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PREFACE 

The enabling l e g i s l a t i o n  e s t a b l i s h i n g  NASA (Public Law 85-568, 
85th Congress, H.R. 12575, Ju ly  29, 1958) prescribed t h a t ,  among other  
ob jec t ives ,  c i v i l i a n  space a c t i v i t i e s  should con t r ibu te  m a t e r i a l l y  to  
(1) t h e  improvement of the  usefulness ,  performance, speed, s a f e t y ,  and 
e f f i c i ency  of ... space veh ic les ;  (2) the  development and operation of 
veh ic les  capable of carrying ins t ruments ,  equipment, supp l i e s ,  and l i v i n g  
organisms through space; and (3)  cooperation by the  United S t a t e s  with 
o t h e r  na t ions  and groups of na t ions  ... i n  the peaceful  app l i ca t ion  of 
the r e s u l t s  ... . To f u l f i l l  i t s  share of these  r e s p o n s i b i l i t i e s ,  
Launch Vehicle and Propulsion Programs must determine the f u t u r e  space 
t r anspor ta t ion  requirements f o r  automated missions.  

This i s  the  t h i r d  i n  a  s e r i e s  of s t u d i e s  d i rec ted  toward develop- 
ment of b e t t e r  es t imates  of f u t u r e  space t r anspor ta t ion  system needs 
f o r  automated missions f o r  which NASA OSSA i s  the  launch agency. I n  
the f i r s t  study of the  s e r i e s ,  pas t  a l l o c a t i o n s  of Federal  Budgets 
were analyzed t o  achieve a  b e t t e r  understanding of the  competition f o r  
resources and the  l i k e l y  a l l o c a t i o n s  of f u t u r e  budgets.  I n  the  second 
s tudy,  the  r e l a t i o n s h i p s  of space a c t i v i t i e s  t o  na t iona l  purposes were 
analyzed t o  ob ta in  a  b e t t e r  apprec ia t ion  f o r  l i k e l y  emphases i n  the 
space program i n  view of the  competition f o r  the  l imi ted  resources .  
S t a r t i n g  with t h i s  p r i o r  background information,  t h i s  study presents  
s e t s  of r ep resen ta t ive  mission models of i n t e r e s t  i n  the  NASA OSSA 
Launch Vehicle and Propulsion Programs long range planning. Although 
they do not  completely s a t i s f y  t h i s  need ( f o r  example, the  models extend 
only from 1971 t o  1981--a period which may be too shor t  t o  provide timely 
information on e n t i r e l y  new technology requirements) ,  they do represen t  
an improved d a t a  base t o  be used i n  t h i s  planning process.  

Planning and budgeting a r e  dynamic a r e a s ,  so  i t  can be expected 
t h a t  by the  time of pub l i ca t ion  ,some d e t a i l e d  information used i n  t h i s  
s tudy e a r l y  i n  1970 w i l l  be out  of da te .  This i s  not expected t o  d e t r a c t  
f rom the u t i l i t y  of t h i s  work f o r  long range planning. 

Readers should keep i n  mind t h a t  t h i s  study por t rays  the  space 
program from the  point  of view of the  t r anspor ta t ion  system planner. 
Responsible NASA o f f i c i a l s  should be consulted on d e t a i l s  of individual  
space sc ience  and app l i ca t ions  programs and p r o j e c t s .  

'-40seph E.  McGolrick, Program Manager 
Advanced Programs and Technology 
Launch Vehicle and Propulsion Programs 
Office of Space Science and Applications 
National  Aeronautics and Space Administrat ion 
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CHAPTER I. INTRODUCTION 

This study is the third of a series designed to "improve the rationale for 
long-range planning of space transportation systems, and related subsystems and 
te~hnologies.''(~)~~ Specifically, this study presents and discusses sets of mission models 
derived from consideration of (1) overall NASA and OSSA planning activities, and (2) budget 
projections based on analysis of the Federal Budget. Accurate and realistic data of this 
nature must be available to provide sound and comprehensive assistance to decision-makers 
in the long-range planning of space transportation systems. 

Background 

The need for mission models covering a long time period results from considerations 
pertinent to the planning of any space transportation system. Developing and building 
hardware for launch vehicles requires long lead times, perhaps 7 to 10 years for new 
technology itself and another 4 to 7 years to translate the technology into operational, 
high-reliability hardware. Certain missions, such as the Grand Tour flybys and Comet 
probes, are practical only during specific time intervals (and after certain points in 
technology development) because of the relative positions of the planets and comets as 
functions of time and because of the technology levels necessary to perform such missions 
for purposes of obtaining useful data. Budgetary restrictions will further constrain 
mission scheduling. Thus, a combination of long-term, relatively stable budgets and 
long-range planning of missions will be necessary to prevent undue loss of effort, 
resources, and time-dependent opportunities. Further discussions of these problems, 
planning rationale, and the service provided to decision-makers by long-range planning 
methods are presented in Reference (2). 

The requirements of a methodology for generating realistic mission models involve 
critical factors or considerations of an extremely complex nature, in addition to those 
mission factors already mentioned. Such factors are not always predictable nor do they 
lend themselves easily to projection. Examples of factors include shifts in public 
opinion, changes in government policy, and changes or advances in available technology. 
While these factors are difficult to quantify, decision-makers must consider them in some 
form, along with other planning elements, because of the influence they exert on immediate 
and long-term funding levels. Efforts of previous studies to define and delineate more 
specifically the influence of these critical factors are documented later in this chapter. 
It is necessary here only to point out that, regardless of the way in which decision- 
makers choose to consider these factors, considerable preliminary work has been accom- 
plished, and much pertinent information is available for the decision process. 

In addition to consideration of factors influencing long-range planning, there is 
the additional requirement of flexibility. It is virtually a certainty that changes will 
occur in programs even within a framework of accurate prediction and projection. For 
example, as any given goal is approached, effort will be diverted to other goals, which 
are partly determined by shifts in public opinion and governmental policy. Scientific 
discoveries and technical breakthroughs may necessitate drastic shifts in order that 
advanced and possibly more economical methods may be incorporated into ongoing programs. 
En any case, it is necessary that planning activity be fluid and subject to continuing 
revision and evaluation. 

Superscript numbers denote references listed at the end of this chapter, 
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Underlying the work performed in preceding studies of this series is the premise 
that there exists, or should exist, meaningful relationships between space goals and 
objectives and National goals. With this basic premise in mind, it. can be further assumed 
that these relationships, together with current relative national priorities, will affect 
both the level of total space program expenditures and the emphases to be placed on 
various aspects of the program. Thus, projected estimates of national priorities and 
expenditures employed in context with the relationships of space activities to national 
goals should provide a basis for sound evaluation and modification of projected mission 
models (that is, lists of projected missions, mission parameters, and launch schedules). 
The resulting range of mission models is expected to yield information that will be useful 
in long-range space transportation system planning. 

Projected estimates of "NASA OSSA (Off ice of Space Science and Applications) 
mission plans (i.e., mission models) are the most significant inputs in determining 
requirements for the future (OSSA) space transportation system and, thus, for related 
technology programstt.(l) NASA OSSA programs are interrelated with the other NASA offices; 
OMSF (Office of Manned Space Flight), OART (Office of Advanced Research and Technology), 
and OTDA (Office of Tracking and Data Acquisition) ; with the USAF (U. S. Air Force), USN 
(U. S. Navy), USA (U. S. Army) ; with the AEC (Atomic Energy Commission), ESSA (Environ- 
mental Science Services Administration), COMSAT (Communications Satellite Corporation); 
and with other National and International space related programs, All of the U. S. programs 
are assumed to be directed toward satisfying National goals and objectives. 

There have been various papers, reports, and books in which attempts have been made 
to classify and define National goals and objectives in terms of functions, administrative 
operations, and other ~ate~ories.(~'~) There have also been attempts to weight these 
categories in terms of costs for purposes of analysis, planning, and management of present 
and future activities.(4'7) Attempts have been and are being made to model (or otherwise 
determine) the relationship of space program activities to National problems and programs, 
and analyses of National and International problems have been performed to determine 
whether space technology can make a contribution to the solution of these problems. (8'16) 

In the first of the present series of related reports(6), the following 13 func- 
tional fields of Federal programs pursuing National goals were identified, described, 
functionally defined, and analyzed on the basis of past and present allocations of Federal 
budget resources: 

National Security Labor and Manpower 

Welfare Veterans 

Health Space 

Commerce, Transportation, 
and Communications 

Housing and Community 
Development 

Education and Knowledge Natural Resources and Environment 

Agriculture General Government 

International Relations 

"Funding allocations to these National functional goals provide a yardstick for measuring 
priorities among the goals. These quantified relationships are indicators of the nation's 
willingness to commit funds to translate broad...statements of National purpose into 
accomplishments."(lO) Using such basic data, it is possible to make reasonable forecasts 
of likely future distributions of budgetary resources. (17) Such a forecast has been 
included here (Appendix A). Clearly, other projections are also possible, 
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The second study in this series(l0) examined a broad, but not exhaustive, spectrum 
of NASA interests and activities. A set of space goals and objectives were established 
and related to National goals qualitatively and, on a subjective basis, quantitatively. 
Although that report emphasized automated space activities (i.e., such as those for which 
NASA OSSA has responsibilities), the implications of manned space activities were also 
considered. However, it was not the purpose of the report to make a comparative evaluation 
of manned versus automated space activities but, rather, to identify purposes in space 
and, in particular, to determine their relevancies to National purposes, Topics considered 
included : 

Space Sciences 

Space Physics 
Space Astronomy 
Planetary Exploration 
Space Biology 

Space Applications Satellites 

Communications 
Earth Resources 
Meteorological 
Geodetic 
Navigation and Traffic Control 

Further efforts to quantify relative priorities for space objectives and activities using 
various weighting factors for National functional goals have been made. (18, 19) 

Rationale 

The principal objective of the study presented here is to generate a set of mission 
models which could be used in long-range planning of OSSA space transportation systems. 
The models were to represent a range of probable missions and their associated schedules. 
To establish this set of missions, the results of work by OSSA advanced mission planners 
were utilized. These results were found, primarily, in reports of the PSG (Planning 
Steering Group) planning panels. These reports, along with other souces of mission data, 
are discussed in Chapter 111. 

Budget projections used in this study (see Appendix A) are a result of considering 
the entire Federal Government budget and projecting how various competing functional 
areas might fare during the next 10 years. 

The flight schedules associated with the models developed are highly dependent on 
the budget projections. This is an essential factor, since the amount of money that NASA 
and OSSA will have in the future will directly determine the amount of flight activity 
that will be supported. The overall NASA and OSSA funding projections used here are 
somewhat less than current related budget requests and the funding levels associated with 
some NASA planning documents, such as the report to the STG (Space Task Group). (20) This 
is as it should be, if one carefully ~ o n s . i d e r d t h e ~ ~ p r o c e s s .  Each Federal anencv 
is constantly trying to grow, to innovate, and to present forward-looking plans. It is 
quite normal for such plans to require greater resources than are likely to be available. 
This type of planning is appropriate at the agency level; however, such plans are not as 
useful for long-range planning of launch vehicle families (or space transportation 
systems). For such planning, use rates play an important role. Thus, for example, if use- 
rate projections are too high, proposed new launch vehicle projects which appear to have 
a reasonable pay-off period may, in fact, turn out to be quite costly. Therefore, sound 
projections of likely, not hoped for, flight schedules are necessary. 

Many factors are involved in developing a mission model which is to represent a 
reasonable projection of the future. One of the most important factors, the available 
dollars, has already been mentioned. Two other important factors are the state of the art 
of the technologies involved, and internal NASA plans and policies. In this study, these 
two factors are included in an indirect manner by utilizing, to the greatest possible 

B A T T E L L E  MEMORIAL INSTITUTE - COLUMBUS LABORATORIES 



e x t e n t ,  p lans  developed wi th in  NASA by people whose work and planning processes a r e  
cons tan t ly  influenced by such f a c t o r s .  

The mission models developed i n  t h i s  study represent  only a very small  por t ion  of 
the  spectrum of poss ible  models. However, i t  i s  f e l t  t h a t  these  models represent  a "most 
l i k e l y  fu ture"  based on cur ren t  p o l i c i e s  and funding t rends .  A reasonable e f f o r t  was 
made t o  use t h e  most cu r ren t  and a u t h o r i t a t i v e  p r o j e c t  plans a v a i l a b l e ,  but  the  reader 
i s  cautioned not  t o  use these  models out  of context .  I f  he requ i res  o f f i c i a l  space 
program planning data ,  he should approach the  o f f i c i a l s  d i r e c t l y  responsible  f o r  the  
programs of  i n t e r e s t .  

Report Organization 

The complete r e p o r t  c o n s i s t s  of 8 chapters  and 4 appendixes. Chapter I1 conta ins  
a summary of  the  repor t  and a d i scuss ion  of impl ica t ions .  Chapter I11 discusses  the  da ta  
sources used and the  approach followed i n  t h e  study. Chapters I V  - V I I  present  guidel ines  
and LO r e l a t e d  mission models f o r  each OSSA program d i v i s i o n  (Bioscience, Lunar and 
Planetary ,  Physics and Astronomy, and Appl ica t ions) .  Included i n  each chapter a r e  
d e s c r i p t i o n s  of a l l  of t h e  p r o j e c t s  used i n  t h e  models, funding p l o t s  and f l i g h t  schedules 
f o r  each model, and a d iscuss ion of  information p e r t i n e n t  t o  launch veh ic le  planning,  

Chapter V I I I  conta ins  10 OSSA l e v e l  mission models. Guidelines, launch v e h i c l e  
procurement p lo t s ,  OSSA funding p l o t s  and f l i g h t  schedules a r e  presented f o r  each model. 
Chapter V I I I  a l s o  conta ins  a d iscuss ion of f u t u r e  launch veh ic le  requirements implied by 
the  mission models presented.  

Other information and d a t a  used i n  and p e r t i n e n t  t o  understanding the main body 
of the  r e p o r t  a r e  presented i n  the appendixes. Appendix A presents  and d i scusses  the 
budget p ro jec t ions  used. A d i scuss ion  of the  Prospectus computer program which was 
u t i l i z e d  t o  assemble and process the  d a t a  used i n  t h i s  study i s  presented i n  Appendix B. 
Appendix C i d e n t i f i e s  non-OSSA missions f o r  which OSSA i s  the  launch agency and presents  
s e v e r a l  mission models f o r  "outs ide  users". Launch veh ic le  r ecur r ing  and support  cos t s  
used a r e  presented i n  Appendix D. 
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CHAPTER 11. SUMMARY 

Introduction 

The purpose of this study was to develop a set of mission models for the 1971-1981 
period which would be useful in obtaining estimates of the future requirements for OSSA 
launch vehicles. These mission models were derived from consideration of NASA OSSA and 
overall NASA planning activities and budget projections for NASA OSSA that were developed 
as a result of previous work in this series of studies. The 1971-1981 period was selected 
because it was the period most thoroughly covered in the documents produced during the 
1969 NASA planning activities. 

Summary 

Data and Sources 

Seven types of information and data were used in this study: (1) project descrip- 
tions, (2) space budget projections, (3) program plans (overall NASA and NASA OSSA), 
(4) fiscal and budget plans, (5) policy statements and discussions, (6) statements on 
program goals and objectives, and (7) NASA estimates of outside user requirements. 

NASA data sources were utilized wherever possible. Sources included the following: 

(1) PSG Planning Panel ~ e ~ o r t s  (Im6)* 

(2) PSG Prospectus file(7) 

(3)  NASA's report to the STG (8) 

(4) OSSA R&D Program Operating Plan (POP) (9) 

(5) Projected 1972-1975 NASA OSSA new starts(lO) 

( 6 )  "Selected Space Goals and Objectives, and Their Relation to National ~oals"(ll) 

(7) Projections of OSSA Budgets (Appendix A and Reference 12). 

Other data sources included memoranda from OSSA Launch Vehicle and Propulsion Programs 
files, NASA news releases pertinent to the future of the space program, and other NASA 
OSSA documents. 

Approach 

The mission models developed can be categorized in two groups: (1) NASA-based 
models, and (2) alternative models. In the first group, four models were identified; 
three based on the NASA report to the STG, and the fourth based on PSG activities and 
documents. To present a spectrum of mission models with funding requirements near those 
in Appendix A, six alternative models were developed by establishing guidelines and then 
creating models compatible with these guidelines. First, six alternative models were 
developed for each of four OSSA programs divisions. Six alternative OSSA mission models 
were developed by establishing OSSA level guidelines and selecting the alternative 
division mission models which best satisfied these guidelines. 

9: Superscript numbers denote references at the end of this chapter. 
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To complete each of the  OSSA l e v e l  mission models, non-OSSA p r o j e c t s  f o r  which 
OSSA provides the launch funds were added. 

I n  a l l  cases ,  the  NASA p r o j e c t s  included i n  the  models were se lec ted  from p r o j e c t s  
which had been proposed a s  p a r t  of some NASA planning a c t i v i t y .  Often p r o j e c t  f l i g h t  
schedules were changed, but  no new p r o j e c t  concepts were developed i n  t h i s  study.  The 
ou t s ide  u s e r  es t imates  were obtained from NASA sources and were not  modified during the 
study.  

NASA OSSA Budget P ro jec t ions  

To e s t a b l i s h  t a r g e t  funding l e v e l s  t o  be  considered i n  developing a l t e r n a t i v e  
mission models, i t  was necessary t o  es t imate  what the  f u t u r e  OSSA budget might be.  The 
p ro jec t ions  used i n  t h i s  study a r e  presented i n  Appendix A. These p ro jec t ions  a r e  based 
on an ana lys i s  of pas t  budgetary da ta .  (10,12) Table 11-1 summarizes funding p ro jec t ions  
f o r  OSSA by d iv i s ion .  

TABLE 11-1. FUNDING PROJECTIONS FOR OSSA, BY DIVISION 

Division 

Projected Projected 
Dollar  Outlays, Average Annual 
$ Mill ions  Growth Rate, %, 
1975 1980 1970 t o  1980 

Biosciences (SB) 3 9 4 7 7 $ 0  

Lunar and Planetary (SL) 222 268 4.7 

Physics and Astronomy (SG) 193 233 6.9 

Space Appl ica t ions  (SA) (a) 231 279 8.7 

LV Procurement (SV) -- 202 244 - 6.1 

OSSA Total 887 1,071 6.5 

- - ---- - 

(a) This d i v i s i o n  has  been divided i n t o  two d i v i s i o n s :  
Communications (SC) and Ear th  Observations (SR) . They 
were considered j o i n t l y  a s  Space Applications he re  t o  
permit app l i ca t ion  of h i s t o r i c a l  da ta .  

Mission Model Discussions 

. The SB models presented i n  t h i s  study cover a spectrum of Bioscience 
a c t i v i t i e s  ranging from no f l i g h t s  t o  a s  many a s  33 f l i g h t s  over the  1971-1981 pe r iod .  
The launch r a t e  f o r  SB programs i s  h ighly  dependent upon such f a c t o r s  a s  t h e  a v a i l a b i l i t y  
of the  manned Skylabs and the  space s t a t i o n  on which many of the  SB experiments may be 
performed. Also, the  smal ler  s i z e s  and weights of the  Bioscience experiments lend them- 
se lves  t o  "piggyback" launches with o the r  spacecra f t .  

The f l i g h t  p r o j e c t s  i n  the  Bioscience plans presented consist: of Biopioneers,  
Bioexplorers,  B i o s a t e l l i t e s  (Improved), and Advanced B i o s a t e l l i t e s .  Of these p r o j e c t s ,  
the  Biopioneers and Bioexplorers received the  h ighes t  p r i o r i t y  i n  a l l  of the  NASA models. 
Therefore, Biopioneers and Bioexplorers seem t o  be the  most l i k e l y  prospects  t o  be included 
i n  any f u t u r e  Bioscience program, with the add i t ion  of B i o s a t e l l i t e s  (Improved) and Advanced 
B i o s a t e l l i t e s  only i f  funds permit. 
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. I n  view of the projected SL ava i l ab le  funds-presented 
i n  Appendix A, analys is  of the  NASA-based models indicated t h a t  they were probably overly 
ambitious, I n  c rea t ing  SL programs with Mars Viking missions i n  1975 and 1977 and Grand 
Tour missions i n  1977 and 1979, i t  was found t h a t  they, alone,  absorbed near ly  a l l  the  
projected funds. Therefore, the  c rea t ion  of the  a l t e r n a t i v e  models depended mainly upon 
two factors2 when and how many Viking missions a r e  t o  be launched and the  number and type 
of launch(es) planned i n  response t o  the  Grand Tour oppor tuni t ies .  

Many of the  proposed planetary  p ro jec t s  r equ i re  r e l a t i v e l y  l a r g e  launch vehic les .  
Approximately ha l f  of the  missions i n  the  SL models requ i re  a TITAN~CENTAUR* vehic le .  

The number of launches i n  the 4 NASA-based models ranges from 21 t o  33 f o r  the  
years  1971-1981. For t h e  s i x  a l t e r n a t i v e  models the  number of launches ranges from 15 t o  
20 f o r  the  same time period.  

. I n  developing the  a l t e r n a t i v e  SG models, the  p r i n c i p a l  
task  was t h a t  of scheduling th ree  major programs so  t h a t  the  estimated funding require-  
ments would be wi thin  projected budget cons t ra in t s .  These th ree  programs a r e  the High 
Energy Astronomical Observatories (HEAO), the  Large Space Telescopes (LST) , and t h e  Large 
Telescope Mount (LTM) . Most of the  v a r i a t i o n s  between the  SG a l t e r n a t i v e  models occur 
i n  the  p r o j e c t s  scheduled f o r  the  l a s t  h a l f  of the time period considered. The t o t a l  
number of launches i n  the  10 SG models ranges from 29 (PSG-LOW) t o  88 (STG Option I ) .  
The t o t a l  number of launches f o r  the 6 a l t e r n a t i v e  models v a r i e s  between 59 and 81. 

Space Applications (SA) . Space ~ ~ ~ l i c a t i o n s * "  i s  the  only OSSA program which has 
been growing while overa l l  NASA and OSSA have been decl in ing.  A l l  of the SA models 
presented h e r e  assume t h a t  t h i s  growth w i l l  continue. It was found tha t  the  cur ren t  r a t e  
of growth, the  recent  reorganization"* of the a rea ,  and uncer ta inty  with regard t o  the  
needs of p o t e n t i a l  f u t u r e  use rs  make i t  d i f f i c u l t  t o  p r o j e c t  f u t u r e  SA f l i g h t  schedules.  
However, the  s i x  a l t e r n a t i v e  mission models presented a r e  considered t o  r e f l e c t  a 
reasonable range of launch vehic le  requirements f o r  f u t u r e  SA a c t i v i t i e s .  

The number of launches i n  the  4 NASA-based models ranges from 38 t o  52 i n  the  
1971-1981 time period.  I n  the  s i x  a l t e r n a t i v e  models, the  projected number of launches 
ranges from 51 t o  65. The number of launches i s  higher f o r  the  a l t e r n a t i v e  models 
s i n c e  they include more complete es t imates  of the  p r o j e c t s  t h a t  might be pursued i n  the  
l a t e r  p a r t  of the  time period.  The four  NASA-based models included few new p r o j e c t s  
a f t e r  1976. 

Outside Users. Five outs ide  use r  models (SV1-SV5) a r e  presented i n  Appendix C,  The 
ou t s ide r  u s e r s  were divided i n t o  f i v e  groups; OART, DOD, In te rna t iona l ,  Communications, 
and Earth Observations. It was assumed t h a t  a l l  of the  launch vehic les  f o r  OART and 60% 
of the  vehic les  f o r  In te rna t iona l  Programs would be funded by OSSA. The remaining 
vehic les  were assumed t o  be funded by the  outs ide  use r  procuring the  OSSA launch. 

: This general  t i t l e  includes various configurations such as  TITAN IIID/CENTAUR, 
TITAN IIID ( 7 )  /CENTAUR, and TITAN IIID/CENTAUR/BII. 

-0- A. -. Although the  Space Applications Programs d iv i s ion  has now been divided i n t o  two 
d iv i s ions ,  Communications Programs (SC) and Earth Observations Programs (SR), i t  i s  
considered a s  a s i n g l e  d iv i s ion  i n  t h i s  study. 
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In the past'', outside users have accounted for 30 to 55% (from 6 to 15 launches) of 
the total number of OSSA vehicles launched each year. The outside user models SV1-SV5 
contain a range from 13 to 17, 12 to 18, 11 to 14, 17 to 23, and 11 to 15 launches per 
year, respectively, for the 11-year period. Outside users are expected to have a sig- 
nificant effect upon use rates of OSSA launch vehicles during the 1971-1981 time period. 
The launch vehicles required are expected to include SCOUT, DELTA, ATLAS/CENTAUR, 
and TITAN IIID/CENTAUR, 

Total OSSA. The four NASA-based OSSA mission models are made up of the corresponding 
NASA-based OSSA program division models. The 6 alternative OSSA models were developed 
by establishing OSSA level guidelines and then selecting appropriate alternative division 
models. Then estimates of non-OSSA requirements for OSSA funded vehicles were added 
to the combination of division models in order to obtain estimates of total OSSA funding 
requirements. 

A summary of the OSSA model characteristics are presented in Table 11-2. 

TABLE 11-2. SUMMARY OF OSSA MISSION MODEL CHAUCTERISTICS 

Model Characteristics, in Brief 

OSSA1 (Baseline I) Automated Portion of Programs I1 and I11 from the NASA report 
to the STG 

OSSA[L(Baseline 11) Modification of Baseline I to reflect data from the NASA FY 
1971 submission to the Bureau of the Budget 

OSSA3(STG-Option I) Automated portion of Program I from the NASA report to the STG 

OSSA4 (PSG-LOW) A combination of the lowest (funding) plans from each of the 
OSSA-related PSG Planning Panels 

OSSA5 (A1 ternative I) Combination of each division model with individual funding 
levels providing the "best fit" projections to the Appendix A 
OSSA division funding 

OSSA6 (A1 ternative 11) Combination of division models yielding the total funding which 
"best fits" the total OSSA funding projections from Appendix A 

OSSA7 (A1 ternative 111) Combination of the alternative division models with the lowest 
funding requirements 

OSSA8 (A1 ternative IV) A strong SA plan, a moderate SL plan, and funding requirements 
close to the total OSSA projection 

O~SAg(A1ternative V) A moderate-to-strong SL plan, moderate SA and SG plans, and 
a low SB plan 

OSSAlO(A1ternative VI) Combination of division models with funding levels approxtmately 
10% higher than their corresponding projections from 
Appendix A 

9: Data were analyzed for the period 1962-1969. 
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Table 11-3 presents the total OSSA funding requirements for each mission model by 
year. As can be seen in Table 11-3, the NASA-based models all have high funding levels 
for the first 4 years. The funding levels of three of these four models decline after 1975, 
The funding requirements for the alternative models are generally consistent with the OSSA 
funding projection from Appendix A, but some are moderately above or below this projection. 

TABLE 11-3. OSSA FUNDING REQUIREMENTS ($, MILLIONS) 

Model 
Year 

71 72 73 74 75 76 77 78 79 80 81 

OSSA1 (Baseline I) 

OSSA2 (Baseline 11) 

OSSA3(STG Option I) 

OSSA4 (PSG-LOW) 

OSSA5 (A1 ternative I) 

OSSA6 (A1 ternative 11) 

OSSA7 (Alternative 111) 

OSSA8 (A1 ternat ive IV) 

OSSA9 (A1 ternative V) 

OSSAlO(A1ternative VI) 

Table 11-4 presents the number of launches, by year, contained in each OSSA 
model. 

TABLE 11-4. LAUNCHES FOR EACH OSSA MODEL BY YEAR* 

Year 
Model 71 72 73 74 75 76 77 78 79 80 81 Total 

OSSA1 (Baseline I) 13 15 17 24 21 14 17 13 16 12 12 174 

OSSA2 (Baseline 11) 13 13 18 26 22 17 23 11 17 11 12 184 

OSSA3 (STG Option I) 15 23 23 36 27 21 25 18 16 17 12 232 

OSSA4 (PSG-LOW) 12 17 24 25 27 9 11 10 8 8 6 157 

OSSA5 (A1 ternative I) 13 15 17 23 21 20 19 22 17 18 16 201 

OSSA6 (A1 ternative 11) 13 14 17 23 20 19 19 21 19 19 17 201 

OSSA7(Alternative 111) 11 10 17 19 16 15 17 13 19 18 13 168 

OSSA8 (A1 ternative IV) 11 10 17 21 15 17 18 16 19 20 14 178 

OSSA9 (A1 ternat ive V) 13 13 16 21 19 16 19 16 19 16 16 184 

OSSAlO(A1ternative VI) 11 10 17 23 18 18 21 20 22 21 15 196 

9 Does not include reimbursable launches. 
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To provide p ro jec t ions  of the  t o t a l  requirements f o r  OSSA launch vehic les  (both 
reimbursable and OSSA funded), es t imates  of the reimbursable requirements were added t o  
3 selecred a l t e r n a t i v e  OSSA models. The th ree  d i f f e r e n t  t o t a l  launch project ions  were 
made t o  correspond with low, nominal, and high es t imates .  These t o t a l  es t imates  a r e  
presented i n  Table 11-5. 

TABLE 11-5. LOW, NOMINAL AND HIGH ESTIMATES OF TOTAL 
OSSA LAUNCH VEHICLE REQUIREMENTS* 

Year 
TotalRequirementLevel  71 72 73 74 75 76 77 78 79 80 8 1 T o t a l  

Low 

Nominal 23 23 27 34 31 27 30 33 32 29 28 314 

High 24 23 34 36 35 33 34 34 41 31 30 355 

* Table 11-5 was ex t rac ted  from Table VIII-17. 

Br ief  Review of Results  

Three d i f f e r e n t  ca tegor ies  of es t imates  of f u t u r e  OSSA launch a c t i v i t y  (1971-1981) 
a r e  presented i n  t h i s  r e p o r t :  (1) four  mission models derived from NASA repor t s ,  
(2 )  s i x  a l t e r n a t i v e  models created t o  be consis tent  with funding project ions  f o r  NASA 
OSSA, (3) th ree  project ions  of t o t a l  OSSA launch vehic le  requirements including reimburs- 
ab le  launches. The f i r s t  two ca tegor ies  contain only automated missions f o r  which OSSA 
would be expected t o  fund the  launches. The t h i r d  category cons i s t s  of a l l  p r o j e c t s  f o r  
which OSSA i s  expected t o  be the  launch agency. 

Preliminary ana lys i s  of these  est imates i n d i c a t e  the  following: (1) i t  appears 
l i k e l y  t h a t  no major problems w i l l  be encountered i n  s a t i s f y i n g  f u t u r e  launch requirements, 
(2) the average t o t a l  number of launches per year f o r  OSSA launch vehic les  ranges from 26 
t o  32, and (3) i n  any one year,  non-OSSA space missions account f o r  42 t o  70% of the  
launches. 

The proportion of launches f o r  each vehic le  does no t  d i f f e r  s i g n i f i c a n t l y  among 
these  various es t imates  of requirements. The Delta has  the  h ighes t  use r a t e  i n  each of 
the  es t imates ,  accounting f o r  40 t o  50% of the launches. Scout has the  next h ighes t  use 
r a t e  and accounts f o r  25 t o  33% of t h e  launches. The ATLASICENTAUR, TITAN I I I C ,  and 
TITAN IIIDICENTAUR s a t i s f y  the  requirements f o r  most of the  remaining launches. A l l  of 
these  vehic les  a r e  i n  the  cur ren t  launch vehic le  family o r  have been approved f o r  i n t r o -  
duction i n  the near  f u t u r e .  The TITAN IIID(~)/CENTAUR, TITAN I I I D ,  and SATURN 1 ~ ~ 2 0 1  
CENTAUR complete the l i s t  of veh ic les  which might be required and appear only i n  models 
which a r e  considered t o  be aggressive.  The few missions requ i r ing  t h i s  add i t iona l  launch 
vehic le  capab i l i ty  a r e  i d e n t i f i e d  i n  Chapters I V  through V I I I .  

The mission models presented i n  t h i s  repor t  were developed i n  order t o  obta in  
es t imates  of f u t u r e  requirements f o r  OSSA launch vehic les  f o r  the  period 1971-1981. 
Preliminary ana lys i s  i n d i c a t e s  t h a t  major problems a r e  not  l i k e l y  t o  be encountered i n  
s a t i s f y i n g  the requirements with the  current  and planned OSSA launch vehic le  family. 
However, i t  should be understood t h a t  the  launch vehic le  assignments used i n  t h i s  study 
a r e  t e n t a t i v e  and a re  sub jec t  t o  f u r t h e r  analys is  and rev i s ion .  More d e t a i l e d  analyses 
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of mission requirements, a s  well  a s  d e t a i l e d  launch veh ic le  family s tud ies ,  need t o  be 
conducted before  d e f i n i t i v e  and conclusive statements regarding launch veh ic le  needs can 
be made. 

Besides u t i l i z i n g  the  models developed i n  s t u d i e s  of launch veh ic le  needs, con- 
s i d e r a t i o n  should a l s o  be  given t o  updating and improving the models. There a r e  two 
primary a reas  i n  which updates and improvements might be obtained: (1) es t imates  of out-  
s i d e  use r  requirements, and (2) inc lus ion  of new p r o j e c t s  and program planning information.  

I n  t h i s  study,  ou t s ide  u s e r  requirements were u t i l i z e d  d i r e c t l y  a s  received from 
appropr ia te  NASA sources.  In  view of the  s ign i f i cance  of these  requirements (42 t o  70% 
of the  projected OSSA veh ic le  launches),  a  b e t t e r  understanding of the  f a c t o r s  
a f f e c t i n g  these  es t imates  i s  imperative,  Preliminary work has  been done towards obta ining 
a b e t t e r  understanding of these  f a c t o r s  by examining f u t u r e  p lans  of various c i v i l i a n  
f e d e r a l  agencies f o r  the  use of space technology i n  l i g h t  of projected R&D funds. ( I3)  
Fac to r s  a f f e c t i n g  another a r e a  of o u t s i d e  use r  requirements, t h a t  i s ,  the  plans of 
fo re ign  organizat ions  who expect t o  use  OSSA launch veh ic les ,  a l s o  need t o  be  examined. 
I n  p a r t i c u l a r ,  the  impact of fore ign launch veh ic le  programs (e.g. ,  ELDO and Japanese) 
needs t o  be s tud ied .  An improved understanding of condi t ions  inf luencing the  use of 
OSSA launch veh ic les  by corporat ions  (e.g. ,  Comsat), and DOD i s  a l s o  des i rab le .  Continued 
cooperation and study of mutual requirements with the  DOD a r e  needed i n  regard t o  the  
proposed space s h u t t l e  being s tudied by the  Office of Manned Space F l i g h t  (OMSF). Updates 
of the models w i l l  be required because program plans and p r o j e c t  d a t a  a r e  con t inua l ly  
changing. Since s t u d i e s  such a s  the one undertaken he re  take time, updated es t ima tes  
a l ready e x i s t  f o r  some of the  d a t a  u t i l i z e d  i n  t h i s  work. 

Before updating and improving any p a r t i c u l a r  type of information used i n  t h i s  study,  
analyses  should be performed t o  determine which of the inpu t  f a c t o r s  considered h e r e  have 
the  g r e a t e s t  e f f e c t  on the  mission models and t h e i r  impl ica t ions  i n  terms of launch veh ic le  
requirements. I n  p a r t i c u l a r ,  such s e n s i t i v i t y  analyses should be conducted with regard  t o  
c o s t  es t imates  and p ro jec t ions  f o r  var ious  ou t s ide  users .  

Besides updating and improving the  information used i n  the  development of t h e  
models, i t  i s  a l s o  important t o  determine what length  planning period would b e s t  b e  
s u i t e d  t o  long-range launch veh ic le  planning. Experience has  shown t h a t  i t  takes 7 t o  
10 yea rs  t o  develop e n t i r e l y  new propulsion system technology and another 4 t o  7 y e a r s  t o  
in t roduce new technology i n t o  opera t ional  systems. As a r e s u l t ,  advanced launch v e h i c l e  
and propulsion system planning perhaps should extend more than 17 years  t o  i d e n t i f y  
needs f o r  veh icu la r  systems involving e n t i r e l y  new technology which may be d i f f i c u l t  t o  
develop. It i s  poss ib le  t o  ob ta in  15 t o  20-year plans by extending the  11-year p lans  
developed i n  t h i s  study us ing the  OSSA programs projected f o r  1981 a s  the  s t a r t i n g  po in t  
f o r  the  extensions .  However, plans f o r  longer  periods might no t  have t o  be so  d e t a i l e d  
o r  d e f i n i t i v e  a s  those presented i n  t h i s  study.  The p r i n c i p a l  requirement of p lans  
covering the period 10 t o  20 years  i n t o  the  f u t u r e  i s  t h a t  they h i g h l i g h t  any s p e c i a l  
problems t h a t  might a r i s e  o r  s i g n i f i c a n t  s h i f t s  t h a t  might occur i n  projected t r ends .  

As wi th  p r o j e c t  d a t a  and program plans,  budget p ro jec t ions  need t o  be updated and 
redefined on a pe r iod ic  b a s i s  a s  more s p e c i f i c  d a t a  and information become ava i l ab le .  
The continuing change i n  the  overa l l  g e o p o l i t i c a l  and economic environment, new con- 
g ress iona l  ac t ions ,  revised admin i s t ra t ive  p o l i c i e s ,  and changes i n  s o c i a l  viewpoints may 
demand r e d e f i n i t i o n  of s c i e n t i f i c ,  s o c i a l ,  economic and p o l i t i c a l  goals.  Al locat ion of 
Federal  resources may e x h i b i t  corresponding s h i f t s .  Also, changes of program emphases 
wi th in  NASA may occur independently o f ,  o r  i n  response to ,  s h i f t s  i n  National emphases and 
would n e c e s s i t a t e  reevaluat ion of cu r ren t  p ro jec t ions .  

I f  the  planning period i s  t o  be extended the re  i s  a l s o  a need t o  extend the 
budget p ro jec t ions  f u r t h e r  i n t o  the  f u t u r e .  However, such p ro jec t ions  f o r  more than 
10 years  might be used more a s  rough guidel ines  r a t h e r  than a s  assumed c o n s t r a i n t s .  
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The foregoing observations i n d i c a t e  some areas  i n  which the models presented i n  
t h i s  repor t  might be improved and extended. While u t i l i z i n g  the  models i n  long-range 
launch vehic le  planning a c t i v i t i e s ,  i t  is  l i k e l y  t h a t  o the r  a reas  of des i red changes o r  
improvements w i l l  be found, To determine the continuing v a l i d i t y  of the  p ro jec t ions  
developed i n  t h i s  study, pe r iod ic  comparisons of NASA and NASA OSSA div i s ion  and imple- 
mented programs with the  models presented w i l l  be required.  Items f o r  comparison would 
include funding schedules, new s t a r t  dates ,  program content,  and the  p reva i l ing  NASA 
environment. Such comparisons over a period of time may a l s o  suggest the  b e s t  means and 
timing f o r  updating the  models f o r  use i n  long-range planning of space t ranspor ta t ion  
systems. 
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CHAPTER 111. APPROACH 

Introduct ion 

Developing a s e t  of mission models t o  be used i n  long-range planning of OSSA space 
t ranspor ta t ion  systems required the use of many sources of information such as  ind iv idua l  
mission plans ,  p ro jec t ions  of the  Federal  Budget, and p ro jec t ions  of NASA's share of the  
Federal  Budget f o r  a period of 10 years  i n t o  the  f u t u r e  (1971-1980). This chapter d i s -  
cusses how these and o ther  types of d a t a  were used t o  develop the  mission models presented 
i n  Chapters I V  through V I I I .  

Before the types and uses of the da ta  a r e  discussed,  the  terms "project" and "mission 
model" need t o  be defined.  

A p r o j e c t  i s  an a c t i v i t y  which requ i res  funding. It may o r  may not  be a f l i g h t  
p ro jec t ,  t h a t  is ,  one t h a t  involves spacecra f t  which must be launched. I n  general ,  most 
of the  p r o j e c t s  discussed i n  t h i s  r epor t  a r e  f l i g h t  p ro jec t s ,  s i n c e  they es tab l i shed  the  
requirements f o r  launch vehic les .  P ro jec t s  may have f i v e  a t t r i b u t e s  of i n t e r e s t  i n  launch 
veh ic le  planning: 

(1) Name: T i t l e  of the  a c t i v i t y  

(2)  Funding requirements: Mil l ions  of d o l l a r s  by year,  excluding launch 
veh ic le  procurement cost  

(3)  F l i g h t  Schedule: Schedule f o r  launch of a spacecraf t  

(4) Spacecraft  Weight: Given i n  pounds 

(5) VC: C h a r a c t e r i s t i c  ve loc i ty ,  a measure of the  energy required t o  
launch the  spacecraf t  on the  des i red t r a j e c t o r y  i n  f t l s e c .  

In  t h i s  study, th ree  d i f f e r e n t  types of p r o j e c t s  a r e  discussed: OSSA f l i g h t  p r o j e c t s ,  
OSSA nonf l igh t  p ro jec t s ,  and non-OSSA f l i g h t  p ro jec t s .  Non-OSSA organizations include 
various Government agencies, corporations,  Foreign Governments, and In te rna t iona l  organi-  
za t ions  t h a t  procure launches from NASA OSSA. Table 111-1 shows the  a t t r i b u t e s  (defined 
above) required i n  t h i s  study f o r  each of the  th ree  p ro jec t  types.  

TABLE 111-1. PROJECT ATTRIBUTES BY PROJECT TYPES 

At t r ibu tes  
Funding F l i g h t  

P ro jec t  Type Name Schedule Schedule Weight VC 
- 

OSSA f l i g h t  

OSSA nonf l i g h t  C, a 

(a) I n  some cases non-OSSA requirements a r e  s t a t e d  only i n  
terns  of annual r a t e s  f o r  c lasses  of launch vehic les  
(e .  g . , two SCOUT launches per year)  . 
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Mission Model 

A mission model i s  a co l l ec t ion  of p r o j e c t s  which represents  one plan f o r  t h e  time 
period under consideration.  Mission models can e x i s t  f o r  various organizat ional  l e v e l s ;  
f o r  ins tance,  the re  a r e  mission models f o r  Bioscience Programs (an OSSA d iv i s ion)  and f o r  
a l l  of OSSA. Both l e v e l s  a r e  presented i n  t h i s  study. 

The following seven types of information and da ta  were u t i l i z e d  i n  t h i s  study: 

e Pro jec t  desc r ip t ions  

0 Space budget project ions  

0 Program plans 

0 F i s c a l  and budget plans 

0 Pol icy statements and discuss ions  

e Program goals and ob jec t ives  

e Outside use r  requirements. 

P ro jec t  Descriptions 

These a r e  desc r ip t ions  of t h e  various space p r o j e c t s  t h a t  might be funded and, i n  
the  case of a f l i g h t  p ro jec t ,  launched. The desc r ip t ions  include the  f i v e  p r o j e c t  a t t r i -  
butes  mentioned e a r l i e r  and references  t o  the  p ro jec t  purpose and re levan t  program area .  
P ro jec t s  were the  b a s i c  u n i t s  used t o  const ruct  the  various mission models and, the re fore ,  
considerable e f f o r t  went i n t o  obta ining p r o j e c t  desc r ip t ions  t h a t  were a s  complete and 
accurate  a s  poss ible .  These da ta  were found i n  varying degrees of completeness and 
accuracy; p r o j e c t  desc r ip t ions  ranged from a minimum of name and f l i g h t  schedule t o  3 o r  
4 pages of da ta .  The most d i f f i c u l t  p r o j e c t  da ta  t o  obta in  were spacecraf t  weights. For 
example, many p r o j e c t  desc r ip t ion  conta in  phrases such a s ,  "S/C (spacecraf t )  t o  be defined 
a s  T i  tan ~ l a s s " ( 1 )  *, "scout Classt'$'), o r  (worse), "S/C might exceed c a p a b i l i t y  of uprated 
Delta". (2) For most p r o j e c t s ,  the  required VC d a t a  were e i t h e r  s t a t e d  o r  could be de te r -  
mined from year  of launch, des t ina t ion  and f l i g h t  time, o r  from the  prescribed o r b i t .  

Undoubtedly, the l e a s t  accurate  d a t a  f o r  each p ro jec t  were the  funding es t imates .  
This was espec ia l ly  t r u e  f o r  p ro jec t s  f o r  which no preliminary s tud ies  had been performed. 
It i s  not  known what methods were used t o  develop these cos t  es t imates  nor what p r i c e  
index, i f  any, was considered. Uncer ta int ies  associa ted with the  cost  es t imates  appeared 
t o  overshadow i n f l a t i o n a r y  and o ther  considerations.  Therefore, the  cos t  es t imates  were 
used without at tempting t o  modify them t o  r e f l e c t  i n f l a t i o n  o r  o the r  e f f e c t s .  

Project  da ta  were obtained from NASA documents wherever poss ible .  However, where 
p ro jec t  d a t a  corresponding d i r e c t l y  t o  a des i red f l i g h t  schedule could not  be found i t  was 
necessary t o  make es t imates  of the required da ta  based on comparisons with r e l a t e d  
p ro jec t s .  I n  such cases ,  the  p ro jec t  funding was derived from funding es t imates  f o r  the  
p ro jec t  most c lose ly  resembling the  p r o j e c t  i n  question.  

Superscr ipt  numbers denote references  a t  the  end of t h i s  chapter.  
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Tl~e f u t u r e  l e v e l  of space a c t i v i t y  obviously depends on the  amount of funds a v a i l a b l e  
f o r  space. When making a fo recas t  of f u t u r e  OSSA launch vehic le  requirements, i t  is  
d e s i r a b l e  t o  consider the amount of funds l i k e l y  t o  be a v a i l a b l e  f o r  user  a c t i v i t i e s .  For 
t h i s  reason, the p ro jec t ions  presented i n  Appendix A of t h i s  r epor t  were generated.'i 
Although, a s  s t a t e d  i n  Appendix A, the p ro jec t ions  a r e  t o  be considered only a s  e s t ima tes  
of l imi ted  accuracy and a s  represent ing one p o s s i b i l i t y  out  of many, i t  i s  f e l t  t h a t  the  
p ro jec t ions  a r e  reasonably good and, c e r t a i n l y ,  use fu l  f o r  these  purposes, There a r e  no 
known published p ro jec t ions  with which t o  compare the  OSSA pro jec t ions  used i n  t h i s  s tudy,  

~ o t h  the  t o t a l  OSSA pro jec t ions  and those f o r  each of t h e  OSSA Program d i v i s i o n s  
given i n  Appendix A have been used. The accuracy associa ted  with t o t a l  OSSA pro jec t ions  
i s  believed t o  be much b e t t e r  than t h a t  f o r  the OSSA d i v i s i o n s .  The d iv i s ion  p ro jec t ions  
were used i n  developing guidel ines  f o r  the  corresponding mission models. For each OSSA 
d iv i s ion ,  models were developed which r e q u i r e  both higher  and lower funding than t h a t  
p ro jec ted .  The OSSA pro jec t ion  l ikewise  provided a guidel ine  f o r  severa l  proposed OSSA 
mission models. As with the d i v i s i o n  models, OSSA models which l i e  above and below the  
projected l e v e l s  were developed. 

During 1969, most of the  NASA planning a c t i v i t y  was d i r e c t e d  a t  supporting the  work 
of the  Space Task Group (STG). The p r i n c i p a l  NASA group assigned t o  provide planning 
support  f o r  the  STG was the  Planning S tee r ing  Group (PSG). The PSG was supported by 
planning panels corresponding t o  d i s c i p l i n e  a reas ,  such a s  astronomy and space biology,  
each of which developed var ious  mission models a s  p a r t  of t h e i r  a c t i v i t i e s .  Selected 
mission models derived from the  OSSA-related planning panels a r e  presented i n  t h i s  study.  
I n  many cases ,  these  p lans  were recorded and s to red  i n  the PSG Prospectus f i l e ( 1 )  a t  
Goddard Space F l i g h t  Center (GSFC) and could be obtained by using the  Prospectus computer 
program (see Appendix B). 

The o the r  p r i n c i p a l  source ( i . e . ,  o the r  than the PSG r e p o r t s )  of s p e c i f i c  program 
plans  was the  NASA r e p o r t  t o  the STG. (3) This r e p o r t  proposed th ree  d i f f e r e n t  o v e r a l l  
NASA p lans ;  the  major d i f fe rences  i n  the  th ree  p lans  was the pace a t  which var ious  manned 
space f l i g h t  a c t i v i t i e s  would be pursued. These plans were presented t o  the  STG, which 
accepted them and passed them on t o  the Pres ident .  ( 4 )  The plans represent  NASA d e s i r e s ,  
given s u f f i c i e n t  funding, and t h i s  i s  t h e  context  i n  which these  plans were considered,  

F i s c a l  and Budget Plans 

The program plans discussed i n  the  previous s e c t i o n  can be described a s  long-range 
plans .  F i s c a l  and budget plans,  i n  c o n t r a s t ,  a r e  usual ly  short-range,  near-term plans .  
In  genera l ,  they p resen t  the next f i s c a l  year  i n  d e t a i l  and consider,  a t  the most, t h e  
next  5 years  i n  l e s s  d e t a i l ,  

Data represent ing the cur ren t  f i s c a l  year  and plans represented by the FY 71 budget 
submission were used a s  the  s t a r t i n g  po in t  f o r  most of the p lans  i n  t h i s  study s i n c e ,  
obviously,  any long-range plans must evolve from cur ren t  and near-term plans ,  The budget 
plans i n d i c a t e  which p r o j e c t s  a r e  being proposed as  new s t a r t s  i n  the  near f u t u r e  and the  
l a t e s t  funding es t ima tes  f o r  e x i s t i n g  p r o j e c t s .  

