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SUMMARY 

The long range objec tive of the NASA space flight program is the 
manned exploration of the lOOon and the planets. This r eport presents 
current thinking in the area of long range planning of the Future 
Projects Office at GCMSFC. It also presents the major system parameters 
that are important to future launch operations. 

The report shows that the Atlantic and Pacific Missile Ranges will 
be able to handle all launch operations in the foreseeable space flight 
program. Also, that it is possible to estimate launch operations costs 
of present and future launch vehicles as a function of firing rate to a 
degree of accuracy satisfactory for planning purposes . 

INTRODUCTION 

The long range objective of the NASA space flight program is the 
manned exploration of the moon and the planets. 

This ambitious goal will determine to a large extent the design 
approach development program and operational launch rates of future 
launch vehicles beyond the presently approved SATURN program. 

Therefore, a concentrated effort is presently being made to develop 
an integrated and balanced approach in order to determine future launch 
vehicle and launch operations requirements. 

At present, it is generally agreed that the Atlantic Missile Range 
(AHR) should be developed to the limit of its capabilities before 
considering the development of another launch site which, if required, 
might be located c loser to the equator than the AHR. 
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The purpose of this report, therefore. is to present the current 
thinking of t he Future Projects Office at MSFC in the area of long range 
planning. and to discuss the major system parameters of importance to 
future launch operations . 

The repor t is broken down in the following major areas: 

1. Program RequLrements 

2. Resources 

3. Cost Relationships 

4. Typical Integrated Program RequLrements 

5. Resources and Program Balance 
, 

6. Trends of Space Transportation Cost 

7. Conclusions 

DISCUSSION 

1. Program Requirements 

We are facing, in the near future. several major decisions 
involving, potentially, a noticeable share of our national re sources . 
It is anticipated that some 50 to 100 billion dollars will be spent for 
national civiUan and military space 'fLLght activities over the next 20 
years. This expenditure will be heavily influenced by decisions, made 
with i n the next two or three years, which will set the pace for the 
launch vehicle program. The a reas of major decisions are as follows : 

SATURN C- 2 Program 
Orbital Ope rations "Program 
SATURN Long Range Improvement (C- 3) 
Use of F- l Engine (NOVA1) (C-31) 
Launch Vehicle Final Objective Within the State of the Art 
Manned Lunar Landing 
Manned Planetary Exploration 
Nuc lear PropulsLon 

Obvioua1y, there is a choice with re spec t to the timing of the major 
mission accomplishments within the national space ' flight program as shown 
in Figure 1 . This choice of an early or a rather late mission accomp1sih
ment is also a function of lead time as indicated. Past experience has 
shown that such major decisions will not be made unless all factual 
data concerning the relationship of performance, cost, schedule, and 
probability of successful mission accomplishment have been established, 
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and a proper choice has been offered to the persons with authority to 
make such an important decision. The type of work necessary to compi le 
the data needed for decision making will be discussed below. 

If the broad program shown in Figure 1 Ls translated into launch 
vehicle programs, the picture shown i n Figure 2 emer ges. Again a 
relationship between decision making, development cycle, operational 
availability, and financial resources can be noted. It is easy to see 
that the successful accomplishment of the vehicle development program ia 
a mandatory requirement for later mission accomplishments. 

From here on," the emphasis will be on launch vehicles and launch 
operatLons. 

2. Resources 

It will be very helpful, for the later assessment of the possible 
r ange and size of the extrapolated launch vehic le program, to take a 
quick look at our national resources. A very broad picture is obtained 
by looking at Figure 3 which is an indication of the total work force 
and productivity of the U. S. Approximately 1/7 of the total national 
resour ces is available to the U. S. Government for direct expenditures, 
of whi ch more than fifty percent goes into major national security 
(Fig. 4). The portion of national security expenditures which is of 
major interest to us is used fo r missile and launch vehicle development 
and produc tion (Fig. 5). A closer look at these and related figures 
reveals the total funds available exclusively for space flight develop
ment and operations during the past three years as shown in Table 1. 
This table indicates that some 1. 5 billion dollars will be spen t during 
this fiscal year, and it is safe to assume that this figure will increase 
with time. However, it is difficult to estimate how much this will 
increase, because national policy and international politics are involved. 

