems likely to be funded Independent of the existence of the

shuttle or the peak funding problems discussed above. These savings

favor programs that call for early shuttle development. Figure 5 shows

the shuttle's economic attractiveness where satellite cost savings of

$200 million per year have been added.

We have said nothing thus far about potential cost savings arising

from the recovery, reuse, or in orbit maintenance of satellites. The

shuttle, with its low recurring cost per .launch and its return payload

capability, is well suited to encouraging satellite systells designed

to allow reuse and/or maintenance in orbit. Estimating potential cost

*
This implies that no sudden increase in savings should be anti-

cipated with marginal launch vehicle savings.
**

When calculating a value for f, care must be taken to include in

the recurring shuttle flight costs the cost of amortizing the shuttle's

investment costs. Were this cost ignored, or simply added into the RDT&E

costs, the minimization of the total space system costs would be incor-

rect.
***

We. might note that the 25K-lb payload shuttle does not offer

as great an opportunity for satellite redesign; in fact, many military
payloads, while small in size and weight, require a total shuttle pay-

load of nearly 25 K at present designs because they require large eN

propulsion modules to place then into synchronous orbit.

•
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savings requires detailed examination of individual systems. To our

knowledge no one has yet carried out these studies and we can only

guess at the potential space system cost savings. These satellite cost

savings probably affect a smaller percentage of the space budget than

that of satellite redesign, but the fraction of that theoretical cost

actually saved may be considerably higher. As an order of magnitude

estimate, we place these cost savings as about equal to those for

satellite redesign, i.e., neither negligible nor overwhelmingly large.

OTHER CONSIDERATIONS

If neither total tranoportation cost savings nor total satellite

cost savings are sufficient to justify the shuttle's large RDT&E ex-

pense, then those seeking justification must look elsewhere. A number

of suggestions regarding "other attributes" of the shuttle that might

tip the decision in the shuttle's favor have been mentioned elsewhere.

Most involve convenience of operation or an enhanced use of space. We

shall not discuss the former, other than question how much this country

would really be willing to pay for it. Arguments about the increased

use of space, however, imply a major impact on the space program and

deserve further consideration.

It is a matter of faith that low-cost transportation to Earth

orbit will open up space in a manner impossible to accurately predict.

If space transportation follows other transportation systems, the'im-

pact of low-cost transportation may be difficult to overestimate. But

how low does this cost have to be for space to be truly exploitable.

It is clear that space transportation systems have a long way yet to go

before space will be available to the general public.
11 Tourism, and the

like, require a reduction in recurring costs of at least an order of

magnitude below those promised for the shuttle. Nor does it seem likely

The systems affected are probably the same as those subject to
satellite redesign. However some systems located in synchronous orbit
cannot cost-effectively be recovered or maintained in orbit, hence the
smaller total budget affected. But satellite reuse should reduce hard-
ware costs to an absolute minimum, as satellite refurbishment require-
ments should be few.
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that commercial entrepreneurs will become involved in space in the next

20 years, although there is some disagreement on this point.
12

What,

then, are the space activities that present shuttle designs are supposed

to create?

Probably not scientific missions. There is some chance that cer-

tain space-exploitation missions, e.g., communications or navigation,

might be created, but it is in the military mission domain that the

biggest impacts are likely to occur. Military space missions must be

justified on a cost-effectiveness basis. Those that have unique capa-

bilities when performed from space have already been identified and,

where justified, acted upon. There are other missions, however, that

have alternative ground-based competitors; these missions are likely to

be sensitive to launch vehicle costs.

Certain space systems that lack ground-based counterparts, still

do not get serious consideration-for funding because they are simply too

expensive. Some programs (usually feasibility investigations) would

clearly benefit from low-cost transportation. As has been true in many

similar non-space enterprises, these programs do not have a clearcut

necessity, but might be funded if they were inexpensive, with hopes

that the additional expenditures will make some additional system use-

ful. Their ultimate worth is impossible to estimate; estimates span

the spectrum from worthless to invaluable. Only experience is likely

to lead to a determination.

None of the above answers the question of whether new mission

potentials justify a shuttle development. At this time strong asser-

tions about the importance of these considerations cannot be justified.

Some new space programs are likely to be funded once the shuttle be-

comes operational. No doubt some of these will turn out to be very

worthwhile. But no guarahtee can be given that this will be the case.

To attempt to justify the shuttle on this basis would obviously be

risky, a gamble on an uncertain future. We cannot recommend that

course of action.