Reference (5) ] , 
the work performed i n  the f i r s t  s tudy i n  t h i s  s e r i e s .  [See 
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When attempting t o  es t imate  what i s  l i k e l y  t o  happen i n  the  fu tu re ,  i t  i s  d e s i r a b l e  
t o  have a s e t  of guidel ines .  The more d e f i n i t i v e  the  guidel ines ,  the more accura te  the  
es t imates  tend t o  be. It is  i n  t h i s  context  t h a t  r ecen t  d iscuss ions  and s ta tements  
r e l a t i n g  t o  U. S. space pol icy  were considered. For example, because of c u r r e n t  s t r e s s  
on the q u a l i t y  of the  environment, severa l  models presented he re  represent  a r e l a t i v e l y  
high growth r a t e  f o r  the  Ear th  Observations programs. 

One of the  p r i n c i p a l  values i n  considering pol icy  statements(6-8) i s  t h a t  they 
increase  confidence i n  the  budget p ro jec t ions  used i n  t h i s  study. These pol icy  s ta tements  
and discuss ions  may a l s o  have influenced the  authors  i n  development of the  var ious  a l t e r -  
n a t i v e  models presented.  

Recent pol icy  s ta tements  i n d i c a t e  t h a t ,  f o r  the  nea r  f u t u r e ,  the  NASA budget w i l l  
be c lose ly  sc ru t in ized  by both the  Executive and L e g i s l a t i v e  branches of the  Government, 
and t h a t  the  type of growth associa ted  with the  Apollo e r a  i s  n o t  l i k e l y  t o  be repeated.  

Program Goals and Objectives 

This type of information descr ibes  the var ious  programs t h a t  NASA is ,  o r  might be, 
involved with and s t a t e s  the  purpose of the  involvement. This same information i s  used 
by publ ic  o f f i c i a l s  when they a r e  required t o  make dec i s ions  regarding the  funding of 
programs. The term program a s  used he re  can mean a s p e c i f i c  p r o j e c t ,  such a s  Viking; 
a l l  of the a c t i v i t i e s  of a s p e c i f i c  d i s c i p l i n e ,  such as  Space Physics; o r  an OSSA d i v i s i o n ,  
such a s  Biosciences.  The important point  i s  t h a t  the goa l s  and ob jec t ives  a r e  the  s t a t e -  
ments t h a t  expla in  what each program i s  designed t o  accomplish. The goals  and ob jec t ives  
provide d i r e c t i o n  f o r  a program and determine the types of experiments and equipment t h a t  
a r e  required.  When s e l e c t i n g  p ro jec t s  t o  be included i n  a mission model, i t  i s  necessary 
t o  consider goals  and ob jec t ives  and t o  s e l e c t  missions which a r e  r e levan t  t o  those  goals  
and ob jec t ives .  Determining such r e l a t i o n s h i p s  requ i res  judgments t h a t  a r e ,  a t  b e s t ,  
imprecise. For t h i s  reason,  severa l  a l t e r n a t i v e  mission models a r e  presented i n  t h i s  
r e p o r t .  

Outside User Requirements 

The term "outside users ' '  r e f e r s  t o  a l l  use r s  of OSSA launch vehic les  except NASA 
OSSA. Such use r s  include NASA OART, DOD, ESSA, o t h e r  government agencies,  corporat ions ,  
fore ign coun t r i e s  and i n t e r n a t i o n a l  organizat ions .  Estimates of these requirements were 
obtained p r imar i ly  from information provided t o  OSSA Launch Vehicle and Propulsion 
Programs by the  var ious  NASA program o f f i c e s  which work wi th  the  ou t s ide  use r s .  These 
requirements and v a r i a t i o n s  on them a r e  presented i n  Appendix C.  The non-OSSA u s e r s  
account f o r  a l a r g e  percentage of OSSA launch veh ic le  u t i l i z a t i o n  and, the re fo re ,  have 
a s i g n i f i c a n t  e f f e c t  on use r a t e s .  

Data Sources 

As s t a t e d  e a r l i e r  i n  the repor t ,  NASA da ta  were used t o  the  g r e a t e s t  poss ib le  ex ten t  
i n  t h i s  s tudy.  This i s  p a r t i c u l a r l y  t r u e  f o r  the  p r o j e c t  da ta .  This sec t ion  reviews 
b r i e f l y  the  d a t a  sources used i n  the  study.  
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The PSG planning panel r epor t s  provided most of the  information concerning program 
goals  and ob jec t ives  a s  wel l  as  d e t a i l e d  p r o j e c t  desc r ip t ions .  Most of the repor t s  a l s o  
present  program plans .  These r e p o r t s  a l s o  provided guidel ines  which permitted c r e a t i o n  
of modified p r o j e c t s  ( f l i g h t  schedule changes, program s t re tch-ou t ,  e t c ) .  Information 
concerning the  interdependence among d i f f e r e n t  p r o j e c t s  and launch schedules was a l s o  
presented.  This type of information was p a r t i c u l a r l y  we l l  documented f o r  the  Planetary  
program. (13) 

Jc 
Many of the PSG planning panels used the  Prospectus computer program t o  help  

genera te  and document t h e i r  plans.  The Prospectus f i l e  i s  the magnetic tape containing 
a l l  of the  p r o j e c t s  and plans created by t h e  panels  using the  program. The PSG Prospectus 
f i l e  provided the b a s i s  f o r  the  p r o j e c t  f i l e  used i n  t h i s  study.  The Prospectus computer 
program was used extensively  i n  t h i s  study t o  genera te  and document the  mission models 
presented i n  t h i s  r e p o r t .  

NASA's Report t o  the  S T G ( ~ )  

NASA'S repor t  t o  the  STG provides th ree  published " o f f i c i a l "  NASA plans.  As a 
r e s u l t ,  i t  must be considered the b e s t  source of top l e v e l  NASA thoughts and plans ,  By 
taking the  automated por t ion  of these p lans ,  two OSSA mission models were obtained. The 
automated por t ions  of two plans  were i d e n t i c a l ;  the re fo re  th ree  NASA plans  y ie lded only 
two OSSA mission models. The models a r e  r e fe r red  t o  i n  t h i s  report: a s  STG Option I 
and Basel ine  I (from Programs I1 and 111).  Besides d i r e c t l y  providing two OSSA models, 
the  NASA r e p o r t  a l s o  yie lded i n s i g h t s  regarding p r i o r i t i e s  t o  be  considered i n  developing 
a1 t e r n a t  i v e  models. 

OSSA R&D Program Operating Plan (POP 69-2)(14) 

The OSSA POP 69-2 repor t  contained up-to-date c o s t  es t imates  f o r  cu r ren t  p r o j e c t s  
and proposed FY 1971 new s t a r t s .  It a l s o  presented the  cur ren t  OSSA plans  from which any 
long-range plans must evolve. 

The "Projected 1972-1975 New S t a r t s "  was back-up information given t o  the  Bureau of 
the  Budget while the  FY 1971 NASA budget was being discussed.  The d a t a  included up-to- 
d a t e  cos t  es t imates  a s  we l l  a s  near-term program plans.  The models ex t rac ted  from these  
d a t a  and the  OSSA R&D POP da ta  a r e  r e f e r r e d  t o  i n  t h i s  r epor t  a s  Baseline 11. Again, 
bes ides  d i r e c t l y  supplying a mission model, the document indicated p r i o r i t i e s  t o  be 
considered when developing a l t e r n a t i v e  models. 

* The Prospectus computer program i s  descr ibed i n  Appendix B.  
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This r epor t  provided desc r ip t ions  of program goals ,  ob jec t ives ,  and p ro jec t s .  It 
was u t i l i z e d  pr imar i ly  a s  an a i d  t o  understanding the  purpose of various p r o j e c t s  and pro- 
grams. It was a l s o  used to  ob ta in  s p e c i f i c  p ro jec t  d a t a  (such a s  o r b i t s  required)  f o r  
p r o j e c t s  where such information was lacking i n  the  PSG planning panel r epor t s .  I n  add i t ion ,  
t h i s  document, along wi th  cur ren t  pol icy  statements,  provided i n s i g h t  i n t o  cur ren t  r e l a t i o n -  
sh ips  between space a c t i v i t i e s  and n a t i o n a l  purposes. 

Pro.iections of OSSA Budgets 

These budget p ro jec t ions  (Appendix A) were prepared s p e c i f i c a l l y  f o r  use i n  t h i s  
study.  The purpose of these  p ro jec t ions  was t o  provide a guide t o  the  amount of money 
t h a t  might be a v a i l a b l e  f o r  f u t u r e  OSSA space a c t i v i t i e s .  I n  the  pas t ,  OSSA has  developed 
mission models p r o j e c t i n g  20 years  i n t o  the  f u t u r e ,  bu t  t h e  funding l e v e l  p ro jec t ions  
assoc ia ted  with these  models proved t o  be op t imis t i c .  It i s  necessary t h a t  such budget 
p ro jec t ions  and r e s u l t i n g  mission models be a s  r e a l i s t i c  a s  poss ible ,  s ince ,  i n  launch 
veh ic le  planning, use r a t e s  p lay  a v i t a l  r o l e  i n  determining f u t u r e  launch veh ic le  needs. 
Reasonable es t imates  of these  use r a t e s  can be determfned only by es t imat ing the  amount 
of f u t u r e  space a c t i v i t y ,  which i s  d i r e c t l y  influenced by the  funds ava i l ab le .  

It should be s t r e s s e d  again t h a t  the  budget p ro jec t ions  given here  were used only 
a s  guidel ines .  There a r e  severa l  models presented i n  t h i s  r e p o r t  which f a l l  both above 
and below the projected fundFng l e v e l s .  

Other Data Sources 

Besides the  p r i n c i p a l  d a t a  sources j u s t  described,  the re  were many o the r  i tems t h a t  
provided use fu l  information f o r  the study.  One such source included memoranda(l7-23) which 
conta in  es t imates  of the  requirements f o r  vehic les  by ou t s ide  use r s .  Other documents con- 
s idered included the Level 0(24) and Level 1(25) OSSA Management r epor t s ,  Elanetary  program 
Review documents (26),  NASA Pocket ~ t a t i s t i c s ( ~ ' ) ,  and BMI-NLVP memoranda. ( 8,29) 

Summary 

The types of information used i n  t h i s  study were o f t e n  obtained from more than one 
of the  p r inc ipa l  d a t a  sources .  Table 111-2 r e l a t e s  the  var ious  information types t o  
these  sources.  

Mission Model Development Process 

I n  considering how b e s t  t o  determine the  f u t u r e  requirements f o r  OSSA launch veh ic les ,  
i t  was concluded t h a t  a good approach would be t o  develop a s e t  of mission models which 
would represent  a spectrum of f u t u r e  p o s s i b i l i t i e s  cons i s t en t  with funding p ro jec t ions  from 
Appendix A. Since t h i s  study was concerned with f u t u r e  requirements f o r  OSSA launch veh ic les  
only,  the mission models developed were l imi ted  t o  those missions f o r  which OSSA i s  the  
launch agency. These missions include those f o r  NASA OSSA, NASA OART, and var ious  use r s  
ou t s ide  of NASA (such a s  DOD, Comsat, fore ign organizat ions ,  and ESSA). 
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TABLE 111-2. TYPES OF INFORMATION DERIVED FROM PRINCIPAL DATA DOCUMENTS 

In fo rma t ion  Type 

PSG P rospec tu s  F i l e  

NASA'S Report  t o  STG 

P r o j e c t i o n s  of  OSSA Budgets 
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The mission models presented i n  Chapters I V  through VISE can be divided i n t o  two 
groups: those t h a t  were derived d i r e c t l y  from NASA documents and those developed i n  the  
course of t h i s  study,  Both types of models include only p r o j e c t s  proposed by NASA planners  
and ou t s ide  user  es t imates  provided by the  appropr ia te  NASA organizat ion.  I n  developing 
the a l t e r n a t i v e  models, f l i g h t  and funding schedules were of ten modified, but  no p r o j e c t s  
r ep resen t ing  new mission concepts, new ob jec t ives  o r  new approaches were created.  

NASA-Based Models 

From the planning documentation associa ted  with the  PSG and STG e f f o r t s ,  f o u r  d i f f -  
e r e n t  OSSA m'ssion models were i d e n t i f i e d ,  TWO of the  models a r e  based on the NASA r e p o r t  
t o  the  STG(3f, one was derived using the  FY 1971 NASA submission t o  the Bureau of the  Budget, 
and the  four th  i s  based on the  PSG a c t i v i t i e s  and documents, 

To develop d e t a i l e d  models from the  NASA r e p o r t  t o  the  STG, i t  was necessary t o  
i d e n t i f y  the  s p e c i f i c  p r o j e c t s  included i n  the r e p o r t .  I n  some cases  t h i s  was easy and 
s t ra ightforward;  f o r  example, the  name Viking i s  assoc ia ted  with a s e t  of s p e c i f i c  program 
plans .  A t  the time the  NASA repor t  t o  the  STG was published,  the  number of a l t e r n a t i v e  
Viking approaches being considered was small ,  

I n  o the r  cases ,  the  problem was much more d i f f i c u l t  because the  p r o j e c t  names used 
were not  necessa r i ly  a ssoc ia ted  with a s e t  of d e f i n i t i v e  p lans .  As noted previously,  the  
types of information required f o r  each p r o j e c t  were f l i g h t  schedules (included i n  the  NASA 
repor t  t o  the STG), funding schedules, spacecra f t  weights, and mission d e s t i n a t i o n  (with 
f l i g h t  time) o r  o r b i t .  Most of these  d a t a  were found by r e l a t i n g  p r o j e c t s  described i n  
the PSG r e p o r t s  and Prospectus f i l e  t o  the  p r o j e c t  names i n  the  NASA r e p o r t  t o  t h e  STG. 

The STG Option I and Baseline I models used he re  a r e  t h e  automated program por t ions  
of the  models presented i n  the  NASA r e p o r t  t o  the  STG. STG Option I i s  from Program I; 
Basel ine  I i s  from Programs I1 and 111, which r e s u l t  i n  only one OSSA model. Option I 
is the  most ambitious of the  programs, and Baseline I represen t s  the  lowest funding program 
from the repor t .  A model c a l l e d  Basel ine  I1 was developed from Baseline I by modifying 
Baseline I t o  be c o n s i s t e n t  wi th  the  OSSA por t ion  of the FY 1971 NASA budget submission 
and the  back-up mate r i a l  f o r  projected 1972-1975 new s t a r t s .  

PSG-LOW i s  the four th  model of t h i s  group. This model i s  based on the  lowest p lans  
of each of the OSSA r e l a t e d  PSG Planning Panels from the PSG Prospectus f i l e .  The funding 
es t ima tes  f o r  the p r o j e c t s  contained i n  these  p lans  were updated t o  agree with t h e  POP 
69-2.(14) Some of these  p lans  were developed by the  panels themselves, while o t h e r  p lans  
were developed by the  PSG s t a f f .  

The models derived from the  NASA repor t s  conta in  only automated NASA programs f o r  
OSSA and OART. To ob ta in  es t ima tes  of t o t a l  OSSA funding and launch veh ic le  requirements 
i t  was necessary t o  add es t ima tes  of non-NASA programs f o r  which OSSA i s  the  launch agency. 
Estimates of such non-NASA programs and the  requirements of NASA OART a r e  discussed i n  
Appendix C. 

A l t e rna t ive  Models 

The NASA-based mission models discussed above appear t o  be u n r e a l i s t i c  when compared 
with the  funding p ro jec t ions  of Appendix A. Therefore, i n  order  t o  develop mission models 
use fu l  i n  determining f u t u r e  OSSA launch veh ic le  requirements, models were generated with 
funding l e v e l s  approximating the  budget project ions  from Appendix A, Six such models were 
developed f o r  each OSSA d i v i s i o n  and, by s e l e c t i n g  from these ,  s i x  OSSA models were c rea ted .  
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.I. 

Alternative models were first developed at the OSSA program division level." In 
the development of each model, the first step was to establish a set of guidelines. 
Included in these guidelines were assumptions regarding available funds, areas of emphasis 
(e.g., Mars, Venus, etc), NASA environment (e.g., when the space shuttle and space 
station would be operational), and/or a specific technology to be used (e.g., solar 
electric propulsion). In most cases, guidelines concerning areas to be emphasized were 
variations of those derived from NASA documents. These guidelines provided a basis (or 
filter) for selecting projects to be included in a given model. This selection process 
was possible only after thorough familiarization with the many projects approved, planned, 
and proposed for the division under study. Familiarization was obtained by careful 
analysis of appropriate and available documents. Having tentatively selected a set of 
projects for incorporation in a mission model, the funding requirements were totaled. 
For many models considered, the estimated funding requirements were not near the established 
funding guideline. In those cases, it was necessary to modify the models in order to 
achieve the desired funding levels, 

Several methods of changing model funding were used. Projects were changed by adding 
or deleting flights, by stretching out the launch schedule, and by shifting first launch 
dates of projects, which, in turn, modified the estimates for project funding schedules. 
Thus, for example, a project involving 10 flights in the period 1971-1975 might be 
reduced to 6 flights and stretched out over the 1971-1980 time period. When changing 
flight schedules, precautions were taken to insure that the project was still feasible 
after the change. Other methods used for changing funding requirements included substi- 
tuting, ,adding, and deleting projects. 

The development of mission models to satisfy the established guidelines was an 
iterative process. Often many model configurations were examined before a model was 
found that was consistent with the establish guidelines. 

Six alternative OSSA level mission models were generated by combining selected 
alternative division models. Again, for each model, guidelines were established to 
provide the basis for selection, The OSSA level guidelines include statements on funding 
levels and areas to be emphasized. 

The total funding requirements for OSSA projects were computed by year for all 
possible OSSA models (64 = 1,296) which could be developed from all combinations of the 
six alternative SA, SB, SG, and SL division plans. The resulting OSSA models were then 
ordered according to how close each came to the projected available funds for the OSSA 
model desired. From this ordered list, it was then possible to select models that were 
most consistent with the established guidelines. 

Non-OSSA projects, for which the launch funds are expected to be included in the 
OSSA budget, were added to each model (both NASA-based and alternative) to obtain the 
total OSSA funding requirements. The combination of one model for each division plus 
the non-OSSA, nonreimbursable estimate constitutes an OSSA mission model. 

To develop estimates of total future OSSA launch vehicle requirements, outside 
user reimbursable launches were added to 3 selected alternative OSSA models. The 3 
models were selected as representing low, nominal, and high estimates of launch activity. 

" In this study, as noted earlier, SA(Space Applications) was treated as a single 
division. 
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IV- 1 

Introduction 

The U. S. Space Biology program was originally directed towards determining the 
human safety requirements of manned space flight. Thus, it was tied to the manned space 
flight program. As certain basic requirements were established and confirmed by actual 
flights, wider areas of investigation, based on data from these flights, were defined. (l)* 

Today, the primary goal of the Bioscience Programs Division(SB) can be explicitly 
stated as follows: 

"(To) Contribute substantially to the development of a body of fundamental unifying 
theory of biology by using the unique capabilities of space flights to increase 
our understanding of life processes and structures, especially the interaction of 
living organisms with gravity and time. 

Utilization of theoretical biological understanding to bring new predictive 
powers to the fields of biology, medicine, agriculture, and space exploration, and 
to enable man to intelligently manage his environment."(2) 

A more complete discussion of Bioscience goals and objectives is available in References 
(11, (21, and (3). 

The ten Bioscience mission models (SB1-SB10) presented in this Chapter are considered 
representative of future Bioscience activities. Creation of each model was based on a 
set of stated guidelines and involves assumptions. (discussed later in this Chapter) concern- 
ing the overall space program, This provides a set of possible Bioscience plans covering 
a representative spectrum of Bioscience levels of effort for use in long range space 
transportation system planning, 

In the past the Bioscience program has absorbed only a small percentage (3 to 8%) of 
the total OSSA budget. Fluctuations of funding level between low and high plans 
(corresponding to a minimum and maximum level of effort) are so small in relation to the 
total OSSA budget that, within limits, either a high or low plan may be feasible regardless 
of the total OSSA budget. 

Each Bioscience mission model presented in this study consists of similar proposed 
projects which were designed to support the Bioscience goals. The aggressiveness (high 
or low plan) desired in any program, plus the state of the overall space program (avail- 
ability of space station, space shuttle, manned space flight, etc.) determined the 
selection of projects which constituted the given program. Project contents and purpose 
are given in detail, by project, in the following section of this Chapter. 

Program ~reas('-~) 

The following summarizes the various approved, planned and proposed projects con- 
sidered in developing the Bioscience mission models presented, All funding is in millions 
of dollars; all spacecraft weights aye given in pounds. Launch Vehicle is designated LV 
and the appropriate vehicle is named""'. Characteristic velocity (VC) is given in feet 
per second. 

i'f Superscript numbers denote references given at the end of this Chapter, 
.'--1. 
< \ ( b  See Appendix D for a discussion of launch vehicle nomenclature. 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



Supportinn Activities 

Supporting activities include funding required to sustain on-ground 
operations in the Bioscience Program. 

BIOSCIENCE SR&T AND ADVANCED STUDIES 

Purpose: To provide supporting research and technology, and advanced studies 
for the various $ioscience subdiscipline areas. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 12.3 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.4 
Flights (Non-flight project) 

BIOSCIENCE SR&T AND ADVANCED STUDIES (LOW) 

Purpose: To provide supporting research and technology, and advanced studies 
for the various bioscience subdiscipline areas. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 12.3 12.4 12.4 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
Flights (Non-flight project) 

PLANETARY QUARANTINE 

Purpose: To provide studies concerned with the possibility of transport of 
life between planets. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 3.4 4.0 5.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Flights (Non-flight project) 

Biosatellites 

BIOSATELLITES (PHASE-OUT FUNDING) 

Purpose: To study biological functions of cellular, tissue, organ, 
and organism levels in a wide variety of plants and animals. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 0.5 (Phase-out funding) 
Flights (Last launch 1969) 
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W i l d l i f e  Applied Research 

The W i l d l i f e  Applied Research Program is  a s tudy  of  t h e  migra t ion ,  
o r i e n t a t i o n ,  and naviga t ion  of  wi ld  animals.  The ins t rumenta t ion  i s  t o  be 
inc luded  i n  Nimbus o r  o t h e r  s i m i l a r  s p a c e c r a f t .  

WILDLIFE APPLIED RESEARCH PROJECT 

Purpose: To s tudy  t h e  migra t ion ,  o r i e n t a t i o n ,  and n a v i g a t i o n  of  wi ld  
animals.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 0.5 1.0 1.1 1.2 1.2 1.4 1 . 3  1.3 1.5 1.5 1.5 
F l i g h t s  (Non-fl ight  p r o j e c t s )  

Biopioneers  

The o b j e c t i v e  is t o  launch s p a c e c r a f t  w i t h  b i o l o g i c a l  experiments i n  
approximately 1 a.u. h e l i o c e n t r i c  o r b i t  f o r  d u r a t i o n s  of  about  1 year.  The 
experiments w i l l  supply d a t a  t o  s t u d y  t h e  e f f e c t s  of  t h e  space  environment on 
Ear th  organisms. 

BIOPIONEERS A-C LV: TAT/DELTA/FW4 WT: 250 VC: 36,480 

Purpose: To c a r r y  v a r i o u s  payloads t o  s tudy  long term o r b i t a l  e f f e c t s  upon 
Ear th  organisms. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 1.0  4.2 8.0 6.2 8.0 6.2 7.0 2.0 - 
F l i g h t s  - - - - 1 - 1 - 1 -  

BIOPIONEERS A-D (74) LV: TAT/DELTA/FW4 W t :  250 VC: 36,480 

Purpose: To c a r r y  v a r i o u s  payloads t o  s tudy  long term o r b i t a l  e f f e c t s  upon 
Ear th  organisms. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 4.0 6.1 11.3 10.7 9.5 5.6 2.2 - 
F l i g h t s  - - - 1 1 1 1 -  - - 

BIOPIONEERS A-D (73) LV: TAT/DELTA/FIJ~ W t :  250 VC: 36,480 

Purpose: To c a r r y  var ious  payloads t o  s tudy  long term o r b i t a l  e f f e c t s  
upon Ear th  organisms. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 4.0 6.1 11.3 10.7 9.5 5.6 2.2 - 
F l i g h t s  - - 1 1 1 1 -  
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BIOEXi'LORERS A-O(1) LV: Scout Nt: 180 VC: 26,140 

Purpose: To s tudy  t h e  e f f e c t s  of  space environment upon t h e  biorhythms 
of Ear th  organisms. 
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BIOFXPLORERS A-O(I1) LV: Scou t  Idt: 180 Vc: 26,140 

Purpose:  To s t u d y  t h e  e f f e c t s  o f  s p a c e  environment  upon t h e  biorhythms 
o f  E a r t h  organisms.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 4.0 5 . 0  5.0 5.0 5.0 10.0 10.0 10.0 10.0 10.0 9.0 
F l i g h t s  - 1 1 1 1 2 2 2 2 2 - 

B i o s a t e l l i t e s  (Improved) 

The Improved B i o s a t e l l i t e s  a r e  r e c o v e r a b l e  s p a c e c r a f t  which a r e  t o  
examine a b road  spectrum o f  t h e  e f f e c t s  o f  a space  environment  upon E a r t h  organisms.  
They a r e  t o  s e r v e  a s  a c o n t i n u a t i o n  o f  t h e  e a r l i e r  B i o s a t e l l i t e  (C,D,E,F) program. 

BIOSATELLITES (IMPROVED) A-E LV: TAT(6C)IDELTA W t :  1 ,930 VC: 25,900 

Purpose:  To s t u d y  t h e  e f f e c t s  o f  extended o r b i t a l  f l i g h t s  upon E a r t h  
organisms.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 10.0 14.8 15.0 5.0 15.0 5.0 15.0 5.0 15.0 5.0 15.0 
F l i g h t s  - - 1 - 1 - 1 - 1 - 1  

BIOSATELLITES (IMPROVED) A-L LV: TAT(6C) /DELTA Idt: 1 ,930 VC: 25,900 

Purpose:  To s t u d y  t h e  e f f e c t s  o f  ex tended  o r b i t a l  f l i g h t s  upon E a r t h  
organisms.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 6.2 7.0 9 .0  12.9 20.9 27.1 20.9 20.9 11.6 3 . 1  0.7 
F l i g h t s  - - 2 2 2 2 2 2 2 -  

BIOSAldLLITES (IEPROVED) A-H LV: TAT(6C) /DELTA I d t  : 1,930 VC: 25,900 

Purpose :  To s t u d y  t h e  e f f e c t s  o f  extended o r b i t a l  f l i g h t s  upon E a r t h  
organisms.  

-- 
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 6.2 9.5 18.4 21.3 21.4 21.4 21.4 21.4 21.4 14.9 7.0 
F l i g h t s  - - 1 1 1 1 1 1 1 1  - 
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BIOSATELLITES (IMPROVED) A-J LV: TAT(6C)lDELTA W t :  1,930 VC: 25,900 

Purpose: To study the e f f e c t s  of extended orbita l  f l i g h t s  upon Earth 
organisms. 
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Mission Models 

Ten mission models, SB1-SB10, a r e  presented i n  t h i s  chapter t o  i l l u s t r a t e  a 
v a r i e t y  of poss ib le  Bioscience plans t h a t  might be pursued during the  1971-1981 time 
period. Each model was developed around a s e t  of guidel ines  which i s  included wi th  each 
model, These guidel ines  represent  a range of poss ib le  s t a t e s  t h a t  may e x i s t  w i t h i n  NASA 
OSSA during t h e  next decade. The f i r s t  four models (SBl-SB4) were derived from NASA 
plans ( s e e  ind iv idua l  models f o r  data  source) and t h e  l a s t  s i x  models (SB5-SB10) a r e  
poss ib le  a l t e r n a t i v e  plans developed a s  p a r t  of t h i s  study. 

The models presented i n  t h i s  chapter  cons i s t  pr imar i ly  of Biopioneers, Bioexplorers,  
Improved B i o s a t e l l i t e s ,  and Advanced B i o s a t e l l i t e s .  Of these  p ro jec t s ,  the  Biopioneers 
and Bioexplorers received h ighes t  p r i o r i t y .  Therefore, the  Improved and Advanced 
B i o s a t e l l i t e s  were included i n  a Bioscience plan only a f t e r  a f l i g h t  schedule f o r  t h e  
Biopioneers and Bioexplorers had been es tab l i shed  and only i f  a v a i l a b l e  funds remained. 

The remainder of t h i s  s e c t i o n  presents  guidel ines  f o r  each model (SB1-SB10) , i t s  
c h a r a c t e r i s t i c s ,  funding p l o t  (Figures I V - 1  through IV-lo), and f l i g h t  schedule (Tables 
I V - 1  through IV-10). A general  d iscuss ion of the  mission models i s  contained i n  the  next  
s e c t i o n  of t h i s  chapter .  
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SE1 is the lowest level plan found in the PSG Prospectus File.(5) The model was 
developed on the basis of the following guidelines: 

e A low funding ceiling exists for the Bioscience Division in the 1970 decade 

e All major payloads will be fully automated. 

0 

1971 1973 1975 1977 1979 1981 
Year 

FIGURE I V -  1. SBl FUNDING PLOT 
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TABLE IV-1.  SB1 FLIGHT SCHEDULE 

L a u n c h  Year - 
P r o j e c t  Vehicle 7 1  7 2  73 74  75 76 77 78 79  80 8 1  

BIOEXPLORERS A-O(1) SCOUT - 2 2  2  2 1 1 1 1 1 1  

BIOPIONEERS A-D (73) TAT/DELTA/FW4 - - 1 1 1 1 -  - - - - 
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The Biosc ience  model SB2 was e x t r a c t e d  from NASA's Report  t o  t h e  Space Task ~ r o u p ( ~ )  
where i t  appeared a s  Program I under L i f e  Sc iences .  The p l an  r ep re sen ted  a n  a g g r e s s i v e  
Biosc ience  program. Program I, a s  presented  i n  t h e  r e p o r t ,  inc luded  t h e  fo l lowing  
gu ide l ines :  

0 A 12-man space  s t a t i o n  i n  1976 suppor ted  by a space  s h u t t l e  

e The expansion of  t h e  space  s t a t i o n  t o  f a c i l i t a t e  50  people by 1980 and 
100 people by 1985 

0 A 12-man geosynchronous s t a t i o n  launched i n  1981 which would be expanded t o  
a 50-man base  l a t e r  i n  t h e  1980s 

0 Program would i n c l u d e  space  s t a t i o n  l a b o r a t o r y  work, nonrecoverable b i o l o g i c a l  
s a t e l l i t e s  and probes ,  and both ground and space  r e s e a r c h  on t e r r e s t r i a l  
l i f e  i n  space,  

1971 1973 1975 1977 1979 1981 
Year 

FIGURE I V - 2 .  SB2 FUNDING PLOT 
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TABLE IV-2, SB2 FLIGHT SCHEDULE 

Launch Year 
P r o j e c t  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  77  7 8  7 9  8 0  8 1  

BIOPIONEERS A-D(74) TAT/DELTA/FW~ - - - 1 1 1 1 -  - - - 

BIOEXPLORERS A-N S COUT - 2 2 2 2 1 1 1 1 1 1  
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Biosc ience  model SB3 i s  de r ived  from NASA'S r e p o r t  t o  t h e  Space Task ~ r o u ~ ( ~ )  i n  which 
the  p lan  appears  a s  t he  automated p o r t i o n  of Programs 11 and 111. The fol lowing g u i d e l i n e s  
were a  p a r t  of Programs 11 and 111: 

e An o p e r a t i o n a l  space  s t a t i o n  wi th  suppor t ing  s h u t t l e  i n  1977 

e Expansion of t h e  space s t a t i o n  t o  suppor t  50 men by 1984 and 
100 men by t h e  end of  t h e  1980 decade 

P lan  i s  cons t r a ined  by a $4 b i l l i o n  NASA c e i l i n g  i n  FY 1971 

e Bioexplorer  miss ions  t o  begin  i n  1973 and Biopioneer i n  1975. 

1971 1973 1975 1977 1979 1981 
Year 

FIGURE IV-3. SB3 FUNDING PLOT 
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TABLE I V - 3 .  SB3 FLIGHT SCHEDULE 

P r o j e c t  
L a u n c h  Y e a r  - 
V e h i c l e  7 1  72  7 3  7 4  7 5  7 6  7 7  7 8  79 80 81 

BIOPIONEERS A-C 

BIOEXPLORERS A-F SCOUT - - 1 1 1 1 - 1 -  1 - 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



Bioscience model SB4 
f o r  the  Bioscience Program 
p r o j e c t i o n  of OSSA FY 1972 
follows : 

i s  a modif ica t ion of model 3B3 r e f l e c t i n g  the funds requested 
i n  the FY 1971 submission t o  the Bureau of the  Budget and a 

-1975 New ~ f f o r t s .  (7) The c h a r a c t e r i s t i c s  of t h i s  plan a r e  a s  

e Dry workshop (Number 2 )  t o  be launched i n  1975 

e An operat ional  space s t a t i o n  with supporting s h u t t l e  i n  1976 

@ Approved new-start  funding f o r  Biopioneers and Bioexplorers i n  the  1972-1975 
budgets. 

1971 1973 1975 197 7 1979 1981 
Year 

FIGURE I V - 4 .  SB4 FUNDING PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



TABLE IV-4 ,  SB4 FLIGHT SCHEDULE 

P r o j e c t  
L a u n c h  Y e a r  - 
V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 5  7g-  7 9  80 81 

BIOPIONEERS A-C TAT/DELTA/FW~ - - - - 1 - 1 - 1 -  - 

BIOEXPLORERS A-H SCOUT - - - 1 1 1 1 1 1 1 1  
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Biosc ience  model SB5 i s  a mod i f i ca t ion  of model SB4. The g u i d e l i n e s  f o r  Model SB5 
r e f l e c t  a p o s s i b l e  f l i g h t  schedule  t h a t  might t r a n s p i r e  under t h e  fo l lowing  cond i t ions :  

e Dry workshop number 2 cance l l ed  

e Space s t a t i o n  launched i n  1976 but  no s c i e n t i f i c  experiments  t o  be inc luded 
u n t i l  1978 

0 Support ing space s h u t t l e  f o r  space  s t a t i o n  delayed u n t i l  1981 

e Entry  of  t h e  Improved B i o s a t e l l i t e s  i n  1973 launched every  o t h e r  yea r  due 
t o  t h e  de l ays  i n  t h e  space s t a t i o n  

e Approved new-start  funding f o r  Biopioneers  and Bioexplorers  i n  t h e  1972-1975 
budgets  due t o  t he  de l ays  i n  t h e  space  s t a t i o n .  

1971 1973 197 5 197.7 1979 1981 
Year 

FIGURE I V - 5 .  SB5 FUNDING PLOT 
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TABLE IV-5. SB5 FLIGHT SCHEDULE 

L a u n c h  Y e a r  - 
P r o j e c t  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  79 80 8 1  

BIOPIONEERS A-C TAT /DELTA/FW4 - - - - 1 - 1 - 1 -  - 

BIOEXPLORERS A-H SCOUT - - - 1 1 1 1 1 1 1 1  

BIOSATELLITES TAT (6C) /DELTA - - 1 - 1 - 1 - 1 - 1  
(IMPROVED) A-E 

- 
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t e r n a t i v e  I1 

Biosc ience  model SB6 has  been c r e a t e d  i n  t h i s  s tudy  a s  a  p o s s i b l e  a l t e r n a t i v e  model 
t o  t h e  NASA Biosc ience  p l ans  (SBl-SB4). The fo l lowfng g u i d e l i n e s  were assumed f o r  t h i s  
p lan :  

a Nei the r  t h e  space s t a t i o n  nor  t h e  space  s h u t t l e  w i l l  be o p e r a t i o n a l  u n t i l  t h e  
e a r l y  1980 decade 

a The a v a i l a b l e  funds w i l l  be  nea r  t h e  funding p r o j e c t i o n s  p re sen ted  i n  
Appendix A 

a F l i g h t  program i s  t o  c o n s i s t  o f  Biopioneers ,  Bioexplorers  and Improved 
B i o s a t e l l i t e s .  

BIOPIONEER 

1971 1973 1975 1977 1 S 
Year 

FIGURE IV-6. SB6 FUNDING PLOT 
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TABLE IV-6.  SB6 FLIGHT SCHEDULE 

L a u n c h  Y e a r  
P r o j e c t  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  80 81 

BIOPIONEERS A-C 

BIOEXPLORERS A-H SCOUT - - - 1 1 1 1 1 1 1 1  

BIOSATELLITES TAT (6C) /DELTA - - - 1 1 1 1 1 1 1 1  
(IMPROVED) A-H 
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Model Guidelines and Description: SB7(Alternative 111) 

Model SB7 is a third alternative Bioscience model. The following g u i d e l i n e s  were 
made for this plan: 

e The space station and space shuttle will not be available for Bioscience 
experiments until the mid-1980s 

e The available funds will be approximately 20% below the funding projections 
presented in Appendix A 

e The flight program is to consist of Biopioneers, Bioexplorers, and Improved 
Biosatellites, 

1-971- 7 3 75 77 79 1981 
Year 

F I G U R E  I V - 7 .  SB7 F U N D I N G  PLOT 
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TABLE IV-7. SB7 FLIGHT SCHEDULE 

P r o j e c t  
L a u n c h  Y e a r  
V e h i c l e  7 1  7 2  7 3  74 7 5  7 6  77  7 8  7 9  $ 0  $1 

BIOPIONEERS A-D(74) TAT/DELTA/FW4 - - - 1 1 1 1 -  - - - 
BIOEXPLORERS A - 0  ( 1 1 )  SCOUT - 1 1  1 1  2 2 2 2 2 2  2 - 

BIOSATELLITES TAT ( 6 ~ )  /DELTA - - - - - - - - - 1 1  
(IMPROVED) A-C 
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Bioscience model SB8 is the fourth alternative plan. The model was developed 
on the basis of the following guidelines : 

@ The Bioscience flight program will be cancelled following phase-out funding 
necessary for Biosatellites A-C 

e There will be a continuation of ground activities, supporting programs for 
other program offices, and advanced studies at a level of approximately $11,0 
million per year 

e Any space flight experiments will be carried out by some other division in 
NASA. 

0 

197 1 1973 1975 1977 1979 1981 
Year 

FIGURE IV-8. SB8 FUNDING PLOT 
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TABLE I V - 8 .  SB8 FLIGHT SCHEDULE 

Launch Year 
P r o j e c t  Vehic le  7 1  72  7 3  74 7 5  76 77 7 8  79 80 8 1  

None None 
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Biosc ience  model SB9 has been c r e a t e d  a s  ano the r  a l t e r n a t i v e  p l an  us ing  t h e  fo l lowing  
g u i d e l i n e s .  

e A moderately a g g r e s s i v e  Bioscience program will be pursued a t  a  l e v e l  
approximately 20 t o  25% h ighe r  t han  t h e  Biosc ience  funding p r o j e c t i o n s  f o r  t h e  
1970 decade p re sen ted  i n  Appendix A 

Ne i the r  t h e  space  s t a t i o n  nor  t h e  space  s h u t t l e  w i l l  be a v a i l a b l e  u n t i l  t h e  
1980s 

o The f l i g h t  program w i l l  c o n s i s t  of Bioexplorers ,  Biopioneers ,  Improved 
B i o s a t e l l i t e s ,  and Advanced B i o s a t e l l i t e s .  

FIGURE IV-9. SB9 FUNDING PLOT 
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TABLE IV-9, SB9 FLIGHT SCHEDULE 

Launch Year  
P r o j e c t  V e h i c l e  7 1  72 73 74 75  76 77 7 8  79 80 8 1  

BIOEXPLORERS A-0  (I) SCOUT - 2 2 2 2 1 1 1 1  1 1  

BIOPIONEERS A-D(73)  TAT/DELTA/EW4 - - 1 1 1 1 -  - - - - 

BIOSATELLITES TAT(6C) /DELTA - - - 2 2 2 2 2 2 2 -  
(IMPROVED) A-L 

ADVANCED TITAN I I I B /  - - - - - - - - - 1 1  
BIOSATELLITES A-C CENTAUR 
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Model Guide l ines  and Desc r ip t i on :  SBlO(A1ternative V I )  

B iosc ience  mcdel SElO i s  t h e  l a s t  a l t e r n a t i v e  Biosc ience  model c r ea t ed  i n  t h i s  
s tudy ,  The fo l lowing  g u i d e l i n e s  were used i n  t h i s  p l an :  

e Nei ther  t h e  space  s t a t i o n  nor  t h e  space  s h u t t l e  w i l l  be  a v a i l a b l e  i n  t h e  
e a r l y  1980s 

e The f l i gh t :  program w i l l  c o n s i s t  of Biopioneers ,  B ioexp lo re r s ,  and Improved 
B i o s a t e l l i t e s  

e Funding l e v e l  n e a r  t h e  Appendix A SB p r o j e c t i o n ,  

FIGURE IV-10. SBlO FUNDING PLOT 
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TABLE IV-10. SBl0  FLIGHT SCHEDULE 

P r o j e c t  
Launch Year  
V e h i c l e  7 1  72 7 3  74 75 76 77 7 8  79 8 0  8 1  

BIOPIONEERS A-D(74) TAT/DELTA/FW4 - - - 1 1 1 1 -  - - - 

BIOEXPLORERS A-N SCOUT - 2 2 2 2 1 1 1 1 1 -  

BIOSATELLITES TAT (6C) /DELTA - - - - - 2 2 2 2 2 0  
(IMPROVED) A- J 
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Discussion 

SB Models 

Since f i s c a l  funding i s  a primary c o n s t r a i n t  f o r  t h e  Biosc ience  program, s e v e r a l  
p l ans  invo lv ing  va r ious  funding l e v e l s  need t o  be considered.  F igu res  I V - 1 1  and IV-12 
i n d i c a t e  t h e  es t imated  t o t a l  funding requi red  t o  accomplish any NASA-based p lan  (SB1 
through SB4) o r  a l t e r n a t i v e  p l a n  (SB5 through SB10) c r e a t e d  i n  t h i s  s tudy.  The dashed 
l i n e  on each p l o t  i s  t h e  SB funding p r o j e c t i o n  a s  presented  i n  Appendix A f o r  t h e  1970- 
1980 time per iod .  The funding p l o t s  shown f o r  each model should be  considered on ly  a s  
e s t i m a t e s  of r e sources  r equ i r ed  f o r  any given model. The t o t a l  r e source  requirements  
a r e  more a c c u r a t e  than t h e  year-by-year e s t ima tes .  For example, model SB5 i s  shown w i t h  
a very  e r r a t i c  funding l e v e l  u s ing  NASA'S funding schedule.  (5) It is  l i k e l y  t h a t  t h e  
funding would a c t u a l l y  be  spread  (with l i t t l e  change i n  t o t a l  funds)  much more evenly  
over t h e  decade. The dec rease  i n  funding  ind ica t ed  i n  two of t h e  NASA-based miss ion  
models (SB1, SB2) i n  t h e  l a t e  1970s must be  a t t r i b u t a b l e  t o  e i t h e r  o r  both of t h e  
fo l lowing two f a c t o r s :  (1) a r e l i a n c e  upon the  space s t a t i o n  i n  t h e  l a t e r  yea r s  t o  
c a r r y  ou t  t h e  necessary  Biosc ience  experiments ,  which would e l i m i n a t e  s e v e r a l  Biosc ience  
launches,  and (2)  t he  d i f f i c u l t y  of p r o j e c t i n g  and p lanning  10  y e a r s  i n t o  t h e  f u t u r e .  

The number and type of p r o j e c t s  c o n s t i t u t i n g  a model a r e  dependent upon t h e  g u i d e l i n e s  
under which the  p l a n  was developed. For example, i f  i t  i s  assumed t h a t  t he  space s t a t i o n  
would n o t  be a v a i l a b l e ,  Advanced B i o s a t e l l i t e s  could be s u b s t i t u t e d  a s  a form of compen- 
s a t i o n ,  i f  t h e  necessary  funds were a v a i l a b l e .  This h y p o t h e t i c a l  ca se  was presented  a s  
a l t e r n a t i v e  p lan  SB9. 

I n  c r e a t i n g  a range of  p l ans ,  t h e  average funds a v a i l a b l e  were assumed t o  be nea r  
t h e  SB funding p r o j e c t i o n s  presented  i n  Appendix A. Using t h i s  funding schedule  a s  a 
r e f e r e n c e ,  t h e  d i f f e r e n t  Biosc ience  models can be c l a s s i f i e d  a s  e i t h e r  a high l e v e l ,  low 
l e v e l ,  o r  average  plan.  For example, models SB3, SB4, SB7, and SB8 can be c l a s s i f i e d  as 
low l e v e l  p lans ,  models SB9 and SBlO a s  h igh  l e v e l  p lans ,  and model SB6 a s  an  average 
plan.  Thus, a p o s s i b l e  Biosc ience  f l i g h t  program i s  presented  f o r  va r ious  degrees of 
emphasis which NASA OSSA might pursue f o r  t h e  per iod  1971-1981. 

The Bioscience p l ans  p re sen ted  i n  t h i s  chap te r  a r e  cons idered  f e a s i b l e  under t h e  
s t a t e d  assumptions. The s e l e c t i o n  of  t h e s e  p r o j e c t s  from t h e  t o t a l  number of Biosc ience  
p r o j e c t s  t h a t  e x i s t  was made on t h e  b a s i s  of  t he  fol lowing assumption: The p r o j e c t s  
presented  i n  NASA programs (SB1 through SB4) a r e  t he  h i g h e s t  p r i o r i t y  p r o j e c t s  i n  t h e  
Biosc ience  program, Therefore ,  t h e  SB programs developed i n  t h i s  s tudy  c o n s i s t  of  p r o j e c t s  
s i m i l a r  t o  those  i n  t h e  NASA plans ,  

Table I V - 1 1  shows t h e  a c t i v i t y  f o r  each Bioscience program presented i-n t h i s  s tudy.  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  each NASA plan  (SB1-SB4) con ta ins  Biopioneers  and Bio- 
e x p l o r e r s ,  which was cons idered  t o  i n d i c a t e  t h a t  t h e s e  p r o j e c t s  should be inc luded i n  any 
f e a s i b l e  a c t i v e  f l i g h t  program f o r  t he  1971-1981 time per iod .  SR&T, advanced s t u d i e s ,  and 
p l a n e t a r y  qua ran t ine  work a r e  expected t o  be c a r r i e d  ou t  even i f  a f l i g h t  schedule  i s  
n o t  approved, a s  i n d i c a t e d  i n  model SB8, wi th  any Bioscience experiments  being performed i n  
con junc t ion  wi th  o t h e r  OSSA miss ions  o r  launched piggyback a s  secondary experiments on 
o t h e r  f l i g h t s .  

I t  must be emphasized t h a t  t he  d i f f e r e n c e  i n  funding between an SB high  l e v e l  
program and an SB low l e v e l  program i s  very smal l  compared t o  t h e  OSSA t o t a l  budget.  
Thus, i t  may s t i l l  be p o s s i b l e  t o  pursue one of  t he  more aggres s ive  programs presented  
even though the  OSSA budget i s  very  low; t h a t  i s ,  a 100 o r  200% i n c r e a s e  i n  Bioscience 
funding i s  small  enough t h a t  t h e  d i f f e r e n c e  w i l l  no t  be n o t i c e a b l e  a t  t he  OSSA l e v e l  of 
funding , 
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TABLE I V - l l .  PROGRAM ACTIVITY 13Y MODEL 

Models 

Biopioneers  

Bioexplorers  

B i o s a t e l l i t e s  (Improved) - 

Advanced B i o s a t e l l i t e s  80 - - - - - - - - - 
2 

W i l d l i f e  Applied Research e (b)  - - - - - - - - - 
SR&T Advanced S t u d i e s  e a e @ e f~ e e  e  e 

P l a n e t a r y  Quarantine @ @ e e & e 0 e e 0 

(a) The upper f i g u r e  i n  each group i n d i c a t e s  t h e  year  of f i r s t  launch a f t e r  1970 and t h e  
lower f i g u r e  i n d i c a t e s  t h e  number of  launches i n  t h e  1971-1981 t ime period.  

(b) Dot (e )  means t h a t  a  non-space- f l ight  program a r e a  i s  inc luded i n  the  i n d i c a t e d  model. 