Therefore, Lt is obvious that a sLngle projection of funds available 
for space flight will no t serve the purpose for system studies, but, 
r ather, a spread of several typical funding rates versus time should be 
considered. This has been attemp t ed and the r esulting figures for a 
typical "modest" (A*) , "ambitious" (8*) and "rather high" (C*) funding 
program have been plotted as Figure 6. It is interesting to note that, 
even in the case resulting in almost 8 billion dollars in 1970, the 
percen tage of the GNP expended for major national security was kept 
constant at 9.2t (which we experience today). The major assumption here 
is that (except for a 2.5t increase per year due to inflation) the 
expenditure for conventional weapons is kept constant, and the increase 
from the natural growth of the GNP goes into space flight activities. 
This assumption does not require new taxes nor major changes in the 
economical and indus tria l structure of t he U. S. 
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Tab le 1 

ESTIMATED TOTAL FUNDS AVAILABLE FOR SPACE FLIGHT 
DEVELOPMENT AND OPERATI ON IN THE PERIOD 1959 TO 1961 

(Millions of Dollars) 

FY 1959 FY 1960 FY 196 1 

NASA 

Sa laries and Expenses 86. 5 . 4 169.5 
Resear ch and Developme nt 225.3 333 656.0 
Construction and Equipment 72.2 •• 89.5 

TOTAL 384.0 523 915.0 

DEPARTMENT OF DEFENSE 

Military Astronauti cs 324 40B 351 
Military Pe r sonne l 06. 06 2 - 70 
Emergency Funds - ""5 ",,0 

TOTAL 380 4.5 471 

ATOMIC ENERGY COMMISSION 26. 5 19 .8 .. 0 

NATIONAL SCI ENCE FOUNDATI ON .., ...... 5 .. 
INDUSTRY "". ~36 ... 
UNIVERSITIES "'1.5 ""1 . 7 "" 

APPROX . TOTAL: B20 t080 1500 
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Thus, it 1s felt that,while this highest rate of funding is 
considered a pra ctical upper limit, it wi ll not be the upper limit for 
available resources 1n case of a national emergency or in case of an 
international space flight program which mdght materialLze by 1970. In 
this case, a quick look at the composition of the UNESCO Budget of 1959 
migh t be of interest. Table 2 indicates the share of the U. S. con tri
bution in re lation to the total resources of a typical technical / scientific 
international program. The material presen ted in thi s section is required 
to Judge the national capabilities after the basi c cos t relatlonships for 
s pa ce transportation have been established . This will be done in the 
following sect ion. 

3. Cost Relationships 

It is ve ry important to have a full appreciation of the cost 
distribution in the field of s pace transportation wher e a systems 
optimization is r equi red. Without knowing the interrelationships of 
perfor mance, cost, and schedule, it is very difficult to attack the 
problems at the proper point. A typical dimensionless cost dist r ibution 
of a launch vehicle program is shown in Tab le 3. The majority of the 
R&D expenditures is for engineering of the individual stages, and shift s 
to t he hardware procur ement in the operational phase. 

While this typical breakdown indicates where the money goes in such 
a pro j ec t, to obtain the full picture a detailed cost and ope r ational 
analysis is r equi r ed for each project under consideration. 

The following cost breakdown and cost definitions might be useful 
to identify cost areas: 

DIRECT OPERATING COST 

where: 

Cv ~ Vehicle production cost 

Cp = Propellan t cos t 

CT = Vehic l e transportation cost 

CL ~ Vehicle launch cost 

CM - Vehicle maintenance and repair cost 

Cc .. Crew cost 



Table 2 

MEMBERSHIP CONTRIBUTIONS TO UNESCO BUDGET (1959) 
. 

100 USSR • 

90 

USSR 15.021 Af r ica 
Asia 

Other Australia 
Countries 

Africa & Austra lia 2.Bn 

80 

Asia 11. 97'l 29.821 

70 33.Sl't 

East Eur ope 3.691. 

60 
Europe 

3l. 88"l. 
West Europe 28. 191. 