An enhanced use of space could increase the total costs of the

space program. It is assumed in this discussion that other, non-space,

costs could be reduced by an even greater margin, thus showing a net

gain for the country as a whole.
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DISCUSSION  AND CONCLUSIONS

The space shuttle shows cost advantages if the, STC schedule for
the orbiting space station, space base, and lunar programs are accepted.
However, this schedule causes funding problems which may force resched-
uling of the STG programs, in which case the shuttle may or may not
still be attractive for near-term development. In the long range, the
future of the shuttle appears attractive, but its immediate economic
justification depends on the pace of the national space program finally
adopted.

The results of our studies to date lead us to some tentative ob-
servations:

o There are development risk (technology) and cost
advantages favoring the 25,000-lb payload shuttle
over the 50,000-lb version. In contrast, the
larger shuttle is more flexible in meeting unantic-
ipated launch requirements and offers a greater
potential for realizing satellite cost savings.

o In the time period of almost all of the plans studied,
there are quite small differences in total costs
between shuttle and non-shuttle transportation sys-
tems. This may suggest that considerations other
than cost be used as criteria in the evaluation of
shuttle attractiveness.

o This study used the STG schedules as the basis of
constructing alternate space plans. The schedule
themselves might be questioned because of the 1977
IOC date for the shuttle. Two points are raised.
First, what level of technology might be achieved
in any five year R&D program (from 1972 to 1977).
Second, can adequate funding be achieved for the
shuttle within this short a time span when the pro-
gram itself is still subject to question.
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o The shuttle system tends to look more attractive with

early IOC dates and large numbers of flights. However,

the early IOC dates cause near term and large funding

peaks. While funding peaks can in some measure be re-

duced through judicious rescheduling of launches and

stretchouts in P1;10 programs, still the amount of early

funding, and the immediacy of program start may be

problems. Further, any significant delay in the opera-

tional use of the shuttle system will seriously hamper

whatever economic advantage it has over competing non-

reusable systems.

With the observations in mind, we recommend that:

o If early shuttle development is decided upon, serious

consideration be given to a smaller than 50,000-lb

shuttle, the most appropriate size still uncertain

because of prevalent technology, cost, and near

term space program funding problems,

If the shuttle IOC is delayed, detailed consideration

be given to the apparent conflict between the cost ad-

vantages of a smaller shuttle and the flexibility of

larger shuttles. In the interim a technology program

to reduce development risks and possibly a prototype

shuttle program should be considered,

o Advances in expendable, reduced cost launch vehicles

not be abandoned until the issue of shuttle develop-

ment is resolved.

Finally, we wish to digress slightly frcm the problems of near-

term shuttle develope.ent and take a longer view. Perhaps the proper

way to view the shuttle is to consider it as the first in a long line

of reusable boosters progressively lowering launch costs. 
in 50 years,

it is conceivable (possible) that space will be open to 
vacationers,
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tourists, and industrial Manufacturing, brought about by future launch

vehicles descendent from the original shuttle. Viewing space exploi-

tation in this light, a decision to develop a shuttle is inevitable.

But with $9 billion RDT&E at stake, all sides of the shuttle develop-

ment problem should be examined.
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Appendix A

HARDWARE DESCalPTIONS

The budget comparisons of the proposed alternative space plans

over the next 20 years required as one of the inputs the cosL of the

various hardware items in each plan. It should be kept clearly in

mind that these elements of hardware are representative of the type

required for each plan and are not necessarily definitive of what

NASA is currently studying or what NASA would actually procure for

.any given plan. As we now understand the missions to be performed,

some version of the hardware used in each program would be required.

Development and production cost and a gross description of the major

hardware items are given below.

SPACE SHUTTLE

50K PL 25K. P11

gross weight, lbs 3.5 x 10
6

1.75 x 10
6

development cost 9 7.3
(billions of $)

first unit cost 750 600
(cannons of $)

launch ops cost 5.3 4.2
(millions of $)

SPACE STATION AND BASE 

The assumption was made that the space station and base would be

built from common modules which would require the development of three

unique modular forms. These we have called Module "A," Module "B" and

the Nuclear Power Module. The complete 50 man base would be composed

of the following modules: maneuvering, zero 'G," artificial "C,"

nuclear power, hub, hanger, warehouse, hospital, living quarters and.

assorted booms and fairings.

Eight '70' modules, four "B" modules and two Nuclear Power modules

would make up the complement of modules described above for a 50 man
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space base. One Nbdule A and B are required for the initial space

station (12 man).