Table IV-12 p r e s e n t s  launch v e h i c l e  use  r a t e s  by yea r  f o r  each Biosc ience  model, SB1 
through SB10. The t o t a l  2amily of  v e h i c l e s  f o r  any Bioscience program, a t  t h e  maximum, 
r e q u i r e s  SCOUTS, TAT/DELTAS, TAT (6C) /DELTAS, and TITAN IIIB /CENTAURS. Of these ,  
only  t h e  TITAN IIIB/CENTAUR i s  n o t  p r e s e n t l y  a v a i l a b l e .  The p r o j e c t e d  a v a i l a b i l i t y  
d a t e  f o r  t h i s  v e h i c l e  i s  such t h a t  t h e  r equ i r ed  launch v e h i c l e s  should e x i s t  f o r  
any Biosc ience  program presented  here.  

The advanced B i o s a t e l l i t e s  a r e  t h e  most demanding p r o j e c t s  p re sen ted  i n  t h i s  s tudy,  
They w i l l  weigh up t o  8,000 l b  and r e q u i r e  a  VC of 25,900 f t l s e c .  The launch v e h i c l e  f o r  
t h i s  p r o j e c t  could be e i t h e r  a n  ATLAS/CENTAUR(~) o r  a  TITAN IIIBICENTAUR. For t h e  
e a r l i e s t  da t ed  involved,  1978, one of  t hese  two veh ic l e s  ( o r  some equ iva len t  c a p a b i l i t y )  
i s  expected  t o  be a v a i l a b l e ,  
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TABLE IV-12, LAUNCH RATES BY VEHICLE AND MODEL 

Y e a r  
M o d e l  L a u n c h  V e h i c l e  

SCOUT 
SB1 TAT/DELTA/FW~ 

TOTAL 

SCOUT - 2 2 2 2 1 1 1 1 1 -  13 
SB2 TAT/DELTA/FW~ - - - 1 1 1 1 -  - - - 4 

TOTAL - 2 2 3 3 2 2 1 1 1 -  1 7  

SCOUT - - 1 1 1 1 - 1 - 1 -  6 
S B3 TAT/DELTA/FW~ 

TOTAL 

SCOUT - - - 1 1 1 1 1 1 1 1  8 
SB4 TAT/DELTA/FW~ 

TOTAL 

SCOUT - - - 1 1 1 1 1 1 1 1  8 
S B5 TAT/DELTA/FW~ - - - - 1 - 1 - 1 -  - 3 

TAT ( 6C) /DELTA - - 1 - 1 - 1 - 1 - 1  5 
TOTAL - - 1 1 3 1 3 1 3 1 2  1 6  

SCOUT - - - 1 1 1 1 1 1 1 1  8 
SB6 TAT/DELTA/FW~ - - - - 1 - 1 - 1 -  - 3 

TAT (6C) /DELTA 
TOTAL 

SCOUT - 1 1 1 1 2  2 2 2  2 -  1 4  
SB7 TAT(6C) /DELTA 

TOTAL 

SCOUT - 2 2 2 2 1 1 1 1 1 -  13 
TAT/DELTA/FW~ - - 1 1 1 1 -  - - - - 4 

SB9 TAT(6C) /DELTA - - 2 2 2 2 2 2 -  - - 1 2  
TITAN IIIB~CENTAUR - - - - - - - 1 1 1 1  4 

TOTAL - 2 5 5 5 4 3 4 2 2 1  3 3 

SCOUT - 2 2 2 2 1 1 1 1 1 -  1 3  
SBlO TAT/DELTA/FW~ - - - 1 1 1 1 -  - - - 4 

TAT(6C) /DELTA - - - - - 2 2 2 2 2 -  1 0  
TOTAL - 2 2 3 3 4 4 3 3 3 -  2 7 
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Introduction 

The Lunar and Planetary Programs Division (SL) is one of the major program offices 
in OSSA. The SL areas of interest include "the genesis, distribution and composition of 
planets and their satellites, the comets and asteroids, and other solid materials in the 
solar system. It includes the search for extraterrestrial life, embraces such fields as 
geology, geography, petrography, mineralogy, seismology, vulcanology, astronomy, and 
aeronomy, and extends the scope of interest beyond the Earth to include all the condensed 
material of our solar system. It also includes examination of the interplanetary 

(1) ik  environment". 

SL activities are structured to attain three major goals: 

To further the understanding of 

0 The origin and evolution of the solar system 

0 The origin and evolution of life 

0 Earth by comparative studies of the other planets. 

In the past the SL activities have consumed a major portion of the OSSA budget. In 
1967, 1968, 1969, and 1970, the SL Division accounted for 27, 23, 14, and 27% of the total 
OSSA budget, respectively. The SL projections from Appendix A indicate that the SL Divi- 
sion might be expected to receive from 20 to 25% of the OSSA budget during the 1970 decade. 
These projections indicate SL funding of $170 million in 1970, $222 million in 1975, and 
$268 million in 1980, These data and the extrapolation of past data support the contention 
that the SL program will continue to receive a major portion of OSSA funds in the 1 9 7 0 ~ ~  

Ten SL mission models are presented in this study. These are indicative of the wide 
spectrum of activities which might be pursued to achieve the planetary program goals and 
objectives. Several models are presented to obtain a wide representation of the states in 
which NASA may find itself during the next decade. From these models an indication of the 
launch vehicle family needed to support the SL activities during the 1970 decade may be 
derived. 

The remainder of this Chapter presents the Program Areas and the mission models and 
projects which comprise the plans. 

Program  rea as("^) 

This section summarizes the various approved, planned, and proposed projects considered 
in developing the Planetary Exploration mission models presented. All funding is in 
millions of dollars; all spacecraft weights are given in pounds, Launch Vehicle is 
designated LV and the appropriate vehicle is named.** Characteristic velocity (VC) is 
given in feet per second. 

* Superscript numbers denote references given at the end of this chapter. -*. J .  - -  See Appendix D for a discussion of launch vehicle nomenclature. 
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IlARS HIGH DATA RATE ORBITER(77) 
LV: TITAN IIID~CENTAUR IJt: 7,000 VC: 39,250 

Purpose: Mission w i l l  u t i l i z e  r o l l - o u t  s o l a r  a r r ays  f o r  h igh  power i n  
o r b i t  t o  provide high d a t a  r a t e  transmission (>lo6 b i t s  per  
second). Spacecraf t  w i l l  a l s o  provide support  where pos s ib l e  
f o r  landed spacec r a f t .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 10.0 70.0 64.0 25.0 7.0 4.0 - 
F l i g h t s  - - 1 -  

MARS HIGH DATA RATE ORBITER(79) 
LV: TITAN IIID/CENTAUR W t :  7,000 VC: 38,400 

Purpose: Mission w i l l  u t i l i z e  r o l l - o u t  s o l a r  a r rays  f o r  h igh  power i n  
o r b i t  t o  provide  h igh  d a t a  r a t e  transmission (>lo6 b i t s  per  
second). Spacecraf t  w i l l  a l s o  provide support  where pos s ib l e  
f o r  landed spacec r a f t .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 10.0 70.0 64.0 25.0 7.0 4.0 

F l i g h t s  - - - - 1 -  

MARS HIGH DATA RATE oRBITER(~I) 
LV: TITAN IIID~CENTAUR IJt: 7,000 VC: 37,800 

Purpose: Mission w i l l  u t i l i z e  r o l l - ou t  s o l a r  a r r ays  f o r  h i  h power i n  
i? o r b i t  t o  provide h igh  d a t a  r a t e  transmission (>lo b i t s  per  

second). Spacecraf t  w i l l  a l s o  provide support  where pos s ib l e  
f o r  landed spacec r a f t .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - .. - 10.0 70.0 64.0 25.0 

F l i g h t s  - - - - 

I1ARS HIGH DATA RATE ORBITER(84) 
LV: TITAN IIID/CENTAUR W t :  7,000 VC: 37,800 

P u r p ~ s e :  Mission w i l l  u t i l i z e  r o l l - ou t  s o l a r  a r r ays  f o r  high power i n  
o r b i t  t o  provide  high d a t a  r a t e  transmission (>lo6 b i t s  pe r  
second). Spacecraf t  w i l l  a l s o  provide support  where pos s ib l e  
f o r  landed spacec r a f t .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 10.0 70.0 

F l i g h t s  (Launch i n  1984) 
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MARS EXPLORER/ORBITER(81) 
LV: TAT(9C)/DELTA/TE364 Wt: 650 VC: 38,500 

Purpose: To measure Mars magnetosphere, magnetosheath, detached 
"Bow Shock" wave and tail and wake region. Also to provide 
clues to internal composition and structure if magnetic 
field exists . 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - - 2.0 9.0 11.0 

Flights - - - - - 

MercuryIVenus 

MERCURY /VENUS MARINER FLYBY (73) 
LV : ATIAS/CENTAUR Wt: 1,200 VC: 38,900 

Purpose: Close-range observation of surface features, light and dark 
side emissivity and temperature, solar wind interaction, 
atmosphere, mass density and shape, ephemeris of Mercury. 
Spacecraft will provide TV transmissions of Venus. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 24.1 33.5 22.3 11.2 0.4 - - 
Flights - - 1 -  .. - - 

MERCURY /VENUS MARINER FLYBY (7 8) 
LV: TITAN IIIC Wt: 800 Vc: 40,400 

Purpose: Close-range observation of surface features, light and dark 
side emissivity and temperature, solar wind interaction, 
atmosphere, mass density and shape, ephemeris of Mercury. 
Spacecraft will provide TV transmissions of Venus. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 3.0 25.0 27.0 16.0 10.0 - 
Flights - - - - - 1 - 

Mercury 

MERCURY SOLAR ELECTRIC ORBITER(82) 
LV: TITAN IIID/CENTAUR Wt: 8,000 VC: 39,600 

Purpose: To map the topography of Mercury's surface, magnetic field, 
and atmospheric composition and to measure the gravitational 
field and spatialltemporal pattern of the surface temperature. 
Spacecraft to have solar electric propulsion engine. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - 30.0 44.0 37.0 32.0 

Flights (Launch in 1982) 
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Venus - 

VENUS EXPLORER ORBITER(72) 
LV: TAT(9C) /DELTA/TE364 W t  : 635 VC: 38,650 

Purpose: To measure the p l ane t ' s  magnetosphere, magnetosheath, detached 
"Bow Shock'' wave, and t a i l  and wake region. To c o l l e c t  da t a  
about i n t e r n a l  composition and s t ruc tu re ,  i f  magnetic f i e l d  
e x i s t s  . 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 12.0 16.0 3.0 - - - 
Fl igh t s  - 1 - - - 

VENUS EXPLORER ORBITER(73) 
LV: TAT(9C) /DELTA/TE364 W t  : 660 VC: 38,450 

Purpose: To measure the p l ane t ' s  magnetosphere, magnetosheath, detached 
"Bow Shock" wave, and t a i l  and wake region. To c o l l e c t  da t a  
about i n t e r n a l  composition and s t ruc tu re ,  i f  magnetic f i e l d  
e x i s t s  . 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 4.0 12.0 16.0 3.0 - - - 
F l i g h t s  - - 1 -  - - 

VENUS EXPLORER ORBITER(75) 
LV: TAT(9C) /DELTA/TE364 W t  : 815 VC: 37,400 

Purpose: To measure the  p l ane t ' s  magnetosphere, magnetosheath, detached 
"Bow Shock" wave, and t a i l  and wake region. To c o l l e c t  da ta  
about i n t e r n a l  composition and s t ruc tu re ,  i f  magnetic f i e l d  
ex i s t s .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 4.0 12.0 16.0 3.0 - - 
F l i g h t s  - - - 1 -  

VENUS EXPLORER ORBITER(76) 
LV: TAT(9C)/DELTA/TE364 W t :  650 VC: 37,500 

Purpose: To measure the p l ane t ' s  magnetosphere, magnetosheath, detached 
"Bow Shock" wave, and t a i l  and wake region. To c o l l e c t  da t a  
about i n t e r n a l  composition and s t ruc tu re ,  i f  magnetic f i e l d  
e x i s t s  . 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 4.0 12.0 16.0 3.0 - 
Fl igh t s  - - - 1 -  
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VENUS MARINER ORBITERS (81) 
LV: TITAN IIID/CENTAUR W t :  5,600 VC: 38,000 

Purpose: To develop a microwave map of t he  Venusian sur face .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 26.0 94.0 88.0 32.0 

F l i g h t s  - - - 

VENUS MARINER ORBITER/ROUGH LANDER(83) 
LV: TITAN IIID/cENTAuR W t :  6,000 VC: 38,500 

Purpose: To analyze sur face  p rope r t i e s  and environment of Venus. Also, 
t o  measure the atmospheric p rope r t i e s  during descent and su r f ace  
mapping by o r b i t e r .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - 26.0 100.0 

F l i g h t s  (Launch i n  1983) 

VENUS HIGH DATA RATE ORBITER(81) 
LV: TITAN IIID/CENTAIJR W t :  7,000 VC: 38,500 

Purpose: To develop a d e t a i l e d  su r f ace  mapping of Venus t o  50 meter 's  
r e so lu t i on  using r ada r  imaging. 

1971 1972 1973 , 1 9 7 4  1975 1976 1977 1978 1979 1980 1981 

Funding - - - - - - - 20.0 70.0 66.0 24.0 

F l i g h t s  - - - - - 

i t e r  - 
JUPITER PIONEER F,G 

PIONEER F: ATLASICENTAUR 
'": PIONEER G'? TITAN IIID~CENTAUR W t :  'c: 47'700 

Purpose: To measure p a r t i c l e s  and f i e l d  environment t o  5 a.u. ,  p a r t i c l e  
dens i ty  of a s t e r o i d  be l t ,  magnetic and r ad i a t i on  f i e l d s  of 
J u p i t e r ,  and t o  provide J u p i t e r  imaging. 

- 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 29.1 14.2 6.3 2.7 2 .3  2.0 1.6 - 
F l i g h t s  - 1 1 - 

$r Pioneer G w i l l  be launched on an ATLASICENTAUR i f  the  Development 
of the  TITAN IIID/CEhTAUR i s  delayed. 
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JUPITER MARINER ORBITER(78) 
LV: TITAN IIID/CENTAUR/BII wt : 2,200 vC: 49,000 

Purpose: To conduct mapping, composition analysis, and time-dependent 
measurements of the atmosphere; determine extent and intensity 
of planetary fields; observe satellites. 

Funding - - - 2.0 15.0 70.0 80.0 58.0 15.0 10.0 - 
Flights - - - - - - 1 - - 

JUPITER MARINER ORBITER(80) 
LV: TITAN IIID/cENTAUR/BII Wt: 2,200 VC: 48,000 

Purpose: To conduct mapping, composition analysis, and time-dependent 
measurements of the atmosphere; determine extent and intensity 
of planetary fields; observe satellites. 

Funding - - - 2.0 15.0 70.0 80.0 58.0 15.0 
Flights - - - - - - - - 1 -  
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V-18 and V-19 

SL Mission Models 

This section presents 10 Planetary mission models (SLI-SLlO). Inciuded with each 
mission model are the guidelines, characteristics, funding plot (Figures V-1 through 
V- lo), and flight schedule (Tables V- 1 through V- 10) which describe the model. Comparisons 
and discussions of the models follow in the next section of this chapter. 
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SLl i s  t h e  lowest  l e v e l  P l a n e t a r y  model found i n  t h e  PSG Prospec tus  f i l e ( 3 ) .  I n  t h i s  
s t udy  SLI i s  cons ide red  an  a g g r e s s i v e  SL p lan .  

The p r i n c i p a l  c h a r a c t e r i s t i c s  of t h i s  model a r e  a s  fo l lows:  

@ Mars Vikings i n  1973 and 1975 

@ J u p i t e r  Flyby S o l a r  Escape i n  1974 

e Grand Tour i n  1977 and 1979 

A c t i v e  f l i g h t  s chedu le  t o  t h e  Comets and A s t e r o i d s .  

1971 1973 1975 1977 1979 1981 
Year 

FIGURE V - 1 .  SL1 FUNDING PLOT 
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TABLE V-1. SLI FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  L a u n c h  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

MARS MARINER ( 7 1 )  
MARS VIKING oRB./SL. A,B(73)  
MARS VIKING ORB. /SL. C,D(75) 
MARS SOFT LANDER/ROVER(~~)  
MARS HIGH DATA RATE ORBITER(79) 
MARS HIGH DATA RATE ORBITER(84) 
MARS EXPLORER/ORBITER A(73)  
MARS ExPLoRER/oRBITER(~~) 
MARS EXPLORER/ORBITER(~~)  
MARS ExPLoRER/ORBITER(~~)  

ATLAS~CENTAUR 
TI'EAN IIID~CENTAUR 
TITAN IIID ( 7 )  /CENTAUR 
TITAN IIIDICENTAUR 
TITAN I I I D / C E N W  
TITAN IIID~CENTAUR 
TAT(9C) /DELTA/TE364 
TAT(9C) /DELTA/TE364 
TAT(9C) /DELTA/TE364 
TAT (9C) /DELTA/TE364 

M e r c u r y  

MERCURY /VENUS MARINER FLYBY ( 7 3 )  ATLAS~CENTAUR - - I - - - - - - - -  
MERCURY/VENUS MARINER FLYBY ( 7 8 )  TITAN I I I C  - - - - - - - I - - -  
MERCURY SOLAR ELECTRIC ORBITER(82) TITAN IIID/CENTAUR ( L a u n c h  i n  1 9 8 2 )  

V e n u s  

VENUS MARINER FLYBY/PROBES (75)  TITAN I I I C  - 
VENUS MARINER ORBITERS (7 8 )  TITAN IIID/CENTAUR - 
VENUS EXPLORER ORBITER(72) TAT(9C) /DELTA/TE364 - 
VENUS EXPLORER ORBITER(73) TAT(9C) /DELTA/TE364 - 
VENUS EXPLORER ORBITER(75) TAT (9C) /DELTA/TE364 - 
VENUS EXPLORER ORBITER ( 8 0 )  TAT(9C) /DELTA/TE364 - 
VENUS EXPLORER ORBITER(83) TAT(9C) /DEKCA/TE364 
VENUS MARINER ORBITER~ROUGH LANDER(83) TITAN IIID/CENTAUR 

- - - - 
I - - -  
- I - -  
- - . . I  - - - -  

( L a u n c h  i n  
( L a u n c h  i n  

J u p i t e r  

JUPITER PIONEER F , G  
PIONEER F :  ATLASICENTAUR 
PIONEERG:TITANIIID/CENTAUR- - - - - - - - - 

JUPITER MARINER FLYBY/ 
SOLAR ESCAPE(74) TITAN IIID/CENTAUR/BII - - - I - - - - - - -  

JUPITER MARINER ORBITER(78) TITAN II ID/CENT'UR/BII  - - - - - - - I - - -  
JUPITER FLYBY/PROBES(~O)-LOW TITAN IIID/CENTAUR/BII - 1 -  
JUPITER FLYBY /PROBES (84)  TITAN IIID/CENTAUR/BII ( L a u n c h  i n  1 9 8 4 )  

O u t e r  P l a n e t s  

JUPITER-SATURN-PLUTO 
MARINER FLYBY (7 7 )  -LOW TITAN IIID/CENTAUR/BII - - - . . - - 2 - - - -  

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY (7  9 )  -LOW TITAN IIID/CENTAUR/BII - - - - - - - - 2 - -  

SATURN MARINER ORBITER/ 
PROBE (81) -LOW SIC/SIVB/CENTAUR - - - - - - - - - -  1 

C o m e t s  a n d  A s t e r o i d s  

ASTEROID BELT SOLAR ELECTRIC 
FLY - THROUGH ( 7 5 )  ATLAS~CENTAUR - - -  - I - - - - - -  

ASTEROID EROS MARINER FLYBY ( 8 1 )  ATLAs/CENTAUR - - . . - - - . . - - -  1 
COMET D 'ARREST MARINER FLYBY ( 7 6 )  ATLAS~CENTAUR . . - - - - l - - - - -  
COMET HALLEY tf.4RINER FLYBY ( 8 5 )  ATLAS/CENTAUR ( L a u n c h  i n  1 9 8 5 )  
COMET KOPFF MARINER RENDEZVOUS(83) TITAN IIID/CENTAUR ( L a u n c h  i n  1 9 8 3 )  
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The Lunar and Planetary model SL2 was extracted from NASA's Report to the Space 
Task ~roup(~), where it appeared as Program I in the Planetary Program Schedule. The 
primary guideline concepts associated with Model SL2 are excerpted from the Space Task 
Group report as follows: 

"The most effective way to proceed with the exploration of the nearby 
planets Mars and Venus is with an integrated exploration program utilizing both 
automated and manned systems. ... The approach of the automated Mars exploration 
program is to proceed from the recent flyby missions to orbiters and then to 
orbiters with surface landers. ... Exploration of Venus will continue with automated 
flybys and orbiters, some with atmospheric probes." 

"...In the late 19701s, the outer planets are so uniquely positioned that 
multiple planet flyby missions, referred to as 'Grand Tours', are feasible with a 
single spacecraft. ... Utilization will be made of both of these Grand Tour 
opportunities. ''(4) 

This model was based upon the following: 

e A 12-man space station and space shuttle in 1976 

e A 50-man space station by 1980 

e An active Mars automated program in support of a manned Mars expedition in 
1983 

e An active Venus Program 

e Grand Tour in 1977 and 1979. 

1971  1973  1975  1977 1979  1981  
Year 

FIGURE V-2. SL2 FUNDING PLOT 
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TABLE V - 2 .  SL2 FLIGHT SCHEDULE 

Y e a r  -- 
P r o j e c t  L a u n c h  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  5 1  

MARS MARINER(71) 
MARS VIKING ORB. /SL. A,B ( 7 3 )  
MARS VIKING oRB./sL. C,D(75)  
MARS SOFT LANDER ROVER(77) 
MARS SOFT LANDER ROVER(79) 
MARS SOFT LANDER ROVER(81) 
MARS HIGH DATA RATE ORBITER(77) 
MARS HIGH DATA RATE ORBITER(81) 
MARS ExPLoRER/oRBITER(~~) 
MARS EXPLORER/ORBITER(~~)  
MARS EXPLORER/ORBITER(~~)  

MERCURY~VENUS MARINER FLYBY ( 7 3 )  
MERCURY~VENUS MARINER FLYBY (7  8 )  

M a r s  - 
ATLAs/cENTAUR 
TITAN IIIDICENTAUR 
TITAN I I I D  (7  ) /CENTAUR 
TITAN IIID~CENTAUR 
TITAN IIIDICENTAUR 
TITAN IIID/CENTAUR 
TITAN IIIDICENTAUR 
TITAN IIIDICENTAUR 
T A T ( ~ c ) / D E L T A / T E ~ ~ &  
TAT (9C) /DELTA /TE364 
TAT(9C) /DELTA/TE364 

M e r c u r y  

ATLAS~CENTAUR - 
TITAN I I I C  

V e n u s  

VENUS MARINER ORBITER(78) TITAN IIID/CENTAUR - - 
VENUS MARINER ORBITER(81) TITAN IIID/CENTAUR - - 
VENUS MARINER FLYBY/PROBES ( 7 7 )  TITAN I I I C  - - 
VENUS EXPLORER ORBITER(72) TAT(9C) /DELTA/TE364 - 1 
VENUS EXPLORER ORBITER(75) TAT(9C) /DELTA/TE364 - - 
VENUS EXPLORER ORBITER(76) TAT(9C)/DELTA/TE364 - - 
VENUS EXPLORER ORBITER(78) TAT(9C) /DELTA/TE364 - - 

J u p i t e r  

JUPITER PIONEER F , G  PIONEER F :  ATLAS/CENTAUR 
PIONEER G: TITAN IIID/CENTAUR - 1 

JUPITER MARINER ORBITER(78) TITAN IIID/CENTAUR/BII - - 
JUPITER FLYBY/PROBES (80)-HIGH TITAN IIID/CENTAUR/BII - - 

O u t e r  P l a n e t s  

JUPITER-SATURN-PLUTO 
MARINER FLYBY ( 7 7 )  TITAN IIIDICENTAURIBII - - 

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY ( 7 9 )  TITAN IIIDICENTAURIBII - - 

SATURN MARINER ORBITER/ 
p ~ o B E ( 8 1 )  -HIGH SIC/SIVB/CENTAUR - - 

C o m e t s  and A s t e r o i d s  

COMET D' ARREST MARINER FLYBY (7 6 )  ATLAs/CENTAUR - - 
ASTEROID BELT SOLAR ELECTRIC 

FLY-THROUGH (7 5 )  ATLAS/CENTAUR - - 
ASTEROID EROS MARINER FLYBY ( 8 1 )  ATLAS~CENTAUR - - 
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The Lunar and P l a n e t a r y  model SL3 was de r ived  from NASA's Report t o  t h e  Space Task 
~ r o u p ( h ) ,  where i t  appeared a s  Programs ii and iII i n  t h e  P l a n e t a r y  Program Schedule.  
The g u i d e l i n e s  a r e  s i m i l a r  t o  t h e  e x c e r p t  presented  w i t h  Model SL2. 

The model, a s  p re sen ted  i n  t h i s  p r e s e n t  s tudy ,  was based upon t h e  fol lowing:  

o A space s t a t i o n  and s h u t t l e  i n  1977 

A 50-man space  s t a t i o n  i n  1984 

A budgetary  c o n s t r a i n t  of $4.0 b i l l i o n  f o r  NASA i n  FY 1971 

e Mars miss ions  flown a t  each oppor tuni ty  

e Grand Tours i n  1977 and 1979. 

1971 1973 1975 1977 1979 1981 
Year 

FIGURE V-3. SL3 FUNDING PLOT 
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T&LE V - 3 .  SL3 PLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

MARS MARINER(71) ATLASICENTAUR 2 - - - - - - - - - -  
MARS VIKING ORB./SL. A,B(73) TITAN IIIDICENTAUR - - 2 - - - - - - - -  
MARS VI.KING ORB./SL. C,D(75) TITAN IIID(~)/CENTAUR - - - - 2 - - - - - -  
MARS VIKING ORB. ISL. E (77) TITANIIID(~)/CENTAUR - - - - - - 1 - - - - 
MARS HIGH DATA RATE ORBITER(81) TITAN IIIDICENTAUR - - . - - - - - - -  - 1 
MARS ExPLORER/ORBITER(~~) TAT(gC)/DELTA/TE364 - - - - - - - - 1 - - 
MARS ExPLORER/ORBITER(~~) TAT(~C)/DELTA/TE~~~ - - - - - - - - - - 1 

Mercury 

MERCURY/VENUS MARINER FLYBY(73) ATLAS/CEN~R - - I - - - - -  - - - 

VENUS EXPLORER ORBITER(78) 
VENUS EXPLORER ORBITER(80) 
VENUS EXPLORER ORBITER(81) 

JUPITER PIONEER F ,G 

Jupiter 

Outer Planets 

JUPITER-SATURN-PLUTO 
MARINER FLYBY (77) TITAN IIIDICENTAURIBII - - - - - - 2 - - -  - 

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY (79) TITAN IIIDICENTAURIBII - - - - - - - - z -  

Comets and Asteroids 

ASTEROID BELT SOLAR ELECTRIC 
FLY-THROUGH(81) ATLASICENTAUR - - - - - - - - - - I  
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Lunar and P l a n e t a r y  model SL4 i s  a  mod i f i ca t i on  ~ f  model SL3 and r e f l e c t s  t h e  
Lunar and P l a n e t a r y  program p re sen ted  i n  t h e  NASA FY 1971 submission t o  t he  Bureau of  t h e  
Budget. (5,  6, 

The p r i n c i p a l  c h a r a c t e r i s t i c s  of  t h i s  model a r e  a s  fo l lows:  

a Dry workshop (Number 2) t o  be launched i n  1975 

s Space s t a t i o n  and s h u t t l e  i n  1976 

An added J u p i t e r  probe i n  1978 

a Comet D 'Arres t  mi s s ion  i n  1976 

) Mars miss ions  flown a t  each oppor tun i ty  

a Grand Tours i n  1977 and 1979. 

1971  1973  1975 1977  1979  1981  
Year 

FIGURIZ V - 4 .  SL4 FUNDING PLOT 
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TABLE V-4. SL4 FLIGHT SCHEDULE 1 

P r o j e c t  
Y e a r  

L a u n c h  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

MARS MARINER(71) 
MARS VIKING ORB./SL. A , B ( 7 3 )  
MARS VIKING oRB./sL. C , D ( 7 5 )  
MARS VIKING ORB./SL. E ( 7 7 )  
MARS HIGH DATA RATE OREITER(81) 
MARS EXPLORER/ORBITER(7 7 )  
MARS EXPLORER/ORBITER(7 9 )  
MARS EXPLORER/ORBITER(~~)  

A ~ S / C E N T A U R  
TITAN IIID/CENTAUR 
TITAN IIID ( 7 )  /CENTAUR 
TITAN I I I D  (7 )  /CENTAUR 
TITAN IIID/CENTAUR 
TAT (9C) /DELTA/TE364 
TAT(9C) /DELTA/TE364 
TAT(9C) / D E L T A / T E ~ ~ ~  

M e r c u r y  

MERCURY/VENUS MARINER FLYBY ( 7 3 )  ATLAS/cENTAUR - - 

VENUS EXPLORER ORE ITER(76)  TAT(9C) /DELTA/TE364 - - 
VENUS EXPLORER ORBITER(78) TAT(9C) /DELTA/TE364 - - 
VENUS EXPLORER ORBITER(80) TAT(9C) /DELTA/TE364 - - 
VENUS EXPLORER ORBITER(81) TAT(9C) /DELTA/TE364 - - 
VENUS EXPLORER FLYBY /PROBES (75)  TAT(9C) /DELTA/TE364 - - 

J u p i t e r  

JUPITER PIONEER F , G  
PIONEER F : ATLAS/CENTAUR 
PIONEER G: TITAN IIID/CENTAUR- 

1 

JUPITER FLYBY/PROBES ( 7 8 )  TITAN IIID/cENTAUR/BII - - 
O u t e r  P l a n e t s  

JUPITER-SATURN-PLUTO 
MARINER FLYBY ( 7 7 )  TITAN IIIDICENTAURIBII - - 

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY(79 1 TITAN IIID/CENTAUR/BII - - 

C o m e t s  a n d  A s t e r o i d s  

COMET D' ARREST MARINER FLYBY ( 7 6 )  ATLAS/CENTAUR - - - - - 1 - - - - -  
ASTEROID BELT SOLAR ELECTRIC 

FLY-THROUGH(81) ATLAS/CENTAUR - - - - - - - - -  - 1 
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The Lunar and P l a n e t a r y  model SL5 was c r e a t e d  i n  t h i s  s t u d y  a s  a p o s s i b l e  
a l t e r n a t i v e  t o  t h e  NASA models SL1-SL4. The p r i n c i p a l  g u i d e l i n e  f o r  t h i s  p l an  was t o  
o b t a i n  a model i n  which funding  was l e s s  than  t h e  1971-1981 SL funding p r o j e c t i o n s  
p r e sen t ed  i n  Appendix A .  

The major  c h a r a c t e r i s t i c s  of t h i s  p l an  a r e  a s  fo l l ows :  

e A s i n g l e  p a i r  o f  Mars Vik ing  s p a c e c r a f t  launched i n  1977 

e Grand Tour i n  1979. 

FIGURE V-5. SL5 FUNDING PLOT 
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TABLE V-5 .  S L 5  FLIGHT SCHEDULE 

- - 

Project 
Year 

Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

MARS MARINER (71) ATLAS / CEN TAUR 2 - 
MARS VIKING ORB. /SL. A,B (77) TITAN IIID/CENTAUR - - 
MARS HIGH DATA RATE ORBITER(75) TITAN IIID/CENTAUR - - 
MARS HIGH DATA RATE ORBITER(81) TITAN IIID/CENTAUR - - 
MARS EXPLORER/ORBITER(79) TAT(gC)/DELTA/TE364 - - 
MARS EXPLORER/ORBITER(Bl) TAT(9C) /DELTA/TE364 - - 

Mercury 

MERcuRY/VENUS MARINER FLYBY (73) ATLASICENTAUR - - 
Venus - 

VENUS HIGH DATA RATE ORBITER(81) TITAN IIID/CENTAUR - - 
VENUS EXPLORER ORBITER(75) TAT (9C) /DELTA /TE364 - - 
VENUS EXPLORER ORBITER(80) TAT(9C) /DELTA/TE364 - - 

Jupiter 

JUPITER PIONEEB F,G PIONEER F: ATLAS/CENTAUR 
PIONEER .G: TITAN IIID/CENTAUR- 1 

Outer Planets 

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY (7 9) TITAN IIID/CENTAUR/BII - - 
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The Lunar and Planetary model SL6 was created in this study as a second alternative 
to the NASA models (SLl-SL4). The principal guidelines for this model were to have an 
active Mars program with a launch at every Mars opportunity starting in 1975, and maintain 
a funding level near the SL funding projections presented in Appendix A. 

The primary characteristics of this model are as follows: 

0 Mars Vikings in 1975 and 1979 and High Data Rate Orbiters in 1977 and 1981 

0 Grand Tour in 1979. 

0 

1971 1973 1975 1977 1979 1981 
Year 

FIGURE V-6. sL6 FUNDING PLOT 
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TABLE V - 6 .  SL6 FLIGHT SCHEDULE 

P r o j e c t  
Y e a r  

L a u n c h  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

MARS MhRINER(71) ATLAS/CENTAUR 2 - 
MARS VIKING oRB./sL. A , B ( 7 5 )  TITAN IIID/CENTAUR - - 
MARS VIKING oRB./sL. C,D(79)  TITAN I I I D ( ~ ) / C E N T A ~  - - 
MARS HIGH DATA RATE ORBITER(77) TITAN IIIDICENTALJR - - 
MARS HIGH DATA RATE  ORBITER(^^) TITAN IIIDICENTAIJR - - 
MARS EXPLORER/ORBITER(~~)  TAT(9C) /DELTA/TE364 - - 
MARS EXPLORER/ORBITER(~~)  TAT(gC)/DELTA/TE364 - - 

M e r c u r y  

MERcuRY/VENUS MARINER FLYBY ( 7 3 )  ATLAsIcENTAuR - - 

VENUS EXPLORER ORBITER(76) 
VENUS EXPLORER ORBITER(80) 

J u p i t e r  

JUPITER PIONEER F , G  PIONEER F : ATLAS~CENTAUR 
PIONEER G: TITAN IIID/CENTALJR- 1 

O u t e r  P l a n e t s  

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY ( 7 9 )  TITAN IIID/CENTAUR/BII - - 

A s t e r o i d s  

ASTEROID BELT SOLAR ELECTRIC 
FLY - THROUGH ( 8 1 )  ATLAS/CENTAUR - - 
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The p r i n c i p a l  g u i d e l i n e s  f o r  model SL7 was t h e  s h i f t  of primary i n t e r e s t  i n  Mars t o  
i n c l u d e  J u p i t e r  and Mercury launches i n  t h e  l a t e r  1970s and a S o f t  Lander Rover i n  1981. 
The c o s t  o f  t h e s e  miss ions  fo rced  t h e  Mars program t o  i n c l u d e  only  one p a i r  of Mars 
Vikings i n  1975 and t o  r e l y  upon High Data Rate  O r b i t e r s  i n  1977 and 1979. 

The primary c h a r a c t e r i s t i c s  i n  t h i s  model a r e  a s  fo l lows:  

e A funding l e v e l  from 0 t o  10% h i g h e r  than  t h e  SL funding p r o j e c t i o n s  
p re sen ted  i n  Appendix A 

e A J u p i t e r  Mariner  O r b i t e r  i n  1978 

0 A Mercury/Venus f l y b y  i n  1978 

e No Grand Tour mi s s ions  

e One p a i r  of Mars Vikings i n  1975 

e Mars High Data Rate O r b i t e r s  i n  1977 and 1979 

e Mars S o f t  Lander/Rover i n  1981. 

0 

1 9 7 1  1973  1975 1977 1979  1 9 8 1  
Year 

FIGURE V - 7 .  SL7 FUNDING PLOT 
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TABLE V-7. SL7 FLIGHT SCHEDULE 

Y e a r  
D r o j e c t  L a u n c h  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

MARS MARINER(71) ATLAS/CENTAUR 2 - - . . - - - - - - -  
MARS VIKING 0RB./SL. A,B(75)  TITAN IIID/CENTAUR - - - - 2 - - - - - -  
MARS SOFT LANDER/RoVER(~~)  TITAN IIID~CENTAUR - - - - - - - - - - I  
MAR5 HIGH DATA RATE ORBITER(77) TITAN IIID/CENTAUR - - - - - . . I - - - -  
MARS HIGH DATA RATE ORBITER(79) TITAN IIIDICENTAUR - - - - - - - - I -  - 

M e r c u r y  

MERCURY/VENUS MARINER FLYBY (73) ATLAS/CENTAUR - - I - - - - - - - . .  
MERCURY/VENUS MARINER FLYBY ( 7 8 )  TITAN I I I C  - - - - - - - I - - -  

VENUS EXPLORER ORBITER (7  8 )  T A T ( ~ C ) / D E L T A / T E ~ ~ ~  - - - - - - - 1 - - - 
VENUS HIGH DATA RATE ORBITER(81) TITAN IIID/CENTAUR - - - - - - - - - -  1 

J u p i t e r  

JUPITER PIONEER F,G 
PIONEER F: ATLASICENTAUR 1 1 - - - - - - - -  
PIONEER G: TITAN IIID/CENTAUR- 

JUPITER MARINER ORBITER(78) TITAN IIID/CENTAUR/BII - - - - - - - 1 - - -  

A s t e r o i d s  

ASTEROID BELT SOLAR ELECTRIC 
FLY-THROUGH ( 8 1 )  ATLAS/CENTAUR - - - - - - a m - -  1 
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The Lunar and P l a n e t a r y  model SL8 i s  p re sen ted  a s  a f o u r t h  a l t e r n a t i v e  t o  t h e  NASA 
-based models (SLl-SL4). The p r i n c i p a l  g u i d e l i n e s  followed i n  t h i s  model was a launch 
schedule  o f  one p a i r  o f  Mars Viking O r b i t e r s  i n  1975 followed by a s i n g l e  Mars Viking i n  
1977. 

The p r i n c i p a l  c h a r a c t e r i s t i c s  of  t h i s  model a r e  a s  fo l lows:  

The a v a i l a b l e  funds peaking a t  approximately $270 m i l l i o n  i n  1975 

0 One p a i r  o f  Mars Vikings i n  1975 and a s i n g l e  Viking i n  1977 

A Grand Tour i n  1979 

0 A J u p i t e r  Mariner  O r b i t e r  i n  1978. 

BOO 

FIGURE V-8. SL8 FUNDING PLOT 
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TABLE V - 8 .  S L 8  F L I G H T  SCHEDULE 

Project 
Year 

Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

MARS MARINER (71) ATLASICENTAUR 2 - - - . . . . - . . - - . .  
MARS VIKING ORB. /SL. A,B (75) TITAN IIID/CENTAUR - - - - 2 - - - - - -  
MARS VIKING ORB. /SL . C (7 7 ) TITANIIID(~)IcENTAUR - - - - - - 1 - - - 
MARS SOFT LANDER/ROVER(~~) TITAN IIID/CENTAUR (Launch in 1984) 
MARS HIGH DATA RATE ORBITER(81) TITAN IIID/CENTAUR - - - - - - - - - - I  
MARS EXPLORER/ORBITER (7 9) TAT(9C)/DELTA/TE364 - - - - - - - - 1 - - 

Mercury 

MERCURY/VENUS MARINER FLYBY (73) ATLAS/CENTAUR - - I - - - - - - - -  
MERCURY/VENUS MARINER FLYBY(78) TITAN IIIC - - - - - - - I - - -  

Venus - 
VENUS EXPLORER ORBITER(76) TAT(~C)/DELTA/TE~~~ - - - - - 1 - - - - - 
VENUS EXPLORER ORBITER(80) TAT(gC)/DELTA/TE364 - - - - - - - - - 1 -  
VENUS EXPLORER ORBITER(81) TAT(~C)/DELTA/TE~~~ - - - - - - - - - - 1 

Jupiter 

JUPITER PIONEER F,G PIONEER F: ATLAS/CENTAUR 1 1 - - - - - - - -  
PIONEER G: TITAN IIID/CENTAUR- 

JUPITER MARINER ORBITER(80) TITAN IIID/CENTAUR/BII - - - - - - - - - I -  

Outer Planets 

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY (79) TITAN IIID/CENTAUR/BII - - - - - - - - 2 - -  

Asteroids 

ASTEROID BELT SOLAR ELECTRIC 
FLY-THROUGH(81) ATLAS/CENTAUR - - - - - - - - - - I  
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The Lunar and P lane ta ry  model SL9 was c r e a t e d  a s  a f i f t h  a l t e r n a t i v e  t o  t he  NASA 
-based models (SLL-SL4), The p r i n c i p a l  g u i d e l i n e s  of t h i s  model a r e  a funding l e v e l  
from 5 t o  15% h ighe r  t han  the  SL funding p r o j e c t i o n s  presented  i n  Appendix A and an 
emphasis on the  t h r e e  p l a n e t s  Mars, Venus, and J u p i t e r  dur ing  the  1971-1981 per iod .  

The p r i n c i p a l  c h a r a c t e r i s t i c s  of  t h i s  model a r e  a s  fol lows:  

e A funding l e v e l  s l i g h t l y  h ighe r  (5  t o  15%) than t h e  funding p r o j e c t i o n s  
presented  i n  Appendix A 

e Mars program c o n s i s t i n g  of  one p a i r  of  Vikings i n  1975 followed by High Data 
Rate O r b i t e r s  i n  1977 and 1981 

0 A J u p i t e r  Mariner  O r b i t e r  i n  1978 

e Grand Tour i n  1979. 

FIGURE V-9. SL9 FUNDING PLOT 
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TABLE V-9.  SL9  FLIGHT SCHEDULE 

P r o j e c t  L a u n c h  V e h i c l e  
Y e a r  

7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  81 

MARS MARINER(71) 
MARS VIKING oRB./sL A,B(75)  
MARS HIGH DATA RATE ORBITER(77) 
MARS HIGH DATA RATE ORBITER(81) 
MARS EXPLORER/ORBITER(~~)  

MERCURY/VENUS MARINER FLYBY ( 7 3 )  
MERCURY/VENUS MARINER FLYBY (7 8 )  

M e r c u r y  

ATLASICENTAUR - - I - - - - - - - -  
TITAN I I I C  - - - - - - - I - - -  

VENUS HIGH DATA RATE ORBITER(81) TITAN 11ID/CENTAUR - - - - - - - - - - 1 
VENUS EXPLORER ORBITER(78) TAT(gC)/DELTA/TE364 - - - - - - - 1 - - - 
VENUS EXPLORER ORBITER(80) T A T ( ~ C ) / D E L T A / T E ~ ~ ~  - - - - - - - - - 1 - 

J u p i t e r  

JUPITER PIONEER F , G  
PIONEER .F : ATLASICENTAUR X I - - - - - - - -  
PIONEER G: TITAN IIID~CENTAUR- 

JUPITER FLYBY~PROBES ( 8 3 )  TITAN IIID/CENTAUR/BII ( L a u n c h  i n  1 9 8 3 )  
JUPITER MARINER ORBITER(78) TITAN IIID/CENTAUR/BII - - - - - - - I -  - -  

Outer P l a n e t s  

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY ( 7 9 )  TITAN IIID/CENTAUR/BII - - - - - - - - 2  - -  
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Lunar and P lane ta ry  model SLlO was c r e a t e d  a s  a  s i x t h  p o s s i b l e  a l t e r n a t i v e  t o  t he  
NASA models (SL1-SL4). The p r i n c i p a l  g u i d e l i n e  under ly ing  t h i s  model was a  d e s i r e  t o  
pursue both  t h e  1977 and 1979 Grand Tour o p p o r t u n i t i e s  a long wi th  a v i a b l e  Mars Viking 
program wi th  t h e  f i r s t  launch i n  1975. 

The primary c h a r a c t e r i s t i c s  of t h i s  model a r e  as fo l lows :  

e A funding l e v e l  ranging from 15 t o  30% h ighe r  t han  the  SL p r o j e c t i o n  from 
Appendix A 

e Mars Vikings i n  1975 and 1979 

e Grand Tours i n  both 1977 and 1979. 
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TABLE V-20; SLLO FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

MARS MARINER(71) ATLAS/CENTAUR 2 - - - - - . . - - . . -  
MARS VIKING ORB./SL. A,B(75) TITAN IIIDICENTAUR - - - - 2 - - - - - -  
MARS VIKING ORB. /SL . C , D (7 9) TITAN IIID(~)/CENTAUR - - - - - - - - 2 - - 
MARS SOFT LANDERlROVER(84) TITAN IIIDICENTAUR (Launch in 1984) 
MARS HIGH DATA RATE ORBITER(81) TITAN IIID/CENTALIR - - - - - - - - - - I  
MARS EXPLORER/ORBITER(77) TAT(gC)/DELTA/TE364 - - - - - - 1 - - - - 
MARS EXPLORER/ORBITER(79) TAT(gC)/DELTA/TE364 - - - - - - - - 1 - - 

Mercury 

MERCURY/VENUS MARINER FLXBY (73) ATLASICENTAUR - - I - - - - - - - -  

Venus - .  

VENUS HIGH DATA RATE ORBITER(81) TITAN IIID/CENTAUR - - - - - - - - - - I  
VENUS EXPLORER ORBITER(75) TAT(9C)/DELTA/TE364 - - - - 1 - - - - - - 
VENUS EXPLORER ORBITER(80) TAT(9C)/DELTA/TE364 - - - - - - - - - 1 - 

Jupiter 

JUPITER PIONEER F, G PIONEER F: ATLASICENTAUR 1 1 - - - - - - - -  
PIONEER G: TITAN IIID/CENTAUR- 

JUPITER FLYBY/PROBES (83) TITAN IIID/CENTAUR/BII (Launch in 1983) 

Outer Planets 

JUPITER-SATURN-PLUTO 
MARINER FLYBY (77) TITAN IIID/CENTAUR/BII - - - - - - 2 . . - - -  

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY (79) TITAN IIID/CENTAUR/BII - - - - - - - - 2 - -  

Asteroids 

ASTEROID BELT SOLAR ELECTRIC 
FLY-THROUGH(81) ATLAS/CENTAUR - - . . - - - - - - - I  

B A T T E L L E  MEMORIAL INSTITUTE -COLUMBUS LABORATORIES 



V-40 

Discussion 

SL Models 

The 10 Lunar and Planetary mission models presented in the preceding section consist 
of four NASA models (SL1-SL4) and six alternative models (SL5-SL10) created in this study. 
The NASA mission models were created prior to the announced delay of Viking from 1973 to 
1975 but are still indicative of the type of Planetary missions which NASA would like to 
pursue during the 1971-1981 time period. 

Figures V-11 and V-12 present the required funding levels to support the ten 
Planetary models SLl-SL10. Figure V-11 presents the NASA models (SL1-SL4) and Figure V-12 
presents the alternative models (SL5-SL10). The dashed line shown in each graph is the 
Appendix A projection of SL funding for the period 1971 to 1980. The NASA models require 
funding levels that exceed the funding projections by as much as 100%. For example, 
mission model SL4 has a total required funding level of approximately $5,771 million as 
compared to the projected $2,531 million for the period 1971 to 1981. The other NASA 
models (i.e., SL1, SL2, and SL3) have a total cost estimate of $4,225 million, $2,524 
million, and $3,237 million, respectively. The high costs of some NASA models are due to 
the desire to undertake several expensive projects over the time span. Included in this 
list of high funding level projects are Mars Viking Orbiter Soft Landers, Mars Soft Lander 
Rovers, Mars and Venus High Data Rate Orbiters, Grand Tour Missions, plus several other 
missions". The remaining six plans (SL5-SL10) represent a set of possible optional plans 
that might be pursued under certain constraints, which have been identified with each 
plan. An attempt was made to provide a well-balanced SL program in each of these plans in 
consonance with "...the set of goals in planetary exploration,.,cannot be completely 
achieved by the investigation of any one planetW.(7) Although it would be advantageous 
to pursue the exploration of a11 planets with equal emphasis, this is not possible because 
of constraints (primarily funding). Therefore, it is necessary to place priorities on the 
different planets to be explored. The planetary exploration priority list adopted in 
this study was developed by the OSSA Senior Council, April 10-11, 1968(8), This list is 
as follows (in descending priority): 

(1) Mars (6) Uranus 

(2) Venus (7) Neptune 

(3) Jupiter (8) Comets 

(4) Mercury (9) Asteroids 

(5) Saturn (10) Pluto. 

With these assumed planetary priorities, the projection of available SL funds for the 
1970s, the high funding levels required for the planned Mars exploration, and the unique 
Grand Tour oPportunities(9)"" for exploring the outer planets, it was found that the 
creation of any plan depends mainly upon two factors: 

(1) When and how many Mars Viking orbiterllanders are to be launched 
(2) The number and type of launch(es) planned in response to the unique Grand 

Tour opportunities. 