50 Ameri can 
(without USSR) Count ries and 

Western Europe 
40 

Othe r Ameri can Countrie s 

30 
7. 561 North 

66.491. 
and 

South 

20 
USA • 30.741. America 

38.30'4 

. 10 

o 



7 

Table 3 

TYPICAL FUNDING DISTRIBUTION 

PROORAM 
ITEM R&D Operational 

<') <') 
Engineer ing !Q 18 -

Booster 15 • 
Upper Stages 10 4 

Engines 11 • 
GSE 3 1 

GOO 4 1 

Supporting Research 3 2 

System Studies 2 2 

Flight Hardware 33 55 - -
Booster 13 " 
Upper Stages 9 19 

Engines 8 14 

GOO 3 • 
Ground Support Equipment 4 3 

Facilities 9 8 

MissLon and payload Integration 3 5 

Launch Ope rations 3 7 

100 100 
• 
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Cs '" Capital cost 

CQ : Other recurring cost 
, 

INDIRECT OPERATING COST 

where 

CR '" Range cost and general overhead 

Cc ~ Ground support equipment cost 

CF = Launch facility cost 

Co - Vehicle development cost 

Cz = Other non-rec urring cost 

The total operating cost i s 

While 1lK)8t of these c ost items are quite well covered by previous 
investigations, or quite well understood, there are some areas which wi l l 
have to be investigated in much greater detail before sati s factory 
relationships can be established. A few of these co s t items, not yet 
adequately covered, will be discussed here. 

Vehicle launch cost covers all expenses in connec tion with the 
checkout, prefLrLng. and launch operations at the launch site. This 
cost can be expressed in manpower required and the necessary general 
support for that manpower. Thi s item does not include fac ility, eSE, 
and range use cost. In fLrst approximation, this co s t item might be. 
expressed by the following : 

t , N [ 
s 365 a 1 

where t is the pad time required per launch and a s sumed to be 

t : 
100 

N* + 
SJWo 

y 
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Po .. Number of pads 

Kpd = Cost of operating one pad 

N* = Accumulated fi rLngs 

N = Annual firing rate 

Wo : Li ftoff weight of vehicle 

y::: Consec utive yea r of operational use of vehicle 

For a SATURN size vehicle with a 1.2 mi llion- lb liftoff weight. the 
pad time estimated is shown in Figure 7. In actual oper ations. the 
r equir ed pad time will cut across the lines as indica ted in the examples 
given. A, B, and C repre sent typical programs with gradually incr easing 
fi ring rates as wi l l be discussed later . 

The vehicle maintenance and repair cost for re cove rable vehicles 
might be a pproximated as follows: 

= Kv n . Ws n • • [$/unit] 
Ship or Air Recovery 

[$/year 1 
where 

Kv = Vehic l e production cost index 

w, = Dr y weight of s tage 

" = Refurbishment facto r ( labor) 

'2 = Refur bishment factor (hardware) 

n,h = Number of ships or ai r cr aft 

Ksh = Operating cost per ship or airc ra ft 

The total e f fect of booster recove r y on the project cost is shown 
in Fi g ure 8 . It is obvious that a considerable potential saving of funds 
is connected with the rec overy and r euse of s tages, but it is quite 
difficul t to estimate the refurbishment factor. 

Another item which requires considerable study is t he "crew cost " 
which inc l udes the t r aining and the c r ew hOUSing facilities at the launch 
site. 
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Of particular interest 1s the cost resulting from the services 
obtained from the range. This item is normally taken care of in 
government operations by making these expenses a line item in the budget 
of the responsible agency . However, in a true systems analySiS, these 
range use costa have to be investigated in detail a nd charged against 
the individual flights. It might be possible to express these costs as 
a simple function of firing rate; e . g., 

c" R 
~) 

N 

where 8 2 and b2 are constants to be determined in each particular csse. 
This relationship, using 82 = 0.2, and b2 =- 2 . 4 , is shown in Figure 9. 

Other items of gr eat interest are the cost for facilities , s uch as 
a launch posit Lon and the ground support equipment. WhLle these items 
have to be investigated in each case with a particular condition in mind, 
it might be possible to approximate these expenditure s for the purpose 
of system study by simple equations such as: 

Cc , F '" a + b ~ 

where the vehicle size is the only parameter. A few typical cur ves a re 
shown in Figure 10. Another va r iable which might be introduced here is 
the number of complexes o r sets required. 