Subsystem
Module A Module B Nuc. Power

in-ths)
Structure 64,000 45,700 47,200

Adapter 2,600 2,600

Elec. power 6,000 2,750 4,700

ECS 9,000 3,000

Comm. 2,110 1,100

Stability & control 170

Nay & guid 1,500

Crew sys & display 8,260 2,000

Shielding 100,000

Elec. power nuclear 26,450

Development cost
(millions of $)

2,500 1,065 250

First unit cost 190 96 70

Launch ops cost 90 53 0

EXpERINENTAL AND SCIENTIFIC MODULES

These modules would be equipped for the experiments to be per-

formed in earth and lunar orbit and at the lunar base.

First unit cost
(millions of $)

LUNAR MODULE

Experiment A Experiment  B

. 120 160.

Two modules are used for the lunar station and one for the lunar

base and there is some commonality to all three. A :ero 'g' and

living modules are used in lunar orbit to form the station which is

capable of housing 12 men. One module is used for the lunar base

which also houses 12 men. However, due to major differences .there is

an additional development cost for the lunar base over the lunar

stationQ
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Lunar Station
Zero "g" Livia& Lunar Base

Oat in lbs)Subsystem

Structure 40,000

Adapter 2,600

Electric power 14,000

ECS 5,000

Communication 650

Stability & control 200

Nay & guidance 1,000

RCS 900

Crew system & display 3,000

Lunar Station

40,000 40,000

2,600 2,600

14,000 16,000

5,000 7,500

200 650

200- 0

0,

900

0

O.

5,000 3,000

Lunar Base

($ millions)

1400

common

common

development 2800

first unit 190

launch ops 90

LUNAR CONSTRUCTION MODULE

This module is used to build the lunar base.

weight 10,000 lbs

development cost $75 million

first unit cost  $25 million

LUNAR DESCENT STAGE

This stage is required to place payload on the moon lunar base,

construction module, etc.).

gross weight 150,000 lbs

development cost $380.0 million

first unit cost  $16.0 million
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LUNAR TUG (LEN B) 

This is a development of a much larger vehicle than the current

LEN and is used for logistics resupply between the lunar base and

lunar station. It is assumed to be reusable for 10 flights.

gross weight 

payload 

50,000 lbs

5,000_lbs

development cost   $1500 million

first unit cost   $64.0-mil1i0n

NUCLEAR FERRY

This vehicle is powered by a nuclear engine and is used for

logistics resupply between the earth orbit space base to the lunar

orbit station. It is assumed to be reusable for 10 flights.

gross weight  350,000 lbs

payload weight  50,000 lbs

development cost $1340 million

first unit cost $ 88 million

ORBITAL FUEL DEPOT

The depot is used to fuel the Nuclear Ferry and Lunar Tug for
their logistics mission. There is one depot in earth orbit and one
in lunar orbit.

Weight in Pounds

structure   125,000

LH
2  400,000

ID
2  100,000

Cost in $ Millions

development   $200

unit   $ 25



SPACE LOOSTERS

For those periods of time when the shuttle is not used or pay-

loads are of such volume or weights that the shuttle cannot be used,

several boosters have been employed. These include the Saturn V

(SIC, SII, SIVB and IU) Saturn VD (SIC, SII and TU) Titan IIID and

Titan IIIM (both are uprated versions of the Titan IIIC).

First Unit Launch  Ops 
(millions of $)

Saturn V 215 $40

Saturn VD 185 $25

Titan III 31 (incl. in hardware)

Titan III 26

These are the first units procured after
development. We have accounted for prior
units and the costs in the model reflect the
learning curve effects of these prior units.

SIX 14:,.N APOLLO 

For those plans in which the shuttle operation is stretched or

there is no program for a shuttle a six man modified Apollo space-

craft is used.

gross weight   20,000 lbs

development cost   $1000 million

first unit cost   $ 300 million

launch ops cost   $ 73 million
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Appendix B

PLANS 

Various combinations of the hardware items described in Appendix

A were used in the programs for the 17 alternative plans in the time

period 1971 to 1990. Each of the 17 plans have six major programs of

which four have been varied. These consist of the Space Transpor-

tation System (STS), Earth Orbit, Lunar and Military Transportation.