After having developed a program for Mars and for the Grand Tour opportunities, the 
remaining funds were distributed to include as many other planetary opportunities as 
possible so as to provide a well balanced program that included missions to the comets 

* See funding for SL projects in the section "Program Areas" of this chapter. 
For a complete discussion of the Grand Tour opportunities, see Reference (9), 
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1971 1973 1975 1977 1979 1981 
Year 

F I G U R E  V - 1 1 .  ESTIMATED FUNDING REQUIRED 
FOR NASA MODELS S L 1 - S L 4  

FIGURE V - 1 2 .  ESTIMATED FUNDING REQUIRED FOR 
ALTERNATIVE MODELS S L 5 - S L 1 0  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



and t o  o t h e r  p l a n e t s ,  such a s  Venus, Mercury, e t c .  This  proved t o  be difficult s i n c e  a  
Mars program ( c o n s i s t i n g  of f o u r  o r  f i v e  Viking s p a c e c r a f t )  and t h e  Grand Tour miss ions  
can e a s i l y  absorb  nea r ly  a l l  of t h e  funds t h a t  a r e  p ro j ec t ed  t o  be a v a i l a b l e i  Thus, f o r  
example, a  program c o n s i s t i n g  of  a  p a i r  of Mars Vikings i n  1975 and 1977, t h e  Grand Tour 
o p p o r t u n i t i e s  i n  1977 and 1979, p lus  t h e  ongoing programs i n  t h e  FY 1971 budget [Mars 
Mariner  Orbi te r (711,  Mercury Venus Flyby(73),  P ioneer  F and G(72,73), and Support ing 
A c t i v i t i e s ]  consume $2,250 m i l l i o n  ( o r  n e a r l y  90%) of t h e  $2,531.2 m i l l i o n  p r o j e c t e d  i n  
Appendix A. This  b a s i c  model i s  very c l o s e  t o  t h a t  presented  a s  model SL2. 

Of t h e  a l t e r n a t i v e  models (SL5-SL10) developed i n  t h i s  s tudy,  only  SL5 f a l l s  below 
t h e  SL funding p r o j e c t i o n  of Appendix A. This  was accomplished by de laying  t h e  f i r s t  
Mars Viking p r o j e c t  u n t i l  1977, pursuing only t h e  1979 Grand Tour oppor tun i ty ,  and 
r e l y i n g  h e a v i l y  upon High Data Rate O r b i t e r s  and Explorers  O r b i t e r s  which would doub t l e s s  
s i g n i f i c a n t l y  decrease  bo th  t h e  q u a l i t y  a s  w e l l  a s  t h e  q u a n t i t y  of  d a t a  r e tu rned .  

Model SL7 r e s u l t e d  i n  a  funding l e v e l  nea r  t h e  Appendix A funding p ro jec t ions .  
This  was accomplished by launching only one p a i r  of  Mars Vikings ( i n  1975) and r e l y i n g  on 
Mars High Data Rate O r b i t e r s  throughout  t h e  remainder of  t h e  period.  

The remaining a l t e r n a t i v e  models developed i n  t h i s  s tudy p re sen t  p l ans  which r e q u i r e  
funding l e v e l s  above t h e  p r o j e c t e d  ( i n  Appendix A) funding l e v e l  f o r  t he  SL program. Even 
though s e v e r a l  of  t he  p l ans  have funding l e v e l s  near  one ano the r ,  they  d i f f e r  i n  content .  

Table  V - 1 1  p r e s e n t s  t h e  a c t i v i t i e s  inc luded i n  each P l a n e t a r y  model (SL1-SL10). The 
d a t a  g iven  r e p r e s e n t  t h e  f i r s t  yea r  of  launch p lus  t h e  t o t a l  number of  launches o f  t h a t  
miss ion  type  included i n  t h e  program. A s  mentioned p rev ious ly ,  t h e  most important  fea-  
t u r e s  of  each model a r e  t h e  number of  Vikings and Grand Tour missions.  Therefore ,  
Table  V - 1 1  p rovides  a  conc i se  comparison of  f l i g h t  a c t i v i t y  between each i n d i v i d u a l  SL 
mode 1. 

The program a c t i v i t y  f o r  each model a s  g iven  i n  Table  V - 1 1  a l s o  d i c t a t e s  t h e  launch 
v e h i c l e  requirements  needed t o  suppor t  a  program, which i s  t h e  purpose of of  t h i s  s tudy.  
The launch v e h i c l e  requi rements  f o r  each SL model (SL1-SL10) a r e  presented  i n  t h e  nex t  
s e c t i o n .  

Launch Vehic le  Requirements 

Table V-12 p r e s e n t s  t h e  launch veh ic l e  requirements  by yea r  f o r  each SL mis s ion  
model inc luded i n  t h i s  s tudy.  The launch v e h i c l e  family r e q u i r e d  t o  suppor t  t h e  SL 
models c o n s i s t s  o f  TAT(9C) /DELTAS ( inc lud ing  t h e  TAT(9C) /DELTA and t h e  TAT(9C) /DELTA/ 
TE364) , ATLAS/CENTAURs , TITAN IIICs, TITANlCENTAURs ( inc lud ing  TITAN IIID/CENTAURs , 
TITAN IIID/CENTAUR/BIIs) and t h e  SIC/SIvB/CENTAUR. The predominant launch v e h i c l e  i n  a l l  
of t h e  SL models (SL1-S~10) i s  t h e  TITANIcENTAUR which accounts  f o r  approximately 50% 
of launch v e h i c l e s  i n  each  p lan .  The TITAN IIID/cENTAUR h a s  been ass igned t o  t h e  f i r s t  
p a i r  of Mars Viking launches and t h e  TITAN IIID(~)/CENTAUR t o  t h e  remaining Viking 
miss ions .  The TITAN IIID/CENTAUR/BII has  been a s s igned  t o  t h o s e  miss ions  ( p r i m a r i l y  
J u p i t e r  and Grand Tour launches)  r e q u i r i n g  a  r e l a t i v e l y  h igh  c h a r a c t e r i s t i c  v e l o c i t y  of  
t h e  o r d e r  45,000 t o  50,000 f t / s e c .  The e a r i i e s t  d a t e  a t  which t h e  TITAN IIIDICENTAUR 
i s  needed i s  1973 f o r  t h e  J u p i t e r  Pioneer  G". The TAT(gC)/DELTA c l a s s  launch v e h i c l e  
has  t h e  second h ighes t  u se  r a t e .  These veh ic l e s  a r e  p r i m a r i l y  used f o r  Mars and Venus 
Explorer  Orb i t e r s .  Therefore ,  t h e  number r equ i r ed  f o r  any g iven  model i s  dependent upon 
t h e  emphasis placed on Exp lo re r /Orb i t e r  missions.  The e a r l i e s t  d a t e  shown f o r  a  TAT(gC)/ 
DELTA v e h i c l e  i s  1972 w i t h  a  Venus Explorer  O r b i t e r ,  ATLAS/CENTAURS have t h e  next  h i g h e s t  
use r a t e ,  The ATLAS/CENTAUR v e h i c l e s  a r e  needed p r imar i ly  f o r  t he  Mars Mariner i n  1971, 
t h e  J u p i t e r  Pioneer  F i n  1972'", t h e  Mercury/Venus Mariner  Flyby i n  1978, and s e v e r a l  Comet 

I t  now appears  t h a t  P ioneer  G would be t r a n s f e r r e d  t o  t h e  ATLASICENTAUR wi th  t h e  f i r s t  
TITAN/CENTAUR launch being f o r  Hel ios  i n  1974. 
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Models 
Program Areas SL1 SL2 SL3 SL4 SL5 SL6 SL7 SL8 SL9 SLlO 

Supporting Activities @(a) @ 0 0 0 e 0 0 0 B 

Mars Mariner Orbiter 
71 71 71 71 71 71 71 71 71 

7:(b) 2 2 2 2 2 2 2 2 2 

Mars Viking Orbiter/Soft Lander 7 3 73 73 73 77 75 75 75 75 75 
4 4 5 5 2 4 2 3 2  4 

Mars Soft Lander/Rovers 

Mars High Data Rate Orbiters 

Mars Explorer Orbiters 

Mercury/Venus Flybys 

Mercury Solar Electric Orbiter - - - - 

Venus Mariner Orbiter 7 8 78 - - - 
1 3 

Venus Mariner Flyby/Probes 75 77 - - - - 
2 2 

Venus Explorer Flyby/Probes - - 75 - - 2 
- - 

Venus Orbiter/Rough Landers - - 

Venus High Data Rate Orbiters 

Venus Explorer Orbiters 

Jupiter Pioneers F&G 

Jupiter Mariner Orbiters 

Jupiter Flyby/Probes 

Jupiter Mariner-Class Flyby/Solar Escape 
74 - - 
1 

Grand Tour Mission 

Saturn Mariner Orbiter/Probes 
81 81 - - - 
1 1 

Asteroid Belt Solar Electric Fly-Through 

Asteroid Eros Mariner Flyby 
8 1 81 - - - - - - 
1 1 

Comet D'Arrest Mariner Flyby 

Comet Kopff Mariner Rendezvous 
. . 

- - - 
Comet Halley Mariner Flyby 

(a) Dot (e) means that a non-space-flight program is included in the indicated model. 
(b) Upper figure of each group indicates the year of first launch and the Lower figure indicates the number of 

launches in the 1971-1981 time period, 
(c) Funding is included to support a launch even though the launch is outside the time period under consideration . . 

(1971-1981). 
(d) Second launch in 1984. 
(e) Fifth launch in 1983. 
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TABLE V-12. LAUNCH SCHEDULE BY MODEL AND VEHICLE 

Year 
Model Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 Total 

TITAN IIIDICENTAUR* - - 3 1 -  - 2 2 3 1 -  12 

TITAN IIID(~)/cENTAuR - - - 2 -  - - 2 

SL1 TITAN IIIC - - - 2 - 1 -  - 3 

SIC/SIVB/CENTAUR - - - - - - 1 I 
TOTAL 2 2 6 1 7 1 3 3 3 2 3  33 

TITAN IIID/CENTAUR - - 3 -  - 5 2 3 1 4  18 

TITAN IIID (7 )/CENTAUR - - - - 2 -  - - - - - 2 

TITAN IIIC - - - 2 1  - - 3 

TAT(9C) /DELTA/TE364 - 1 - - 2 1 1 1 -  - 1 7 

SIC/SIVB/CENTAUR - - - - - - - - 1 1 

TOTAL 2 2 4 - 5 2 8 4 3 1 7  3 8 

TITAN IIID/CENTAUR - - 3 - - - 2 - 2 - 1  8 

TITAN IIID(~)/CENTAUR - - - 2 - 1 -  - - 3 
SL3 

ATLAS~CENTAUR 2 1 1 -  - - - - - - 1 5 

TAT(9C) /DELTA/TE364 - - - - - 1 1 1 2  5 

TOTAL 2 1 4 - 2 - 3 1 3 1 4  21 

TITAN IIID~CENTAUR - - 3 - - - 2 1 2  - 1 9 

TAT(9C) /DELTA/TE364 - - - - 2 1 1 1 1 1 2  9 

TOTAL 2 1 4 - 4 2 4 2 3 1 4  2 7 

TITAN IIID~CENTAUR - - 1 - 1 - 2 - 2 - 2  8 

TAT(9C) /DELTA/TE364 - - - - 1 -  - - I 1 1  4 

TOTAL 2 1 2 - 2  - 2 - 3 1 3  16 

* Includes both TITAN IIID/CENTAUR~ and TITAN IIID/CENTAUR/BII~. 
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TABLE V-12. LAUNCH SCHEDULE BY MODEL AND VEHICLE 
(Continued) 

Year 
Model - Launchvehicle 71 72 73 74 75 76 77 78 79 80 81 Total 

TITAN IIID(~)/cENTAUR - - - - - - - - 2 -  - 2 
SL6 

ATLAS /CENTAUR 2 1 1  - - - - - - - 5 

TITAN IIIC - - - - - - - 1 -  - - 1 
SL7 

ATLAS/CENTAUR 2 1 1  - - - - - - - 1 5 

TAT(9C) /DELTA/TE364 - - - - - - 1 -  - - 1 

TOTAL 2 1 2 - 2 - 1 3 1 - 3  15 

TITAN IIID/CENTAUR - - 1 - 2 -  - - 2 1 1  7 

TITAN IIID (7)IcENTAUR - - - - - - - - - 1 - 1 

SL8 TITAN IIIC - - - - - - - 1 - - - 1 

TOTAL 2 1 2 - 2 1 1 1 3 2 3  18 

TITAN IIIDICENTAUR - - 1 - 2 - 1 1 2 - 2  9 

TITAN IIIC - - - - - - 1 - - - 1 

TAT(~C) /DELTA/TE364 - - - - - - - 1 1 1 -  3 

TOTAL 2 1 2 - 2 - 1 3 3 1 2  17 

TITAN IIID/CENTAUR - - 1 - 2 - 2 - 2 - 2  9 

TITAN IIID(~)/CENTAUR - - - - - - - - 2 -  - 2 
SLlO 

ATLAS/CENTAUR 2 1 1 -  - - - - - - 1 5 

TOTAL 2 1 2 - 3 - 3 - 5 1 3  20 
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and Asteroid  missions. The TITAN I I I C  launch veh ic le  i s  used p r imar i ly  fo r  a Mercury/ 
Venus Mariner Flyby i n  1978 and c e r t a i n  Venus Mariner type missions flown i n  the  l a t e  
1970s. 

The remaining veh ic le  used i n  t h i s  s tudy i s  the  SIC/SIVB/CENTAUR. This Saturn- 
based veh ic le  i s  used i n  NASA models SL1 and SL2 f o r  a Saturn  Mariner Orbi ter  Probe i n  
1981. This mission i s  considered highly un l ike ly  considering i t s  high cos t  and timing 
with r e l a t i o n  t o  o the r  high-cost  p ro jec t s .  

The TITAN IIIDICENTAUR should be the launch veh ic le  of primary concern s i n c e  the  
major i ty  of the  missions rece iv ing  the  h ighes t  p r i o r i t y  i n  the  SL program (Mars Vikings, 
a l l  High Data Rate Orbi ters ,  J u p i t e r  missions,  Grand Tours) f l y  on some version of t h a t  
veh ic le .  

Summary of Most Demanding Missions 

The l a r g e s t  launch veh ic les  needed i n  any of the  Planetary  mission models (SL1-SL10) 
a r e  the  SIC/SIVB/CENTAUR, TITAN IIIDICENTAUR, TITAN IIID('I)/CENTAUR, and t h e  TITAN IIIDI 
CENTAUR/BII. The Saturn  veh ic le  i s  used i n  the  NASA models SL1 and SL2 f o r  a Saturn  
Mariner Orbiter/Probes i n  1981. As mentioned previously i n  the  Launch Vehicle Requirement 
d i scuss ion ,  the  p r o b a b i l i t y  t h a t  t h i s  mission w i l l  be funded f o r  f l i g h t  i n  1981 i s  con- 
s ide red  low because of i t s  timing and high cost .  The TITANICENTAUR c l a s s  veh ic les  have 
t h e  h ighes t  use r a t e  (approximately 50%) i n  a l l  10 models presented i n  t h i s  study. The 
TITAN/CENTAUR vehic les  a r e  no t  opera t iona l  a t  t h i s  time, bu t  an i n t e g r a t i o n  program i s  
c u r r e n t l y  under way. The f i r s t  launch of a TITAN IIID/CENTAUR veh ic le  i s  scheduled f o r  
J u p i t e r  Pioneer G" i n  1973 but  t h e  r e a l  demand f o r  the  veh ic le  i s  i n  1975 f o r  t h e  Mars 
Viking program. The TITAN IIID/CENTAUR/BURNER I1 launch vehic les  a r e  assigned t o  the 
missions t o  the  ou te r  p lane t s  (Grand Tour, Saturn ,  and J u p i t e r  missions).  The TITAN 
IIID(7)/CENTAUR i s  the  most advanced TITANICENTAUR launch veh ic le  t h a t  i s  needed i n  any 
of t h e  10 SL models and i s  assigned t o  Mars Viking launches C ,  D,  and E following 
Vikings A and B. Mars Viking launches C, D ,  and (or)  E appear i n  a l l  models except SL5, 
7, and 9. Therefore, t h e  p r o b a b i l i t y  of needing a TITAN IIID(7) ICLWAUR f o r  a continuing 
Viking p r o j e c t  i s  high,  and the  p e r t i n e n t  ques t ion appears t o  be when the  TITAN IIID(7) 
w i l l  be needed. The demand f o r  t h e  vehic le ,  a t  t h e  e a r l i e s t ,  appears t o  be 1975 i n  the  
NASA models SL1-SL4, but  with the  delay of Vikings A and B t o  1975, t h i s  need i s  unrea l i s -  
t i c .  The a l t e r n a t i v e  models, SL5-SL10, would r e q u i r e  t h e  7-segment T i t a n  veh ic le  i n  1977 
i n  SL8 and i n  1979 i n  SL6 and SL10. 

The TITAN IIID(7)/CENTAUR would a l s o  be b e n e f i c i a l  t o  o the r  missions i n  t h e  SL 
program such a s  the  o u t e r  p lanet  missions,  which requ i re  long t r i p  times. The VCS shown 
wi th  each p r o j e c t  a r e  minimum energy requirements a s soc ia ted  with a launch date ,  The 
TITAN IIID(7)/CENTAUR would provide an  inc rease  i n  VC, thus reducing the  t r i p  time o r  
could provide f o r  the  c a p a b i l i t y  of increased spacecra f t  weight. 

Table V-13 i s  a summary of t h e  p r o j e c t s  wi th  t h e  most demanding launch v e h i c l e  
requirements. 

* I f  the  TITAN IIID/CENTAUR i n t e g r a t i o n  i s  not  completed by 1973, i t  i s  poss ib le  t o  f l y  
Pioneer G on an ATLAS/CENTAUR. 
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TABLE V-13. SL PROJECTS HAVING THE MOST DEMANDING LV REQUIREMENTS 

P r o j e c t  
F i r s t  

Launch V e h i c l e  Weight ,  l b  VC, f t / s e c  Launch 

SATURN MARINER 
ORBITER/PROBES (81) -HIGH s IC/S IVB /CENTAUR 3,100 53,300 1981  

MARS VIKING ORB. /SL. C,D(75) TITAN I I I D ( 7 )  /CENTAUR 9,700 39,400 1975 
MARS VIKING ORB. /SL. E(77) TITAN I I I D ( 7 )  /CENTAUR 9 ,700  39,250 1977 
MARS VIKING ORB. /SL. C ,D(79) TITAN I I I D ( 7 )  /CENTAUR 9,700 38,400 1979 
MARS VIKING ORB./SL. C(77) TITAN I I I D ( 7 )  /CENTAUR 9,700 39 ,250  1977 
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Int roduct ion 

The Physics and Astronomy Programs Division (SG) i s  responsible  f o r  planning, d i r e c t i n g ,  
and managing OSSA space physics and astronomy programs, The programs i n  space physics a r e  
concerned s p e c i f i c a l l y  with s tud ies  of the Ear th ' s  environment above 60 km, the  study & 
s i t u  of in te rp lane ta ry  and i n t e r g t e l l a r  space, and the  conduct of physics and chemistry - 
space laboratory  experiments. (1) The astronomy program provides f o r  observations of t h e  
Sun, s t a r s ,  galaxies ,  i n t e r s t e l l a r  mater ia l ,  and p lane t s  from near-Earth s a t e l l i t e s .  High- 
a l t i t u d e  balloons,  soundin rockets ,  and high-f ly ing a i r c r a f t  a r e  a l s o  used t o  obta in  
astronomical observations.  f 2 )  The primary object ive  of both the  space physics and astronomy 
programs i s  t o  increase  b a s i c  knowledge about fundamental laws and re la t ionsh ips .  They a l s o  
a r e  concerned with conducting research i n  areas  t h a t  w i l l  be the  bas i s  of f u t u r e  app l ica t ions  
and w i l l  provide information needed by other  programs. 

To work toward s a t i s f y i n g  these goals and ob jec t ives ,  t h e  d iv i s ion  maintains severa l  
f l i g h t  programs, as  wel l  a s  the  necessary suppor,ting a c t i v i t i e s .  Besides managing i t s  
cur ren t  programs, the  d i v i s i o n  a l s o  considers a number of f u t u r e  programs designed t o  
continue the  coordinated e f f o r t  d i rec ted  a t  s a t i s f y i n g  i t s  goals and object ives .  

This chapter presents  10 mission models, SG1 through SG10, which represent  a spectrum 
of p o s s i b i l i t i e s  t h a t  i n d i c a t e  the type of choice t h a t  the  d iv i s ion  might follow i n  t h e  
period 1971-1981. Thus, these  models present  a range of f u t u r e  launch veh ic le  requirements 
necessary t o  support the  a c t i v i t i e s  of the  SG d iv i s ion .  Each year,  s ince  1963, SG has 
accounted f o r  about 25% of the  t o t a l  OSSA budget. (3)  I n  1968, SG pro jec t s  accounted f o r  
4 out of a t o t a l  of 12 OSSA launches and, i n  1969, 7 of a t o t a l  of 12 launches.(4) Most 
of these  launches were on the  Delta vehicle.  A s  these f i g u r e s  ind ica te ,  the  Physics and 
Astronomy Program i s  responsible  f o r  a s i g n i f i c a n t  por t ion of OSSA a c t i v i t y .  

The remainder of t h i s  chapter presents  the mission models and the p r o j e c t s  t h a t  were 
considered i n  const ruct ing these  models. 

This sec t ion  summarizes the proposed p ro jec t s  t h a t  a r e  used i n  the Physics and 
Astronomy mission models presented l a t e r  i n  t h i s  chapter.  A l l  funding i s  i n  mi l l ions  of 
d o l l a r s ;  a l l  spacecraf t  weights a r e  given i n  pounds. Launch Vehicle i s  designated LV and 

-,.& 
the  appropr ia te  veh ic le  i s  named."" Charac te r i s t i c  v e l o c i t y  (VC) i s  given i n  f e e t  per 
second. 

"-- Superscr ipt  numbers denote references  given a t  the  end of t h i s  Chapter. 
rl. -9. - -  See Appendix D f o r  a d iscuss ion of launch veh ic le  nomenclabure. 
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COOPERATIVE PROGRAMS 

Purpose: To provide support  f o r  studying p o s s i b i l i t i e s  of cooperative 
e f f o r t s  with o the r  governments 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 0.9 0.8 0.7 0.4 0.3 0.1 - 
Fl igh t s  (Non-flight p ro j ec t )  

Sounding Rockets 

SOUNDING ROCKETS 

Purpose: To study the physics of the upper atmosphere, ionosphere, and 
near  space up t o  1 Ear th  radius .  Also, study the  r eac t i on  of 
incoming ene rge t i c  p a r t i c l e s  and s o l a r  r ad i a t i on .  Also t o  
provide a coordinated astronomy program. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 18.9 18.9 18.9 18.9 18.9 18.9 18.9 18.9 18.9 18.9 18.9 
F l i gh t s  @on-space-fl ight  p ro j ec t )  

Orbi t ing  Astronomical Observatories(OA0) 

The ob j ec t i ve  of t h e  OAO program i s  t o  perform prec is ion  t e l e scop ic  
observations of the c e l e s t i a l  sphere from above t he  Ear th ' s  atmosphere. Measure- 
ments range from the  v i s i b l e  t o  t he  gamma r ay  region  of the  electromagnetic spectrum. 

OAO C LV : ATLASICENTAUR 

Purpose: To obta in  high r e so lu t i on  i n  the  1,000-3,000 % region  of  ho t  
s t a r s  and b r i g h t e r  p l ane t s .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 27.1 6.4 3.2 0.9 - - - - 
Fl igh t s  1 - 

OAO D LV : ATLASICENTAUR 

study a wide v a r i e t y  of ob j ec t s  such a s  quasers,  normal and 
pecul iar  s t a r s ,  c l o se  b inary  s t a r s ,  p lanets ,  and g a l a c t i c  
nebulae. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 15.0 18.0 18.0 8.0 3.0 2.0 1 .0  - 
Fl igh t s  - - - 1 - 
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Large Telescope Mounts 

This program would provide very l a r g e  t e l e scop ic  observator ies  i n  space. 
These observator ies  would be genera l  purpose and a s  advanced a s  technology would 
permit. They would be  man-tended and operated a s  a na t i ona l  f a c i l i t y .  

LTM A (80) LV: TITAN I I I D  

Purpose: General purpose observatory,  120-in. telescope,  a computer, and 
high accuracy poin t ing  capab i l i t y .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 10.0 30.0 60.0 70.0 70.0 75.0 70.0 68.0 40.0 15.0 
F l i gh t s  - - 1 - 

LTM A (79) LV: TITAN I I I D  Wt:25,000 Vc:26,000 

Purpose: General purpose observatory,  120-in. telescope,  a computer, and 
high accuracy poin t ing  capab i l i t y .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 30.0 60.0 70.0 70.0 75.0 70.0 68.0 40.0 15.0 12.0 
F l i gh t s  - - - - - - - - 1 -  

LTM A (83) LV: TITAN II ID Wt:25,000 VC:26,000 

Purpose: General purpose observatory,  120-in. telescope,  a computer, and 
high accuracy poin t ing  capab i l i t y .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - 10.0 30.0 60.0 70.0' 70.0 75.0 70.0 
F l i gh t s  ( F l i g h t i s i n 1 9 8 3 )  

OSO H LV: TAUDELTA 

Purpose: To observe t he  a c t i v e  phys ica l  processes of t he  Sun by which 
the  Sun inf luences  the  Ear th  and i t s  space environment and 
t o  study the  Sun's cons t i t u t i on  and behavior. 

Funding 5.1 1 .6  0.7 0.5 - 
Fl igh t s  1 - 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



oso I-K (73-75) LV: %TIDELTA 

Purpose: To conduct minimum and quiescent  s o l a r  s t u d i e s  of  coronal '  
s t r u c t u r e ,  X-ray p o l a r i z a t i o n  e f f e c t s ,  u l t r a v i o l e t  and X-ray 
spec t r a  from loca l i z ed  (small) s o l a r  regions.  Explora t ion  of 
hard X-ray spectrum w i l l  begin. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 12.6 17.0 16.2 12.6 7.4 4.9 0.9 - 
Fl igh t s  - - 1 1 1 -  - 

OSO 1°K (73-76) LV: TAT/DELTA W t :  700-800 VC: 26,300 

Purpose: To conduct minimum and quiescent  s o l a r  s t u d i e s  of coronal  
s t r u c t u r e ,  X-ray p o l a r i z a t i o n  e f f e c t s ,  u l t r a v i o l e t  and X-ray 
spec t r a  from loca l i z ed  (small)  s o l a r  regions.  Explora t ion  of 
hard X-ray spectrum w i l l  begin.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 12.2 15.4 16.2 7.8 4.0 4.0 2.0 0.9 - 
Fl igh t s  - - 1 1 - 1 -  

OSO L,M (79) LV : TAT/DELTA/Fw-4 

Purpose: To s tudy  var ious  types of  s o l a r  a c t i v i t y ,  emphasizing good 
s p e c t r a l ,  s p a t i a l ,  and time reso lu t ion ,  and t o  conduct measure- 
ments dur ing  t he  i nc r ea s ing  por t ion  of t he  next  s o l a r  a c t i v i t y  
cycles.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 1.0  3.0 6.0 12.1 18.0 17.9 12.1 4.5 
F l i g h t s  - - - - - I f -  - 

OSO L,M (77) LV: TAT/DELTA/RJ-4 W t :  900-1,000 VC: 26,300 

Purpose: To study var ious  types of  s o l a r  a c t i v i t y ,  emphasizing good 
spec t r a l ,  s p a t i a l ,  and time r e so lu t i on ,  and t o  conduct measure- 
ments dur ing  t he  i nc r ea s ing  por t ion  of the  next  s o l a r  a c t i v i t y  
cycles.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

~ ~ ~ d i ~ ~  - 1 .0  3.0 6.0 12.1 18.0 17.9 12.1 4.5 2 .5  1 .5  
F l i gh t s  - - - 1 1 -  
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This program is designed to provide instruments which are heavier 
and more sensitive than those that can be carried on balloons and small satellites. 
This will permit long duration observations to characterize the high energy but 
lower flux radiation of importance to astrophysicists and cosmologists. 

HEAO A-c (73) LV: TITAN 1110 wt:23,600 vC:25,9oo 

Purpose: To conduct an all-sky survex in cosmic ray, X-ray, and gamma-ray 
energies in the range of 10 ev and 1015 ev. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 16.0 47.0 58.0 40.0 14.0 5.0 3.0 - - - 
Flights - - 1 1 1 -  - - - - 

HEAO A-C (74) LV: TITAN IIIC Wt: 23,600 Vc: 25,900 

Purpose: To conduct an all-sky sumex in cosmic ray, X-ray, and gamma-ray 
energies in the range of 10 ev and 1015 ev. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 4.0 45.5 47.0 44.0 40.0 14.0 5.0 3.0 - - 
Flights - - - 1 1 1 -  - - - 

HEAO A-C (77-79) LV: TITAN IIIC Wt:23,600 VC:25,900 

Purpose: To conduct an all-sky survej in cosmic ray, X-ray, and gamma-ray 
energies in the range of 10 ev and 1015 ev. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 4.0 45.5 47.0 44.0 40.0 14.0 5.0 3.0 
Flights - - - 1 1  1 - 

HEAO A-C (77-81) LV: TITAN IIIC Nt: 23,600 VC: 25,900 

Purpose: To conduct an all-sky surve in cosmic ray, X-ray, and gamma-ray 
energies in the range of 1 d  and 1015 ev. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 3.0 70.0 40.0 35.0 35.0 30.0 26.0 20.0 10.0 
Flights - - - - 1 - 1 - 1  
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ASTRONOMY EXPLORERS-SCOUT LV: SCOUT W t :  Various 

Purpose: This  p r o j e c t  r e p r e s e n t s  v a r i o u s  p o s s i b l e  smal l  s a t e l l i t e s  
conta in ing  Explorer -c lass  experiments. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 4.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
F l i g h t s  - - 1 1 1 1 1 1 1 1 1  

ASTRONOMV EXPLORERS-DELTA LV: TATIDELTA* w t :  Various 

Purpose: This  p r o j e c t  r e p r e s e n t s  p o s s i b l e  smal l  Astronomy s a t e l l i t e s  
conta in ing  Explorer -c lass  experiments.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 1 . 0  4.0 7.0 17.5 13.6 13.0 13.0 13.0 13.0 13.0 13.0 
F l i g h t s  .. - - 1 1 1 1 1 1 1 1  

ASTRONOMY EXPLORERS-SCOUT (high p lan)  
LV: SCOUT W t :  Various 

Purpose: This  p r o j e c t  r e p r e s e n t s  var ious  p o s s i b l e  smal l  s a t e l l i t e s  
conta in ing  Explorer -c lass  experiments.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 8.0 6.0 6.0 12.0 6.0 12.0 6 . 0 1 2 . 0  6.0 12.0 6.0 
F l i g h t s  2 1 1 2 1 2 1 2 1 2 1 

ASTRONOMY EXPLORERS-DELTA (high p lan)  
LV: TATIDELTA* W t :  Various 

Purpose: This p r o j e c t  r e p r e s e n t s  p o s s i b l e  smal l  Astronomy s a t e l l i t e s  
conta in ing  Explorer -c lass  experiments. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 1.0 4.0 10.0 13.4 19.6 25.0 19.0 25.0 19.0 25.0 19.0 
F l i g h t s  - - 1 2 1 2 1 2 1 2  

* These p r o j e c t s  may u s e  any of  t h e  v a r i o u s  D e l t a  c l a s s  v e h i c l e s .  
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ATMOSPHERE EXPLORERS C-E (73-75) 
LV: TAT/DELTA/W4 W t :  600 

Purpose: To study atmospheric s t r u c t u r a l  p rope r t i e s ,  s p e c i f i c a l l y  the  
response of t h e  upper atmosphere t o  a per iod  of low s o l a r  
energy input .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 4.6 10.1 10.5 6.7 3.6 1 .0  - - - 
Fl igh t s  - - 1 1 1 -  - - 

ATMOSPHERE EXPLORERS I?, G LV: TAT/DELTA/FW~ W t :  600 

Purpose: To study t he  thennal  p a r t i c l e s  i n  the upper atmosphere processes  
occurr ing  i n  t he  magnetosphere and the  response of t h e  upper 
atmosphere t o  a period of high s o l a r  energy i npu t .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - 2.6 4.0 6.2 4.5 3.8 0.5 0.2 
F l i gh t s  - - - - - 1 - 1 -  

ATbiOSPHERE EXPLORERS (76,79) LV: TAT/DELTA/FW~ W t :  600 

Purpose: To study t he  thennal  p a r t i c l e s  i n  t he  upper atmosphere processes 
occurr ing  i n  t he  magnetosphere and t he  response of t h e  upper 
atmosphere t o  a period of h igh  s o l a r  energy i npu t .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 5.3 8.0 7.1 3.6 4.4 3.6 0.5 0.2 
F l i gh t s  - - - - 2 - 1 -  

Small S c i e n t i f i c  S a t e l l i t e s  (SSS) 

This group of p r o j e c t s  provides h igh ly  soph i s t i c a t ed  Scout c l a s s  space- 
c r a f t  t o  conduct spec i a l i z ed  s t u d i e s  of s p e c i f i c  phenomena i n  the  magnetosphere 
o r  nea r - i n t e rp l ane t a ry  space.  

SSS A-D LV: SCOUT fJt: 110 

Purpose: To conduct i nves t i ga t i ons  of var ious  phenomena occurr ing  i n  t he  
magnetosphere. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 10.3 9.3 5.1 1.6 - - - - 
Fl igh t s  1 1 1 - - 
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IMP (78,81) LV: TAT(gC)/DELTA/TE364 Wt : 600-800 V 

Purpose: To help determine the mechanisms involved in the formation of 
collisionless plasma shocks, the acceleration of particles, and 
wave-particle interactions. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - 10.0 17.0 11.0 7.0 8.5 5.5 

Flights - - - 2 -  

IbP IPl-R LV: TAT(~C)/DELTA/TE~~~ Wt: 600-800 VC: 39,000 

Purpose: To help determine the mechanisms involved in the formation of 
collisionless plasma shocks, the acceleration of particles, and 
wave-particle interactions. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 10.0 10.0 21.0 29.5 28.8 20.5 7.8 1.0 
Flights - - - - - 2 1 2 1 -  

International Satellites for Ionospheric Studies (ISIS) 

This program is a cooperative effort with the Canadian Government. The 
spacecraft carry various experiments to study the ionosphere. 

ISIS C,D (72,74) LV: TAT/DELTA/FW~ Wt: 575 

Purpose: To conduct various measurements in the ionosphere for one-half 
of a solar cycle. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 1.8 4.5 5.4 1.0 0.3 0.2 - 
Flights - 1 - 1 - 

I S I S  B-D (71,73,74) LV: TAT/DELTA/RJ~ Wt: 575 

Purpose: To conduct various measurements in the ionosphere for one-half 
of a solar cycle. 

1971 1972 1973 1974 1975 1976 1977 1978 1979'1980 1981 

Funding 1.5 1.8 2.2 1.3 0.5 0.2 - 
Flights 1 - 1 1 - 
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ISIS B,C (71,73) LV : TAT/DELTA/FW4 Wt: 575 

Purpose: To conduct various measurements in the ionosphere for one-half 
of a solar cycle. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 2.2 2.6 1.5 0.6 0.4 - - - - 
Flights 1 - 1 - - - - - 

Cluster 

This program area represents a concept of launching several small satellites 
(2 to 4) in the same Earth orbit within a few thousand feet of each other to conduct 
particles and fields research. 

CLUSTER (77,80) LV: TAT/DELTA/TE364 Wt: 800 

Purpose: To permit direct resolution of three-dimensional spatial and 
temporal effects within the magnetosphere. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 2.0 8.0 9.0 11.0 6.0 5.0 5.0 2.0 
Flights - - - - - 1 - - 1 -  

CLUSTER (75) LV: TAT/DELTA/TE~~~ Wt: 800 

Purpose: To permit direct resolution of three-dimensional spatial and 
temporal effects within the magnetosphere, 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 2.0 10.0 7.0 2.0 2.0 - - - 
Flights - - - 1 -  - - - 

CLUSTER (78,80) LV: TAT/DELTA/TE~~~ Wt: 800 

Purpose: To permit direct resolution of three-dimensional spatial and 
temporal effects within the magnetosphere. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 2.0 8.0 9.0 11.0 11.0 5.0 2.0 
Flights - - - 1 - 1 . -  
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S o l a r  Probes 

This a r e a  encompasses a l l  of t h e  s o l a r  probe missions.  The p r i n c i p a l  
o b j e c t i v e  of t h e  miss ions  i s  t o  s tudy t h e  near-Sun i n t e r p l a n e t a r y  environment. 
The u l t i m a t e  goa l  i s  t o  o b t a i n  observa t ions  of t h e  process of t h e  s o l a r  wind 
detachment from the  s o l a r  corona. 

HELIOS LV : ATLASICENTAUR* w t :  250 

Purpose: To conduct primary s t u d i e s  of p a r t i c l e s  and f i e l d s  i n  t h e  
n e a r - s o l a r  environment. This i s  a  j o i n t  p r o j e c t  wi th  West 
Germany. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 1.9 1.7 1.4 1.0 1 .0  1.2 - - 
F l i g h t s  - - 1 1 -  

SOLAR PROBE TO 0.05 a.u.  LV: TITAN IIID/CENTAUR W t :  4,500 

Purpose: To o b t a i n  observa t ions  of t h e  i n t e r p l a n e t a r y  environment t o  
w i t h i n  0.05 a . u .  of t h e  Sun. The s p a c e c r a f t  r e q u i r e s  t h e  
use  of a  s o l a r  e l e c t r i c  p ropuls ion  system. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 3.0  7.0 15.0 20.0 10.0 5.0 
F l i g h t s  - - - - - - 1 -  

SOLAR PROBE-CLOSE I N  PRECURSOR 
LV: TITAN IIIDICENTAUR Nt:  900 

Purpose: To o b t a i n  observa t ions  of t h e  i n t e r p l a n e t a r y  environment t o  
w i t h i n  0 .2  a.u.  of t h e  Sun and t o  develop t h e  necessary  
technologica l  experience f o r  des ign ing  miss ions  f o r  c l o s e r  
approach t o  t h e  Sun. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 1.0  3.0 10.0 15.0 10 .0  7.0 2.0 1 . 0  
F l i g h t s  - - - 1 - 

SOLAR PROBE 0.1-0.05 a . u .  LV: TITAN IIlD/CENTAUR Idt: 5,000 

Purpose: To o b t a i n  observa t ions  of t h e  i n t e r p l a n e t a r y  environment i n  
t h e  a r e a  of 0 . 1  t o  0.05 a . u .  of  t h e  Sun. Spacecraf t  r e q u i r e s  
a s o l a r  e l e c t r i c  p ropuls ion  system. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

rundint: - _ 3.0 8.0 16 .0  27.0 27.0 27.0 12.0 5.0 

i - l l < : l l l ~  - ., - - 1 1 -  

I HELIOS A (1974) may be t r a n s f e r r e d  t o  T I W  IIID/CENTAUR a s  "proof - f l igh t"  
p r i o r  t o  Viking. 
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SOLAR PROBE 0.2 a.u. SOLAR QUAD MOMENT 
LV: TITAN IIID/CENTAUR W t :  6,000 

Purpose: To provide a precursor  mission f o r  c lo se r  s o l a r  probes and 
observe the o r b i t a l  pe r tu rba t i on  produced by the sun's  
quadruple moment. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 1 .0  3.0 15.0 20.0 25.0 15.0 5.0 2.0 1.0 - 
Fl igh t s  - - - 1 -  - 

StlALL INTERPLANETARY SATELLITES 
LV: SCOUT W t :  60-80 

Purpose: To study the i n t e rp l ane t a ry  environment toward t he  Sun us ing  
small  inexpensive spacec ra f t .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 2 .0  2.0 1 .5  1.5 1.5 1.5 - - 
Fl igh t s  - 1 1 1 1 1 - - - 

Space Weather Probes 

This group of p ro j ec t s  would provide continuing coverage of s o l a r  f l a r e  
a c t i v i t y  and charac ter  of the  i n t e rp l ane t a ry  medium near 1 a.u. a f t e r  completion 
of the  present  Pioneer missions.  The missions would a l s o  provide base l ine  i n fo r -  
mation f o r  fu tu re  f a r  i n t e rp l ane t a ry  and s o l a r  probe missions.  The spacec ra f t  
would be s i m i l a r  t o  Pioneers o r  P lanetary  explorers .  

SPACE WEATHER PROBE A LV: TAT(6c) / D E L T A / T E ~ ~ ~  W t  : 200 

Purpose: Would be the  f i r s t  launch t o  obta in  ob j ec t i ve s  mentioned above. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 5.5 3.8 1.7 1.8 1.8 0.9 - 
Fl igh t s  - - 1 - - - - 

SPACE WEATHER PROBES B,C LV: TAT(~c ) /DELTA/TE~~~  W t :  200 

Purpose: Would provide approximately 6 years  of observations of t he  
i n t e rp l ane t a ry  environment near 1 a.u. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - 5.5 3 .8  3.7 5.3 5.6 2.6 1 .8  
F l i gh t s  - - - - - 1 -  - 1 -  

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS LABORATORIES 
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RELATIVITY RED SHIFT - SOLAR PROBE 
LV: TITAN IIID/CENTALJR Wt: 1,200 

Purpose: To investigate variations in red shift under different 
gravitational conditions to within 0.5 a.u. of the Sun. 
Spacecraft would use hydrogen maser clocks. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 1.0 3.0 8.0 10.0 5.0 2.0 1.0 - 
Flights - - - - - - 1 -  

RELATIVITY RED SHIFT - DEEP SPACE 
LV: TITAN IIID/CENTAUR Wt: 1,000 

Purpose: To investigate variations in red shift under different 
gravitational conditions to distances of 1.0 a,u. or greater. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - 1.0 3.0 8.0 13.0 8.0 2.0 
Flights - - - - - - - - 1 -  

GYROSCOPE PRECESSION - PRECURSOR 
LV: TAT~DELTA wt: 500 

Purpose: To test Einstein's general relativity theory using a spacecraft 
containing two sets of gyroscopes with their axes perpendicular 
to each other. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 3.0 4.4 2.7 0.4 0.1 - - - - 
Flights - - 1 -  - - - 

Titan Explorers 

These missions would provide for initial experimentation with Earth 
environment modification, particularly of the trapped radiation regions. 

TITAN EXPLORERS LV: TITAN IIID/CENTAUR Wt: 10,000 VC: 35,600 

Purpose: To overload the natural Van Allen Belt so as to induce its 
instability. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding " - 3.0 8.0 11.0 12.0 10.0 4.0 
Flights ' - - - - 1 - 1  

B A T T E L L E  MEMORIAL INSTITUTE - COLUMBUS L A B O R A T O R I E S  
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SG Mission Models 

I n  t h i s  sec t ion  10 mission models (SG1 through SG10) a r e  presented. Each model i s  
described by i t s  guidel ines ,  c h a r a c t e r i s t i c s ,  funding p l o t  (Figures V I - 1  through VI-lo), 
and f l i g h t  schedule (Tables V I - 1  through VI-10). Comparisons and discuss ions  of the  
models follow i n  the  next sec t ion  of t h i s  chapter ,  
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This model was developed d i r e c t l y  from the  automated p r o j e c t s  por t ion  of Progra~us 11 
and I11 i n  the  NASA r e p o r t  t o  the STG,(') The bas ic  guidel ines  governing the  a reas  of 
Astronomy and Physics f o r  a l l  th ree  programs presented i n  the r e p o r t  were a s  follows: 

"In Astronomy the  main focus would be on developing l a r g e  (100-in.) te lescope 
systems f o r  use with the  manned systems a s  wel l  as  aggressive development of 
high energy experiments t h a t  could lead t o  an eventual  manned laboratory .  
Explorer and OSO-class automated s a t e l l i t e s  would be continued."(g) 

"In Space Physics, the major developments would include r e l a t i v i t y  experiments, 
space weather probes, ou t -o f - the -ec l ip t i c  probes, and a c l u s t e r  of magnetosphere 
s a t e l l i t e s .  The Explorer c l a s s  s a t e l l i t e s  would a l s o  continue."(g) 

The major c h a r a c t e r i s t i c s  of the model a r e  a s  follows: 

8 Space s t a t i o n  and s h u t t l e  a v a i l a b l e  1977 

e FY 1971 funding c e i l i n g  of $4 b i l l i o n  

e Moderately paced program a f t e r  FY 1971 

o 1 HEAO launched i n  1981 

o 1 LTM (Large Telescope Mount) launched i n  1980. 

1971 7 3  75 7 7 7 9 1981 

Year 

FIGURE V I - 1 .  S G l  FUNDING PLOT 
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TABLE V I - 1 .  SG1 FLIGHT SCHEDULE 

Year 
Project ~aunch Vehicle 71 72 73 74 75 76 77 78 79 50 81 

Orbiting Astronomical Observatories and Telescopes 

OAO C 
OAO D 
OAO E-F(77) 

LTM A(80) 

OSO H 
OSO I-K(73-75) 
OSO L-M(79) 

Large Telescope Mounts 

TITAN IIID - - - - - - - - - I -  

Orbiting Solar Observatories 

High Energy Astronomical Observatories 

TITAN IIID/CENTAUR - - - - - - - - - - I  

Small Astronomy Satellites 

SMALL ASTRONOMY SATS A,B SCOUT 
ASTRONOMY EXPLORERS-SCOUT SCOUT 
ASTRONOMY EXPLORERS-DELTA TAT/DELTA/FW& 

Various Small Physics Satellites 

ATMOSPHERE EXPLORERS C,D 
ATMOSPHERE EXPLORERS (81) 
SSS A-D 
SSS E-J 
ISIS C,D(72,74) 
CLUSTER(77,80) 

IMP- I-J 
IMP KK-LL(75,76) 
IMP(78,81) 

TAT/ DELTAIFW4 1 1 - - - - - - - -  - 
TAT/DELTA/FW~ - - - - - - - - - -  2 
SCOUT I l l - - - - - - -  
SCOUT - - - 1 1 1 1 1 1 1 1  
TATIDELTAIFW~ - 1 - 1 - . . - - - - -  
TAT/DELTA/TE364 - - - - - - 1 - - 1 -  

Interplanetary Monitoring Platforms 

TAT/DELTA/TE364 1 1 - - - . . . - - - - -  
TAT(9C) /DELTA/TE~~~ - - - - 1 1 - - - -  
'CAT (9C) /DELTA/TE~~~ - - - - - - -  2 - - 1  

Interplanetary and Solar Probes 

HELIOS ATLASICENTAUR - - -  1 1 - - - - - -  
SMALL INTERPLANETARY SATELLITE SCOIJT - 1 1 1 1 1 - - - - -  
SPACE WEATHER PROBE A TAT(~C)/DELTA/TE~~~ - - - - 1 - - - - - 
OUT OF ECLIPTIC - PIONEER(78,79) TITAN IIID/CENTAUR - - - - - - - 1 1 - -  
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This  model was developed by modifying" SGl(Base1ine I) t o  ag ree  w i th  t h e  p l ans  r e p r e -  
s en t ed  by t h e  SG p o r t i o n  of t h e  OSSA FY 1971 budget  submission t o  t h e  Bureau of t h e  Budget.  
Tne p r i n c i p a l  changes made were as fo l lows:  

@ LST (Large Space Telescopes)  r ep l aced  OAO(E-G) 

e LTM (Large Telescope Mount) - d e l e t e d  

e HEAO f i r s t  l aunch  changed t o  1974 

e More Atmosphere Exp lo re r s  - added 

e Small I n t e r p l a n e t a r y  S a t e l l i t e s  - d e l e t e d  

e General  R e l a t i v i t y  (76) - added. 
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Year 

FIGURE VI-2. SG2 FUNDING PLOT 
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TABLE VI-2. SG2 FLIGHT SCHEDULE 

P r o j e c t  L a u n c h  V e h i c l e  
Y e a r  

7 1  72 7 3  7 4  7 5  7 6  77 78  7 9  8 0  8 1  

OAO C 
OAO D 
LST A-C(76,77,79) 

OSO H 
OSO I-K(73-76)  
OSO LYM(79) 

HEAO A-C(74) 
HEAO (7 7 ) 

O r b i t i n g  A s t r o n o m i c a l  O b s e r v a t o r i e s  a n d  T e l e s c o p e s  

ATLASICENTAUR 1 - . . - - - - - - - -  
ATLASICENTAUR - - - I - - - . . - - -  
TITAN I I I C  . . - . . - - 1 1 - 1 - -  

O r b i t i n g  S o l a r  O b s e r v a t o r i e s  

H i g h  E n e r g y  A s t r o n o m i c a l  O b s e r v a t o r i e s  

TITAN I I I C  - - - 1 1 1 - . . - . . -  
TITAN IIIDICENTAUR . . - - - - - I - . . - . .  