The specific payload cost , C**, whi ch gives the total co st for the 
delivery of B. payload to a particular point or position in space , has 
proved to be one of the most va luable comparison factors. This is 
de fined as fo llows: 

c 
[ $/lb] Y . N . 

where 

with 

C :: Total operating cost 

Y :: Number of years of operation 

N :: Annual firing rate 

W11 :: Weight of actual payload delivered 
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Rm" Mission reliability 

N* ; Accumulated firing rate 

A t.ypical mission reliability fun c tion (with 8 6 '" 0.22; h6 • O. 105). 
assumed to be chara c teristic for multi s tage launch vehicles with a low 
altitude orbit rendezvous misIILon, is plotted 1n Figure 11. Mission 
reliabLLltLes experienced for severaL ballistic missiLes and space 
vehicles are also shown in this graph for comparison purposes. These 
data were taken from information which has been made pubLic. 

All required informatton and some cost. factors and respective 
lnterreLatLonahlpl have been discussed. This 1s required to consider 
integrated program requirement s covered 1n the following sec tLon. 

4. Typical Integrated Program ReguLrements 

The major probLem 1n long range planning for space transportation 
lies in the fact that the paylosd require~nts are known only, with some 
accuracy, for the time period of 1960 to 1965. The payload requirements 
for the period 1966 t o 1975, which are the determining factor for the 
design and development of the next generation launch vehicle. are 
unfortunately, not known at the present time. 

Ho .... ever, to estimate what might be required in tbe future, a few 
typical payload requirements, in equivalent .... eights for a JOO-nautical 
mile orbit, are listed below. It should be kept in mind, however, that 
these typical figures will change with time as the state of the art of 
space transportation changes. 

l. Construction of a 6 -man space laboratory 0.1 x 10" 1b 

2. Logistic support of a 6-man space laboratory 0.2 x 10" lb/year 

3. Construction of a 50-man space station l.0 x 10" 1b 

4. Hanned lunar circumnavigation l.0 x 10" 1b 

5. Manned lunar landing of single 3- man crew and 
return 1.0 x 106 lb 

6.0 x 106 lb 6 . Construction of 10- man lunar observatory 

7. Establishment of a 24-hour communication 
sa te lli te system 0.2 X 10 6 lb 
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8. Logistic support of a lO·man lunar 
observatory 

9. is -man fast planetary expepition 

3.5 X 106 Ib/year 

6.0 x 106 Ib 

A simple example to illustrate some of the major system parameters will 
b~ discussed before going to integrated space flight operations and their 
problems . 

The solution of a simple systems problem might answer the following 
question: What \8 the most desir able size launch vehicle to transport 
a given volume over a five -yea r period, from the earth 's surface to a low 
altitude orbit? The transport volume (total payload delLver ed) 1s the 
maLn va r iable. The vehicle ls considered to be fully expendable. 

All cost element s have been considered in this study and the r esults 
are shown in Figures 12 and 13. From Figure 12 it is easy to recognize 
that there is an optimum vehicle size for each given t r ansport volume 
and ope r ational time period . This optimum size, howeve r , points toward 
small vehicle sizes which would require a very large number of launch 
pads and, therefore, might require more real estate than available . Thus, 
it seems that a compromise will have to be made between the optimum 
economical and optimum operational condition. This compromise is s hown 
in Figur e 13. From this graph it seems that no larger vehicle than the 
SATURN is required for transport volumes up to 3 million lb/year, pro
vided there a r e no single payload requirements exceeding the capability 
of a s ingle SATURN vehicle. For greater transport volume requlrement s , 
a larger vehicle might prove at tractive. 

This slmple example, however, does not present a very accurate 
pictur e. First, there will be more than one type of vehicle involved 
to accomplish the desired transportation task and, second, the build-up 
of payload capabilities will be more gradual; it i s not expected to be 
constant over a given number of years. These two limitations have been 
removed in another study of which some of the more interesting results 
are now di scussed (Table 4). If these firing rates are multiplied by the 
pay load weight and the mission r eliability anticipated, the total payload 
capability is obtained as shown in Figure 14. If the actual payload 
delivered is divided by the theoretical maximum capability (100 per cent 
mission reliability), the transport efficiency as shown in Figure 15 is 
obtained. Using the pad times given in Figure 7 for programs A, B, and 
C, the number of pads required to sustain this launch ra te is given in 
Figure 16. The total direct cost for the launch operation of such 
typical programs is shown in Figure 17, and assumes a two-year lead 
time for funding prior to the launch date. This results in a peak 
re quirement i n FY 1968 because the firing r a te is assumed constant after 
1970. 