The STS program consists of the Shuttle, Nuclear Ferry, Lunar Tug,

and Orbital Fuel Depots. The Earth Orbit program consists of a

space station which builds up to a 50 man space base. The Lunar

program consists of a 12 man lunar orbit station and a 12 man lunar

base. The Military Transportation Program costs have been varied

with the IOC of the shuttle and shuttle development. The NASA

Administrative Space and Science apulications, and the Military Space

(less transportation) costs are the same for all 17 plans. These two

program costs were taken directly from the STG report.

Described below are the major assumptions for each plan. :he

. hardware used and its initial operational date (IOC) is shown 

i 

Table 1 for each of the 17 plans.

PLAN 1

This is the base case. It assumes a space transportation system

(STS) with a 50K payload reusable shuttle in 1977, a space station in

1977 and 50 man earth orbit space base by 1934, a 12 man lunar station

in 1981 and a 12 man lunar base in 1933. The Saturn V and VD boosters

are used to launch those payloads which cannot be carried by the

shuttle, i.e., space base modules, lunar station modules, etc. Tho

STS would also consist of the Nuclear Ferry and Lunar Tug. 

PLAN 2

This varies from Plan 1 in that the shuttle's IOC is delayed.

Due to this delay the Titan IIIM and IIID with the 6-man modified

Apollo are used to suppo:t the space station until the shuttle be-

comes operational in 1982.
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This varies from Plan 1 in that the space station's IOC .is

delayed until 1981.

PL..k.N 4

This varies from Plan 1 in that both the shuttle and space

station TOCs are delayed until 1981.

PLANS 5, 6,  7 and 8

In all these plans the lunar program is dropped. Their respec-

tive relationships are to Plans 1, 2, 3, and 4 (varying IOC) without

the lunar station and lunar base.

PLAN lA

This plan varies from Plan 1 in that there is no STS (shuttle,

Nuclear Ferry and fuel depot). The earth orbit and lunar programs

are supported by the Titan IIID, Titan IIIM, Saturn V and the 6 man

Apollo. IOC for the earth orbit and lunar program is the same as

Plan 1.

PLAN 1B 

This plan varies from Plan 1 in that a 25K payload shuttle is

used with the STS. In addition, one Titan IIID and 8 Titan IIIM

flights are required for the military because of the reduced payload

shuttle.

PIAN 411

This plan varies from Plan 4 in that a 25K payload shuttle is

used with the same IOC delays in the STS and space station. Again,

the flights of Titan IIID and Titan HIM are required for the militany

program.
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PLAN 5B

This plan varies from Plan 5 in that the 25K payload shuttle

is used. The lunar program is again discarded. The Titan IIID and

Titan HIM flights are required for the military program.

PLAN  1C.,_ 2C_, 3C, 5C AND  7C

Plans 1C, 2C, 3C, 5C and 7C vary from the respective Plans 1,

2, 3, 5, and 7 in that no shuttle is used in the STS. In Plans 1C,

2C and 3C the STS retains the fuel depots and Nuclear Ferry. The

Saturn V, Titan IIID, Titan IIIM and 6 man Apollo are used to support

the earth orbit and lunar programs. In Plans 5C and IC the lunar

program is discarded, therefore, there is no requirement for an STS

other than the 6 man Apollo.



Table 1

IOCs DATES FOR TEE ALTERNATIVE SPACE PLANS

(1971 to 1990)

Plan I

Item

Plan ")
STS

Plan 3
Dclgy Sta 

Plan 4
Delay STS

SP 50L

Discard Lunar Proirxam

Plan 5

Plan 8

Plan 6 Plan 7Delay Sta

Delay .STS : Delay Sp Sta; & Si  Sta

Space Transportation System

Shuttle, 50K payload 1977 1982 1977 ' 1931 1977 1982 1977 1981

Shuttle, 25K payload

Nuclear Ferry 1931 1983 1983 1983

Lunar Tug 1983 1935 1985 1935

Orbital Fuel Depot 1981 1983 1903 1983

6-man Apollo 1977 1977

Earth Orbit 1

Module A 1977 1977 1981 1931 1977 1977 1981 1981

Module B 1977 1977 1931 1981 1977 1977 1981 .1981

Nuclear Power Module 1933 1984 1986 1936 1983 1984 1986 1986

Experimental & Science Modules 1978 1973 1932 1902 1978 1973 1982 1982
+

Lunar Program

Lunar Module 1931 1903 1983 1983

Lunar Construction Module 1933 1985 1985 1985

Lunar Descent Stage 1933 1985 1985 1985

Experimental & Science Modules 1932 1984 1984 1934



Table 1 (cont.)