S m a l l  As t ronomy S a t e l l i t e s  

SMALL ASTRONOMY SATELLITE A,E SCOUT 
ASTRONOMY EXPLORERS-SCOUT SCOUT 
ASTRONOMY EXPLORERS-DELTA TATIDELTAIFW~ 

V a r i o u s  S m a l l  P h y s i c s  S a t e l l i t e s  

ATMOSPHERE EXPLORERS C-E(73-75) 
ATMOSPHERE EXPLORERS F,G 
ATMOSPHERE EXPLORERS (81)  
SSS A-D 
SSS E - J  
I S I S  B-D(71,73,74)  
CLUSTER (7 7 , 8 0 )  
GENERAL RELATIVITY (7 6 )  

IMP I - J ( 7 2 , 7 3 )  
IMP KK-LL (75 ,76 )  
IMP(78,81)  

TAT/DELTA/FW~ 
TATIDELTAIFW~ 
T A T I D E L T A I ~ ~  
SCOUT 
SCOUT 
TATIDELTAIFW~ 
T A T / D E L T A / T E ~ ~ ~  
TITAN I I I C  

I n t e r p l a n e t a r y  M o n i t o r i n g  P l a t f o r m s  

I n t e r p l a n e t a r y  a n d  S o l a r  P r o b e s  

OUT OF ECLIPTIC - PIONEER(?a,79) TITAN IIID/CENTAUR - - . . - . . . . - 1  I - -  
HELIOS ATLASICENTAUR - - - 1 1 - - - - - -  
SPACE WEATHER PROBE A T A T / D E L T A / T E ~ ~ ~  - - . . - 1 - - - - . . -  
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This model was de r ived  from t h e  automated p o r t i o n  of  S ace  Physics and Astronomy 8 p lans  inc luded i n  Program I of t h e  NASA r e p o r t  t o  t h e  STG,( ) Program I was t h e  most 
agg res s ive  of t h e  t h r e e  programs presented  i n  t h e  r e p o r t .  The gu ide l ines  a s s o c i a t e d  
wi th  the  Space Physics and Astronomy a r e a s  a r e  t he  same a s  those  quoted i n  SG1 Guidel ines .  
The s t a r t i n g  d a t e s  f o r  most major proposed new programs were 1 o r  2 yea r s  e a r l i e r  i n  
t h i s  model compared wi th  t h e  f i r s t  two models. 

Major f e a t u r e s  of  t h e  model a r e  a s  fo l lows :  

e 12-man space  s t a t i o n  and s h u t t l e  1976 

0 50-man Space S t a t i o n  1980 

e HEAO s t a r t s  i n  1973 

e LTM launched i n  1979 f o r  1980 space  s t a t i o n .  

F I G U R E  V I - 3 .  S G 3  F U N D I N G  PLOT 
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TABLE V I - 3 .  S G 3  F L I G H T  SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

OAO C 
OAO D 
OAO E-G(75) 

OSO H 
OSO I-K(73-75) 
OSO L,M(79) 

HEAO A-C(73) 
HEAO(77) 

Orbiting Astronomical Observatories and Telescopes 

Large Telescope Mounts 

TITAN IIID - - - . . - - - - 1 - -  

Orbiting Solar Observatories 

Htgh Energy Astronomical Observatories 

TITAN IIIC - - 1 1 1 - - - - - -  
TITAN IIID/CENTAUR - - - - - - I - - - -  

Small Astronomy Satellites 

SMALL ASTRONOMY SATELLITE A,B SCOUT 
ASTRONOMY EXPLORERS-SCOUT 

(high plan) SCOUT 
ASTRONOMY EXPLORERS-DELTA 

(high plan) TATIDELTA 

Various Small Physics Satellites 

ATMOSPHERE EXPLORERS C,D 
ATMOSPHERE EXPLORERS (76,79) 
SSS A-D 
SSS E-F 
SSS G-L 
ISIS C,D(72,74) 
CLUSTER(75) 
CLUSTER(78,80) 

IMP I-J 
IMP KK-LL (74,75) 
IMP M-R 

TATIDELTAIFW~ 
TAT/DELTA/PW& 
SCOUT 
SCOUT 
SCOUT 
TAT/DELTA/PW~ 
TAT/DELTA/TE~~~ 
TAT/DELTA/TE364 

Interplanetary Monitoring Platforms 

Interplanetary and Solar Probes 

OUT OF ECLIPTIC - PIONEER(75-76) TITAN IIID/CENTAUR . . - . . - 1 1 - - - - -  
HELIOS ATLAS~CENTAUR - - - 1 1 - - - - - -  
SMALL INTERPLANETARY SATELLITES SCOUT - 1 1 1 1 1 - - -  - - 
SPACE WEATHER PROBE A TAT(6C)/DELTA/TE364 - - - - 1 - - - - - 
SPACE WEATHER PROBE B , C TAT(6C)/DELTA/TE364 - - - - - - 1 - -  1 - 
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Guidel ines  f o r  model SG4 were obta ined  by combining t h e  lowest p l ans  f o r  Space 
Phys ics  and t h e  lowest  p l ans  f o r  Astronomy found i n  t h e  PSG Prospec tus  F i l e . ( 8 )  It i s  
be l i eved  t h a t  t h e s e  p l ans  were c r e a t e d  by t h e  PSG s t a f f  r a t h e r  t han  t h e  Space Phys ics  
and Astronomy p lanning  pane l s .  

Three major  c h a r a c t e r i s t i c s  of  t h i s  model a r e  a s  fo l lows:  

e No follow-on p l ans  f o r  OAO o r  LST (Large Space Telescope)  

e HEAO s t a r t s  i n  1974 

e Appears t h a t  no new s t a r t s  a f t e r  1974 were cons ide red .  

FIGURE IV-4. SG4 FUNDING PLOT 
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TABLE VL-4. SG4 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

OAO C 

OSO H 
OSO I-K(73-75) 
OSO L,M(77) 

HEAO A-C(74) 
HEAO (7 7) 

SMALL ASTRONOMY SATELLITES A,B 
RADIO ASTRONOMY EXPLORERS C,D 

Orbiting Astronomical Observatories 

ATLAS/CENTAUR l - - - - - - - - . . -  

Orbiting Solar Observatories 

High Energy Astronomical Observatories 

TITAN IIIC - - - I l l - - - - -  
TITAN IIID/CENTAUR - - - - - - I - - - -  

Small Astronomy Satellites 

SCOUT 1 - - - - - - - - - -  
TAT/DELTA/TE~~~ - . . - 1 1 - - - - - -  

Various Small Physics Satellites 

ATMOSPHERE EXPLORERS C-E(73-75) TAT/DEL~/FW~ - - I l l - - - - - -  
SSS E-F SCOUT - - - 2 - - - - - - -  
ISIS ~,C(71,73) TAT/DELTA/F1{4 1 - 1 - - - - - - - -  
CLUSTER(75) TAT/DELTA/TE~~~ - - . . - 1 - - - - - -  
GYROSCOPE PRECESSION - PRECURSOR TAT/DELTA i - 1 - - - - - - - - 

Interplanetary Monitoring Platforms 

IMP I-J(72,73) 
IMP KK-LL(74,75) 

Interplanetary and Solar Probes 

HELIOS ATLASICENTAUR - - - 1 1 - - - - - -  
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In the development of this model, the principal guideline was the SG funding 
projection from Appendix A. That projection estimates the SG funding in 1975 to be 
$193 million and in 1980, $233 million. To stay close to the projection, flight schedules 
for major projects had to be delayed and stretched out. 

The major characteristics of this model are as follows: 

Funding requirements close to Appendix A projections 

e HEAO - 2 launches 1977 and 1981 
0 LST - 3 launches, 24 month centers, first in 1976 
0 Space station and shuttle available sometime after 1981. 

1971 73 75 7 7 79 1981 

Year 

F I G U R E  V I - 5 .  S G 5  F U N D I N G  PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



V I - 3 1  

TABLE VI-5. SG5 FLIGHT SCHEDULE 

Project 
Year 

Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

OAO C 
OAO D 
LST A-C(76,78,80) 

OSO H 
OSO I-K(73-75) 
OSO L,M(79) 

Orbiting Astronomical Observatories and Telescopes 

ATLAS /CENTAUR I - - - - - - - - - -  
ATLAS/CENTAUR - - - I - - - - - - -  
TITAN IIIC - - - - - 1 - 1 - 1 -  

Orbiting Solar Observatories 

High Energy Astronomical Observatories 

Small Astronomy Satellites 

SMALL ASTRONOMY SATELLITES A,B SCOUT 1 -  - - - - - - - - -  
ASTRONOMY EXPLORERS-SCOUT SCOUT - - 1 1 1 1 1 1 1 1 1  
ASTRONOMY EXPLORERS-DELTA .TAT/DELTA/FW~ - - - 1 1 1 1 1 1 1 1  

Various Small Physics Satellites 

ATMOSPHERE EXPLORERS C,D TATIDELTAIFW~ 1 1 - - - - - - - - -  
ATMOSPHERE EXPLORERS (81) TAT/DELTA/FW~ - - - - - - - - - . . 2  
SSS A-D SCOUT 1 1 1 - - - - - - - -  
SSS E-J SCOUT - - - 1 1 1 1 1 1 - -  
ISIS C,D(72,74) TAT/DELTA/FW& - 1 - 1 - - - - - - -  
CLUSTER(77,80) TAT/DELTA/TE~~~ - - - - - - I - -  1 - 

Interplanetary Monitoring Platforms 

IMP I-J(72,73) 
IMP KK-LL(75,76) 
IMP(78,81) 

Interplanetary and Solar Probes 

OUT OF ECLIPTIC - PIONEER(78,79) TITAN IIID/CENTAUR - - - - - - - 1 1 - -  
HELIOS ATLAs/CENTAUR - - - 1 1 - - - - - -  
SPACE WEATHER PROBE A TAT(6C)/DELTA/TE364 - - - - 1 - - - - - - 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



Guidelines f o r  model SG6 were c rea t ed  t o  r ep resen t  a moderately aggress ive  Phys ics  
and Astronomy program. I t  was accomplished by s c a l i n g  down t h e  most aggress ive  model 
[SG3(STG-Option I ) ]  s o  t h a t  t h e  r e s u l t i n g  funding requirements  were about  h a l f  way between 
t h e  funding f o r  SG3 and t h e  SG funding p r o j e c t i o n  from Appendix A. 

The major c h a r a c t e r i s t i c s  o f  t h e  model a r e  a s  fol lows:  

e Funding l e v e l  h ighe r  t han  p r o j e c t i o n  from Appendix A 

0 HEAO, 3 launches,  f i r s t  i n  1973  

0 LTM (Large Telescope Mount) launched i n  1983 

e Space s t a t i o n  and s h u t t l e  a v a i l a b l e  i n  1982. 

197'1 7 3  i s  77 7 9 1981 

Pear 

F I G U R E  V I - 6 .  SG6 F U N D I N G  PLOT 

BATTELLE MEMORIAL INSTITUTE - COLUMBUS LABORATORIES 



VI-33 

TABLE VI-6.  SG6 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

OAO C 
OAO D 
OAO E-G(75) 

OSO H 
OSO I-K(73-75) 
OSO L,M(77) 

HEAO A-C(73) 

SMALL ASTRONOMY SATELLITES A,B 
ASTRONOMY EXPLORERS-SCOUT 

(high plan) 
ASTRONOMY EXPLORERS-DELTA 

(high plan) 

Orbiting Astronomical Observatories and Telescopes 

ATMOSPHERE EXPLORERS C, D 
ATMOSPHERE EXPLORERS(76,79) 
SSS A-D 
SSS E-F 
SSS G-L 
ISIS C,D(72,74) 
CLUSTER(75) 
CLUSTER(78,80) 

IMP I-J 
IMP KK-LL (74,75) 
IMP M-R 

Large Telescope Mounts 

TITAN IIID (Launch is in 1983) 

Orbiting Solar Observatories 

High Energy Astronomical Observatories 

TITAN IIIC . . - 1 1 1 - - - - - -  

Small Astronomy Satellites 

SCOUT 1 - - 
SCOUT 2 1 1  

Various Small Physics Satellites 

TAT/DELTA/FW& 
TATIDELTAIPWL, 
SCOUT 
SCOUT 
SCOUT 
TAT/DELTA/~ 
TATIDELTAITE~~~ 
TAT/DELTA/'PE~~~ 

Interplanetary Monitoring Platforms 

Interplanetary and Solar Probes 

OUT OF ECLIPTIC - PIONEER(75,76) TI- IIID/CENTAUR - - - - 1 1 - - - . . -  
HELIOS ATLASICENTAUR - . . - 1 1 - - - - - -  
SPACE WEATHER PROBE A TAT(~C)/DELTA/TE~~~ - - - - 1 - - - - - - 
SPACE WEATHER PROBES B,C TAT(6C)/DELTA/TE364 - - - - - - 1 - - 1 - 

B A T T E L L E  MEMORIAL I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



The approach used i n  t h e  development of gu ide l ines  f o r  t h i s  model was t o  assume t h a t  
t h e  funding a v a i l a b l e  would be nea r  t h e  SG p r o j e c t i o n  from Appendix A f o r  t h e  f i r s t  2  y e a r s ,  
1971 and 1972, and then t o  exceed t h e  SG p r o j e c t i o n  f o r  t h e  remainder of t h e  time per iod .  

The major c h a r a c t e r i s t i c s  of t h i s  model a r e  a s  fo l lows:  

Funding f i r s t  2 y e a r s  nea r  p r o j e c t i o n  from Appendix A 

Funding f o r  l a s t  9  yea r s  exceeds p r o j e c t i o n  from Appendix A 

HEAO 4 launches s t a r t i n g  i n  1977 

LST (Large Space Telescopes)  4 launches s t a r t i n g  i n  1976 

No LTM (Large Telescope Mount) 

Space s t a t i o n s  and s h u t t l e  a v a i l a b l e  a f t e r  1981 

4 s o l a r  probe miss ions  i n  a d d i t i o n  t o  HELIOS 

3 r e l a t i v i t y  miss ions  

e 2 T i t a n  Explorers .  

FIGURE VI-7. SG7 FUNDING PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  
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TABLE V I - 7 .  S G 7  FLI GHS SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

Orbiting Astronomical Observatories and Telescopes 

OAO C 
OAO D 
LST A-C(76,77,79) 

OSO H 
OSO 1-K(73-76) 
OSO L,M(79) 

HEAO A-C(77-81) 
HUO(82) 

ATLASICENTAUR 1 - -  - - 
ATLAS/CEN@UR . . - I - - - - -  - - 
TITAN IIIC - - - - 1 1 - 1 - -  

Orbiting Solar Observatories 

High Energy Astronomical Observatories 

TITAN IIID/CENTAUR - - - - - 1 - 1 - 1  
TITAN IIID/CENTAUR (Launch in 1982) 

Small Astronomy Satellites 

SMALL ASTRONOMY SATELLITES AYE SCOUT 1 - -  - - - - - -  - - 
ASTRONOMY EXPLORERS-SCOUT SCOUT - - 1 1 1 1 1 1 1 1 1  
ASTRONOMY EXPLORERS-DELTA TAT /DELTA/FI?& - - 1 1 1 1 1 1 1 1  

Various Small Physics Satellites 

ATMOSPHERE EXPLORERS C-E(73-75) TAT/DELTA/TE364 - I l l - - - -  
ATMOSPHERE EXPLORERS F, G TAT/DELTA/TE364 - - - - - - 1 - 1 - -  
ATMOSPHERE EXPLORERS (81) TAT/DELTA/TE364 - - - - - - - - -  - 2 
SSS A-D SCOUT 1 1 1 - - - - - -  - - 
SSS E-J SCOUT - - - 1 1 1 1 1 1 - -  
ISIS B-D(71,73,74) TAT/DELTA/Fi?4 1 - 1 1 - - - - -  
CLUSTER(77,80) TAT/DELTA/TE364 - - - - - 1 - - 1 -  

Interplanetary Monitoring Platforms 

IMP I-J(72,73) 
IMP KK-LL(~~, 7 6) 
IMP(78,81) 

Interplanetary and Solar Probes 

OUT OF ECLIPTIC - PIONEER(78,79) TITAN IIID/CENTAUR - - -  - - - 1 1 -  
HELIOS ATLAS /CENTAUR - - - l l - - - - -  
SOLAR PROBE TO .05 a .u. TITAN IIID/CENTAUR - - - - - - - - - 1 -  
SOLAR PROBE- CLOSE IN PRECURSOR TITAN IIIDICENTAUR - - - - - - -  1 - 
SPACE WEATHER PROBE A TAT(6C) /DELTA/TE364 - - - - I - -  - - 
SPACE WEATHER PROBES B,C TAT(6C) /DELTA/TE364 - - - - - - 1 - - 1 -  

Relativity 

GENERAL RELATIVITY (76) TITAN IIIC - - - - 1 - -  
RELATIVITY RED SHIFT - SOLAR PROBE TITAN IIID/CENTAUR - - - 1 - 
RELATIVITY RED SHIFT - DEEP SPACE TITAN IIID/CENTAUR - - - 1 -  

TITAN EXPLORERS TITAN IIID/CENTAUR - - - - - 1 - 1  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



I n  t h e  development of g u i d e l i n e s  f o r  t h i s  model, t h e  funding c o n s t r a i n t  was cons id-  
e r e d  t o  be approximate ly  10% h i g h e r  t han  t h e  S G  funding p r o j e c t i o n  g iven  i n  Appendix A .  
The plus-10% va lues  a r e  $212 m i l l i o n  i n  1975 and $256 m i l l i o n  i n  1980. 

The major  c h a r a c t e r i s t i c s  o f  t h e  model a r e  a s  fo l l ows :  

e Funding 10% above p r o j e c t i o n  from Appendix A 

e LST (Large Space Te lescopes)  3 launch program, f i r s t  i n  1976 

@ 4 HEAO launches ,  f i r s t  i n  1977 

e 4 s o l a r  probe mi s s ions  i n  a d d i t i o n  t o  HELIOS 

e 3 r e l a t i v i t y  mi s s ions  

e 2 T i t a n  Exp lo re r s  

e Space s t a t i o n  and s h u t t l e  a v a i l a b l e  a f t e r  1981. 

1971  7  3 7 5 7  7 7  9  1981  
Year 

FIGURE V I - 8 .  S G 8  FUNDING PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



TABLE VL-8. SG8 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

Orbiting Astronomical Observatories and Telescopes 

OAO C 
OAO D 
LST A-C(76,78,80) 

OSO H 
OSO 1-K(73-76) 
OSO L,M(79) 

HEAO A-C(77-81) 
HEAO (82) 

ATLAS /CENTAUR 1 - - - - - - - -  
ATLAS / CENTAUR - - 1 . . . . - - -  - - 
TITAN IIIC - - - - "  1 - 1 - 1 -  

TATJDELTA I - - - - - - - - -  
TATIDELTA - - 1 1 - I - - -  
TAT /DELTA /FI.J4 - - - - - - - -  1 1 -  

TITAN IIIC - - - - - - 1 - 1 - 1  
TITAN IIID/CENTAUR (Launch in 1982) 

Small Astronomy Satellites 

SMALL ASTRONOMY SATELLITES A,B SCOUT 
ASTRONOMY EXPLORERS-SCOUT SCOUT 
ASTRONOMY EXPLORERS-DELTA(Low Plan) TATIDELTA 

Various Small Physics Satellites 

ATMOSPHERE EXPLORERS C-E(73-75) TAT/DELTA/TE364 - 1 1 1 - - - -  
ATMOSPHERE EXPLORERS F, G TAT/DELTA/TE364 - - - - 1 - 1 -  
ATMOSPHERE EXPLORERS (81) TAT/DELTA/TE364 - - - - - - -  - 2 
ISIS B-D(71,73,74) TATIDELTAIFW4 1 - 1 1 - - - - -  - 
CLUSTER(77,80) TAT/DELTA/TE364 - - - - - -  1 - - 1 -  

Interplanetary Monitoring Platforms 

IMP I-J(72,73) 
IMP KK-LL(75,76) 
IMP(78,81) 

OUT OF ECLIPTIC - PIONEER(78,79) TITAN IIID/CENTAUR - - - - - -  1 1 - -  
HELIOS ATLAS /CENTAUR - . . - 1 1  - - - -  - - 
SOLAR PROBE TO .05 a. u. TITAN IIID/CENTAUR - - - - - - - -  - 1 -  
SOLAR PROBE-CLOSE IN PRECURSOR TITAN IIID/CENTAUR - - -  - - - - -  1 - - 
SPACE 'WEATHER PROBE A TAT(6C)/DELTA/TE364 - - - - 1 - - - - - - 
SPACE WEATHER PROBES B,C TAT(6C)/DELTA/TE364 - - - - - -  1 - - 1 -  

GENERAL RELATIVITY (76) TITAN IIIC . - - -  - - I - - -  - 
RELATIVITY RED SHIFT - SOLAR PROBE TITAN IIID/CENTAUR - - - -  1 - 
RELATIVITY RED SHIFT - DEEP SPACE TITAN IIID/CENTAUR - - 1 - 

TITAN EXPLORERS TITAN IIID/CENTAUR - - - - - 1 - 1  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



The p r i n c i p a l  g u i d e l i n e  used t o  develop t h i s  model was t h e  assumption t h a t  t h e  SG 
funding would i n c r e a s e  a t  a very low r a t e  through FY 1974 and then  i n c r e a s e  s o  a s  t o  match 
t h e  SG funding p r o j e c t i o n  from Appendix A f o r  t he  pe r iod  1976-1980. 

Major c h a r a c t e r i s t i c s  of t h e  model a r e  a s  fol lows:  

Funding n e a r l y  l e v e l  through FY 1974 

Funding f o r  1976-1981 t o  match p r o j e c t i o n  from Appendix A 

No LST (Large Space Telescopes)  

HEAO 4 launch program, f i r s t  i n  1977 

3 automated phys i c s  & chemis t ry  l a b s ,  f i r s t  i n  1976 

3 r e l a t i v i t y  f l i g h t s  

4 s o l a r  probes i n  a d d i t i o n  t o  HELIOS 

Space s t a t i o n  and s h u t t l e  a v a i l a b l e  a f t e r  1981, 

FIGURE VI-9. SG9 FLUNDING PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  
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TABLE V I - 9 .  SG9 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

OAO C 
OAO D 

OSO H 
OSO I-K(73-76) 
OSO L,M(79) 

Orbiting Astronomical Observatories and Telescopes 

ATLAS /CENTAUR 1 - - - - - - - - - - 
ATLAS /CENTAUR - - - I - - - - - - -  

Orbiting Solar Observatories 

TATIDELTA I - - - - - - - - - -  
TATIDELTA - - 1 1 - 1 - - - - -  
TAT/DELTA/FWC - - - - - - - -  1 1 -  

High Energy Astronomical Observatories 

TITAN IIIC - - - - - -  1 - 1 - 1  
TITAN IIIDICENTAUR (Launch in 1982) 

Small Astronomy Satellites 

SMALL ASTRONOPN SATELLITES A,B SCOUT I - - - - - - - . . -  
ASTRONOMY EXPLORERS-SCOUT SCOUT - - 1 1 1 1 1 1 1 1 1  
ASTRONOMY EXPLORERS-DELTA(Low Plan) TAT/DELTA/FWC - - - 1 - 1 - 1 - 1 -  

Various Small Physics Satellites 

ATMOSPHERE EXPLORERS C-E(73-75) TAT/DELTA/TE364 - - I l l - - - -  - - 
ATMOSPHERE EXPLORERS F ,G TAT/DELTA/TE364 - - - - - - 1 - 1 - -  
ATMOSPHERE EXPLORERS (81) TAT/DELTA/TE364 - - - - - - - - - - 2  
ISIS B-D(71,73,74) TATIDELTAlFW4 1 - 1 1 - - - - - - -  
CLUSTER(77,80) TATlDELTAlTE364 - - - - - -  1 - - 1 -  

Interplanetary Monitoring Platforms 

IMP I-J(72,73) 
IMP KK-LL(75,76) 
IMP(78,81) 

Interplanetary and Solar Probes 

OUT OF THE ECLIPTIC - PIONEER(78,79)TITAN IIID/CENTAUR - - - - - - -  1 1 - -  
HELIOS ATLAS /CENIIAUR - - - 1 1 - - - - - -  
SOLAR PROBE TO .05 a. u. TITAN IIID/CEKCAUR - - - - - - - - -  1 - 
SOLAR PROBE-CLOSE IN PRECURSOR TITAN IIIDICENTAUR - - - - - - - -  1 - - 
SPACE WEATHER PROBE A TAT(GC)/DELTA/TE364 - - - - I - - - -  
SPACE WEATHER PROBES B,C TAT(6C)/DELTA/TE364 - - - - - -  1 - - 1 -  

Relativity 

GENERAL RELATIVITY(76) TITAN IIIC - - - - - I - - -  - - 
RELATIVITY RED SHIFT - SOLAR PROBE TITAN IIID/CENTAUR - - - " - " -  1 - 
RELATIVITY RED SHIFT - DEEP SPACE TITAN IIID/CENTAUR - - - - - - - - -  1 - 

TITAN EXPLORERS 

Titan Explorers 

TITAN IIID/CENTAUR - - - - - - -  1 - 1 

PHYSICS AND CHEXISTRY LAB-AUTOMATED ATLASICENTAUR - 1 - 1 - 1 -  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



i n  c r e a t i n g  g u i d e l i n e s  f o r  t h i s  model, cons ide rab l e  emphasis was placed on t h e  use 
of t h e  s o l a r - e l e c t r i c  propuls ion .  I t  was assumed t h a t  such a  p ropu l s ion  system would be 
a v a i l a b l e  i n  t h e  l a t t e r  h a l f  of t h e  1970 decade and t h a t  a  number of p r o j e c t s ,  p a r t i c u l a r l y  
s o l a r  and o u t - o f - e c l i p t i c  probes ,  would u t i l i z e  t h e  system. The purpose of c r e a t i n g  t h i s  
model was t o  determine t h e  amount of  funding r equ i r ed  by an SG plan  t o  make use of e l e c t r i c  
p ropu l s ion  systems.  

Major c h a r a c t e r i s t i c s  of t h i s  p l an  a r e  a s  fo l lows:  

0 No funding  l i m i t a t i o n  cons idered  

Inc lude  a r ea sonab le  number of p r o j e c t s  u s ing  s o l a r - e l e c t r i c  p ropu l s ion  system 

Inc lude  LST and HEAO 

0 Space s t a t i o n  and s h u t t l e  a v a i l a b l e  i n  1981. 

FIGURE VI-10. SGlO FUNDING PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  
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TABLE V I - 1 0 .  S G l O  F L I G H T  SCHEDULE 

Y e a r  
P r o  iect L a u n c h  V e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  77 7 8  7 9  8 0  81 

OAO C 
OAO D 
LST A-C(76,77,79) 

OSO H 
OSO I-K(73-76)  
OSO L,M(79) 

O r b i t i n g  A s t r o n o m i c a l  O b s e r v a t o r i e s  a n d  T e l e s c o p e s  

ATLAS /CENTAUR I - - - - - - - -  - -  
ATLAS /CENTAUR - - - I - - - - -  - 
TITAN I I I C  - - - - - 1 1 - 1 -  

O r b i t i n g  S o l a r  O b s e r v a t o r i e s  

TAT/DELTA I - - - - - - - - - -  
TAT /DELTA - - 1 1 - 1 - - -  - - 
TAT /DELTA/FW4 - - -  - - - - -  1 1 -  

H i g h  E n e r n y  4 s t r o n o m i c a l  O b s e r v a t o r i e s  

TITAN I I I C  - - - - - -  1 1 1 - -  
TITAN IIID/CENTAUR - - - - - - - - -  - 1 

S m a l l  As t ronomy S a t e l l i t e s  

SMALL ASTRONOMY SATELLITES A,B SCOUT 1 - - - - - - - - - - 
ASTRONOMY EXPLORERS-SCOUT SCOUT - - 1 1 1 1 1 1 1 1 1  
ASTRONOMY EXPLORERS - DELTA 

( l o w  p l a n )  TAT/DELTA/FW~ - - - 1 - 1 - 1 - 1 -  

V a r i o u s  S m a l l  P h y s i c s  S a t e l l i t e s  

ATMOSPHERE EXPLORERS C-E ( 7 3 4 5 )  T A T / D E L T A / T E ~ ~ ~  - - 1 1 1 - - - -  - - 
ATMOSPHERE EXPLORERS P , G TAT/DELTA/TE364 - - - - - - 1 - 1 - -  
ATMOSPHERE EXPLORERS (81)  TAT/DELTA/TE364 - - - - - - - - -  - 2 
I S I S  B-D(71,73,74) TATIDELTA lFW4 1 - 1 1 - - - - - - -  
CLUSTER(77,80) T A T / D E L T A / T E ~ ~ ~  - - - - - - 1 - - 1 -  
GENERAL RELATIVITY (76 ) TITAN I I I C  - - - - - I - - - -  

I n t e r p l a n e t a r y  M o n i t o r i n g  P l a t f o r m s  

IMP I - J ( 7 2 , 7 3 )  
IMP KK-LL (75 ,76 )  
IMP(78,81) 

I n t e r p l a n e t a r y  a n d  S o l a r  P r o b e s  

HELIOS ATLAS /CENTAUR - - - 1 1 - - - -  - - 
SOLAR PROBE 0.2 a . u .  SOLAR QUAD 

MOMENT TITAN IIID/CENTAUR - - - - - -  1 - -  
SOLAR PROBE 0.1-0.05 a .u .  TITAN IIID/CENTAUR - - - - - - - - 1 1 -  
OUT OF ECLIPTIC - SOLAR ELECTRIC TITAN IIID/cENTAUR - - -  - - - - -  1 1 -  

SPACE WEATHER PROBE A T A T ( ~ C ) / D E L T A / T E ~ ~ ~  - - - - - 1 - - - - - 
T i t a n  E x p l o r e r s  

TITAN EXPLORERS TITAN IIIDICENTAUR - - - - - - - -  1 - - 

B A T T E L L E  MEMORIAL I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  
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Discussion 

SG Models 

Figures V I - 1 1  and VI-12 show the funding requirements f o r  the  var ious  SG models along 
with funding p ro jec t ions  (dashed l i n e s )  from Appendix A. Figure  V I - 1 1  conta ins  the  4 NASA- 
based models and Figure VI-12 conta ins  the 6 a l t e r n a t i v e  models developed a s  p a r t  of t h i s  
s tudy,  The funding p l o t s  i n  Figure  V I - 1 1  i n d i c a t e  t h a t  3 ou t  of the  4 NASA-based models 
r equ i re  high funding growth r a t e s  i n  the  FY 1971 - FY 1974 period followed by a r ap id  
d e c l i n e  i n  funding requirements. Al l  of the  NASA models were t i e d  t o  the  NASA r e p o r t  t o  
the  STG which indicated t h a t  a Space S t a t i o n  and S h u t t l e  system would be a v a i l a b l e  i n  1976 
o r  1977, In t roduct ion of such a system would represen t  such a r a d i c a l  depar ture  from 
presen t  approaches t o  mission performance t h a t  i t  i s  d i f f i c u l t ,  a t  t h i s  time, t o  draw 
inferences  concerning the eventual  impact of the  system. It appears t h a t  the  4 NASA models 
considered he re  assumed t h a t  many missions would be c a r r i e d  ou t  i n  connection wi th  the  space 
s t a t i o n  a c t i v i t i e s .  However, the  NASA r e p o r t  t o  the  STG does n o t  i d e n t i f y  s p e c i f i c  missions 
(with exception of the  Large Telescope Mount) which could o r  would be incorporated i n t o  the 
s t a t i o n  nor  i s  the re  any discuss ion of methods f o r  funding such missions.  

Since the  FY 1971 NASA budget submitted t o  Congress i s  considerably lower than the  
amount needed t o  support  any of the  STG op t ions (9 ) ,  i t  has  been assumed here  t h a t  the  space 
s t a t i o n  and s h u t t l e  a r e  no t  l i k e l y  t o  be a v a i l a b l e  u n t i l  a f t e r  1980. This b a s i c  assumption 
was used i n  developing a l l  of t h e  a l t e r n a t i v e  SG models presented i n  t h i s  r e p o r t .  I n  o the r  
words, these  a l t e r n a t i v e  models assume t h a t  the approach to  performing OSSA-type missions 
is  no t  l i k e l y  t o  change r a d i c a l l y  p r i o r  t o  the  1980s. (10) The a l t e r n a t i v e  models presented 
involve t h e  types of SG missions f o r  which conventional OSSA launch veh ic les  w i l l  be required 
f o r  a t  l e a s t  the  next 11 years .  

As shown i n  Figure VI-12, a l l  of these  a l t e r n a t i v e  models r equ i re  growth i n  annual 
funding with the r a t e  of growth being d i f f e r e n t  f o r  each model. These funding requirements 
bracket  the  SG funding p ro jec t ion  from Appendix A shown on the  f i g u r e .  It i s  bel ieved t h a t  
they represen t  a reasonable range of poss ib le  f u t u r e  a c t i v i t i e s  t h a t  might be pursued by 
the OSSA Physics and Astronomy Divis ion,  

I n  developing the  a l t e r n a t i v e  SG models, i t  was found t h a t  the re  were th ree  major 
proposed new programs which would requ i re  major expenditures,  These programs a r e  the  High 
Energy Astronomical Observatories (HEAO), the  Large Space Telescopes (LST), and t h e  Large 
Telescope Mount(LTM). The t o t a l  c o s t s  f o r  these  a r e :  HEAO - $313 m i l l i o n ;  LST - $322 
mi l l ion ;  and LTM - $500 t o  550 mi l l ion .  When developing a model with a funding r e s t r i c t i o n ,  
the  primary t a sk  i s  t h a t  of scheduling these  3 major p r o j e c t s  s o  t h a t  the  funding r e s t r i c t i o n  
w i l l  not  be exceeded. Whether or  no t  LTM should be considered depends on the  assumed a v a i l -  
a b i l i t y  of a 50-man space s t a t i o n .  For most of the  a l t e r n a t i v e  models, i t  was assumed t h a t  
the  50-man s t a t i o n  would no t  be a v a i l a b l e  u n t i l  l a t e  i n  the  1980s and, therefore ,  the  develop- 
ment of the  LTM need not  be included i n  the  model. I f  the  LTM is  r ,  )t included i n  a model, 
then the  primary task  i s  t h a t  of deciding how t o  sequence the LSTs and the  HEAOs. OSSA 
plans assoc ia ted  with the  FY 1971 budget submitted t o  the  Bureau of the  Budget i n d i c a t e  
t h a t  HEAO was t o  be a new s t a r t  i n  FY 1971 and LST a new s t a r t  i n  FY 1972, with the  f i r s t  
launches being 1974 and 1976 respec t ive ly .  Such a schedule l eads  t o  r a t h e r  sharp inc rease  
i n  the  funding required by SG s t a r t i n g  i n  FY 1972. I n  order t o  have funding requirements 
f o r  SG which a r e  c lose  t o  the  p r o j e c t i o n  from Appendix A, i t  was necessary t o  modify the 
HEAO and LST schedules. I n  the a l t e r n a t i v e  models, t h i s  was accomplished by changing both 
the sequence of the  programs and the launch r a t e s  of each program, 

From the  source documents used f o r  t h i s  study,  i t  appears t h a t  the  LST (Large Space 
Telescope) a s  defined i n  t h i s  study and the FY 1971 budget backup mate r i a l  i s  a concept 
which was formulated a f t e r  the  PSG and STG r e p o r t s  were published.  The LST i s  an automated 
spacecra f t  program t h a t  merges the  ob jec t ives  of two programs--the follow-on OAO's and the 
LTM (Large Telescope ~ o u n t ) ,  For t h i s  reason, the LST appears i n  only one NASA-based 
model--that i s ,  Baseline 11. 
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F I G U R E  V I - 1 1 .  ESTIMATED FUNDING REQUIRED F O R  NASA MODELS S G 1 - S G 4  

FIGURE: V I - 1 2 .  ESTIMATED FUNDING REQUIRED FOR A L T E R W T I V E  MODELS S G 5 - S G 1 0  
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Models i n  which the LTM was no t  scheduled tended t o  have a no t iceab le  dec l ine  i n  
funding requirements a f t e r  1975 o r  1976. A s  a r e s u l t ,  when the  LTM was no t  included, 
a l t e r n a t i v e  programs had t o  be considered f o r  the  l a t t e r  p a r t  of the  1970 decade. Typical 
programs scheduled f o r  t h a t  period were the  Titan Explorers, Solar  Probes and R e l a t i v i t y  
experiments. These programs were se lec ted  because of the  emphasis received i n  the  Space 
Physics and Astronomy Planning Panel documents. (13%) 

Table V I - 1 1  presents  the program a c t i v i t i e s  included i n  each model. For each program, 
t h i s  f i g u r e  a l s o  ind ica tes  the f i r s t  launch ( a f t e r  1970) and the  t o t a l  number of launches 
f o r  each program i n  the  period 1971-1981 by model. 

Careful study of the  Table V I - 1 1  ind ica tes  t h a t  the re  a r e  only minor d i f fe rences  
between the  b a s i c  c h a r a c t e r i s t i c s  of the  var ious  models, However, the  funding p l o t s ,  
Figures V I - 1 1  and VI-12, show t h a t  these d i f fe rences  can and do r e s u l t  i n  a r e l a t i v e l y  
wide range of funding requirements and, thus,  represent  a f a i r l y  broad spectrum of 
poss ible  Physics and Astronomy f u t u r e  a c t i v i t i e s .  

Launch Vehicle Requirements 

Table VI-12 presents  launch veh ic le  requirements by model and year .  The family of 
launch veh ic les  required t o  support the SG models presented includes SCOUT, DELTA [ranging 
from TATIDELTA t o  T A T ( ~ c ) / D E L T A / T E ~ ~ ~ ] ,  CENTAUR (on both ATLAS and TITAN IIID),  TITAN I I I C ,  
and TITAN I I I D .  In  a l l  of the  models, DELTA has the h ighes t  use r a t e .  I n  f a c t ,  DELTA 
accounts f o r  40-50% of the  launches i n  each model. SCOUT has the  next  h ighes t  use ra te--  
i n  most models i t  accounts f o r  30-35% of the  launches. I n  most of the  models, t h e  TITAN- 
based launch vehic les  a r e  not required u n t i l  1975 o r  l a t e r .  The only exceptions a r e  SG2 
(Baseline 11) and SG3 (STG Option I )  which requ i re  such high funding i n  the  1971-1974 
time period t h a t  they a r e  not  considered a s  represen ta t ive  of the  near  f u t u r e .  

I n  studying the  models, one sees  a trend toward increas ing spacecra f t  weights f o r  
Earth o r b i t a l  missions i n  the f u t u r e .  These increases  a r e  the  r e s u l t  of the  need t o  f l y  
l a r g e r  te lescope systems, and t o  make observations i n  the  gamma-ray regions of t h e  e lec t ro -  
magnetic spectrum where the  sensors a r e  both l a r g e  and very heavy. 

There i s  a l s o  a trend,  i n  most of the  models, toward higher  launch v e l o c i t i e s .  This 
trend r e s u l t s  from proposals t o  f l y  more s o l a r  and in te rp lane ta ry  probes l a t e r  i n  the  time 
period.  

I n  t h e  source documents used i n  t h i s  study, missions which requ i re  the heavy space- 
c r a f t  have received more emphasis than have s o l a r  and in te rp lane ta ry  probes. Thus, the  
requirement f o r  launch vehic les  capable of p lacing heavy spacecra f t  i n t o  Earth o r b i t  
appears t o  be the  more c red ib le  of these  two t rends .  

Summary of Most Demanding Missions 

The l a r g e s t  launch vehic les  required by SG pro jec t s  a r e  the  T'TAN I I I D  and TITAN 111~1 
CENTAUR. Neither of these  vehic les  i s  cur ren t ly  operat ional .  An i n t e g r a t i o n  program i s  
cur ren t ly  i n  progress t o  develop the  TITAN IIID~CENTAUR vehic le  which i s  t o  be used by the  
Viking p r o j e c t  i n  1975. NASA has no current  plans t o  develop the  TITAN I I I D  a s  a launch 
veh ic le ,  although t h i s  vehic le  may be developed by the USAF, Pos i t ive  ac t ion  by NASA may 
be required s ince  USAF decis ions  may be independent of NASA's needs, 
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TABLE V I - 1 1 .  PROGRAM A C T I V I T Y  BY MODEL 

- 
Models 

Prpgram Areas SG1 I - \  SG2 SG3 SG4 SG5 SG6 SG7 SG8 SG9 SGlO . 
Supporting Activities 0 0 e 8 e 0 e . 
Sounding Rockets .(b) e e e 0 e 0 0 e 0 

Orbiting Astronomical Observatories 

Large Space Telescopes 76 - 76 - 76 76 - 7 6 - 3 - 3 3 3 3 

Large Telescope Mounts 

Orbiting Solar Observatories 

High Energy Astronomical Observatories 

Small Astronomy Satellites 

Atmosphere Explorers 

Small Scientific Satellites 

Interplanetary Monitoring Platforms 

International Satellites for Ionospheric Studies 
72 73 72 71 72 72 71 71 71 
2 2 2 2 2 2 3 3 3  

Clusters 

Solar Probes 

Space Weather Probes 

Out of Ecliptic 

Relativity 

Titan Explorers 

Automated Physics and Chemistry Laboratory 
7 6 - - - - - - 3 

- 

(a) A dot (e) means a non-spaceflight program area is included in the indicated model, 
(b) The upper figure in each group indicates the year of first launch (after 1970) and the lower figure 

indicates the number of launches in the 1971-1981 time period. 
(c) Funding is included to support a launch in 1983, but the launch itself is outside the time period under 

consideration (1971-1981). 
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V I  -46 

TABLE V I - 1 2 ,  LAUNCH SCHEDULES BY MODEL AND V E H I C L E  

Year 
Model Launch Vehic le  71 72 73 74 75 76 7 7  78 79 80 81 T o t a l  

SCOUT 2 2 3 3 3 3 2  2 2 1  1 24 

TITAN I I I D  - - - - - - - - 1  - 1 

TITAN IIID~CENTAUR - - - 1 1 -  1 3 

TOTAL 6 5 4 8 8 5 5  7 6 5  6 65 

SCOUT 2 1 2 2 2 2 2  2 2 1  1 1 9  

DELTA 2 1 4 4 4 3 3  3 3 4  3 34 

SG2 ATLASICENTAUR 1 - - 2 1 -  - - - - - 4 

TITAN I I I C  - - - 1 1 3 1  - 1 -  - 7 

TITAN IIID/CENTAUR - - - - 1 1 1 -  - 3 

TOTAL 5 2 6 9 8  8 7 6 7 5  4 67 

SCOUT 4 3 3 5 3 6 2  3 2 3  1 33 

DELTA 3 3 1 4 6 3 5  3 6 5  2 4 1  

S G3 ATLASICENTAUR 1 - - 2 2 1 1  - - - - 7 

TITAN I I I C  - 1 1 1  - - - - - - 3 

TITAN I I I D  - - - - - - - 1 -  1 

TITAN IIIDICENTAUR - - - 1 1 1  - - - 3 

TOTAL 8 6 5 1 2 1 3 9 9  6 9 8  3 88 

SCOUT 1 - - 2 -  - - - - .. - 3 

DELTA 2 1 5 4 5 - 1  I - -  - 1 9  

SG4 ATLAS/CENTAUR 1 - - 1 1 -  - - - - - 3 

TITAN I I I C  - - 1 1 1 -  - - - - 3 

TITAN IIID~CENTAUR - - - - - 1 - - - - 1 

TOTAL 4 1 5 8 7 1 2  1 - -  29 

SCOUT 2 1 2 2 2 2 2  2 2 1  1 1 9  

DELTA 2 3 2 3 4 2 2  3 2 3  4 3 0 

SG5 ATLAS/CENTAUR 1 - - 2 1 -  - - - - - 4 

TITAN I I I C  - - - - 1 -  1 - 1  - 3 

TITAN IIID~CENTAUR - - - - - - 1 1 ' -  1 4 

TOTAL 5 4 4 7 7 5 5  7 5 5  6 60 

* I n  t h i s  t a b l e  DELTA r e f e r s  t o  t h e  fo l l o~ . r i ng  v e h i c l e s :  

TATIDELTA 
TATIDELTAIFW~ 
T A T / D E L T A / T E ~ ~ ~  
TAT(6C) / D E L T A / T E ~ ~ ~  
TAT (9C) / D E L T A / T E ~ ~ ~  
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TABLE VI-12 .  LAUNCH SCHEDULES BY MODEL AND VEHICLE 
(Continued) 

Year 
Model Launchvehicle  71 72 , 7 3  74 75 76 77 78 79 80 81 Total 

SCOUT 4 2 2 4 2 3 2  3 2 3  1 28 

DELTA 3 3 1 4 6 3 6  4 5 4  2 41 

SG6 ATLASICENTAUR 1 - - 2 2 1 1  - - - - 7 

TITAN I I IC  - - 1 1 1 -  - - - - - 3 

TITAN IIID~CENTAUR - - - - 1 1 -  - - - - 2 

TOTAL 8 5 4 1 1 1 2 8 9  7 7 7  3 81 

SCOUT 2 1 2 2 2 2 2  2 2 1  1 19 

DELTA 2 1 4 4 4 3 4  3 3 4  4 36 

SG7 ATLAsICENTAUR 1 - - 2 1 -  - - - - 4 

TITAN I I I C  - - - - - 2 1  - 1 -  - 4 

TITAN IIID/CENTAUR - - - - - - 1 2 4 2  2 11 

TOTAL 5 2 6 8 7 7 8  7 1 0 7  7 74 

SCOUT 1 - 1 1 1 1 1  1 1 1  1 10 

DELTA 2 1 4 4 3 3 3  3 2 4  3 32 

SG8 ATLAS~CENTAUR 1 - 2 1 -  - - - - - 4 

TITAN I I I C  - - - - - 2 1  1 1 1  1 7 

TITAN IIID~CENTAUR - - - - - - - 2 3 2  1 8 

TOTAL 4 1 5 7 5 6 5  7 7 8  6 61 

SCOUT 1 - 1 1 1 1 1  1 1 1  1 10 

DELTA 2 1 4 4 3 3 3  3 2 4  3 32 

SG9 ATLASICENTAW 1 - - 2 1 1 -  1 - 1  - 7 

TITAN I I I C  - - - - - 1 1  - 1 -  1 4 

TITAN IIIDICENTAUR - - - - - - 2 3 2  1 8 

TOTAL 4 1 5 7 5 6 5  7 7 8  6 6 1 

SCOUT 1 - 1 1 1 1 1  1 1 1  1 10 

DELTA 2 1 4 4 3 3 2  3 2 3  3 30 

TITAN I I I C  - - - - 2 2  1 2 -  - 7 

TITAN IIIDICENTAUR - - - - - - 1 - 3 2  2 8 
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Table VI-13 l i s t s  the  proposed SG p r o j e c t s  wi th  the  most demanding launch v e h i c l e  
requirements.  The p r o j e c t s  i n  the  t a b l e  can be divided i n t o  two c l a s s e s :  (1) heavy space- 
c r a f t  t o  be launched i n t o  Earth o r b i t ,  and (2)  missions requ i r ing  high launch v e l o c i t i e s .  
The major i ty  of the  p r o j e c t s  i n  Table VI-13 a r e  those requ i r ing  high launch v e l o c i t i e s .  
These missions can use a s  much launch v e l o c i t y  a s  can be del ivered on a reasonable b a s i s ,  
s i n c e  the  h igher  the  v e l o c i t y  the  s h o r t e r  the  t r i p  time (or  the  c lose r  the  approach t o  the  
Sun) w i l l  be.  

The HEAO and OUT-OF-ECLIPTIC PIONEER p r o j e c t s  appear i n  most of the  10 SG mission 
models. The most f requent  launch years  f o r  these  p r o j e c t s  a r e  HEAO i n  1981 and 
OUT-OF-ECLIPTIC PIONEER i n  1978. However, the e a r l i e s t  d a t e s  a r e  1977 and 1975, r e spec t ive ly .  
None of these  launch da tes  should p resen t  any launch veh ic le  a v a i l a b i l i t y  problems s i n c e  both 
requ i re  the  TITAN IIID/CENTAUR which i s  now scheduled t o  be ava i l ab le  i n  1975. 