Table 4 

TYPICAL FIRING RATES AND DISTRISurION OF UUNCH ATTEMPTS IN VARIOUS VEHICLE CUSSES 

. Y't , 
19161 " 63 64 65 66 67 .. " 10 ff 

• 8 12 12 12 12 12 12 12 12 12 -CLASS I scour 8 , 8 12 !8 24 24 24 24 24 24 14 -C 8 !6 24 30 3' 36 3' 3' 3' 3' -
• IS IS 12 12 12 12 12 12 12 12 12 -CLASS II TKCIt - ACENA 8 15 18 18 !8 18 18 !8 18 18 18 18 -C IS 18 24 24 24 24 24 24 24 24 14 -
• • 12 18 24 24 24 24 24 24 24 14 -CLASS III .\GENA/CENTAUR 8 • 12 24 30 3' 3' 3' 3' 3' 3' 3' -C • 12 24 3' 48 48 48 48 48 48 48 -
• 2 4 • 8 12 I' 20 24 30 -CLASS IV SATURN 8 3 4 8 IS 24 3' 48 ,4 60 -C 3 4 8 IS 24 48 72 9. 20 -
• I 2 4 • 9 12 . -CLASS V "NOVA" 8 3 1 12 18 24 30 -C 3 1 12 24 ). 48 -



14 

5. Resources and Program Balance 

When attempting to balance the financiaL resources and the 
space flight program , one has to have the cost for development, 
manufacturing. and operation of the payloads and/or spacec r aft, as wel l 
8S the cost for ground equipment and general overhead, in addition to 
the launch operation cost . Since these are not known at the pr esent 
time, this baLancing procedure cannot be accompliahed. 

An arbitrary example was chosen which might illustrate the relative 
portion required by the launch vehicle pr ogram , conside r ing on ly the 
direct operating coat. By a rb itr a r ily combining the launch rate A with 
funding plan A*. B with B* . and C with C*. one obtains the c urves shown 
in Figure 18. While a very large por tion of the total amount of money is 
available for r esearch and development in the early years, more production 
and operational money will be required in the late r year s. If the 
firing rates and fund ing plans , and the combination thereof, should be 
correct by coincidence, one would expec t that 60 to 70 percent of the 
tota l funds will be needed for the basic t r anspor ta t ion. It would no t be 
surpr ising if the other cost elements would demand a larger share of 
the total funding. It should be kept in mind, howeve r, that the major 
portion of the payload capacities available will be used by ordi nary 
cargo, such as food, water, construction materia l s, and propellants 
bought into orb it for o r bital launch vehicles going to t he moon or 
planets. The refore, only a limited number of pay loads and spacecraft 
would have to be developed. 

6. Tr ends of Transportation Cos t 

The trends of transportation cost are best summed up by plott ing 
the dir ect operating cost (vehicle manufacturing, pr opellant s , ground 
transportation and launch ope r ations) ve r sus time fo r some typica l 
missions. The first mission of inte r est is the transpo r tation of 
payloads from the earth 's sur face to a low alti tude orbit (96 - min s 
JOO NMi) . This has been done in Fi gur e 19 fo r three typica l firing rate s , 
A, B, and C, for an i ntegra ted launch opera t ion wi th five differ ent 
vehicle types participating. Expected actual mission reliabilities 
have been included. The dotted l ines i ndicate the same program but with 
the largest class (NOVA size) vehicle eliminated. The graph is valid 
only for all-chemical propellant launch vehicles - nuc lear propulsion 
has not been considered as t his wil l not influence the trend before 1970. 
As can be seen f r om t he plot. an order of magnitude reduction of the 
basic transportation cost can be expected about every seven year s . 
Based on a fairly aggr essive space flight program, it seems feaSi b ly to 
reach a $lOO/lb figure early in t he 1970's; particular ly if boos t e r and 
stage r ecovery is introduced. In troducing nuclear propulsion and fu l l 
re cove ry should br ing the transportation cos t down by another order of 
magnitude in the l ater 1970's. 
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The t r ends fo r luna r t r ansportation cost (soft lunar landing) are 
somewhat mor e diffic ult to determine. An estimate of the trends 1n this 
mission a r ea is shown in Figure 20. The specific cost can fall anywhere 
~lthLn the band because it will depend on the composit ion of t he launch 
vehi c le program. Similar trends can be estab l ished for planetary soft 
landing missions, as shown 1n Figure 21 for Martian 80ft landings. 
Further studies a r e required to establish more accurate data . Fr om both 
curves it can be concluded that t he s pecific transportation cost for both 
of these missions will drop by two orde r s of magnitude within the next 
ten years. Whether this t r end continues and offe r s lunar soft landing 
cost of $lO/lb early 1n the 1980's remains to be seen. As far as can 
be judged today, there is a good possibility of accomplishing this . 