IOCs DATES FOR TUE ALTERNATIVE SPACE PLANS
(1971 to 1990)

! Plan lA
Item No STS

Space Transportation System

Shuttle, 50K payload

Shuttle, 25K payload

Nuclear Ferry

Lunar Tug

Orbital Fuel Depot

6-man Apollo

I:arth Orbit

Module A

Module B

Nuclear Power Module

Exper. & Science Modules

1953

1977

1977

1977

1933

1978

Lunar Program

Lunar Module 1931

Lunar Const. Nodule 1933

Lunar Descent Stage 1931

Exper. & Science Modules 1932

-

25K Payload
Plan 4B

Discard Shuttle Discard Lunar & ShutLle
Plan 3C

Plan 20 ! Delay STS Plan 7C
Dela, STS & SD Sta I Plan 5C DlaY ST) Sta'Plan IB

1977

Delay STS Plan 5B
& SD Sta !

1981 1977

Pa 1C

1931 1933 1931

. 1933 1985 1933

1981 1983 1931

1931
-

i

1977. 1981 1977 I 1977

1977 1931 1977 1977

1933 1956 1933 1933

1978 1932 1978 1973

1931 ! 1983 1931

1983 1935 1983 1955

1933 1935 1933

1982 1984 1932

1

1933

1985

1933

1977

19771977

1977

1984

1978

1983

1985

1985

1934

1983

1935

1983

1981 1977

i
I
1

1981
1

1981 1977

1936 1983

1982 1978
t

1981

.1981

1981

1986

1932

1933

1935

1935

1934
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OFFICE OF THE ADMINISTRATOR

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

Honorable Peter M. Flanigan
Assistant to the President
The White House
Washington, D.C. 20500

Dear Peter:

I think you will be interested in the attached contractor
employment estimates for the Space Shuttle Program.

The first two blocks of figures show the contractor em-
ployment projections, by region, for the MK I/II Space
Shuttle approach contained in our minimum recommended
budget and for the "Baseline Reusable" Shuttle configura-
tion which we previously studied in detail.

The second part of the table shows the substantial effects
of a possible acceleration of the MK I/II Shuttle program.
These are the estimates we have furnished Fred Foy at his
request. The total MK I/II projections including this
acceleration are shown on the second page.

The two most noteworthy points are perhaps:

(1) the very sharp build-up (from 5,600 to 14,300) that
would occur in the last six months of calendar year 1973,
and

(2) the very substantial increases in 1972 and early
1973 that are possible with the acceleration indicated.

Please let me know if you have any questions on these
projections.

r'incerely,t,

ames C. Fletcher

)

Administrator

Attachment
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rde National Aeronautics and Space Administration

SPACE SHUTTLE CONTRACTOR 
EMPLOYMENT PROJECTIONS *

Projects 6/71 12/71 6/72 12/72 6/73 12/73

Baseline Reusable Space Shuttle 2,500 2,300 2,600 3 700 7,600 20,600

Mideast 200 200 100-200 100-400 400-1,800 1,200- 4,300Plains 300 200 100-200 100-400 200-1,000 400- 3,300Southern States 200 200 400-500 700-1,000 1,900-2,800 6,500-10,600Far West 1,800 1,700 1,700-2,100 2,100-2,500 3,100-4,400 5,800-10,300
MK I/IIpace Shuttle Contained Minimum

2 500 2 300 2 600 3 400 5,600 14,300
Recommended Budget 

Mideast 200 200 100-200 200-400 400-1,000 1,300- 3,000Plains 300 200 100-300 100-400 100- 700 200- 2,200Southern States 200 200 400-600 700-800 1,000-2,000 4,400- 6,300Far West 1,800 1,700 1,700-1,800 1,600-2,100 1,900-2,900 3,200- 6,200
*Estimates include prime and major subcontract employment--they do not include secondary employment effect.

EFFECT OF POSSIBLE ACCELERATION OF MK I/II SHUTTLE

SHUTTLE  

Engine  

Funding Impact
(Millions of Dollars) Employment Increases

FY 1972 FY 1973 FY 1974 6/72 12/72 6/73 12/73

+15

(+12)

+200

(+50)

+245

(+95)

+1,800

(+1,300)

+5,400

(+1,800)

+13,600

(+2,700)

+9,700

(+3,500)
O Initiate detailed design and development April/May 1972 rather than mid-summer 1972 as indicated in the Budget submission.
o Initiate high pressure engine development January 1971.

o More rapid buildup of effort in FY 1973 with objective of achieving earlier first manned orbital flight.