TABLE VI-13. SG PROJECTS HAVING THE MOST DEMANDING LV REQUIREMENTS 

First 
Project Vehicle Weight. lb 'c, ft/sec Launch 

LTM A (79) TITAN IIID 25,000 26,000 1979 
L?T.I A (80) TITAN IIID 25,000 26,000 1980 
LTM A (83) TITAN IIID 25,000 26,000 1983 

HEAO (77) 
HEAO (81) 
HEAO (82) 

TITAN IIID/CENTAUR >23,600 25,900 1977 
TITAN IIID/CENTAUR >23,600 25,900 1981 
TITAN IIID/CENTAUR >23,600 25,900 1982 

SOLAR PROBE TO 0.05 a.u. TITAN IIID/CENTAUR 4,500 44,000 1980 
SOLAR PROBE-CLOSE IN PRECURSOR TITAN IIID/CENTAUR 900 42,000 1979 
SOLAR PROBE-0.1-0.05 a.u. TITAN IIID/CENTAUR 5,000 43,000 1979 
SOLAR PROBE-0.2 a.u. SOLAR QUAD MObIENT TITAN IIID/CENTAUR 6,000 42,000 1977 

OUT OF ECLIPTIC - PIONEER (75,76) 
OUT OF ECLIPTIC - PIONEER (78,79) 
RELATIVITY RED SHIFT - SOLAR PROBE 
RELATIVITY RED SHIFT - DEEP SPACE 

TITAN IIID/CENTAUR 
TITAN IIID/CENTAUR 

TITAN IIID/cENTAuR 
TITAN IIID/CENTAUR 

TITAN EXPLORERS TITAN IIID/CENTAUR 10,000 35,600 1979 
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Introduction 

The former Space Applications Programs Division(SA) is now divided into two divisions 
in OSSA: Communications Programs Division(SC) and Earth Observations Programs Division(SR). 
In this study, these programs were considered together, primarily because there was not 
a long enough history of expenditures by either of the two areas on which to base separate 
future projections, The data available for Space Applications as a whole were used to 
make the budget estimates for Space Applications presented in Appendix A. 

The aims of both Space Applications Programs offices are to develop and apply aero- 
space technology and te~hni~ues(l,2)'~, with each division being responsible for its own 
areas of application. 

Earth Observations Programs has as its goal "the survey of the Earth and its environ- 
ment for: 

0 The definition of the Earth's gravitational field, geometry, surface 
characteristics and dynamic body properties; 

0 The understanding of the physics of the atmosphere, the prediction of weather, 
and the establishment of a basis for weather modification and climate control; 

0 The responsible management of the Earth's resources and the human 
environment". (2) 

The goal of Communications Programs is to facilitate continued and expanded applica- 
tion of space technology and satellite systems to better serve the needs for communica- 
tions with and between Earthbound, airborne, and spacecraft terminals and also to serve the 
needs for terrestrial, air, and space vehicle navigation and traffic control. (1) 

The space applications programs are somewhat different from the other NASA programs 
since, ultimately, users (or "customers") become involved. The end product of these 
programs must be useful to those  customer^".(^) Usually such customers are from outside 
of NASA and may represent other U. S. government agencies (such as ESSA) or commercial 
organizations (such as COMSAT). Thus, to develop and plan a program of space applica- 
tions, it is necessary to work with potential users and to understand their needs, 

Space applications is the only program within OSSA that had a larger budget in 
FY 1970 than in FY 1967. Thus, it is the only area which has been growing while NASA and 
OSSA have been declining. The average growth rate projected in Appendix A for space 
applications for the period 1970 - 1980 is 8.7% per year, the largest for any OSSA division. 
Appendix A shows SA funding projections of $231 million in 1975 and $279 million in 1980. 
This projection also predicts that SA will have the largest percent of OSSA funds in 
1975 i.e,, 26%. In 1969, SA accounted for 20% of OSSA funds and only 13% in 1967. 

This chapter presents Space Applications mission models, SA1 through SALO, which 
represent a spectrum of possibilities indicating the types of plans that might be followed 
in the period 1971 - 1981. These models illustrate the range of future launch vehicle 
requirements expected to be necessary to support the activities of the OSSA Earth 
Observations and the Communications Divisions, 

Superscript numbers denote references given at the end of this Chapter. 

B A T T E L L E  MEMORIAL INSTI T U T E  -- COLUMBUS LABORATORIES 



V I I -  2 

This section summarizes proposed projects included in the Space Applications 
mission models that are presented later in the chapter. All funding is millions of 
dollars; Launch Vehicle is designated LV and the assigned vehicle is named*; all spacecraft 
weights are given in pounds; characteristic velocities (VC) are given in feet per second. 

* See Appendix D for a discussion launch vehicle nomenclature. 
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TIROS N (74) LV: TAT(6C) /DELTA/TE364 W t :  1,000-1,500 VC: 29,400 

Purpose: To develop an advanced Eayth-orbit ing ope ra t i ona l  pro to type  
spacec ra f t  incorpora t ing  s t a t e -o f - t he  a r t  advances i n  suppor t  
of t he  National  Meteorological  S a t e l l i t e  Systems. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 2.0 12.0 5.0 2.0 1.0 - - - 
- 1 - F l i g h t s  - - 

TIROS N (75) LV: TAT(~C)/DELTA/TE~~~ W t :  1,000-1,500 VC: 29,400 

Purpose: To develop an  advanced Ear th-orbi t ing  ope ra t i ona l  pro to type  
spacec ra f t  incorpora t ing  s t a t e -o f - t he  a r t  advances i n  suppor t  
of t he  National  Meteorological  S a t e l l i t e  Systems. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 2.0 12.0 5.0 2.0 1.0 - 
F l i g h t s  - - 1 -  

Nimbus - 
Nimbus s a t e l l i t e s  provide g lobal  coverage t o  conduct meteorologica l  

research  and t e s t  technology advancements f o r  both spacec ra f t  and sensors .  

NIMBUS E,F LV: TAT(9C)IDELTA W t :  1,500 Vc: 29,540 

Purpose: To t e s t  sensors  f o r  measuring atmospheric parameters a t  var ious  
a l t i t u d e s .  P a r t i c u l a r  emphasis w i l l  be on v e r t i c a l  soundings 
i n  t he  microwave region.  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 31.1 19.6 9.5 3.0 0.1 - 
F l i g h t s  - 1 1 - - 

NIMBUS G-H LV: TAT(9C) /DELTA W t :  1,600-1,800 

Purpose: To provide spacec ra f t  t o  perform follow-on s t u d i e s  cons i s t en t  
wi th  t he  Nimbus program ob jec t i ve s .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 5.0 13.0 28.0 14.0 7.0 3.0 - 
F l i g h t s  - - - 1 1 -  

NIMsUS G- J LV: TAT(9C) /DELTA W t :  1,600-1,800 

Purpose: To provide spacec ra f t  t o  perform follow-on s tud i e s  cons i s t en t  
with the Nimbus program ob jec t i ve s .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 5.0 10.0 25.0 18.0 25.0 10.0 11.0 3.0 2.0 - 
F l i g h t s  - - 1 - l - l -  
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NIMBUS (77,78) EV: TAT (9C) /DELTA W t :  1,800 VC: ' 28,840 

Purpose: To provide spacec ra f t  t o  perform follow-on s t u d i e s  cons i s t en t  
with t he  Nimbus program objec t ives .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 1.0 13.0 19.0 13.0 10.0 2.0 - 
F l i g h t s  - - - - 1 1 -  - 

Synchronous M e t o r o l o ~ i c a l  S a t e l l i t e s  (SMS) 

This program a rea  i s  concerned with developing spacec ra f t  using 
f l ight -proven hardware t o  be used t o  c o l l e c t  meteorological  da ta  from 
geosynchronous a l t i t u d e .  

SMS LV: TAT(9C) /DELTA/TE364 W t :  Unknown VC: 33,600 

Purpose: To provide cloud cover and low re so lu t ion  r ad i a t ion  data  from 
geosynchronous a l t i t u d e .  

- 
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 15.6 3.1 0.1 - - - - - 
F l i g h t s  1 1 - - - - - - 

ATS Meteorological  S a t e l l i t e s  

This s e r i e s  of s a t e l l i t e s  would opera te  i n  a geosynchronous o r b i t  t o  
conduct meteorological  app l i ca t ion  technology experiments and c o l l e c t  meteorological  
data.  

METEOROLOGICAL ATS (74) LV: ATLAS/CENTAUR W t :  1,715 VC: 39,600 

Purpose: To develop t h e  technology needed f o r  t h e  next genera t ion  of 
ope ra t iona l  meteorological  geosynchronous s a t e l l i t e s  f o r  t he  
Department o f  Defense and ESSA. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 15.0 20.0 20.0 10.0 20.0 10.0 5.O - - - 
- 1 - 1 1 -  F l i g h t s  - - - 

METEOROLOGICAL ATS (75) LV: ATLAS/CENTAUR W t :  1,715 VC: 39,600 

Purpose: To develop t h e  technology needed f o r  t h e  next generation of 
ope ra t iona l  meteorological  geosynchronous s a t e l l i t e s  f o r  t he  
Department o f  Defense and ESSA. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 15.0 20.0 20.0 10.0 20.0 10.0 5.0 - 
F l i g h t s  - - 1 - 1 1 -  
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M3TEOROLOGICAL ATS (76) LV: ATLAS/CENTAUR Wt: 1,715 Vc: 39,600 

Purpose: To develop the technology needed for the next generation of 
operational meteorological geosynchronous satellites for the 
Department of Defense and ESSA. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 15.0 20.0 20.0 10.0 20.0 10.0 5.0 - 
Flights - - - 1 - 1 1 -  

Global Atmospheric Research Program (GARP) 

GARP is an international program organized and directed jointly 
by the governments of interested nations through the World Meteorological 
Organization and the International Council of Scientific Unions. The goals 
of the program are to increase the understanding of the general circulation 
in the atmosphere and to develop the methods necessary to make extended 
predictions. The program that follows is a tentative NASA plan to provide 
4 out of a total of 7 satellites that will be required. 

GARP EQUATORIAL LV: TATIDELTAIFW4 Wt: 200-400 VC: 33,600 

Purpose: To collect meteorological data for the tropics to be used in 
the GARP program. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 2.0 2.0 2.0 1.0 - - 
Flights - - - 1 -  - 

GARP GEOSTATIONARY LV: TAT(9C) /DELTA/TE364 Wt: 1,000 VC: 33,600 

Purpose: To fulfill one-half of the GARP requirement for continuous 
viewing. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 5.0 5.0 10.0 8.0 2.0 - 
Flights - - 2 -  

GARP POLAR ORBITER LV: TAT(gC)/DELTA/TE364 Wt: 1,500-2,000 

Purpose: To gather data collected from sounding the atmosphere for use 
in the GARp program. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 5.0 10.0 20.0 10.0 5.0 - - 
Flights - - 1 -  
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ERTS C,D (74) LV: TAT/DELTA /FW4 W t :  1,500 

Purpose: To provide an e a r l y  method o f  obtaining h igh-resolut ion  records  
o f  t he  Ea r th ' s  su r f ace  by recovering f i lms from cameralhard 
f i lm  systems. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 9.0 12.0 3.0 2.0 - - 
F l i g h t s  - - - 1 1 -  - 

ERTS E,F (73) LV: TAT(3C) /DELTA/FW4 W t :  2,000 

Purpose: ERTS-E i s  t o  conduct experiments pr imar i ly  i n  t h e  a r eas  of 
oceanography and marine research.  ERTS-F i s  t o  upgrade t h e  
technology needed t o  perform inventory and p red ic t ive  surveys 
of g lobal  land and sea  a r eas .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 10.0 14.5 4.5 1.0 - - 
F l i g h t s  - - 1 1 -  - - 

ERTS E,F (74) LV: TAT/DELW/FW& W t :  1,500 

Purpose: ERTS-E i s  t o  conduct experiments pr imar i ly  i n  t he  a r eas  of 
oceanography and marine research .  ERTS-F i s  to  upgrade t h e  
technology needed t o  perform inventory and p red ic t ive  surveys 
of g lobal  land and sea areas .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 10.0 14.5 4.5 1.0 - 
F l i g h t s  - - 1 1 -  - 

ERTS FOLLOW-ON LV: TAT(9C) /DELTA W t :  3,000-5,000 VC: 27,000 

Purpose: To provide f o r  a continuing Earth Resources Survey program which 
would be pr imar i ly  responsib le  f o r  developing technology and 
provide f o r  t r a n s i t i o n  t o  opera t ional  s a t e l l i t e s .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 5.0 20.0 35.0 55.0 90.0 110.0 120.0 70.0 

F l i g h t s  - - - - 1 1 2 2 3 3  

ERTS FOLLOW-ON (MED-LEVEL) LV: TAT(9C) /DELTA W t :  3,000-5,000 VC: 27,000 

Purpose: To provide f o r  a continuing Earth Resources Survey program which 
would be pr imar i ly  responsib le  fo r  developing technology and 
provide f o r  t r a n s i t i o n  t o  opera t ional  s a t e l l i t e s .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 10.0 30.0 30.0 40.0 60.0 80.0 70.0 60.0 

F l i g h t s  - - 1 1 1 2 2 2  
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SMALL ATS FOLLOW-ON SCOUT LV: SCOUT W t :  Various VC: Various 

Purpose: To provide  f o r  a cont inuing  program s i m i l a r  t o  SMALL ATS- 
SCOUT. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 2.0 8.0 10.0 12.0 12.0 12.0 12.0 12.0 12.0 

F l i g h t s  - - - - 1 1 2 1 2 1 2  

GEOS-C (71) LV: TAT/DELTA/FW4 W t :  500 

Purpose: To e s t a b l i s h  one World datum, improve p o s i t i o n a l  a ccu rac i e s  of  
Geodetic Control  s t a t i o n s  and s a t e l l i t e  t r a ck ing  s i t e s .  Also  
t o  be t h e  f i r s t  s t e p  i n  t h e  a p p l i c a t i o n  o f  space technology t o  
t he  development of  a l t i m e t r y .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
Funding 3.5 3.8 1.7 1.7 - - - 
F l i g h t s  1 - - - - 

GEOS-C (72) LV: TATIDELTAIFW4 W t :  500 

Purpose: To e s t a b l i s h  one World datum, improve p o s i t i o n a l  a ccu rac i e s  of  
Geodetic Cont ro l  s t a t i o n s  and s a t e l l i t e  t r a ck ing  s i t e s .  Also  
t o  be t h e  f i r s t  s t e p  i n  t h e  a p p l i c a t i o n  of  space  technology t o  
t he  development of  a l t i m e t r y .  

1971 1972 1973 1974 1975 1.976 1977 1978 1979 1980 1981 

Funding 3.5 3.8 1.7 1.7 - - 
F l i g h t s  - 1 - - - - - 

GEOS-C (73) LV: TAT/DELTA/FW4 W t :  500 

Purpose: To e s t a b l i s h  one World datum, improve p o s i t i o n a l  a ccu rac i e s  of  
Geodetic Cont ro l  s t a t i o n s  and s a t e l l i t e  t r a ck ing  s i t e s .  Also  
t o  be t h e  f i r s t  s t e p  i n  t h e  a p p l i c a t i o n  of  space  technology t o  
t h e  development of  a l t ime t ry .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 1.0 3.5 3.8 1.7 1.7 - - - 
F l i g h t s  - - 1 -  - - 
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DRAG-FREE SAT (72) LV: SCOUT W t :  155-175 VC: 27,000 

Purpose: To provide information about mass movements on t h e  Earth,  such 
a s  Earth t i d e s ,  ocean t i des ,  atmospheric mass t r anspor t ,  and 
d i s c r e t e  mass s h i f t s .  Also would provide f o r  d i r e c t  
measurement o f  va r i a t i ons  i n  t he  Ea r th ' s  g r a v i t a t i o n a l  f i e l d .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 4.0 0.8 0.7 - - - 
F l i g h t s  - 1 - - 

DRAG-FREE SATS (74-79) LV: SCOUT W t :  155-175 

Purpose: To provide information about mass movements on the  ~ a r t h ,  such a s  

Earth t i d e s ,  ocean t i d e s ,  atmospheric mass t r anspor t ,  and 
d i s c r e t e  mass s h i f t s .  Also would provide f o r  d i r e c t  measurement 
of v a r i a t i o n s  i n  the  Ea r th ' s  g rav i t a t i ona l  f i e l d .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 0.5 3.0 4.5 1.0 0.5 4.0 3.5 3.0 1.0 - 
F l i g h t s  - - 1 -  - 1 - 1 -  

DRAG-FREE SATS (75-79) LV: SCOUT W t :  155-175 

Purpose: To provide information about mass movements on t h e  Ear th ,  such 
a s  Earth t i d e s ,  ocean t i d e s ,  atmospheric mass t r anspor t ,  and 
d i s c r e t e  mass s h i f t s .  Also would provide f o r  d i r e c t  
measurement of va r i a t i ons  i n  t h e  Ea r th ' s  g r a v i t a t i o n a l  f i e l d .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 3.0 4.5 1.5 4.0 3.5 3.0 1.0 - 
F l i g h t s  - - - 1 - 1 - 1 -  

SAT-TO-SAT (74) LV: TAT/DELTA/TE364 W t :  Unknown VC: Unknown 

Purpose: To place  a s a t e l l i t e  i n t o  Earth o r b i t  which can p rec i se ly  t r a c k  
another  s a t e l l i t e  i n  order  t o  develop information which w i l l  
y i e l d  a s i g n i f i c a n t  improvement i n  t he  Act ive  Earth Model. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 1.0 2.5 4.5 1.5 - - 
F l i g h t s  - - 1 -  - 

SAT-TO-SAT (75) LV: TAT/DELTA/TE364 blt: Unknown VC: Unknown 

Purpose: To place  a s a t e l l i t e  i n t o  Earth o r b i t  which can p rec i se ly  t r a c k  
another  s a t e l l i t e  i n  order  t o  develop information which w i l l  
y i e l d  a s i g n i f i c a n t  improvement i n  the  Active Earth Efodel. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 1.0 2.5 4.5 1.5 - - 
F l i g h t s  - - 1 -  
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Data Relay Satellite Systems (DRSS) 

This program would provide spacecraft in synchronous orbits to 
command, track, and relay data from low or near Earth orbiting spacecraft to 
a few centrally located mission control centers. The system would greatly 
improve the capability of the NASA Tracking and Data Acquisition network. 

DRSS (77) LV: ATLAS /CENTAUR Wt: 1,610 

Purpose: To provide 2 spin-stabilized spacecraft each of which will 
support a multi-channel UHF system and a single S-band besm. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 2.0 7.0 12.0 19.0 9.0 2.0 - 
Flights - - - - 2 -  

DRSS (78) LV: ATLAS/CENTAUR Wt: 1,610 

Purpose: To provide 2 spin-stabilized spacecraft each of which will support 
a multi-channel UHF system and a single S-band beam. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 2.0 7.0 12.0 19.0 9.0 2.0 - 
Flights - - - - 2 -  

DRSS (78-1) LV: ATLAS/CENTAUR Wt: 2,000 Vc: 33,600 

Purpose: To provide a spin-stabilized spacecraft with multi-channel 
UHF equipment, 2 S-band beams, and 1 X-band beam. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 9.0 14.0 9.0 7.0 1.0 - 
Flights - - - - - 1 -  

DRSS DUAL ACCESS (76) LV: ATLAS/CENTAUR Wt: 1,940 

purpose: To provide 2 spin-stabilized spacecraft, each with multi-channel 
UHF operation, and 2 S-band beams. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 - 
Funding - - 14.0 23.0 14.0 11.0 2.0 - 
Flights - - - 2 -  
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DRSS TRIPLE ACCESS (74) LV: ATLASJCENTAUR W t :  2,000 

Purpose: To provide 2 sp in - s t ab i l i z ed  spacecraf t ,  each with mul t i -  
channel UHF opera t ion ,  2 $-band beams, and 1 X-band beam. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 16.0 27.0 17.0 13.0 2.0 - 
F l i g h t s  - - - 2 - 

DRSS TRIPLE ACCESS (77) LV: ATLASJCENTAUR W t :  2,000 VC: 33,600 

Purpose: To provide 2 sp in - s t ab i l i z ed  spacec ra f t ,  each wi th  mul t i -  
channel UHF operation,  2 S-band beams, and 1 X-band beam. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 16.0 27.0 17.0 13.0 2.0 - 
F l i g h t s  - - - - 2 -  

DRSS DUAL PURPOSE LV: ATLASJCEMTAURJGBII W t :  1,970 VC: 33,600 

Purpose: To provide two 3 -ax i s - s t ab i l i z ed  spacec ra f t  with a l a r g e  power 
supply t o  be used by both automated and manned spacec ra f t  f o r  
da ta  re lay .  Wculd be a b l e  t o  handle voice,  high-data-rate,  
and low-data-rate users .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 8.0 20.0 54.0 84.0 30.0 - 
F l i g h t s  - - - - - 2 -  

DATA RELAY-NEAR EARTH LV: ATLASJCENTAURJGBII W t :  1,970 VC: 39,600 

Purpose: To provide a 3-axis s t a b i l i z e d  spacecraf t  which has two-way 
communications and t racking  c a p a b i l i t y  simultaneously f o r  one 
very-high-data-rate u se r ,  3 high-data-rate users ,  and 15 low 
da t a - r a t e  users .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 . . 
Funding - - - 4.0 10.0 27.0 42.0 15.0 - 
F l i g h t s  - - 1 -  
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Communications R&D 

This program area is concerned with developing satellite systems 
and spacecraft technology applicable to space communications needs. 

ATS F,G (72) LV: TITAN IIIC Wt: 2,050 

Purpose: To investigate and flight-test technology cormnon to a large 
number of satellite applications - with most equipment being 
related to communications. 

-- 
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 60.4 48.7 32.2 18.0 11.0 5.0 2.0 2.0 2.0 2.0 2.0 

Flights - 1 - 1 - - - - 

ATS F,G (73) LV: TITAN IIIC Wt: 2,050 

Pi~rpose: To investigate and flight-test technology common to a large 
number of satel: te applications - with most equipment being 
related to communications. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 31.0 40.0 45.0 32.0 18.0 11.0 5.0 2.0 2.0- 2.0 2.0 

Flights - - 1 - 1 -  - 

COMMUNICATIONS ATS (77,79) LV: ATLASICENTAUR Wt: 2,100 Vc: 39,600 

Purpose: To develop and test technology needed for various 
communication satellites. 

- - .  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 --- 
Funding - - 3.0 10.0 17.0 30.0 30.0 13.0 3.0 3.0 

vlight~ - - - - - - 1 - 1 -  

COMMUNICATIONS ATS (77,80) LV: ATLASICENTAUR Wt: 2,100 VC: 39,600 

Purpose: To develop and test technology needed for various communication 
satellites. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 3.0 10.0 17.0 23.0 14.0 23.0 13.0 3.0 

Flights - - 1 -  - 1 -  - - 

CObMUNICATIONS R&D (75) LV: TAT(6C) /DELTA/TE364 Wt: 800 VC: 33,600 

Purpose: To carry equipment to measure the basic propagation and 
absorption characteristic of the atmosphere and near-Earth 
space in the 1,00GH, region of the spectrum to measure the 
effects of the same space on satellite-to-satellite 
comunication and provide for small terminal communication testing. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Fundir.3 - - 7.0 12.0 18.0 5.0 1.0 - 
Flights - - - - 1 -  - -.-- 
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NAVIGATION TIC (77,78) LV: ATLASJCENTAUR Wt: 1,130 VC; 39,600 

Purpose: To develop 2 prototype satellites which would provide traffic 
surveillance and digital data and analog voice communications. 
Position determination would be by an active range-transponding 
technique. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - 16.5 26.0 15.2 5.0 1.0 0.5 

Flights - - - - - - 1 1 -  

NAVIGATION TIC (80,81) LV: ATLASJCENTAUR Wt: 1,130 VC: 39,600 

Purpose: To develop 2 prototype satellites which would provide traffic 
surveillance and digital data and analog voice communications. 
Position determination would be by an active range-transponding 
technique. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - - - - - 16.5 26.0 15.2 

Flights - - - 1 1  

Broadcast Satellites 

The objective of the program area is to facilitate applications of 
space technology and satellite systems for broadcast purposes. 

S-BAND TV TECH (74) LV: TITAN IIIDJCENTAUR Wt: 1,500-1,600 VC: 39,600 

Purpose: To develop and demonstrate high power S-band technology for use 
in TV broadcasting. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 7.0 11.0 18.0 10.0 2.0 - - - 
Flights - - - 1 -  

S-BAND TV TECH (75) LV: TITAN IIID/CENTAUR Wt: 1,500-1,600 VC: 39,600 

Purpose: To develop and demonstrate high power S-band technology for use 
in TV broadcasting. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding 2.0 7.0 11.0 18.0 10.0 2.0 - - 
- - Flights - - - 1 -  

S-BAND TV TECH (77) LV: TITAN IIID/CENTAUR Wt: 1,500-1,600 VC: 39,600 

Purpose: To develop and demonstrate high power S-band technology for use 
in TV broadcasting. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - 2.0 7.0 11.0 18.0 10.0 2.0 - 
Flights - - - 1 -  
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X-BAND TV TECH (75) LV: TITAN IIID/CENTAUR Wt: 1,800 VC: 39,600 

Purpose: To develop and demonstrate high polqer X-band technology for use 
in TV broadcasting. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 1.5 11.0 22.0 22.0 4.0 - - 
Flights - - 1 - - 

X-BAND TV TECH (77) LV: TITAN IIID/CENTAUR Wt: 1,800 VC: 39,600 

Purpose: To develop and demonstrate high power X-band technology for use 
in TV broadcasting. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - - - 1.5 11.0 22.0 22.0 4.0 - 
Flights - - - - 1 -  - - 

PROTO-INSTR TV SAT LV: TITAN IIID/CENTAUR Wt: 1,600 VC: 39,600 

Purpose: To investigate the use of space technology as an aid to 
instruction in developing countries. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Funding - 1.0 3.0 6.0 17.0 12.0 2.0 - - 
Flights - - 1 -  - - 

UHF-TV-TECH (78) LV: TITAN IIID/CENTAUR Wt: 1,800 VC: 39,600 

Purpose: To develop and test the technology necessary to build UHF 
broadcast TV satellites. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

- 2.0 11.0 23.0 22.0 4.0 - Funding - 
- 1 -  Flights - 

UHF-TV-TECH (80) LV: TITAN IIID/CENTAUR Wt: 1,800 VC: 39,600 

Purpose: To develop and test the technology necessary to Build UHF 
broadcast TV satellites. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 - --- 
Funding - - 2.0 11.0 23.0 22.0 4.0 

Flights - - - - 1 -  -- 
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SA Mission Models 

SA mission models, SA1-SAl0, are presented in this section. Each model is described 
by its guidelines, characteristics, funding plot (Figures VII- 1 through VII- 10) , and flight 
schedule (Tables VII-1 through VII-18). Comparisons and discussions of the models are 
presented in a later section of this Chapter. 
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Thi s  model was developed d i r e c t l y  from t h e  automated a p p l i c a t i o n s  p r o j e c t s  con t a ined  
i n  Programs I1 and I11 of  t h e  NASA r e p o r t  t o  t h e  STG,(7j The g u i d e l i n e s  governing t he  
a r e a s  of A p p l i c a t i o n s  f o r  a l l  t h r e e  programs p re sen t ed  i n  t h e  r e p o r t  were a s  fo l l ows :  

" In  A p p l i c a t i o n s ,  a  v igorous  e f f o r t  would be focused on b r i n g i n g  i n t o  o p e r a t i o n  
a s  qu i ck ly  a s  p o s s i b l e  new and improved space  systems f o r  E a r t h  r e sou rce s  surveys ,  
advanced meteorology,  oceanography, d a t a  c o l l e c t i o n  and r e l a y ,  n a v i g a t i o n  and 
t r a f f i c  c o n t r o l ,  and d i r e c t  b r ~ a d c a s t i n g . " ( ~ )  

The major  c h a r a c t e r i s t i c s  of t h e  model a r e  a s  fo l lows:  

@ Space s t a t i o n  and s h u t t l e  a v a i l a b l e  i n  1977 

FY 1971 funding c e i l i n g  f o r  NASA of  $4 b i l l i o n  

e Moderately paced program a f t e r  FY 1971. 

1971 1973 1975 year 1977 1979 1981 

FIGURE V I I - 1 .  SA1 FUNDING PLOT 
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VII-23 

TABLE V I I - 1 .  SA1 FLIGHT SCHEDULE 

Project Launch Vehicle 
Year 

71 72 73 74 75 76 77 78 79 80 81 

TIROS N(75) 
NIMBUS E,F 
NIMBUS G,H,J 
SMS 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POUR ORBITER 

ERTS A,B 
ERTS C,D(74) 
ERTS E,F(74) 

SMALL ATS A-D(73) 
DRAG-FREE SATS (74-79) 
GEOS-C(73) 
SEA-TO-SAT(74-79) 
SAT-TO-SAT(75) 
DATA COLLECTION(76) 

DRSS (78) 

Meteorological Satellites 

TAT(6C)/DELTA/TE364 - - - - 1 - - - - - - 
TAT (9C) /DELTA - 1 1 - - - - - - - -  
TAT (9C) /DELTA - - - - 1 - 1 - 1 - -  
TAT(gC)/DELTA/TE364 1 1 - - - - - - - - - 

GARP - 

Earth Resources 

Sma'll Applications Technology Satellites 

SCOUT - - 1 2 1 - - - - - -  
SCOUT - - - 1 - - 1 - 1 - -  
TATIDELTAlPW4 - - I - - - - - - - -  
SCOUT - - - 1 - - 1 - 1 - -  
TAT /DELTA /FW4 - - - - I - - - -  - - 
SCOUT - - - - - I - - -  - - 

Data Relay 

ATLAS/CENTAUR - - - - - - - 2 -  - - 

Comunications R&D 

COMMUNICATIONS ATS F,G(72) TITAN IIIC - 1 - 1 - - - - - - -  
COMMUNICATIONS ATS (77,80) ATLAS /CENTAUR - - - - - - 1 - 1 - -  

NAVIGATION T/C(76) 

Navigation and Traffic Control 

TAT(gC)/DELTA/TE364 - - - - - 2 - - - - - 

TV Broadcast 

S-BAND TV TECH(77) TITAN IIID/CENTAUR . . - . . - - - I - -  - - 
- 
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T h i s  model was developed by modifying SAl(Base1ine I) t o  a g r e e  w t t h  t h e  p l a n s  
r e p r e s e n t e d  by t h e  SA p o r t i o n  of  t h e  MSA PY 1971 submission t o  t h e  Bureau of t h e  
Budget, (5 )  

The p r i n c i p a l  changes made were a s  fo l lows:  

e ERTS C , D  were changed t o  1972, 1973 from 1974, 1975 

e GEOS-C was changed t o  1971 from 1973 

0 DRSS A , B  were changed t o  1977 from 1978. 

400 
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1971 1973 1975 1977 1979 1981 

Year 

FIGURE VII-2.  SA2 FUNDING PLOT 
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TABLE VII-2. SA2 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 '73 74 75 76 77 78 79 80 81 

TIROS N(75) 
NIMBUS E,F 
NIMBUS G-J 
SMS 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A,B 
ERTS C,D(72) 
ERTS E,F(74) 

SMALL ATS A-D(73) 
DRAG-FREE SATS (74-79) 
GEOS-C(71) 
SEA-TO-SAT(74-79) 
SAT-TO-SAT (7 5) 
DATA COLLECTION(76) 

DRSS (77) 

COMMUNICATIONS ATS F,G(72) 
COMMUNICATIONS ATS (77,80) 

NAVIGATION T/C(74) 

Meteorological Satellites 

TAT(6C)/DELTA/TE364 - - - - 1 - - - - - - 
TAT (9C) /DELTA - 1 1  - - - - - -  - - 
TAT (9C) /DELTA - - - -  1 - 1 - 1 - -  
TAT(gC)/DELTA/TE364 1 1 - - - - - - - - - 

GARP - 

Earth Resources 

Small Applications Technology Satellites 

SCOUT - - 1 2 1 - - - -  - - 
SCOUT - - - 1 - - 1 - 1 - -  
TAT /DELTA /FW4 I - - - - - - - - - -  
SCOUT - - - 1 - - 1 - 1 - -  
TATIDELTAIFW4 - - - -  I - - - - - -  
SCOUT - - - - - I - - - - -  

Data Relay 

ATLAS /CENTAUR - - - - - - 2 - - - -  

Communications R&D 

TITAN IIIC - 1 - 1 - - - - - - -  
ATLAS /CENTAUR - - - - - - 1 . . - 1 -  

Navigation and Traffic Control 

TAT(9C)/DELTA/TE364 - - - 2 - - - - - - - 

TV Broadcast 

S-BAND TV TECH(77) TITAN IIID/CENTAUR - - - . . - - I - - - -  
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T h i s  model was de r ived  from t h e  automated a p p l i c a t i o n s  p r o j e c t s  i nc luded  i n  Program I 
of  t h e  NASA r e p o r t  t o  t h e  S T G ( ~ ) .  Program I was t h e  most agg re s s ive  of  t h e  t h r e e  programs 
p re sen ted  i n  t h e  r epo r t .  The g u i d e l i n e s  f o r  t h e  App l i ca t ions  a r e a  i n  Program I a r e  t h e  
same a s  t h o s e  quoted i n  SA1 g u i d e l i n e s .  The s t a r t i n g  d a t e s  f o r  proposed new p r o j e c t s  a r e  
1 o r  2 y e a r s  e a r l i e r  i n  t h i s  model a s  compared wi th  SA1. Th i s  model has  more f l i g h t s  
a s s o c i a t e d  w i t h  most programs. 

Major c h a r a c t e r i s t i c s  of t h i s  model a r e  a s  fol lows:  

0 A 12-man space s t a t i o n  and s h u t t l e  i n  1976 

0 A 50-man space s t a t i o n  i n  1980 

0 St rong  program o f  TV Broadcast  s a t e l l i t e s  

0 A c t i v e  me teo ro log ica l  s a t e l l i t e s  program. 

1971 1973 1975 1977 1979 1981 

Year 

FIGURE VII-3. SA3 FUNDING PLOT 
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VII-27 

TABLE V I I - 3 .  SA3 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

TIROS N(74) 
NIMBUS E,F 
NIMBUP G,H 
NIMBUS (77,781 
SMS 
METEOROLOGICAL ATS (74) 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A,B 
ERTS C,D(72) 
ERTS E,F(73) 

SMALL ATS A-D(72) 
DRAG- FREE SAT (7 2) 
DRAG-FREE SATS (75-79) 
GEOS-C(72) 
SEA-TO-SAT(73-80) 
SAT-TO-SAT(74) 
DATA COLLECTION (74) 

Meteorological Satellites 

TAT(GC)/DELTA/TE364 - - - 1 - - - - - - - 
TAT (9C) /DELTA - 1 1 . . - - - - - - -  
TAT(9C) /DELTA - - - % I - - - - - -  
TAT (9C) /DELTA - - - - - - 1 1 - - -  
TAT(gC)/DELTA/TE364 1 1 - - - - - - - - - 
ATLAS / CENTAUR - - -  1 -  1 1 - - - -  

GARP - 

Earth Resources 

Small Applications Technolopy Satellites 

SCOUT - 1 2 1 - - - - - - -  
SCOUT - I - - - - - - - - -  
SCOUT - - - - 1 - 1 - 1 - -  
TATIDELTAIFW4 - I - - - - - - - - -  
SCOUT - - 1 - - 1 - 1 - 1 -  
TAT/DELTA/FW4 - - -  1 - - - - - - - 
SCOUT - - -  1 - - - - - - - 

Data Relay 

DRSS TRIPLE ACCESS (74) ATLAS /CENTAUR - - - z - - - - - - -  
DRSS (78- 1) ATLAS /CENTAUR - - - - - - - I -  - - 

Communications R&D 

COMMUNICATIONS ATS F,G(72) TITAN IIIC - l - l - - - - - - -  
COMMUNICATIONS ATS(77,80) ATLAS/CENTAUR - - - - - -  1 - - 1 -  

NAVIGATION T/C(74) 

Navigation and Traffic Control 

TAT(gC)/DELTA/TE364 - - - 2 - - - - - - - 

TV Broadcast 

S-BAND TV TECH(74) TITAN IIID/CENTAUR - - 1 - - - - - - - 
X-BAND TV TECH(75) TITAN IIID/CENTAUR - - -  1 - -  - - - - 
PROTO-INSTR TV SAT TITAN IIID/CENTAUR - - - - - 1 - - - - - 
PROTO-INFO/ETV SAT A TITAN IIID/CENTAUR - - - - -  - - 1 - - - 
UHF TV TECH(78) TITAN IIID/CENTAUR . . . - - - -  - - 1 - - - 
PROTO-INFO/ETV SAT B TITAN IIID/CENTAUR - - - - - - - - -  1 - 
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V I I -  28 

The g u i d e l i n e s  f o r  t h i s  model were o b t a i n e d  by combining t h e  l owes t  p l a n  found f o r  
E a r t h  Obse rva t i ons  w i th  t h e  lowes t  p l a n  found f o r  Communications and Naviga t ion  i n  t h e  
PSG P rospec tu s  F i l e .  ( 6 )  

Major  c h a r a c t e r i s t i c s  of  t h i s  model a r e  a s  fo l lows:  

e F i r s t  d a t a  r e l a y  s a t e l l i t e s  i n  1974 

e Low l e v e l  TV b r o a d c a s t  s a t e l l i t e  f l i g h t  program 

e Moderate  s m a l l  a p p l i c a t i o n s  s a t e l l i t e  program. 

FIGURE VII-4.  SA4 FUNDING PLOT 
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TABLE VlI-4. S A 4  FLIGHT SCHEDULE 

Year 
Pro iect Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

TIROS N(75) 
NIMBUS E,F 
NIMBUS G,H 
NIMBUS(77,78) 
SMS 

ERTS A,B 
ERTS C,D(72) 
ERTS E,F(74) 

SMALL ATS A-D(72) 
DRAG-FREE SAT (72) 
DRAG-FREE SATS (75-79) 
GEOS- C (7 1) 
SEA-TO-SAT(73) 
SAT-TO-SAT (75) 
DATA COLLECTION(74) 

DATA RELAY - NEAR EARTH 
DRSS TRIPLE ACCESS (74) 

Meteorological Satellites 

TAT(6C)/DELTA/TE364 - - - - 1 - - - - - - 
TAT(9C) /DELTA - 1 1 - - - - - - - -  
TAT (9C) /DELTA - - - 1 1 - - - - - -  
TAT(9C) /DELTA - - - - - -  1 1 - - -  
TAT (9C) /DELTA 1 1 - - - - - - - - -  

Earth Resources 

Small Applications Technology Satellites 

SCOUT - 1 2 1  - - - - - - -  
SCOUT - I - - - - - - - - -  
SCOUT - - - - 1 - 1 - 1 - -  
TAT/DELTA/FW4 I - - - - - - - - - -  
SCOUT - - I - - - - - - - -  
TAT/DELTA/FW4 - - - - I - - - - - -  
SCOUT - - - I - - - - - - -  

Data Relay 

ATLAS/CENTAUR/BII - - - - - - - I - - -  
ATIAS/CENTAUR - - - 2 - - - - - - -  

Communications R&D 

COMMUNICATIONS ATS F, G(72) TITAN IIIC - 1 - 1 - - - - - - -  
COMMUNICATIONS R&D(75) TAT(6C)/DELTA/TE364 - - - - 1 - - - - - - 
COMMUNICATIONS R&D (78) TAT(LC)/DELTA/TE364 - - - - - - - 1 - - - 

Navigation and Traffic Control 

NAVIGATION T/C(74) TAT(gC)/DELTA/TE364 - - - 2 - - - - - - - 

TV Broadcast 

S-BAND TV TECH(75) TITAN IIID/CENTAUR - - - -  I - - - - - -  
UHF TV TECH(80) TITAN IIID/CENTAUR - - - - - - - - - I -  
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I n  developing  t h i s  model, t h e  p r i n c i p a l  g u i d e l i n e  was t o  c r e a t e  a  model which would 

have a  funding requi rement  n e a r l y  equa l  t o  t h e  SA p r o j e c t i o n  from Appendix A f o r  t h e  
pe r iod  1972 t o  1977. 

The major c h a r a c t e r i s t i c s  of  t h i s  model a r e  a s  fol lows:  

e ERTS A-F were s t r e t c h e d  o u t  (1972-1975) 

e An a g g r e s s i v e  ERTS follow-on program 

e A con t inu ing  s m a l l  a p p l i c a t i o n s  s a t e l l i t e  program i s  inc luded  

e F i r s t  2  d a t a  r e l a y  s a t e l l i t e s  i n  1977 

e Moderate TV b r o a d c a s t  f l i g h t  program. 

1971  1973 1975 1977 1979  1 9 8 1  

Year 

FIGURE VII-5. SA5 FUNDING PLOT 
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V I I - 3 1  

TABLE V I I - 5 .  §A5 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

TIROS N(75) 
NIMBUS E ,F 
NIMBUS G-J 
SMS 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A,B 
ERTS C,D(73) 
ERTS E,F(74) 
ERTS FOLLOW- ON 

SMALL ATS SCOUT 
SMALL ATS DELTA 
DRAG-FREE SATS'(74-79) 
GEOS-C(71) 
SAT-TO-SAT(75) 
DATA COLLECTION (76) 

COMMUNICATIONS ATS F,G(72) 
COMMUNICATIONS ATS (77,79) 
COMMUNICATIONS R&D (78,80) 

NAVIGATION T/C(76) 

Meteorological Satellites 

TAT(6C)/DELTA/TE364 - - - - 1 - - - - - - 
TAT (9C) /DELTA - 1 1 - - - - - . . - -  
TAT (9C) /DELTA - - - - 1 - 1 - 1 - -  
TAT(gC)/DELTA/TE364 1 1 - - - - - - - - - 

Earth Resources 

TATIDELTA /FW4 - 1 1 - - - - - - - -  
TAT/DELTA/FW4 - - 1 1 - - - - - - -  
TAT/DELTA/FW4 - - - 1 1 - - - - - -  
TAT (9C) /DELTA - - - - - I 1 2 2 3 3  

Small Applications Technology Satellites 

SCOUT - - 2 2 2 1 ~ 1 1 1 1  
TAT/DELTA/TE364 - - -  - 1 - 1 - 1 -  
s COUT - - - 1 - - 1 - 1 - -  
TAT/DELTA/FW4 I - - - - - - - - - -  
TAT/DELTA/FW4 - - - -  I - - - - - -  
SCOUT - - - - - I - - - - -  

Data Relay 

ATLAS /CENTAUR - - - - - - 2 - -  - -  

Communications R&D 

TITAN IIIC - 1 - 1 - - - - - - -  
ATLAS/CENTAUR - - - - - -  1 - 1 - -  
TAT(6C) /DELTA/TE364 - - - - - - - 1 - 1 -  

Navigation and Traffic Control 

TAT(gC)/DELTA/TE364 - - - - - 2 - - - - - 

TV Broadcast 

X-BAND TV TECH(77) TITAN IIID/CENTAUR - - - - - -  1 - -  - - 
PROTO-INFO/ETV SAT A TITAN IIID/CENTAUR I - - -  
UHF TV TECH (78) TITAN IIID/CENTAUR - - - - - - -  1 - - - 
UHF DIRECT TV PROTO-OP TITAN IIID/CENTAUR - - - - - - - - - -  1 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



Guide l i ne s  f o r  model SA6 were c r e a t e d  t o  r e p r e s e n t  a  modera te ly  a g g r e s s i v e  a p p l i c a -  
t i o n s  program i n  t he  f i r s t  h a l f  of t h e  time pe r iod  (1971-1995). Th i s  was accomplished 
by d e l a y i n g  and s t r e t c h i n g  o u t  t h e  p r o j e c t s  i nc luded  i n  SA3(STG Option I ) ,  which i s  t h e  
most a g g r e s s i v e  SA model p r e sen t ed .  

The major  c h a r a c t e r i s t i c s  of t h e  model a r e  a s  fo l lows:  

0 ERTS A-F i n  (1972-1975) 

0 Large  ERTS follow-on program 

0 2 d a t a  r e l a y  s a t e l l i t e s  i n  1976 and 1 i n  1978 

0 Naviga t ion  TIC - 2 i n  1976, 1 i n  1977 and 1 i n  1978 

e Moderate TV Broadcast  s a t e l l i t e  program. 

0 

1971 1973 1975 1977 1979 1981 

Year 

FIGURE VII-6. SA6 FUNDING PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



TABLE V I I - 6 .  SA6 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

TIROS N(75) 
NIMBUS E,F 
NIMBUS G,H, J 
SMS 
METEOROLOGICAL ATS (7 6) 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A, B 
ERTS C,D(72) 
ERTS E,F(74) 
ERTS FOLLOW-ON(MED-LEVEL) 

Meteorolo~ical Satellites 

TAT(6C)/DELTA/TE364 - - - 
TAT (9C) /DELTA - 1 1  
TAT(9C) /DELTA - - -  
TAT(gC)/DELTA/TE364 1 1 - 
ATLAS/CENTAUR - - - 

GARP - 

Earth Resources 

TATIDELTAIFWLI - 1 1  
TAT /DELTA/FW4 - 1 1  
TATIDELTAIFW4 - - -  
TAT (9C) /DELTA - - -  

Small Applications Technology Satellites 

SMALL ATS A-D(73) SCOUT - - 1 2 1 - - - - - -  
DRAG-FREE SATS (75-79) SCOUT - - - -  1 - 1 - 1 - -  
GEOS-C(72) TAT/DELTA/FW4 - I - - - - - - -  - - 
SMALL ATS FOLLOW-ON SCOUT SCOUT - - - -  1 1 2 1 2 1 2  
SAT-TO-SAT (75) TATIDELTAIFWL, - - - -  I - - - - - -  
DATA COLLECTION(76) SCOUT - - - - - I - - - - -  

Data Relay 

DRSS DUAL ACCESS (76) 
DATA RELAY-NEAR EARTH 

ATLAS /CENTAUR - - - - - 2 - - - - - 
ATLAS/CENTAUR - - - - - - - I - - -  

Communications R&D 

COMMUNICATIONS ATS F, G(72) TITAN IIIC - 1 - 1 - - - - - - -  
COMMUNICATIONS R&D(75) TAT(BC)/DELTA/TE364 - - - - 1 - - - - - - 
COMMUNICATIONS R&D(78) TAT(6C)/DELTA/TE364 - - - - - - - 1 - - - 

Navigation and Traffic Control 

NAVIGATION TIC (76) 
NAVIGATION T/C (77,78) 

TV Broadcast 

S-BAND TV TECH(75) TITAN IIID/CENTAUR - - - -  1 - - - -  - - 
PROTO-INSTR TV SAT TITAN IIID/CENTAUR - . . . . - - I - - -  - - 
UHF TV TECH(78) TITAN IIID/CENTAUR - - - - - - - I -  - -  
UHF DIRECT TV PROTO-OP TITAN IIIDICENTAUR - - - - - - - - -  - 1 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



The primary guideline used in the development of SA7 was to create a model which 
would have funding requirements nearly equal to the SA funding projection from Appendix A. 

The major characteristics of model SA7 are as follows: 

e ERTS A-F (1972-1975) 

e A medium level ERTS follow-on program 

e First 2 data relay satellites in 1977 

e ATS F,G in 1973 and 1975 

e Communications ATS H , J  in 1977 and 1980 

e 3 broadcast TV prototype satellites 

e 1 broadcast TV technology demonstration satellite. 

FIGURE VII-7. SA7 FUNDING PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



V I I - 3 5  

TABLE V I I - 7 .  S A 7  F L I G H T  SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

Meteorological Satellites 

TIROS N(75) TAT(6C)/DELTA/TE364 - - - - I - - - - - -  
NIMBUS E,F TAT (9C) /DELTA - 1 1 - - - - - - - -  
NIMBUS (77,78) TAT(9C) /DELTA - - - - - -  1 1 -  - - 
SMS TAT (9C) /DELTA 1 1 - - - - - - - - -  
METEOROLOGICAL ATS (7 6) ATLAS/CENTAUR - - - - -  1 - 1 1 - -  

GARP - 
GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

Earth Resources 

ERTS A, B TAT /DELTA/FW4 - 1 1 - - - - - - - -  
ERTS C,D(73) TAT /DELTA /FW4 - - 1 1 - - - - - - -  
ERTS E,F(74) TAT/DELTA/FW4 - - - 1 1 - - - - - -  
ERTS FOLLOW-ON(MED.-LEVEL) TAT(9C) /DELTA - - - - - 1 1 1 2 2 2  

Small Applications Technology Satellites 

SMALL ATS A-D(73) 
DRAG-FREE SATS (74-79) 
GEOS-C(72) 
SEA-TO-SAT(74-79) 
SAT-TO-SAT (75) 
DATA COLLECTION (76) 

SCOUT - - 1 2 1 - - - - - -  
SCOUT - - -  1 - - 1 - 1 - -  
TAT/DELTA/FW4 - I - - - - - - - - -  
SCOUT - - - 1 - - 1 - 1 - -  
TAT/DELTA/FW4 - - - - I - - - - - -  
SCOUT - - - - - I - - - - -  

Data Relay 

DRSS TRIPLE ACCESS (77) ATLAS/CENTAUR - - - - - -  2 - - - -  
DRSS DUAL PURPOSE ATLAS/CENTAUR m e - - - - - - -  2 - 

COMMUNICATIONS ATS F,G(73) TITAN IIIC - - 1 - 1 - - - - - - 
COMMUNICATIONS ATS (77,80)- ATLAS/CENTAUR - - - - - -  1 - - 1 -  

Navigation and Traffic Control 

NAVIGATION T/C(76) 
NAVIGATION T/C (77,78) 

TAT(gC)/DELTA/TE364 - - - - - 2 - - - - - 
ATLAS /CENTAUR - - - - - -  1 1 - - -  

TV Broadcast 

X-BAND TV TECH(77) TITAN IIID/CENTAUR - - - - - -  1 - -  - - 
PROTO-INFO/ETV SAT A TITAN IIID/CENTAUR - - - - - - - 1 -  - - 
PROTO-INFO/ETV SAT B TITAN IIID/CENTAUR - - - - - - - - -  1 - 
UHF DIRECT TV PROTO-OP TITAN IIID/CENTAUR - - - - - - - - -  - 1 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



Guidelines for model SA8 were created by assuming that there would be an active 
flight schedule in the period 1975-1981, and that the SA availalbe funds would exceed 
those projected in Appendix A for the same period. 