7. Conclusions 

Conside r ing the broad picture of launch operations in the future, 
the following statements seem to be justified: 

(1) It is very likely that AHR and PMR will be able to handle 
all launc h operations within the foreseeable national .space flight 
pr ogram pr ovided nuclear safety requirements can be satisfied. 

(2) It is possible to estimate launch operations cost of 
pr esent and future launch vehicles as a func tion of firi ng rate to a 
degree of accur acy satisfactory fo r planning purposes. Further studies 
a r e r equi r ed to determine the influence of the individual cos t parameters. 

(3) The launch pad utilization for space vehicles ha s 
developed into one of the most important system parameters and a great 
effort to reduce the launch time for each launch vehic le seems to be 
justified. 

(4) A close cooperation between al l parties concerned i s 
required to determine the relationships between performance, cost, and 
facility requiremen ts wi th a greater degree of accuracy . 
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Fig. 3 GROSS NATIONAL PRODUCT fA CONSUMER PRICE INDEX 
OF THE U.S. 
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Fig. 4 TOTAL GOVERNMENT BUDGET El MAJOR NATIONAL 
SECURITY EXPENDITURES 
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Fig. 5 
FUNDS AVAILABLE FOR DEVELOPMENT AND PRODUCTION ~ 
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Fig. 6 TYPICAL FUNDS FOR ASTRONAUTICAL ACTIVITIES 
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Fig. 7 ESTIMATED PAD TIME FOR SATURN SIZE VEHICLE 
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Fig. 8 THE EFFECT OF BOOSTER RECOVERY 
ON TOTAL PROJECT COSTS 
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Fig· 12 
AVERAGE TOTAL OPERATING COST FOR THE 1966 TO 1970 PERIOD 

VS TAKE-OFF WEIGHT OF ORBITAL CARRIER VEHICLE WITH TRANS
PORT VOLUME AND AVERAGE NUMBER OF PADS AS PARAMETERS 
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Fig· 13 
LAUNCH VEHICLE WEIGHT VS. TRANSPORT VOLUME WITH NUMBER PADS 

AND COST PARAMETERS VALID FOR FIVE YEAR OPERATIONAL LIFETIME 
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Fig. 14 ANNUAL TRANSPORT VOLUME CAPABILITY FOR TYPICAL FIRING 
RATES 
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Fig· 15, 
TRANSPORTATION EFFICIENCY: ACT. PAYLOAD CAPABILITY 
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Fig. 16 NUMBER OF PADS REQUIRED 
FOR SATURN SIZE LAUNCH VEHICLES 

FOR THREE TYPICAL PROGRAMS 
(INCLUDING I RESERVE PAD) 

..- c 

B 
• 

...... J, A 

1960 1962 1964 1966 1968 1970 1972 1974 1976 FY 



Fig· 17 
FUNDING REQ TS FOR DIRECT OPERATING COST 

(LAUNCH VEHICLES) 
) FOR SELECTED TYPICAL PROGRAMS 
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Fig· 18 
PERCENT OF TOTAL SPACE FLIGHT BUDGET REQUIRED TO COVER THE 

DIRECT OPERATING COST FOR SPACE TRANSPORTATION FOR TYPICAL 
FIRING RATES AND THREE FUNDING RATES 
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Fig . ESTIMATED DIRECT OPERATING COST 
FOR LUNAR SOFT LANDING PAYLOADS 
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