The major characteristics of the model are as follows: 

e ATS F,G in 1943 and 1975 

0 Meteorological ATS in 1975, 1977, 1978 

e Aggressive ERTS follow-on program 

e Active SMALL ATS follow-on program 

e 1 Communications satellite per year (1977-1980) 

e 6 Navigation and Traffic Control satellites (1976-1981) 

e 2 Broadcast TV technology satellites 

e 3 Broadcast TV prototype satellites. 

1971 1973 1975 1977 1979 1981 
Year 

F I G U R E  VII-8. SA8 F U N D I N G  PLOT 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  



VII -37  

TABLE VI1-8. SA8 FLIGHT SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

TIROS N(75) 
NIMBUS E,F 
NIMBUS G,H,J 
SMS 
METEOROLOGICAL ATS (75) 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A, B 
ERTS C,D(73) 
ERTS E,F(74) 
ERTS FOLLOW-ON 

SMALL ATS-SCOUT 
SMALL ATS-DELTA 
DRAG-FREE SATS (74-79) 
GEOS-C(72) 
SAT-TO-SAT(75) 
DATA COLLECTION(7 6) 

DRSS TRIPLE ACCESS (77) 
DRSS DUAL PURPOSE 

COMMUNICATIONS ATS F,G(73) 
COMMUNICATIONS ATS(77,79) 
COMMUNICATIONS R&D (78,80) 

NAVIGATION TIC (76) 
NAVIGATION T/C(77,78) 
NAVIGATION ~/C(80,81) 

Meteorological Satellites 

TAT(bC)/DELTA/TE364 - - - - I - - - - - -  
TAT (9C) /DELTA - 1 1 - - - - - - - -  
TAT(9C) /DELTA - - - - l - ~ - l - -  
TAT(gC)/DELTA/TE364 1 1 - - - - - - - - - 
ATLAS /CENTAUR - - - -  1 - 1 1 - - -  

GARP - 

Earth Resources 

TAT/DELTA/FWC - 1 1 -  
TAT /DELTA/FW4 - - 1 1  
TAT/DELTA/FW4 - - -  1 
TAT (9C) /DELTA - - - - 
Small Applications Technology Satellites 

SCOUT 
DELTA 
SCOUT 
TATIDELTA /FW4 
TAT/DELTA/FW~ 
S GOUT 

Data Relay 

ATLAS /CENTAUR - - - - - - 2 - -  - - 
ATLAS /CENTAUR/BII - - - - - - - - -  2 - 

Communications R&D 

TITAN IIIC - - 1 - 1 - - - - - -  
ATLAS /CENTAUR - - - - - -  1 - 1 - -  
TAT(6C)/DELTA/TE364 - - - - - - - 1 - 1 - 

Navigation and Traffic Control 

TAT(gc)/DELTA/TE364 - - - - - 2 - - - - - 
ATLAS/CENTAUR - - - - - -  1 1 -  - - 
ATLAS /CENTAUR 1 1  

TV Broadcast 

X-BANE TV TECH(77) TITAN IIID/CENTAUR - - - - - -  1 - - - - 
PROTO-INFOIETV SAT A TITAN IIIDICENTAUR - - - - " - -  1 - - - 
UHF TV TECH(78) TITAN IIID/CENTAUR I - - -  
PROTO-INFO/ETV SAT B TITAN IIID/CENTAUR - - - - . . - - - - I -  
UHF DIRECT TV PROTO-OP TITAN IIID/CENTAUR - - - - - - - - -  - 1 

B A T T E L L E  MEMORIAL INST ITUTE  - COLUMBUS LABORATORIES 



I n  e s t a b l i s h i n g  g u i d e l i n e s  f o r  model SA9 i t  was assumed t h a t  t h e  SA f u n d i n g  would 
grow a t  a h i g h  r a t e  f o r  t h e  p e r i o d  1971 t o  1975, s u c h  t h a t  t h e  1975 fund ing  would be 
1 0  t o  15% h i g h e r  t h a n  t h e  1975 SA p r o j e c t i o n  from Appendix A. For  t h e  second h a l f  o f  t h e  
p e r i o d  t h e  growth i n  f u n d i n g  was t o  s low down s o  t h a t  t h e  1980 f u n d i n g  would n e a r l y  
e q u a l  t h e  SA p r o j e c t i o n  ( f rom Appendix A) f o r  1980. 

The m a j o r  c h a r a c t e r i s t i c s  o f  SA9 a r e  a s  f o l l o w s :  

e ATS, F,G i n  1973 and  1975 

0 M e t e o r o l o g i c a l  ATS i n  1976, 1978, 1979 

e Medium l e v e l  ERTS fo l low-on  program 

0 2 d a t a  r e l a y  s a t e l l i t e s  i n  1977 and 2 i n  1980  

0 1 Communications s a t e l l i t e  p e r  y e a r  (1977-1980) 

0 1 B r o a d c a s t  TV t e c h n o l o g y  s a t e l l i t e  

e 3 B r o a d c a s t  TV p r o t o t y p e  s a t e l l i t e s .  

1973 1975 1977 1979 1981  

Year 

FIGURE VII -9 .  SA9 FUNDING PLOT 
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V I I - 3 9  

TABLE V L I - 9 .  S A 9  F L I G H T  SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

Meteorological Satellites 

TIROS N(75) TAT(6C)/DELTA/TE364 - - - - I - - - - - -  
NIMBUS E,F TAT (9C) /DELTA - 1 1 - - - - - - - -  
NIMBUS (77,78) TAT (9C) /DELTA - - - - - -  1 1 - - -  
SMS TAT(9C)/DELTA/TE364 1 1 - - - - - - - - - 
METEOROLOGICAL ATS (76) ATLAS/CENTAUR - - - - - 1 - 1 1 - -  

GARP - 
GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

Earth Resources 

ERTS A, B TAT /DELTA/FW4 - 1 1 - - - - - - - -  
ERTS C,D(73) TATIDELTAIFW4 - - X I - - - - - - -  
ERTS E,F(74) TAT/DELTA/FW4 - - - 1 1 - - - - - -  
ERTS FOLLOW-ON(MED.-LEVEL) TAT (9C) /DELTA - - - - -  1 1 1 2 2 2  

Small Applications Technology Satellites 

SMALL ATS A-D(73) 
DRAG-FREE SATS (74-79) 
GEOS- C (7 2) 
SEA-TO-SAT(74-79) 
SAT-TO-SAT(75) 
DATA COLLECTION(7 6) 

S COUT - - 1 2 1 - - - - - -  
S COUT - - 1 - - - 1 - 1 - -  
TAT /DELTA/FW4 - - I - - - - - - - -  
SCOUT - - - 1 - - 1 - 1 - -  
TAT/DELTA/A?4 - - - . , I - - - - - -  
SCOUT - - - - - I - - - - -  

Data Relay 

DRSS TRIPLE ACCESS (77) ATLAS /CENTAUR - - - - - -  2 - - - -  
DRSS DUAL PURPOSE ATLAS/CENTAUR/BII - - - - - - - - - 2 -  

Communications R&D 

COMMUNICATIONS ATS F,G(73) TITAN IIIC - - 1 - 1 - - - - - -  
COMMUNICATIONS ATS (77,79) ATLAS /CENTAUR - - - - - -  1 - 1 - -  
COMMUNICATIONS R&D(78,80) TAT(6C)/DELTA/TE364 - - - - - - - 1 - 1 -  

Navigation and Traffic Control 

NAVIGATION TIC (76) 
NAVIGATION T/C(77,78) 

TV Broadcast 

X-BAND TV TECH(77) TITAN IIID/CENTAUR - - - - - - I - - - -  
PROTO-INFO/ETV SAT A TITAN IIID/CENTAUR - - - - - - -  I - - -  
PROTO-INFO/ETV SAT B TITAN IIID/CENTAUR - - - - - - - - -  1 - 
UHF DIRECT TV PROTO-OP TITAN IIID/CENTAUR - - - - - - - - - - -  

B A T T E L L E  MEMORIAL INST ITUTE  - COLUMBUS LABORATORIES 



Model SAlO was constructed using the guideline that the funding requirements be near 
to and lower than the SA projection from Appendix A for the period 1991-1981, 

The major characteristics of this model are as follows: 

0 ATS F,G in 1973 and 1975 

0 Meteorological ATS in 1976, 1978, 1979 

e Medium level ERTS follow-on program 

0 First 2 data delay satellites in 1977 

e 1 Communications satellite per year (1977-1980) 

e No Broadcast TV satellites. 

1971 1973 1975 1977 1979 1981 

Year 

FIGURE VII-10. SAlO FUNDING PLOT 
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V I I - 4 1  

TABLE V I I - 1 0 .  S A l O  P L I G H T  SCHEDULE 

Year 
Project Launch Vehicle 71 72 73 74 75 76 77 78 79 80 81 

TIROS N(75) 
NIMBUS E,F 
SMS 
METEOROLOGICAL ATS (7 6) 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A,B 
ERTS C,D(73) 
ERTS FOLLOW-ON(MED.-LEVEL) 

SMALL ATS A-D(73) 
DRAG-FREE SATS (75-79) 
GEOS-C(72) 
SEA-TO-SAT(74-79) 
SAT-TO-SAT(75) 
DATA COLLECTION(76) 

DRSS TRIPLE ACCESS (77) 
DRSS DUAL PURPOSE 

Meteorolo~ical Satellites 

GARP - 

Earth Resources 

Small Applications Technology Satellites 

SCOUT - - 1 2 1 - - - - - -  
SCOUT - - - - 1 - 1 . . 1 - -  
TAT/DELTA/FW4 - I - - - - - - - - -  
SCOUT - - - 1 - - 1 - 1 - -  
TAT/DEL'PA/FW4 - - - - I - - - . . - -  
SCOUT - - - - - I - - - - -  

Data Relay 

Communications E D  

COMMUNICATIONS ATS F,G(73) TITAN IIIC - - 1 - 1  - - - - - -  
COMMUNICATIONS ATS (77,79) ATLAS /CENTAUR - - - - - -  1 - 1 - -  
COMMUNICATIONS R&D(78,80) TAT(6C) /DELTA/TE364 - - - - - - - 1 - 1 -  

NAVIGATION T/C(76) TAT(gC)/DELU/TE364 - - - - - 2 - - - - - 
NAVIGATION T/C(77,78) ATLAS /CEmAUR - - - - - -  1 1 - - -  

B A T T E L L E  MEMORIAL INSTITUTE - COLUMBUS LABORATORIES 



VII-42 

Discussion -- 

SA Models 

Figures V I I - 1 1  and VII-12 show the  funding requirements f o r  the  10 SA mission models 
presented i n  the  previous s e c t i o n  along with funding p ro jec t ions  (dashed l i n e s )  from 
Appendix A. Figure V I I - 1 1  conta ins  t h e  4 NASA-based models (SA1-SA4) and Figure VII-12 
conta ins  t h e  6 a l t e r n a t i v e  models (SA5-SA10) developed a s  p a r t  of t h i s  study. 

As Figure V I I - 1 1  i n d i c a t e s ,  a l l  NASA-based models r equ i re  very high funding growth 
r a t e s  from FY 1971 t o  FY 1974 followed by a rapid  decl ine .  This dec l ine  may have 
r e s u l t e d  from assuming t h a t  the  proposed space s t a t i o n  and s h u t t l e  system would be a v a i l -  
a b l e  i n  1976 o r  1977. The in t roduc t ion  of such systems might be expected t o  reduce t h e  
number of automated a p p l i c a t i o n  s a t e l l i t e s  needed s i n c e  many such experiments would ( o r  
could) probably be incorporated i n  a space s t a t i o n .  However, d e f i n i t i o n  and des ign of 
the  space s t a t i o n  a r e  only i n  preliminary phases and, thus ,  it  i s  d i f f i c u l t  a t  t h i s  time 
t o  draw f i rm conclusions concerning the  eventual  impact of such systems. 

Current i n d i c a t i o n s  a r e  t h a t  the NASA budget f o r  the  next  severa l  years  w i l l  no t  be 
s u f f i c i e n t  t o  support  the  pace of the  programs presented i n  t h e  STG repor t  t o  the  
Pres ident . ( la)  For t h i s  reason,  i t  has been assumed here  t h a t  the  space s t a t i o n  and 
s h u t t l e  a r e  not l i k e l y  t o  be a v a i l a b l e  u n t i l  a f t e r  1980. This b a s i c  assumption was used 
i n  developing a l l  of t h e  a l t e r n a t i v e  SA models (SA5-SA10). 

As ind ica ted  i n  Figure VII-12, a l l  of  the  a l t e r n a t i v e  models r equ i re  an  inc rease  i n  
annual funding, The funding requirements f o r  these  a l t e r n a t i v e  models bracket  t h e  SA 
funding p r o j e c t i o n  from Appendix A. These models a r e  considered t o  be r e p r e s e n t a t i v e  of 
the  range of  poss ib le  f u t u r e  a c t i v i t i e s  t h a t  might be pursued by t h e  OSSA Divis ions  
involved: Earth Observations Programs, and Communications Programs. 

The a r e a  of space app l i ca t ions  i s  c u r r e n t l y  receiving growing emphasis i n  Congress, 
by t h e  Pres ident ,  and i n  the  pub l i c  press.  This a c t i v i t y  a r e a  has  the l a r g e s t  proposed 
budget inc rease  f o r  FY 1971 and it appears t h a t ,  based on present  condi t ions ,  t h i s  
growth i s  l i k e l y  t o  continue f o r  the  next s e v e r a l  years.  Such a growth i s  shown i n  SA 
funding p ro jec t ion  i n  Appendix A. However, even assuming t h a t  t h i s  p ro jec t ion  i s  reason- 
a b l e ,  i t  does not  appear poss ib le  t o  pursue space app l i ca t ions  a c t i v i t i e s  i n  t h e  e a r l y  
p a r t  of the  1971-1981 per iod a t  the  pace proposed i n  the  NASA-based models. 

Table V I I - 1 1  i n d i c a t e s  the  pace of a c t i v i t y  f o r  each a c t i v i t y  a r e a  by model i n  terms 
of f i r s t  launch da te  and number of launches. The upper f i g u r e  i n  each en t ry  i n d i c a t e s  the  
year  of t h e  f i r s t  launch ( a f t e r  1970) f o r  t h a t  a c t i v i t y  i n  each model. Thus, f o r  example, 

a n  e n t r y  72 would i n d i c a t e  t h a t  the  f i r s t  launch ( a f t e r  1970) i s  i n  1972 and t h a t  4 
4 launches a r e  included i n  t h e  period 1971-1981. Table V I I - 1 1  does not  i n d i c a t e  t h e  pro- 
j ec ted  schedules f o r  the  launches f o r  each a c t i v i t y ;  however, t h i s  information can be 
obtained by r e f e r r i n g  t o  the  f l i g h t  schedules f o r  each individual  model presented i n  t h e  
previous sec t ion ,  

A c a r e f u l  study of Table V I I - 1 1  shows t h a t  most of the  v a r i a t i o n s  among t h e  SA 
models presented a r e  a ssoc ia ted  with:  

SATS 

ERTS Follow-on 

Communications R&D 

Broadcast TV Technology 

Broadcast Prototypes 

Data Relay. 
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Year 

FIGURE V I I - 1 1 .  ESTIMATED FUNDING REQUIRED FOR NASA MODELS SA1-SA4 

FIGURE V I I -  1 2 .  ESTIMATED FUNDING REQUIRED FOR ALTERNATIVE MODELS SA5- 
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VII-44 

TABLE VII- 11. PROGRAM ACTIVITY BY MODEL 

Models 
Program Areas SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8 s A ~  SAlO 
- -- ~ - 

Supporting Activities 

Sounding Rockets 0 e a e 0 e 0 e 0 0 

ERS Aircraft e 0 e e e e e e e 0 

T IROS 

NIMBUS 

SMS 

MeteorologicaL ATS 

GARP 

ERTS A-F or A-D 

ERTS Follow-on 

SATS 

Data Relay 

Communications ATS 

Communications R&D 

Navigation T/C 

Broadcast TV Technology 

76 78 76 78 78 78 - - - - 
Broadcast TV Prototypes - - 3 - - 3 3 2 -  2 - - . - - . . . . -  3 ___ 

Total 40 40 49 48 64 63 59 75 60 51 

(a) A dot (e) mean that a non-space-flight program area is included in the indicated model. 
(b) The upper figure of each group indicates the year of first launch (after 1970) and the 

lower figure indicates the number of launches in the 1971-1981 time period. 
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The most s i g n i f i c a n t  v a r i a t i o n s  involve SATS and ERTS follow-on, This r e s u l t s  from 
having considered a wide range of follow-on a c t i v i t i e s  i n  both program a reas ,  Both pro- 
grams a r e  new and the  requirements f o r  follow-on s a t e l l i t e s  depend heavi ly  on r e s u l t s  from 
e a r l i e r  f l i g h t s  from a l l  a p p l i c a t i o n s  program a r e a s  and on the est imated needs s f  p o t e n t i a l  
f u t u r e  use r  organizat ions ,  As a r e s u l t ,  i t  i s  d i f f i c u l t  t o  es t imate  the  f u t u r e  f l i g h t  
program f o r  these  a reas ,  The missions included i n  t h e  a l t e r n a t i v e  SA models shown here  
a r e  considered represen ta t ive  of the  types of follow-on a c t i v i t i e s  t h a t  might be pursued. 

The o t h e r  a r e a s  involving some v a r i a t i o n  among the  models a r e  a ssoc ia ted  wi th  the  
Communications Programs Division. Since t h i s  Divis ion i s  new, i t s  long range plans 
probably had not  been f i rmly  es tab l i shed  a t  the  time of the  PSG exerc i ses  during 1969. 
Mission plans i n  these  a r e a s  a l s o  depend heavi ly  upon t h e  needs of t h e  p o t e n t i a l  f u t u r e  
users  ( i . e , ,  u se r s  of the  communication systems) and these  needs a r e  being revised 
constant ly .  

To summarize, cu r ren t  rapid  growth i n  Space Appl ica t ions  makes i t  d i f f i c u l t  t o  
a s s e s s  t h e  f u t u r e  of these  programs s i n c e  the  f u t u r e  plans depend so  heav i ly  on r e s u l t s  
obtained i n  t h e  next severa l  years and on the  r a p i d l y  varying p ro jec t ions  of use r  needs, 
I n  s p i t e  of t h i s  d i f f i c u l t y ,  a l t e r n a t i v e  SA models presented he re  a r e  considered t o  
r e f l e c t  a reasonable range of launch veh ic le  requirements f o r  supporting space a p p l i c a t i o n s  
programs i n  the  1971-1981 time period, 

Launch Vehicle Requirements 

Table VII-12 p resen t s  launch veh ic le  requirements by model and year. The family of 
launch veh ic les  required t o  support  the  SA models presented includes  SCOUT, DELTA (ranging 
from TAT /DELTA t o  TAT (9C) /DELTA/TE364) , ATLAS /CENTAUR, TITAN I I I C  and TITAN IIID/CENTAUR. 
The DELTA has the  h ighest  launch r a t e  i n  each of the  models, accounting f o r  50 t o  65% 
of the  launches. The SCOUT has the  next h ighes t  launch r a t e ,  which, on a percentage b a s i s ,  
ranges from 18 t o  28%. The TITAN I I I C  i s  assigned t o  only 2 launches i n  each of t h e  
models: Communications ATS F and G. The use r a t e s  of the  ATLAS/CENTAUR and TITAN I I I D /  
CENTAUR vary considerably among t h e  models. Both of  these  vehic les  have much higher  use 
r a t e s  i n  second h a l f  of  t h e  time period (1976-1981) than i n  t h e  f i r s t  h a l f  (1971-1975). 
The e a r l i e s t  e i t h e r  veh ic le  i s  required i s  i n  1974 and t h a t  i s  only i n  SA4 (STG Option I ) ,  
which, because of i t s  funding requirements, i s  no t  considered t o  be r e a l i s t i c .  I n  t h e  
a l t e r n a t i v e  models, t h e  e a r l i e s t  da tes  i n  which TITAN/CENTAUR and ATLAS/CENTAUR a r e  
required range from 1975 t o  1977. I n  SA10, t h e  TITAN IXID/CENTAUR is  not required,  This 
r e s u l t s  from t h e  absence of  Broadcast TV, which i s  t h e  only SA mission requ i r ing  t h e  
TITAN IIID/CENTAUR from t h i s  model. 

I n  genera l  the  launch requirements f o r  the  Space Appl ica t ions  program do no t  appear 
t o  r equ i re  any launch v e h i c l e  c a p a b i l i t y  beyond t h a t  cu r ren t ly  planned, 

Summary of the  Most Demanding Missions 

As noted i n  t h e  previous sec t ion ,  t h e  projected Space Applications programs do not 
r equ i re  launch veh ic le  c a p a b i l i t y  beyond t h a t  c u r r e n t l y  planned, The most demanding 
a c t i v i t i e s  a r e  a ssoc ia ted  with the  Broadcast TV missions which involve heavy spacecra f t ;  
however, p ro jec t ions  i n d i c a t e  that .none of these  spacecra f t  would be launched u n t i l  a f t e r  
1976. 

There a r e  a number of p r o j e c t s  which would requ i re  the  use of the  more e n e r g e t i c  
DELTA veh ic les  now being considered,  i , e .  the  TAT(9C) /DELTA and TAT(9C) IDELTAITE364. 
Both of these  vehic les  a r e  expected t o  be a v a i l a b l e  i n  time f o r  any mission which requ i res  
them. 
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V I I - 4 6  

TABLE V I I -  12. LAUNCH SCHEDULES BY MODEL AND VEHICLE 

Year  
Model Launch V e h i c l e  7 1  7 2  7 3  74 75 76 77 78  79  8 0  8 1  T o t a l  

SCOUT - 1 4 1 1 2 - 2 -  - 11 

 DELTA(^) 1 3 3 6 5 2 1 - 1 -  - 1 2  

SAI ATLAS  CENTAUR(^) - - - - - - 1 2 - 1 -  4 

TITAN I I I C  - 1 - 1 -  - - - - - - 2 

TITAN IIID/CENTAUR - - - - - - 1 -  - - - 1 

TOTAL 1 4 4 1 1 6 3 5 2 3 1 - 4 0  

SCOUT - - 1 4 1 1 2 - 2 -  - 11 

DELTA 2 4 3 5 4 2 1 - 1 -  - 22 

SA 2 ATLAS /CENTAUR - - - - - - 3 -  - 1 -  4 

TITAN I I I C  - 1 - 1 -  - - - - - - 2 

TITAN IIIDICENTAUR - - - - - - 1 -  - - - 1 

TOTAL 2 5 4 1 0 5 3 7 - 3 1 - 4 0  

SCOUT - 2 3 2 1 1 1 1 1 1 - 1 3  

DELTA 1 5 4 1 1 1 - 1 2 -  - - 25 

SA3 ATLAS /CENTAUR - - - 2 - 1 1 -  - 1 -  5 

TITAN I I I C  - 1 - 1 -  - 1 -  - - - 3 

TITAN IIIDICENTAUR - - - 1 1 1 - 2 - 1 -  6 

TOTAL 1 8 7 1 7 3 3 4 5 1 3 - 5 2  

SCOUT - 2 3 2 1 - 1 - 1 -  - 1 0  

DELTA ' 2 4 3 4 5 - 1 2 -  - - 2 1  

SA4 ATLAS/CENTAUR - - - 2 -  - - 1 -  - - 3 

TITAN I I I C  - 1 - 1 -  - - - - - - 2 

TITAN IIID/CENTAUR - - - - 1 -  - - - 1 -  2 

TOTAL 2 7 6 9 7 - 2 3 1 1 - 3 8  

SCOUT - - 2 - 2 2 1 1 1 1 1 1 1  

DELTA 2 3 3 8 4 4 2 4 3 5 3 4 1  

SA5 ATLAS /CENTAUR - - - - - - 3 - 1 -  - 4 

TITAN I I I C  - 1 - 1 -  - - - - - 2 

TITAN IIID/CENTAUR - - - - - - 1 2 -  - 1 4 

TOTAL 2 4 5 9 6 6 7 7 5 6 5 6 2  

(a) I n  t h i s  t a b l e ,  DELTA r e f e r s  t o  t h e  f o l l o w i n g  v e h i c l e s :  

TAT/DEUA 
TAT /DELTA /m4 
TAT /DELTA / ~ E 3 6 4  
TAT(6C) /DELTA/TE364 
TAT(9C) /DELTA/TE364. 

(b) I n  t h i s  t a b l e ,  ATLAS/CENTAUR a l s o  i n c l u d e s  ATLAs/CENTAUR/BII. 
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TABLE V I P - 1 2 .  LAUNCH SCHEDULES BY MODEL AND VEHICLE 
(Con% inued) 

Year  
Model Launch V e h i c l e  7 1  72 7 3  7 4  75 76 77 78  79 8 0  8 1  T o t a l  
- - 

SCOUT - - 1 2 3 2 2 1 2 1 2 1 6  

DELTA 1 5 3 5 5 3 3 2 4 2 2 3 5  

SA6 ATLAS /CENTAUR - - - - - 3 1 3 1 -  - 8 

TITAN I I I C  - 1 - 1 -  - - - - - - 2 

TITAN IIID/CENTAUR - - - 1 1 - 1 -  - 1 4 

TOTAL 1 6 4 8 9 9 6 7 7 3 5 6 5  

SCOUT - - 1 4 1 1 2 - 2 -  - 11 

DELTA 1 4 3 6 3 3 2 3 2 2 2 3 1  

SA 7 ATLAS /CENTAUR - - - - - 1 4 1 1 3 - 1 0  

TITAN I I I C  - - 1 - 1 -  - - - - - 2 

TITAN IIID/CENTAUR - - - - - 1 1 - 1 1  4 

TOTAL 1 4 5 1 0 5 5 9 5 5 6 3 5 8  

SCOUT - - 2 3 2 2 2 1 3 1 1 1 7  

DELTA 1 4 3 6 4 4 2 4 2 5 3 3 8  

SA8 ATLAS /CENTAUR - - - - 1 - 5 2 1 3 1 1 3  

TITAN I I I C  - - 1 - 1 -  - - - - - 2 

TITAN IIID/CENTAUR - - - - - - 1 2 - 1 1  5 

TOTAL 1 4 6  9 8 6 1 0  9 6 1 0 6 7 5  

SCOUT - - 1 4 1 1 2 - 2 2 - 1 3  

DELTA 1 4 3 6 3 3 2 3 2 3 2 3 2  

SA9 ATLAS /CENTAUR - - - - - 1 4 2 2 -  - 9 

TITAN I I I C  - - 1 - 1 -  - - - - - 2 

TITAN IIID/CENTAUR - - - - - - 1 1 - 1 1  4 

TOTAL 1 4 5 1 0 5 5 9 6 6 6 3 6 0  

SCOUT - - 1 3 2 - 2 - 2 -  - 1 0  

DELTA 1 4 3 5 2 3 1 2 2 3 2 2 8  

SAlO ATLAS /CENTAUR - - - - - 1 4 2 2 2 - 1 1  

TITAN I I I C  - - 1 - 1 -  - - - - - 2 

TOTAL 1 4 5 8 5 4 7 4 6 5 2 5 1  
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CHAPTER VIII. OSSA 

Introduction 

The Office of Space Science and Applications (OSSA) is the organization to which 
the four programs (SB, SLY SG, SA) discussed in the preceding chapters belong. The fifth 
OSSA program division is SV (Launch Vehicle and Propulsion Programs), for whom this study 
was performed. There is no SV chapter in this report. The programs and activities to be 
carried out by SV depend on the other four OSSA programs and on the non-OSSA users of its 
launch vehicles. The requirements of the outside users (non-OSSA) are discussed in 
Appendix C. 

The purpose of this chapter is to combine various OSSA program division models and 
estimates of outside user requirements. The resulting combined estimates represent a 
range of possible requirements for OSSA launch vehicles for the period 1971 through 1981. 
In order to present such a spectrum of estimated launch vehicle requirements, 10 OSSA 
models were developed and are presented in this chapter. Four of the models are NASA- 
based models. These models correspond to the 4 NASA-based models presented for each 
division. The rest of the models presented were developed by selecting various models 
from the 6 alternative mission models for each division. Obviously, the number of 
alternative OSSA models presented is a very small set of the total OSSA models that can 
be created by combining the alternative division models. The total number of possible 
alternative models is equal to 64 or 1,296. To reduce the number of OSSA models to be 
considered to a reasonable size, OSSA level guidelines were established, and appropriate 
division models were selected. 

One of the guidelines used to select OSSA alternative models was the OSSA funding 
projection from Appendix A. To establish an estimate of total OSSA funding requirements 
by year for each model, it is necessary to include all of the appropriate launch vehicle 
costs. Such costs include the recurring costs associated with purchasing the launch 
vehicles required and the funding necessary to maintain a continuing economical and 
reliable launch vehicle program by providing for supporting activities, product improvements, 
and advanced studies. A discussion of these costs is contained in Appendix D. To obtain 
estimates of total OSSA launch vehicle procurement costs, it is necessary to include non- 
OSSA projects for which OSSA would provide the vehicles on a non-reimbursable basis. 
These non-reimbursable requirements are for OART and "cooperative" international launches 
for which the vehicle funds are included in the OSSA budget.'' Such estimates were 
included in each model by using the non-reimbursable requirements included in model SV1 
from Appendix C. A plot of the associated launch vehicle program costs is presented with 
each OSSA model. 

The launch vehicle program cost determined for each model is added to funding 
requirements for each of the other 4 OSSA division models to determine the total required 
OSSA funding. This total OSSA funding is then compared to the OSSA funding estimate from 
Appendix A. A plot of the total OSSA funding requirements is presented with each model, 
indicating the portion of funding required for each of the divisions including SV which is 
shown as launch vehicle procurement. Also shown with each model is a flight schedule, 
organized by launch vehicle. 

In the section entitled "Launch Vehicle Requirements", requirements for non-OSSA 
users which reimburse OSSA for use of its launch vehicles are added to selected alternative 
OSSA mission models. That section discusses the effects that such outsider users have on 
the OSSA family of launch vehicles. 

A more complete discussion of non-OSSA projects is presented in Appendix C. 
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OSSA Mission Models, OSSAl - 0SSA10, a r e  presented i n  t h i s  sect ion.  Each model i s  
described by i t s  guidel ines ,  c h a r a c t e r i s t i c s ,  launch vehic le  procurement funding p l o t  
and t o t a i  funding p l o t  (Figures V I I L - I  through VIII-201, and f l i g h t  schedule by launch 
vehic le  (Tables V I I I - 1  through VIII-10). 

The guidel ines  a r e  presented a t  the  NASA OSSA l e v e l  i n  terms of assumed OSSA funding 
l e v e l s  and major a reas  of emphasis. For a d iscuss ion of the  d iv i s ion  guidel ines ,  the 
reader  i s  r e f e r r e d  t o  the  d i v i s i o n  mission model presenta t ions  i n  Chapters I V - V I I .  The 
desc r ip t ion  of each OSSA model includes  a l i s t i n g  of the  component d iv i s ion  models. 

Besides the  p r o j e c t s  from the  4 OSSA spacecra f t  d i v i s i o n s  (SA, SB, SG, SL), non- 
OSSA p r o j e c t s  which represent  requirements f o r  OSSA funding f o r  launch vehic les  a r e  
included. Again, NASA OART (Office of Advanced Research and Technology) and cooperative 
i n t e r n a t i o n a l  programs p r o j e c t s  a r e  i n  t h i s  l a t t e r  category. Also i n  each model i s  one 
SV pro jec t ,  namely, a t e s t  f l i g h t  f o r  the  f i r s t  TITAN IIID/cENTAuR. 
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Model Guidelines and Descr 

This model was developed directly from;\the automated projects contained in Programs 
I1 and I11 of the NASA report to the STG.C1) These programs were built around the 
following guidelines: 

e Space station and Shuttle available in 1977 

e FY 1971 funding ceiling for NASA of $4 billion 

e "Moderate NASA program" after FY 1971. 

The following division models are included: SA1, SB3, SG1, and SL3. The non-OSSA 
launches included in this model are those non-reimbursable requirements from model SV1. 

"-' Numbers in parentheses denote references given at the end of this chapter. 
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vLIL- 5 

TABLE V I I I -  1. OSSAl FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

SCOUT 

OSSA 
BIOEXPLORERS A-F 
SMALL ATS A-D(73) 
DRAG-FREE SATS (74-79) 

SEA-TO-SAT(74-79) - - -  
DATA COLLECTION(76) - - -  
SMALL ASTRONOMY SATS A,B 1 - -  

ASTRONOMY EXPLORERS-SCOUT - - 1 
SSS A-D 1 1  1 
SSS E-J  - - -  
SEfALL INTERPLANETARY SATELLITE - 1 1 

NON OSSA 
OART 2 1 -  
INTERNATIOWL PROGRAMS 1 1 2  

OSSA 
BIOPIONEERS A-C - - -  
MARS EXPLORER/ORBITER(79) - - -  
MARS EXPLORER/ORBITER(81) - - -  
VENUS EXPLORER ORBITER(81) - - -  
VENUS EXPLORER ORBITER(78) - - -  
VENUS EXPLORER ORBITER(80) - - -  
TIROS N(75) 
NIMBUS E , F  
NIMBUS G-J 

SMS 
GARP EQUATORIAL 
GARP GEOSTATIONARY 

GARP POLAR ORBITER - - -  
ERTS A,B - 1 1  
ERTS C,D(74) - - - 
ERTS E,F(74)  
GEOS-C(73) 
SAT-TO-SAT(75) 

NAVIGATION T/C(76)  
OSO H 
OSO I-K(73-75) 

OSO L,M(79) - - -  
ASTRONOMY EXPLORERS-DELTA - - -  
ATMOSPHERE EXPLORERS C,D 1 1 -  

ATMOSPHERE EXPLORERS(81) - - -  
I S I S  C,D(72,74) - 1 -  
CLUSTER(77,80) - - -  
IMP I-J 1 1 -  
IMP KK-LL(75,76) - - -  
IMP (78 ,81)  - - -  
SPACE WEATHER PROBE A - - -  

NON OSSA 
OART - - -  
INTERNATIONAL PROGWtS 1 1 2  
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TABLE V I I I -  I. OSSA 1 PLIGHT SCHEDULE 
(Cont inued)  

Yea r  
P r o j e c t  7 1  7 2  7 3  7 4  75 7 6  77 7 8  79 , 8 0  8 1  

ATLAS /CENTAUR 

OSSA 
MARS MARINER(7 1)  2 - - - - - - - - - -  
MERCURY/VENUS MARINER FLYBY(73) - - 1 - - - - - - - - 
JUPITER PIONEER F - I - - - - - - - - -  

ASTEROID BELT SOLAR ELECTRIC 
FLY-THROUGH(81) - - - - - - - - - -  1 

DRSS (78) - - - - - - -  2 - - -  

COMMUNICATIONS AT5 (77,80) - - - - - - 1 - - 1 -  

OAO C 
OAO D 
OAO E-G(77) 
HELIOS 

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

TITAN I I I C  

COMMUNICATIONS ATS F,G(72) - 1 - 1 - - - - - - -  

TITAN IIID/CEhTAUR 

OS SA 
MARS VIKING ORB./SL. A,B(73) - - 2 - - - - - - - -  
lL4RS HIGH DATA RATE ORBITER(81) - - - - - - - - - - 1 
JUPITER PIONEER G - - 1 - - - - - - - - 
JUPITER-SATURN-PLUTO 

MARINER FLYBY(77) 
JUPITER-URANUS-NEPTUNE 

URINER FLYBY(79) 

S-BAND TV TECH(77) - - - - - - I - - - -  
HEAO(81) - - - - - - - - - -  1 
OUTOFECLIPTIC-PIONEER(78,79) - - - - - - - 1 1 - -  
TITANjCENTAUR TEST FLIGHT(72) - I - - - - - - - - -  

TITAN I I I D  (7) /CENTAUR 

OSSA 
WLRS VIKING ORB./SL. C,D(75) - - - - 2 - - - - - -  
MARS VIKING ORB. /SL. E(77) - - - - - - I - - - -  
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This model was developed by modifying OSSAl (Baseline I) t o  agree with the  plans 
represented by the OSSA por t ion of the NASA FY 1971 submission t o  the  Bureau of the  Budget. 
The p r inc ipa l  changes made were as  follows: 

o ERTS C , D  were changed t o  1972, 1973, from 1974, 1975 

e DRSS A,B were changed t o  1977 from 1978 

e A J u p i t e r  Probe i n  1978 was added 

e LTM (Large Telescope Mount) was dele ted 

e HEAO (High Energy Astronomical Observatory) f i r s t  launch moved t o  1974 from 1981 

e LST (Large Space Telescope) replaced OAO(E-G) . 
The following d i v i s i o n  models a r e  included: SA2, SB4, SG2, and SL4. The non-OSSA 

launches included i n  t h i s  model a r e  those non-reimbursable requirements from model SV1. 
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1971  1972 1973 1974 1975 1976 1977 1978 1979 1980 1981  
Year 

F I G U R E  V I I I - 3 .  O S S A ~  LAUNCH V E H I C L E  FUNDING P L O T  

FIGURE: V I I I - 4 .  OSSAP TOTAL FUNDING P L O T  
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V I I I - 9  

TABLE V I I I - 2 .  O S S A 2  F L I G H T  SCHEDULE 

Y e a r  
P r o i e c t  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

-- 

SCOUT 

OSSA 
BIOEXPLORERS A-H - - - 1 1 1 1 1 1 1 1  
SMALL ATS A-D(73) - - 1 2 1 - - - - - -  
DRAG-FREE SATS ( 7 4 ~ 7 9 )  - - - 1 - - 1 - 1 - -  

SEA-TO-SAT(74-79) - - - 1 - - 1 - 1 - -  
DATA COLLECTION (76)  - - - - - I - - - - -  
SMALLASTRONOMYSATELLITESA,B 1 - - - - - - - - - - 
ASTRONOMY EXPLORERS-SCOUT - - 1 1 1 1 1 1 1 1 1  
SSS A-D 1 1 1 - - - - - - - -  
SSS E - J  - - - 1 1 1 1 1 1 -  - 

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

OSSA 
BIOEXPLORERS A-C 
MARS EXPLORER/ORBITER(77) 
MARS EXPLORER/ORBITER(~~) 

MARS ExPLORER/ORBITER(~~) 
VENUS EXPLORER FLYBY~PROBES (75)  
VENUS EXPLORER ORBITER(76) 

VENUS EXPLORER ORBITER(78) 
VENUS EXPLORER ORBITER(80) 
VENUS EXPLORER ORBITER(81) 

TIROS N(75)  
NIMBUS E,P 
NIMBUS G-J 

SMS 
GARP EQUATORIAL 
GARP GEOSTATIONARY 

GARP POLAR ORBITER 
ERTS A,B 
ERTS C,D(72) 

ERTS E,F(74)  
GEOS-C(71) 
SAT-TO-SAT(75) 

NAVIGATION TIC (7.4) 
OSO H 
OSO I-K(73-76) 

OSO L,M(79) 
ASTRONOMY EXPLORERS-DELTA 
ATMOSPHERE EXPLORERS C-E(73-75) 

ATMOSPHERE EXPLORERS F,G 
ATMOSPHERE EXPLORERS (81)  
I S I S  B-D(71,73,74) 

CLUSTER(77,80) 
IMP I - J ( 7 2 , 7 3 )  
I tfP ?P-LL(75,76) 

IMP(78 ,81)  
SPACE WEATHER PROBE A 

NON OSSA 
OART - - - 1 1 - - - - - -  
INTERNATIONAL PROGRAMS 1 1 2 1 1 2 2 1 1 2 1  
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TABLE V I I I -  2. OSSA2 PLIGHT SCHEDULE 
(Continued) 

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

OSSA 
MARS MARINER(71) 2 - - -  
$lERCURY/VENUSMARINERPLYBY(73) - - 1 - 
JUPITER PIONEER F - I - -  

ASTEROID BELT SOLAR ELECTRIC 
FLY-THROUGH (81) - - - -  

COMET D'ARREST MARINER FLYBY(76) - - - - 
DRSS (77)  - - - -  
COHMUNICATIONS ATS (77 ,80)  - - - -  
OAO C I - - -  
OAO D - - - I  
HELIOS - - - I  

NON OSSA 
OART - - - I  
INTERNATIONAL PROGRAMS - 1 - -  

TITAN I I I C  

OSSA 
COPBIUNICATIONS ATS F ,  G(72) - 1 - 1  
LST A-C(76,77,79) - - - -  
HEAO A-C(74) - - - 1 
GENERAL RELATIVITY(76) - - - -  

OSSA 
MARS VIKING ORB./SL. A,B(73) - - 2 -  
MARS HIGH DATA ORBITER(81) - - - - 
JUPITER PIONEER G - - 1 - 
JUPITER FLYBY/PROBES (78) - - - -  
JUPITER-SATURN-PLUTO 

MARINER FLYBY (77)  - - - - 
JUPITER-URANUS-NEPTUNE 

MARINER FLYBY (79)  - - - a  

S-BAND TV TECH(77) - - - - 
HEAO(77) - - - -  
OUTOFECLIPTIC-PIONEER(78,79) - - - - 
TITAN/CENTAUR TEST FLIGHT(72) - 1 - - 

TITAN I I I D  (7) /CENTAUR 

OSSA 
MARS VIKING ORB./SL, C,D(75) - - - - 
MARS VIKING ORB. /SL. E(77)  - - - -  
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This model was derived from the automated projects included in Program I of the 
NASA report to the STG.(l) Program I was the most aggressive of the three programs 
presented in the report. Program I was built around the following major guidelines: 

e 12-man space station and shuttle in 1976 

50-man space station in 1980 

e 12-man geosynchronous space station in 1981 

e Planetary Program to support manned Mars landing in 1983 

e An active Space Applications program. 

The following division models are included: SA3, SB2, SG3, and SL2. The non-OSSA 
launches included are those non-reimbursable requirements from model SV1, 
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1971  1972 1973 1974 1975 1976 1977 1 9 j 8  1 9 i 9  19'80 19'81 
Year 

FIGURE V I I I - 5 .  OSSA3 LAUNCH VEHICLE FUNDING PLOT 

FIGURE V I I I - ~ 6 .  OSSA3 TOTAL FUNDING PLOT 
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V I I I -  13 

TABLE V I I I -  3. OSSA3 F L I G H T  SCHEDULE 

P r o j e c t  
Y e a r  

7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

SCOUT 

OSSA 
BIOEXPLORERS A-N - 2 2 2 2 l , 1 1 1 1 -  
StlALLASTRONOMYSATELLITESA,B 1 - - - - - - - - - - 
ASTRONOMY EXPLORERS- SCOUT 

(HIGH PLAN) 2 1 1 2 1 2 1 2 1 2 1  

SSS A-D 1 1 1 - - - - - - - -  
SSS E-F - - - 2 - - - - - - -  
SSS G-L - - - - 1 1 1 1 1 1 -  

SMALLINTERPLANETARYSATELLITES - 1 1 1 1 1 - - - - - 
SEA-TO-SAT(73-80) , - - 1 - - 1 - 1 - 1 -  
DRAG-FREE SAT (72)  - I - - - - - - - - -  

DRAG-FREE SATS (75-7 9) - - - - 1 - 1 - 1 - -  
DATA COLLECTION(74) - - - I - - - - - - -  
ShlALL ATS A-D(72) - 1 2 1 - - - - - - -  

NON OSSA 
OART 2 1 - - - - - - - - -  
INTERNATIONAL PROGRAMS 1 1 2 1 1 2 1 1 2 1 1  

OSSA 
BIOPIONEER A-D (74) 
MARS EXPLORER/ORBITER(~~) 
MARS EXPLORER/ORBITER(~P) 

blARS EXPLORER/ORBITER(81) 
VENUS EXPLORER ORBITER(72) 
VENUS EXPLORER ORBITER(75) 

VENUS EXPLORER ORBITER(76) 
VENUS EXPLORER ORBITER(78) 
OSO H 

OSO I -K(73 ,75)  
OSO L,M(79) 
ASTRONOMY EXPLORERS-DELTA 

(HIGH PLAN) 

ATMOSPHERE EXPLORERS C,D 
ATMOSPHERE EXPLORERS (76 ,79)  
I S I S  C,D(72,74) 

CLUSTER(75) 
CLUSTER(78,80) 
IMP I-J 

IMP KK-LL(74,75) 
IMP M-R 
SPACE WEATHER PROBE A 

SPACE WEAlPtER PROBE B,C 
TIROS N(74) 
NIMBUS E,F  

NIMBUS G,H 
NI>fBUS(77,78) 
SMS 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A,B 
ERTS C,D(72) 
ERTS E , F ( 7 3 )  

GEOS-C(72) 
SAT-TO-SAT(74) 
NAVIGATION T/C(74) 

NON OSSA 
OART - - . . 1 1 . . - - - - -  
INTERNATIONAL PROGRAMS f 1 2 1 1 2 2 1 1 2 1  
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TABLE VIIZ-3. OSSA3 FLIGHT SCHEDULE 
(Continued) 

Y e a r  
7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  P r o j e c t  

OSSA 
MARS MARINER(71) 
~ERCURY /VENUS M R I N E R  FLYBY (73)  
JUPITER PIONEER F 

COMET D'ARREST MARINER FLYBY (76)  
ASTEROID BELT SOLAR ELECTRIC 

FLY-THROUGH(75) 
ASTEROID EROS MARINER FLYBY (81) 

OAO c 
0.40 D 
OAO E-G(75)  

HELIOS 
METEOROLOGICAL ATS (74)  
DRSS (78-1)  

DRSS TRIPLE ACCESS (7.4). 
CO~lMUNICATIONS ATS ( 7 7 , 8 0 )  

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

TITAN I I I C  

OSSA 
MERCURY/VENUS MARINER FLYBY (78)  
VENUS HARINER FLYBY/PROBES (77)  
HEAO A-C(73)  
CO~MJNICATIONS ATS F ,  G(72)  

OSSA 
MARS VIKING ORB./SL. A ,B(73)  
MARS HIGH DATA ORBITER(77) 
MARS HIGH DATA ORBITER(81) 

MARS SOFT LANDER ROVER(77) 
MARS SOFT LANDER ROVER(79) 
MARS SOFT LANDER ROVER(81) 

VENUS MARINER ORBITER(78) 
VENUS MARINER ORBITER(81)  
JUPITER PIONEER G 

JUPITER MARINER ORBITER(78) 
JUPITER FLYBY/PROBES(80)-HIGH 
JUPITER-SATURN-PLUTO 

EIARINER FLYBY (7 7 )  

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY (79)  

OUT OF ECLIPTIC-PIONEER(75,76)  
HEAO (77)  

S-BAND TV TECH(74) 
X-BAND TV TECH(75) 
PROTO-INSTR TV SAT 

UHF TV TECH(78) 
PROTO-ETV SAT B 
TITAN/CENTAUR TEST FLIGHT(72)  
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V L I I - 1 5  and V I I I - 1 6  

TABLE V I I I - 3 .  OSSA3 FLIGHT SCHEDULE 
(Continued) 

Project 

-- - -  

Year 
7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

TITAN I I I D  ( 7 )  /CENTAUR 

OSSA 
MARS VIKING ORB. /SL. C , D ( 7 5 )  - - - - 2 - - - - - -  

TITAN I I I D  

OSSA 
LTM A 

SATURN INTZO/CENTAUR 

OSSA 
SATURN MARINER ORBITER/ 

PROBES ( 8 1 )  -HIGH - - - - - - - - - -  1 
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This model was developed by combining the PSG-LOW models from each of the OSSA 
divisions. It is believed that the various PSG-LOW division models were developed 
independently. As a result, when combined, the model does not represent an OSSA program 
that was considered as part of the PSG or OSSA planning activities. 

The characteristics of the model are as follows: 

0 A very active Planetary program 

An active early Space Applications program (1971-1975) 

0 A low level late Space Applications program (1976-1981) 

A moderate Physics and Astronomy early program (1971-1975) 

0 A low level Physics and Astronomy late program (1976-1981) 

0 A moderate Bioscience program. 

The division models included are as follows: SA4, SB1, SG4, and SL1. The non-OSSA 
launches included are those non-reimbursable requirements from model SV1. 
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V I I I -  18 

F I G U R E  V I I I - 7 .  OSSA4 LAUNCH VEHICLE FUNDING PLOT 

FIGURE V I I I - 8 .  OSSA4 TOTAL FUNDING PLOT 
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TABLE VIII-4. OSSA4 FLIGHT SCHEDULE 

Year 
Project 71 72 73 74 75 76 77 78 79 80 81 

OSSA 
BIOEXPLORER A-O(1) 
SMALL ASTRONOMY SATELLITES A,B 
SSS E-F 

SEA-TO-SAT(73) 
DRAG-FREE SAT (72) 
DRAG-FREE SATS (75-79) 

DATA COLLECTION(74) 
SMALL ATS A-D(72) 

NON OSSA 
OART 
IWTERNATIONAL PROGRAMS 

OSSA 
BIOPIONEER A-D(73) 
MARS EXPLORER/ORBITER(77) 
MARS EXPLORER/ORBITER(81) 

MARS EXPLORERlORBITER(73) 
MARS EXPLORERlORBITER(75) 
VENUS EXPLORER ORBITER(72) 

VENUS EXPLORER ORBITER(73) 
VENUS EXPLORER ORBITER(75) 
VENUS EXPLORER ORBITER(80) 

(Launch in 1983) - - - - - - - -  
1 1 - - - - - -  

VENUS EXPLORER ORBITER(83) 
OSO H 
OSO I-K(73-75) 

OSO L,M(77) 
RADIO ASTRONOMY EXPLORERS C,D 
ATMOSPHERE EXPLORERS C-E(73-75) 

ISIS B,C(71,73) 
CLUSTER (75) 
GYROSCOPE PRECESSION-PRECURSOR 

IMP I-J(72,73) 
IMP KK-LL(74,75) 
TIROS N(75) 

NIMBUS E,F 
NIMBUS G,H 
NIMBUS (77,78) 

SMS 
ERTS A,B 
ERTS C,D(72) 

ERTS E,F(74) 
GEOS-C(71) 
SAT-TO-SAT(75) 

CoMMUNICAT1C)NS R&D(75) 
COMMUNICATIONS mD(7 8) 
NAVIGATION TlC(74) 

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 
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V I I I -  20 

TABLE VIII-4.  OSSA4 FLIGHT SCHEDULE 
(Continued) 

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

OSSA 
MARS MARINER (7 1) 
MERCURY/VENUS MARINER FLYBY(73) 
JUPITER PIONEER F 

COMET D'ARREST MARINER FLYBY(76) 
ASTEROID BELT SOLAR ELECTRIC 

FLY-THROUGH ( 7  5) 

COMET HALLEY MARINER ELYBY(85) 
ASTEROID EROS MARINER FLYBY(81) 
OAO C 

(Launch  - - - - 
HELIOS 
DATA RELAY - NEAR EARTH 
DRSS TRIPLE ACCESS (74) 

NON OSSA 
OART 
IWERNATIONAL PROGRAMS 

TITAN I I I C  

OSSA 
MERCURY/VENUS IfARINER FLYBY(78) - - - - - - - I - - -  
VENUS MARINER FLYBYIPROBES (75) - - - - 2 - - - - - -  
HEAO A-C(74) - - - I l l - - - - -  

COMhlUNICATIONS ATS F,  G(72) - 1 - 1 - - - - - - -  

TITAN IIID/CENTAUR 

MARS VIKING ORB. ISL. A,B(73) - - 2 - 
MARS HIGH DATA ORBITER(79) - - - -  
MARS HIGH DATA ORBITER(84) 

MARS SOFT LANDERfROVER(84) 
MERCURY SOLAR ELECTRIC ORBITER(82) - - - 
VENUS MARINER ORBITER(78) - - - -  
VENUS MRINER ORBITERIROUGH 

LANDER(83) 
JUPITER PIONEER G - - 1 - 
JUPITER MRINER FLYBY/SOLAR 

ESCAPE(74) - - -  1 

JUPITER MARINER ORBITER(78) - - - -  
JUPITER FLYBY/PROBES(80)-LOW - - - -  
JUPITER FLYBY/PROBES(84) 

JUPITER-SATURN-PLIKO 
MARINER FLYBY(77)-LON - - - -  

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY (79)-LOW - - - -  

COMET KOPFF MARINER 
RENDEZVOUS (83)  

HEAO(77) - - - -  
S-BAND TV TECH(75) - - - -  
UHF TV TECH(80) - - - -  
TITAN/CENTAUR TEST FLIGHT(72) - I - -  

- - - -  - - - -  
(Launch  i n  1984)  

(Launch  i n  1984)  - - - -  
- - - I  

(Launch  i n  1 9 8 3 )  - - - -  
- - - - 
- - - I  
- - - -  

(Launch  i n  1 9 8 4 )  

(Launch  i n  1 9 8 3 )  
- - 1 - 
I - - -  
- - - - 

TITAN I I I D ( 7 )  /CENTAUR 

OSSA 
M R S  VIKING ORB. /SL. C,D(75) - - - - 2 - - - - - -  

OSSA 
SATURN MARINER ORBITER/ 

PROBE A(81)  - e m - - - - - - -  1 
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This model was created by combining the models from each division for which the 
funding requirements were the closest to the division funding projections from Appendix 
A. The major characteristics of the model are as follows: 

A moderate-to-active Bioscience program 

Jupiter Orbiter in 1978 

~ercury/~enus Flyby in 1978 

No Grand Tours 

No follow-on Viking 

Mars Soft ~ander/Rover in 1981 

LST (Large Space Telescopes) -- 3 launches, first in 1976 

HEAO (High Energy Astronomical Observatory) -- 2 launches - 1977 and 1981 
Moderate Space Applications program. 

The division models included are as follows: SA5, SB10, SG5, and SL7. The non-OSSA 
launches included are those non-reimbursable requirements from model SV1. 
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1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Year 

F I G U R E  V I I I - 9 .  OSSA5 LAUNCH V E H I C L E  FUNDING PLOT 

Year 

F I G U R E  V I I I - 1 0 .  OSSA5 TOTAL FUNDING PLOT 
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V I I I - 2 3  

TABLE VIIZ- 5 .  OSSA5 FLIG'HT SCHEDULE 

Project 
Year 

71 72 73 74 75 76 77 78 79 80 81 

OSSA 
BIOEXPLORERS A-N 
SMALL ATS SCOUT 
DATA COLLECTION(76) 

SMALL ASTRONOMY SATS A,B 
ASTRONOMY EXPLORERS-SCOUT 
SSS A-D 
SSS E-J 

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

OSSA 
BIOPIONEER A-D(74) 
BIOSATELLITES (IMPROVED) A- J 
VENUS EXPLORER OORBTER(78) 

TIROS N(75) 
NIMBUS E,F 
NIMBUS G-J 

SMS 
GARP EQUATORIAL 
GARP GEOSTATIONARY 

GARP POLAR ORBITER 
ERTS A,B 
ERTS C,D(73) 

ERTS E,F(74) 
ERTS FOLLOW-ON 
SMALL ATS DELTA 

GEOS- C c7 1) 
SAT-TO-SAT (75) 
COMMUNICATIONS R&D(78,80) 

NAVIGATION T/C(76) 
OSO A-H 
OSO I-K 

OSO L,M(79) 
ASTRONOMY EXPLORERS-DELTA 
ATMOSPHERE EXPLORERS C,D 

ATMOSPHERE EXPLORERS(81) 
ISIS C,D(72,74) 
CLUSTER(77,80) 

IMP I-J(72,73) 
IMP KK-LL (75,76) 
IMP(78,81) 

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

SCOUT 

2 2 - 2 - - 
- - 
- 1 
1 1  - - 

1 - 
1 2  

TATIDELTA 

- - 
- - - - 
- - 
1 1  - - 
1 - 
- - 
- - 
- - 
1 1  
- 1 
- - - - - - 
- - - - - - 
- - - - 
- 1 

- - - - 
1 - 
- - 
1 - - - 
1 1  - - - - 

- - 
1 2  
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VIII- 24 

TABLE V I I I -  5. O S S A 5  F L I G H T  SCHEDULE 
(Continued) 

Year 
Project 71 72 73 74 75 76 77 78 79 80 81 

OSSA 
MARS MARINER(7 1) 2 - - -  
MERCURY/VENUS MARINER FLYBY(73) - - 1 - 
JUPITER PIONEER F - I - -  

ASTEROID BELT SOLAR ELECTRIC 
FLY -THROUGH (8 1) - - - -  

DRSS (77) - - - -  
COMMUNICATIONS ATS (77,79) - - - -  
OAO C 
OAO D 
HELIOS 

NON OSSA 
OART - - - I  
INTERNATIONAL PROGRAMS - I - -  

TITAN IIIC 

OSSA 
MERCURY /VENUS MARINER FLYBY (78) - - - - 
COMMUNICATIONS ATS F,G(72) - 1 - 1  
LST A-C(76,78,80) - - - -  

OS SA 
MARS VIKING ORB. /SL. A ,B(75) 
MARS SOFT LANDER/ROVER(81) 
MARS HIGH DATA RATE ORBITER(77) 

PaRS HIGH DAm RATE ORBITER(79) 
VENUS HIGH DATA RATE ORBITER(81) 
JUPITER PIONEER G 

JUPITER MARINER ORBITER(78) 
X-BAND TV TECH(77) 
PROTO-INFO/ETV SAT A 

UHF DIRECT TV PROTO-OP 
UHF TV TECH(78) 
HEAO(81) 

OUT OF ECLIPTIC-PIONEER(7 8,7 9) 
TITAN/CEWIAUR TEST FLIGHT(73) 
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Model OSSA6 was created by finding the combination of division models with combined 
funding closest to the OSSA total funding projection less the launch vehicle procurement 
funding projection from Appendix A. This selection criterion resulted in an OSSA mission 
model with the following characteristics: 

e Moderate Bioscience Program 

0 A Grand Tour in 1979 (Jupiter-Uranus-Neptune) 

e Viking 1975, no follow-on 

0 LST (Large Space Telescopes) -- 3 launches, first in 1976 
o HEAO (High Energy Astronomical Observatory) -- 2 launches - 1977 and 1981 
0 Moderate Space Applications program. 

The division models included are as follows: SA5, SB7, SG5, and SL9. The non-OSSA 
launches included are those non-reimbursable requirements from model SV1. 
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1971  1972 1973 1974 1975 1976 1977 1978 1979 1980 1 9 8 1  
Year 

F I G U R E  V I I  I- 11. OS SAG LAUNCH V E H I C L E  FUNDING P L O T  

1 9 7 1  1972 1973 1974 1975 1976 1977 1978  1979 1980 1981  
Year 

F I G U R E  V I I I - 1 2 .  O S S A 6  TOTAL FUNDING P L O T  
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V I I I - 2 7  

TABLE V I I I -  6. OSSA6 FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  80 81 

SCOUT 

OSSA 
BIOEXPLORER A - O ( I 1 )  - 1 1 1 1 2 2 2 2 2 1  
SMALLASTRONOMYSATELLITESA,B 1 - - - - - - - - - - 
ASTRONOMY EXPLORERS-SCOUT - - 1 1 1 1 1 1 1 1 1  

S S S  A-D 
SSS  E - J  
SMALL ATS SCOUT 

DRAG-FREE SATS (74 -7  9 )  - - - 1 - - 1 - 1 - -  
DATA  COLLECTION(^^) - - - - - I - - - - -  

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

OSSA 
BIOPIONEER A-D ( 7 4 )  
BIOSATELLITES (IMPROVED) A-C 
PIARS ExPLORER/ORBITER(~~)  

VENUS EXPLOPXR OPaITER(78)  
VENUS EXPLORER ORBITER(80)  
OSO H 

OSO I - K ( 7 3 - 7 5 )  
OSO L ,M(79)  
ASTRONOMY EXPLORERS-DELTA 

ATMOSPHERE EXPLORERS C,D 
ATbIOS W E R E  EXPLORERS (81) 
I S I S  C , D ( 7 2 , 7 4 )  

CLUSTER(77 ,SO) 
IMP I - J ( 7 2 , 7 3 )  
IMP KK-LL(75,76)  

I M P ( 7 8 , 8 1 )  
SPACE WEATHER PROBE A 
TIROS N ( 7 5 )  

NIMEUS E , F  
NIMBUS G-J  
SPlS 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A,B 
ERTS C,D(73)  
ERTS E , F ( 7 4 )  

ERTS FOLLOW-ON 
SMALL ATS DELTA 
GEOS-C(71) 

SAT-TO-SAT (75 )  
COfifbIUNICATIONS R&D ( 7 8 , 8 0 )  
NAVIGATIOV T/C ( 7 6 )  

NON OSSA 
OART - . , - l l - . . - - - -  
INTERNATIONAL PROGRAMS 1 1 2 1 1 2 2 1 1 2 1  
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V I I I -  28 

TABLE VII I -6 .  OSSA6 FLIGHT SCHEDULE 
(Continued)  

P r o j e c t  
Y e a r  

7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

OSSA 
MARS MARINER(71) 
MERCURY/VENUS MARINER FLYBY ( 7 3 )  
J U P I T E R  PIONEER F 

OAO C 
OAO D 
HELIOS 

DRSS (77 )  
COMMUNICATIONS ATS ( 7 7 , 7 9 )  

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

TITAN I I I C  

OSSA 
MERCURYIVENUS MARINER FLYBY(78) - - - - - - - I - - -  
L S T  A - C ( 7 6 , 7 8 , 8 0 )  - - - - - 1 - 1 - 1 -  
COMMUNICATIONS ATS F , G ( 7 2 )  - 1 - 1 - - - - - - -  

TITAN IIID~CENTAUR 

OSSA 
MARS VIKING oRB./SL A ,B(75 )  - - - - 2 - - - - - -  
MARS HIGH DATA ORBITER(77)  - - - - - - I - - - -  
MARS HIGH DATA ORBITER(81)  - - - - - - - - - - I  

VENUS HIGH DATA ORBITER(81)  - - - - - - - - - - I  
J U P I T E R  PIONEER G - - I - - - - - - - -  
J U P I T E R  MARINER ORBITER(78)  - - - - - - - I - - -  

J U P I T E R  PLYBY/PROBES (83) ( L a u n c h  i n  1 9 8 3 )  
JUPITER-URANUS-NEPTUNE 

PIARINER FLYBY ( 7 9 )  - - - - - - - - 2 - -  
HEAO ( 7  7 )  - - - - - - I - - - -  

HEAO ( 8 1 )  - - - - - - - - - - l  
OUTOFECLIPTIC-PIONEER(78,79) - - - - - - - X I - -  
X-BAND TV TECH(77) - - - - - - I - - - . .  

PROTO-INFO/ETV SAT A - - - - - - - I - - -  
UHF DIRECT TV PROTO-OP - - - - - - - - - - I  
UHF TV TECH(78) - - - - - . . - I - - -  
TITAN/CENTAUR TEST FLIGHT(73)  - - I - - - - - - - -  
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This model has the lowest funding requirements of any of the OSSA models considered 
in this study. It was created by combining the alternative division models with the lowest 
funding requirements. 

This model has the following major characteristics: 

No Bioscience flight program 

A single pair of Vikings launched in 1977 

One Grand Tour-1979 (~u~iter- ranu us-~eptune) 

No Large Space Telescopes (LST) 

3 automated physics and chemistry labs, first in 1976 

HEAO (High Energy Astronomical Observatories) -- 4 launch programs, first in 1977 
A stretched-out Space Applications program 

No Broadcast TV satellites. 

The division models included are as follows: SA10, SB8, SG9, and SL5. The non-OSSA 
launches included are those non-reimbursable requirements from model SV1. 
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1971  1972 1973 1974 1975 1976 1 9 j 7  1978 1979 1980 1981  
Year 

F I G U R E  V I I I - 1 3 .  O S S A 7  LAUNCH V E H I C L E  FUNDING P L O T  

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 15 
Year 

F I G U R E  V I I I - 1 4 .  OSSA7 TOTAL FUNDING P L O T  
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V I I I - 3 1  

TABLE V I I I - 7 .  OSSA7 FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  

SCOUT 

OSSA 
SMALL ASTRONOMY SATELLITES A,B 1 - - 
ASTRONOm EXPLORERS-SCOUT - - 1 
SMALL ATS A-D(73) - - 1  

DRAG-FREE SATS (75-79) 
SEA-TO-SAT(74-7 9)  
DATA COLLECTION (76)  

NON OSSA 
OART 
INTERNATIONAL 

OSSA 
MARS EXPLORER/ORBITER(79) - - - 
MARS EXPLORER/ORBITER(~~) - - - 
VENUS EXPLORER ORBITER(80) - - -  
VENUS EXPLORER ORBITER(75) - - - 
OSO H 1 - -  
OSO I-K(73-76) - - 1 

ASTRONOMY EXPLORERS-DELTA (LOW PLAN) - - - 
ATMOSPHERE EXPLORERS C-E(73-75) - - 1 

ATMOSPHERE EXPLORERS P,G 
ATMOSPHERE EXPLORERS (81) 
I S I S  B-D(71,73,74) 

CLUSTER(77,80) 
IMP I - J ( 7 2 , 7 3 )  
IMP KK-LL(75,76) 

IMP(78,81) 
SPACE WEATHER PROBE A 
SPACE WEATHER PROBES B, C 

TIROS N(75)  
NIMBUS E , F  
SMS 

GARP EQUATORIAL 
GARP GEOSTATIONARY 
GARP POLAR ORBITER 

ERTS A,B 
ERTS C,D(73) 
ERTS FOLLOW-ON (MED. -LEVEL) 

GEOS-C(72) 
SAT- TO-SAT (75)  
COMMUNICATIONS R6rD (7 8 , 8 0 )  

NAVIGATION TIC (76) 

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 
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TABLE VII I -7 .  OSSA7 FLIGHT SCHEDULE 
(Continued)  

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  77 7 8  7 9  8 0  8 1  

OSSA 
M R S  MARINER(71) 2 - - -  
~ERCURY~VENUS EY\RINER FLYBY (73) - - 1 - 
JUPITER PIONEER F - I - -  

OAO C 
OAO D 
HELIOS 

PHYSICS AND CHEMISTRY LAB- 
AUTOMATED - - - -  

hIETEOROLOGICAL ATS (76)  - - - -  
DRSS TRIPLE ACCESS (77) - - - - 
DRSS DUAL PURPOSE - - - . .  
COMMUNICATIONS ATS ( 7 7 , 7 9 )  - - - -  
NAVIGATION TIC (77 ,78)  - - - -  

NON OSSA 
OART - - - 1 
INTERNATIONAL PROGRAMS - I - -  

TITAN I I I C  

OSSA 
HEAO A-C(77-81) - - - - 
GENERAL RELATIVITY (76)  - - - -  
COMMLJNICATIONS ATS F, G(73) - - I -  

OSSA 
M R S  VIKING ORB. ISL. A,B ( 7 7 )  
MARS HIGH DATA RATE ORBITER(81) 
MARS HIGH DATA RATE ORBITER(75) 

VENUS HIGH DATA ORBITER(81) 
JUPITER PIONEER G 
JUPITER-URANUS-NEPTUNE 

MARINER FLYBY (7 9 )  

HEAO(82 ) 
OUT OF ECLIPTIC-PIONEER(78,79) 
SOLAR PROBE TO 0 . 0 5  a.u. 

SOLAR PROBE-CLOSE IN PRECUWOR 
RELATIVITY REDSHIFT-SOLAR PROBE 
RELATIVITY REDSHIFT-DEEP SPACE 

TITAN EXPLORERS 
TITANICENTAUR TEST FLIGHT(73) 

TITAN IIIDICENTAUR 

(Launch i n  1 9 8 2 )  - - -  1 1  - - 
. . - - - - I -  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



The guidelines used in developing this model were intended to emphasize Space Appli- 
cations, support a moderate Planetary program, and include models from Bioscience and 
Physics and Astronomy such that the total funding required at the OSSA level would be 
close to the OSSA funding projection from Appendix A. 

The major characteristics of this model are as follows: 

e A Space Application program increasing rapidly in the period 1972-1975 

e 2 Viking launches in 1975 and 1 launch in 1977 

e A Grand Tour in 1979 (Jupiter-Uranus-Neptune) 

e No Bioscience flight program 

e No Large Space Telescopes (LST) 

e A 4-launch HEAO (High Energy Astronomical Observatory) program, first in 1977. 

The division models included are as follows : SA9, SB8, SG9, and SL8. The non-OSSA 
launches included are those non-reimbursable requirements from model SV1. 
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1 9 7 1  1972 1973 1974 1975 1976 1977 1 9 i 8  1 9 j 9  1980 19'81 
Year 

F I G U R E  V I I I - 1 5 .  OSSA8 LAUNCH V E H I C L E  FUNDING PLOT 

F I G U R E  V I I I - 1 6 .  OSSA8 TOTAL FUNDING PLOT 
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V I I I - 3 5  

TABLE V I I I - 8 .  OSSA8 FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  77 7 8  7 9  8 0  8 1  

SCOUT 

OSSA 
SMALLASTRONOMYSATELLITESA,B 1 - - - - - - - - - - 
ASTRONOMY EXPLORERS-SCOUT - - 1 1 1 1 1 1 1 1 1  
SMALL ATS A-D(73) - - 1 2 1 - - - - - -  

DRAG-FREE SATS (74-79) 
SEA-TO-SAT (74-79) 
DATA COLLECTION(76) 

NON OSSA 
OART 2 1 - - - - - - - - -  
INTERNATIONAL PROGRAMS 1 1 2 1 1 2 1 1 2 1 1  

TAT /DELTA 

OSSA 
MARS EXPLORGR/ORBITER (79) 
VENUS EXPLORER ORBITER (7 6)  
VENUS EXPLORER ORBITER(80) 

VENUS EXPLORER ORBITER (81) 
OSO H 
OSO I-K(73-76) 

OSO L,M(79) 
ASTRONOMY EXPLORERS-DELTA (LON 

PLAN) 
ATMOSPHERE EXPLORERS C-E(73-75) 

ATMOSPHERE EXPLORERS F,G 
ATMOSPHERE EXPLORERS(81) 
I S I S  B-D(71,73,74) 

CLUSTER(77,80) 
IMP I - J ( 7 2 , 7 3 )  
IMP KK-LL(75,76) 

IhlP(78,81) 
SPACE IiEATHER PROBE A 
SPACE WEATHER PROBE B,C 

TIROS N(75) 
NIbfBUS E , F  
NIMBUS(77,78) 

SMS 
GARP EQUATORIAL 
GARP GEOSTATIONARY 

GARP POLAR ORBITER 
ERTS A,B 
ERTS C,D(73) 

ERTS E,F(74)  
ERTS FOLLOI~-ON (MED . -LEVEL) 
GEOS-C(72) 

SAT-TO-SAT (75) 
COMMUNICATIONS R&D(78,80) 
NAVIGATION T/C(76)  

NON OSSA 
OART - - - 1 1 - - - - - -  
INTERNATIONAL PROGRAMS 1 1 2 1 1 2  2 1 1 2 1  
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TABLE V I I I -  8. O S S A 8  F L I G H T  SCHEDULE 
(Continued) 

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  81 

OSSA 
NARS MARINER (7 1) 2 - - - - - - - - - -  
PfERCURY/VENUSt?ARINERFLYBY(73) - - 1 - - - - - - - - 
JUPITER PIONEER - I - - - - - - - - -  

ASTEROID BELT SOLAR ELECTRIC 
FLY-THROUGH(81) - - - - - - - - - -  1 

OAO C I - - - - - - - - - -  
OSO D - - - I - - - - - - -  

HELIOS - - - 1 1 - - - - - -  
PHYSICS AND CHEMISTRY LAB- 

AUTOMATED - - - - - 1 - 1 - 1 -  
METEOROLOGICAL ATS (76)  - - - - - 1 - 1 1 - -  

DRSS TRIPLE ACCESS (77) - - - - - - 2 - - - -  
DRSS DUAL PURPOSE - - - - - - - - -  2 - 
COMMUNICATIONS ATS (77 ,79)  - - - - - -  1 - 1 - -  
NAVIGATION T/C(77 ,78)  - - - - - - 1 1 - - -  

NON OSSA 
OART 
IKCERNATIONAL PROGRAPS 

TITAN I I I C  

OSSA 
N.ERCURY/VENUS MARINER  FLYBY(^^) - - - - - - - 1 - - - 
SEA0 A-C(77-81) - - - - - - 1 - 1 - 1  
GENERAL RELATIVITY(76) - - - - - I - - - - -  
COMf?UNICATIONS ATS F ,  G(73) - - 1 - 1 - - - - - -  

TITAN IIID/CEKCAUR 

0 s  SA 
MARS VIKING ORB./SL. A,B(75) 
MARS SOFT LANDER/ROVER(84) 
MARS HIGH DATA RATE ORBITER(81) 

JUPITER PIONEER G 
JUPITER MARINER ORBITER(80) 
JUPITER-URANUS-NEPTUNE 

PIARINER FLYBY (79) 

HEAO (82) 
OUT OF ECLIPTIC-PIONEER(78,79) 
SOLAR PROBE TO 0 . 0 5  a . u .  

SOLAR PROBE-CLOSE I N  PRECURSOR 
RELATIVITY REDSHIFT-SOLAR PROBE 
RELATIVITY REDSHIFT-DEEP SPACE 

TITAN EXPLORERS 
X-BAND TV TECH(77) 
PROTO-INFO/ETV SAT A 

PROTO-INFOJETV SAT B 
UHF DIRECT TV PROTO-OP 
TITAN/CENTAUR TEST FLIGHT( 73) 

2 - - -  

(Launch  i n  1 9 8 4 )  - - - -  

(Launch  i n  1 9 8 2 )  
- - - I  
- - - -  

TITAN I I I D  (7) /CENTAUR 

OSSA 
MARS VIKING ORB. /SL. C(77) . . - - - - - 1 - - - -  
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For this model, the primary guideline was for inclusion of the most aggressive 
of the alternative Planetary models. The nominal models (those with funding require- 
ments closest to the Appendix A projections) from SA and SG were added along with the 
Bioscience low program. 

The major characteristics of this model are as follows: 

e Two pairs of Vikings in 1977 and 1979 

e Both Grand Tours, 1977 and 1979 

e Moderate Space Applications program 

0 Moderate Space Physics and Astronomy program 

e No Bioscience flight program. 

The division models included are as follows: SA5, SB8, SG5, and SL10. The non-OSSA 
launches included are those non-reimbursable requirements from model SV1. 
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1971 1972 1973 1974 1975 1976 1977 1 h 8  19;9 1980 lb8l 
Year 
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TABLE V I I I -  9.  OSSA9 FLIGHT SCHEDULE 

Y e a r  
Y e a r  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  81 

SCOUT 

OSSA 
SMALLASTRONOMYSATELLITESA,B 1 - - - - - - - - - - 
ASTRONOMY EXPLORERS-SCOUT - - 1 1 1 1 1 1 1 1 1  
S S S  A-D 1 1 1 - - - - - - . . -  

SSS E - J  
SMALL ATS SCOUT 
DATA CULLECTION ( 7 6 )  
DRAG-FREE SATS (74 -79 )  

NON OSSA 
OART 2 1 - - - - - - - - -  
INTERNATIONAL PROGRAMS 1 1 2 1 1 2 1 1 2 1 1  

OSSA 
MARS EXPLORER/ORBITER(77) 
MARS ExPLoRER)oRBITER(~~~  
VENUS EXPLORER ORBITER(75)  

VENUS EXPLORER ORBITER(80)  
OSO H 
OSO I - K ( 7 3 - 7 5 )  

OSO L.M(79) 
ASTRONOMY EXPLORERS-DELTA 
ATMOSPHERE EXPLORERS C,D 

ATMOSPHERE EXPLORERS (81) 
I S I S  C ,D(72 ,74 )  
CLUSTER(77,80)  

IMP 1-3 ( 7 2 , 7 3 )  
I b P  KK-LL ( 7 5 , 7 6 )  
I M P ( 7 8 , 8 1 )  

SPACE WEATHER PROBE A 
TIROS N(75)  
NIMBUS E , F  

NIMBUS G-J 
SMS 
GARP EQUATORIAL 

GARP GEOSTATIONARY 
GARP POLAR ORBITER 
ERTS A,B 

ERTS C ,D(73)  
ERTS E , F ( 7 4 )  
ERTS FOLLOW-ON 

SMALL ATS DELTA 
GEOS-C(71) 
SAT-TO-SAT(75) 

COMMUNICATIONS R&D(78,80)  
NAVIGATION T /C(76)  

NON OSSA 
OART - - - 1 1 - - - - - -  
INTERNATIONAL PROGRAMS 1 1 2 1 1 2 2 1 1 2 1  
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TABLE V I I I -  9 .  OSSA9 FLIGHT SCHEDULE 
(Continued) 

Y e a r  
P r o j e c t  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  81 

OSSA 
MARS MARINER(71) 2 - - - - - - - - - -  
MERCURY/VENUSMARWERFLYBY(~~)  - - 1 - - - - - - - - 
JUPITER PIONEER F - I - - - - - - - - -  

ASTEROID BELT SOLAR ELECTRIC 
FLY-THROUGH(81) - - - - - - - - - -  1 

OAO C I - - - - - - - - - -  
OAO D - - - 1 - - - - - - - 
HELIOS - - - 1 1 - - - - - -  
DRSS (77) - - - - - - 2 - - - -  
COPlMUNICATIONS ATS (77 ,7  9 )  - - - - - - 1 - 1 - -  

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

TITAN I I I C  

OSSA 
LST A-C(76,78,80) - - - - - 1 - 1 - 1 -  
CO~lMUNICATIONS ATS F ,G(72)  - 1 - 1 - - - - - - -  

TITAN IIID~CENTAUR 

OSSA 
tfARS VIKING ORB. /SL. A,B (75)  
MARS HIGH DATA ORBITER(81) 
MARS SOFT LANDER/ROVER(84) 

VENUS HIGH DATA ORBITER(81) 
JUPITER PIONEER G 
JUPITER FLYBY/PROBES (83)  

JUPITER-SATURN-PLUTO 
MARINER FLYBY ( 7 7 )  

JUPITER-URANUS-NEPTUNE 
MARINER FLYBY (79)  

HEAO(81) 

HEAO (7 7 ) 
OUT OF ECLIPTIC-PIONEER(78,79) 
X-BAND TV TECH(77) 

PROTO-INFO/ETV SAT A 
UHF DIRECT TV PROTO-OP 
UHF TV TECH(78) 
TITANICENTAUR TEST FLIGHT(73) 

2 - - -  - - - - 
(Launch  in  1 9 8 4 )  

- - - -  
(Launch i n  1 9 8 3 )  

TITAN IIID(7)/CENTAUR 

OSSA 
MARS VIKING ORB./SL. C,D(79) - - - - - - - - 2 - -  
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The principal guideline used in creating OSSAlO involved having a total OSSA 
funding requirement which averaged 10% higher than the OSSA funding projection from 
Appendix A. 

This model has the following major characteristics: 

e A Space Applications program with rapid growth in the period 1972-1975 

e A pair of Vikings in 1975 

e Grand Tour in 197 9 

e LST (Large Space Telescopes) -- 3 launch programs, first in 1976 
e HEAO (High Energy Astronomical Observatories) -- 4 launches, first in 1977 

e A moderate Bioscience flight program. 

The division models included are as follows: SA9, SB6, SG8, and SL9. The non-OSSA 
launches included are those non-reimbursable requirements from model SV1. 
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F I G U R E  V I I I - 1 9 .  OSSAlO LAUNCH VEHICLE FUNDING PLOT 
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V I I I - 4 3  

TABLE V I I I -  10, OSSAlO F L I G H T  SCHEDULE 

Year 
7 1  72 7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  P r o j e c t  

SCOUT 

OS SA 
BIOEXPLORERS A-£3 
SMALL ASTRONOMY SATELLITES A,B 
ASTRONOMY EXPLORERS-SCOUT 

SMALL ATS A-D(73) 
DRAG-FREE SATS (74-79) 
SEA-TO-SAT(74-79) 
DATA COLLECTION (76) 

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

OSSA 
BIOPIONEERS A-C 
BIO~ATELLITE(IMPRO~ED) A-H 
MARS ExPLoRER/ORBITER(~~) 

VENUS EXPLORER ORBITER(78) 
VENUS EXPLORER ORBITER(80) 
OSO H 

OSO I-K(73-76) 
OSO L,M(79) 
ASTRONOMY EXPLORERS-DELTA 

(Lmi PLAN) 

ATMOSPHERE EXPLORERS F , G 
ATMOSPHERE EXPLORERS C-E (73-75) 
ATblOSPHERE EXPLORERS (81) 

I S I S  B-D(71,73,74) 
CLUSTER(77,80) 
IMP I - J ( 7 2 , 7 3 )  

IMP KK-LL(75,76) 
IMP(78,81) 
SPACE 'NEATHER PROBE A 

SPACE WEATHER PROBES B ,C 
TIROS N(75) 
NIEIBUS E,F  

NIMBUS (77 ,78)  
SIB 
GARP EQUATORIAL 

GARP GEOSTATIONARY 
GARP POLAR ORBITER 
ERTS A,B 

ERTS C,D(73) 
ERTS E,F(74)  
ERTS FOLLOW-ON (MED. -LEVEL) 

GEOS-C(72) 
SAT-TO-SAT(75) 
CO~iUNICATIONS R&D (78,80) 
NAVIGATION ~ / C ( 7 6 )  

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 
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TABLE V I I I -  10. OSSAlO FLIGHT SCHEDULE 
(Cont inued)  

Y e a r  
7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  P r o j e c t  

OSSA 
BlARS bfARINER(71) 
PERCURY/VENUS blARl3iER FLYBY (73)  
JUPITER PIONEER F 

OAO C 
OAO D 
HELIOS 

bIETEOROLOGICAL ATS (76)  
DRSS TRIPLE ACCESS(77) 
DRSS DUAL PURPOSE 

COMMUNICATIONS ATS (7 7 ,7  9 )  
NAVIGATION T/C (77 ,78)  

NON OSSA 
OART 
INTERNATIONAL PROGRAMS 

TITAN I I I C  

0 s  SA 
MERCURY/VENUS FLYBY (78) 
LST A-C(76,78,80) 
HEAO A-C (77-81) 

GENERAL RELATIVITY(76) 
COMMUNICATIONS ATS F ,G(73)  

OSSA 
MARS VIKING ORB. /SL. A,B ( 7 5 )  
MARS HIGH DATA ORBITER(77) 
MARS HIGH DATA ORBITER(81) 

VENUS HIGH DATA ORBITER(81) 
JUPITER PIONEER G 
JUPITER MARINER ORBITER(78) 

JUPITER FLYBY/PROBES (83) 
JUPITER-URANUS-NEPTUNE 

MARINER FLYBY (79)  
HEAO (82) 

OUT OF ECLIPTIC-PIONEER(78,79) 
SOLAR PROBE TO 0 . 0 5  a . u .  
SOLAR PROBE-CLOSE I N  PRECURSOR 

RELATIVITY REDSHIFT-SOLAR PROBE 
RELATIVI'IY REDSHIFT-DEEP SPACE 
TITAN EXPLORERS 

X-BAND W TECH(77) 
PROTO-INFo/EW SAT A 
PROTO-INFO/EW SAT B 

UHF DIRECT TV PROTO-OP 
TITAN/CENTAUR TEST FLIGHT(73) 

- - - -  - - - -  - - - 1 

(Launch  i n  1 9 8 3 )  

(Launch  i n  1 9 8 2 )  
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Discussion 

OSSA Models 

Figures VIII-21 and VIII-22 show the  funding requirements f o r  the  10 OSSA mission 
models presented i n  the  previous sec t ion  along with funding p ro jec t ions  (dashed l i n e s )  
from Appendix A. F igure  VIII-21 presents  the  4 NASA-based models (OSSAl-OSSA4) and 
Figure VIII-22 p resen t s  t h e  6 a l t e r n a t i v e  models (OSSA5-OSSA10) developed as  p a r t  of 
t h i s  study. 

A s  Figure VIII-21 ind ica tes ,  f o r  1971-1974, a l l  of the  NASA-based models have 
funding requirements which a r e  considerably higher  than the  Appendix A OSSA pro jec t ion .  
The funding requirements drop below t h e  p ro jec t ion  f o r  the  remainder of the  period f o r  
3 of the  4 models. The four th  NASA-based model, OSSA3(STG Option I ) ,  involves a very 
aggress ive  automated Planetary  program. The dec l ine  i n  funding which appears i n  OSSAl 
and OSSA2 may have r e s u l t e d  from assuming t h a t  the  proposed space s t a t i o n  and s h u t t l e  
systems would be a v a i l a b l e  i n  1977. The in t roduct ion of these systems could be  expected 
t o  reduce the  number of automated s a t e l l i t e s  launched s i n c e  many s c i e n t i f i c  experiments 
probably would be incorporated i n  a space s ta t ion .  The only program where b a s i c  space- 
c r a f t  designs might n o t  change i f  a space s t a t i o n  were ava i l ab le  would be the  Planetary 
program. However, d e f i n i t i o n  and design of t h e  space s t a t i o n  a r e  only i n  preliminary 
phases, and, thus, i t  i s  d i f f i c u l t  a t  t h i s  time t o  draw conclusions concerning the  
eventual  impact of such systems. 

Model OSSA4, which shows a dec l ine  i n  funding requirements a f t e r  FY 1973, i s  a 
combination of the  PSG-LOW div i s ion  models, which may have been developed using d i f f e r e n t  
and independent guidel ines .  For a l l  d iv i s ions  except SL, the  PSG-LOW d i v i s i o n  models 
included very few new s t a r t s  a f t e r  1974 and appear t o  be shor t  term models. 

Since the  FY 1971 NASA budget submitted t o  Congress i s  considerably lower than the  
amount needed t o  support  any of t h e  STG op t ions (2) ,  i t  has been assumed here  t h a t  the  space 
s t a t i o n  and s h u t t l e  a r e  no t  l i k e l y  t o  be ava i l ab le  f o r  OSSA missions u n t i l  a f t e r  1980. 
This b a s i c  assumption was used i n  developing a l l  of the  a l t e r n a t i v e  OSSA models (OSSA5- 
OSSA10). I n  o ther  words, these  a l t e r n a t i v e  models assume t h a t  the  approach t o  performing 
OSSA-type missions i s  not l i k e l y  t o  change r a d i c a l l y  p r i o r  t o  the  1 9 8 0 ~ . ( ~ )  

A s  indicated i n  Figure VIII-22, the a l t e r n a t i v e  models approximate and bracket  the  
OSSA funding p ro jec t ion  from Appendix A. A s  mentioned e a r l i e r  i n  t h i s  chapter,  these  
models represent  only a small subset  of the  1296 a l t e r n a t i v e  OSSA models which could be 
derived from the  a l t e r n a t i v e  OSSA d i v i s i o n  models developed i n  t h i s  study. However, i t  
i s  f e l t  t h a t  the  a l t e r n a t i v e  models presented represent  a reasonable range of poss ib le  
f u t u r e  a c t i v i t i e s  t h a t  might be pursued by NASA OSSA. Table V I I I - 1 1  summarizes the  
a l t e r n a t i v e  d iv i s ion  models se lec ted  f o r  inc lus ion  i n  each a l t e r n a t i v e  OSSA model. 

Table VIII-12 i n d i c a t e s ,  f o r  each model, the year ( a f t e r  1970) of the  f i r s t  launch 
f o r  each mission s e r i e s  and the number of launches involved. The t a b l e  does n o t  i n d i c a t e  
t h e  projected launch schedules f o r  each a c t i v i t y ,  but  t h i s  information can be obtained by 
r e f e r r i n g  e i t h e r  t o  t h e  f l i g h t  schedules presented i n  the  previous sec t ion  of t h i s  chapter 
o r  the  appropr ia te  OSSA program d iv i s ion  f l i g h t  schedules i n  Chapters I V - V I I .  Except f o r  
the  planetary  programs, most of t h e  d iv i s ion  a c t i v i t y  a reas  appear i n  each of the  10 OSSA 
models. However, the  number of launches and f i r s t  launch da te  vary from model t o  model. 
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Year 

FIGURE V I I I - 2 1 .  ESTIMATED TOTAL OSSA FUNDING FOR 
NASA-MODELS OSSA1-OSSA4 

FIGURE V I I I - 2 2 .  ESTIMATED TOTAL OSSA FUNDING FOR 
NASA-MODELS OSSA5-OSSA10 
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TABLE V I I I -  11. ALTERNATIVE DIVISION MODELS INCLUDED I N  THE 
ALTERNATIVE OS SA MODELS 

A l t e r n a t i v e  A l t e r n a t i v e  OSSA Mode l s  
D i v i s i o n  Mode l s  OSSA5 OSSA6 OSSA7 OSSA8 OSSA9 OSSAlO 

SA 5 
SA 6 
SA7 
SA8 
SA 9 
SAlO 

S B5 
SB6 
SB7 
SB8 
SB9 
SBlO 

SG5 e e e 
SG6 
SG7 
SG8 0 

S G9 0 e 
SGlO 

SL5 e 
SL6 
SL7 
SL8 e 
SL9 0 e 
SLlO ea 
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V I I I - 4 8  

TABLE VIII- 12.  PROGRAM A C T I V I T Y  BY MODEL 

Program Areas 

- 

Models 
OSSAl OSSA2 OSSA3 OSSA4 OSSA5 OSSA6 OSSA7 OSSA8 O S S ~  OSSAlO 

Biopioneers  

Bioexp lore r s  

B i o s a t e l l i t e s  (Improved) 

Advanced B i o s a t e l l i t e s  - - 

PIars Mariner O r b i t e r s  

Mars Viking O r b i t e r I S o f t  Landers 

Mars S o f t  Lander/Rovers 

Mars High Data Rate O r b i t e r s  

Mars Explorer  O r b i t e r s  

Mercury /Venus Flybys 

blereury S o l a r  E l e c t r i c  O r b i t e r  - - (Y) - - 
Venus Mariner  O r b i t e r  78 78 

3 1 

Venus Mariner Flyby/Probes 77 75 
2 2 

Venus Explorer  Flyby/Probes 7 5 - - 
2 

Venus OrbiterIRough Landers ( Y E )  - 
Venus High Data Rate O r b i t e r s  81 8 1  8 1  - 8 1  8 1  - 

1 1 1 1 1 

Venus Explorer  O r b i t e r s  

J u p i t e r  P ioneers  F&G 

J u p i t e r  Mariner  O r b i t e r s  

J u p i t e r  Flyby/Probes 

J u p i t e r  Plariner-Class FlybyISolar  Escape 
74 - 
i 

Grand Tour Mission 

S a t u r n  Mariner Orb i te r IProbes  8 1  8 1  1 1  

( a )  The upper f i g u r e  of each group i n d i c a t e s  t h e  year  of t h e  f i r s t  launch ( a f t e r  1970) and t h e  lower f i g u r e  i n d i c a t e s  t h e  
number of  launches included.  

(b)  ( ) i n d i c a t e  funding i s  inc luded  t o  suppor t  a launch even though t h e  launch i s  o u t s i d e  of t h e  time per iod  under 
c o n s i d e r a t i o n  (1971-1981). 

(c) Second launch i s  i n  1984. 
(d)  F i f t h  launch i s  i n  1983. 
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TABLE VIII-12.  PROGRAM ACTIVITY BY MODEL 
(Cont inued)  

Models 
Program Areas OSSAl OSSA2 OSSA3 OSSA4 OSSAS OSSA6 OSSA7 OSSA8 OSSA9 OSSAlO 

Asteroid Belt Solar Electric Fly-lhrough 81 81 75 7 5 81 - 81 81 - 
1 1 1 1 1 1 1 

Asteroid Eros Mariner Flyby 

Comet DIArrest Mariner Flyby 76 76 - 
1 1 

Comet Kopff Mariner Rendezvous - - - 

Comet Halley Mariner Flyby - - 
Orbiting Astronomical Observatories 

Large Space Telescopes 

Large Telescope Mounts 

Orbiting Solar Observatories 

High Energy Astronomical Observatories 

Small Astronomy Satellites 

Atmosphere Explorers 

Small Scientific Satellites 

Interplanetary Monitoring Platforms 

7 2 International Satellites for Ionospheric Studies 73 72 7 1 72 72 71 71 72 7 1  
2 2 2 2 2 3 3 2 3 

Clusters 

Solar Probes 

Space Weather Probes 

Out of Ecliptic 

Relativity 

Titan Explorers 

76 76 
Automated Physics and Chemistry Laboratory - - '4 
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TABLE V I I I -  1 2 .  PROGRAM A C T I V I T Y  BY MODEL 
(Continued) 

Models 
Program Areas OSSAl OSSA2 OSSA3 OSSA4 OSSA5 OSSA6 OSSA7 OSSA8 OSSA9 OSSAlO 

TIROS 

NIMBUS 

SMS 

Meteorological ATS 

GARP 

ERTS A-F or A-D 

SATS 

Data Relay 

Communications ATS 

Communications R&D 

Navigation TIC 

Broadcast TV Technology 

Broadcast TV Prototypes 
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Examination of Table VIII-12 i n d i c a t e s  t h a t  t h e r e  a r e  g e n e r a l l y  fewer new programs 
s t a r t e d  i n  t h e  e a r l y  y e a r s  i n  t he  a l t e r n a t i v e  models (OSSA5-OSSA10) than i n  t h e  NASA-based 
models (OSSA1-OSSA4). Thus, i n  gene ra l ,  t he  r equ i r ed  launch v e h i c l e  program i n  t h e  e a r l y  
y e a r s  (1971-1974) f o r  t h e s e  a l t e r n a t i v e  OSSA models i s  l e s s  demanding than f o r  t h e  NASA- 
based models. 

Launch Vehic le  Procurement Funding 

F igu res  VIII-23 and VIII-24 p re sen t  t h e  OSSA launch v e h i c l e  funding r e q u i r e d  t o  
suppor t  each of  t he  10 OSSA miss ion  models. Funding i s  shown i n  Figure  VIII-23 f o r  t he  
NASA-based models (OSSA1-OSSA4) and i n  F igu re  VIII-24 f o r  t h e  a l t e r n a t i v e  models (OSSA5- 
OSSA10). A comparison of  F igu re  VIII-22 (es t imated  funding r equ i r ed  f o r  a l t e r n a t i v e  OSSA 
models OSSA5-OSSA10) wi th  F igu re  VIII-24 ( launch v e h i c l e  funding f o r  t h e  same OSSA models) 
i n d i c a t e s  t h a t  t h e r e  i s  g r e a t e r  v a r i a t i o n  (on a percentage  b a s i s )  i n  t h e  launch v e h i c l e  
procurement funding which i s  p r imar i ly  a r e s u l t  of d i f f e r e n c e s  i n  requirements  f o r  t h e  
l a r g e r  and more expensive v e h i c l e s ,  such a s  TITAN IIID/CENTAUR, ATLAS/CENTAUR, and TITAN 
I I I C .  The l a r g e s t  v a r i a t i o n s  i n  procurement funding occur  i n  t h e  l a t e r  p a r t  of t h e  time 
pe r iod  cons idered .  Funding f o r  t h e  va r ious  models tend t o  be s i m i l a r  i n  t h e  e a r l i e r  p a r t  
of  t h e  time per iod  s i n c e  most programs t h a t  have e a r l y  launches a r e  on-going programs o r  
were proposed FY 1971 new s t a r t s .  Thus, e s t i m a t e s  f o r  t h e  f i r s t  p a r t  of t h e  pe r iod  a r e  
s u b j e c t  t o  l e s s  v a r i a t i o n .  

The p l o t s  of launch v e h i c l e  funding requirements  f o r  a l l  a l t e r n a t i v e  models have a 
"dip" i n  1974. This  r e s u l t s  from a s i g n i f i c a n t  dec rease  i n  t h e  p ro j ec t ed  annual  suppor t  
and product  improvement c o s t s  fo l lowing completion of t h e  Centaur improvement and t h e  
TITAN/CENTAUR i n t e g r a t i o n  programs. 

Table VIII-13 shows launch procurement funding as a pe rcen t  of t o t a l  e s t ima ted  
OSSA funding requirements  by yea r  f o r  t h e  6 a l t e r n a t i v e  models. 

TABLE VIII-13. LAUNCH VEHICLE PROCUREMENT FUNDING AS A PERCENTAGE OF TOTAL 
OSSA FUNDING -- ALTERNATIVE MODELS (OSSA5-OSSA10) 

Year 
Model 71  7 2  73 74 75  76 77 78 79 80 81  Average 

A s  can be seen  from t h i s  t a b l e ,  t he  v a r i a t i o n  i n  percentage  o f  t o t a l  OSSA funding requi red  
f o r  launch v e h i c l e  procurement i s  from LO t o  25%. However, t h e  average by model tends  
t o  be between 16 and 19%. A l l  percentages  h ighe r  than  21 occur be fo re  1974 and a r e  a 
r e s u l t  of  t h e  funding r equ i r ed  i n  t h e  f i r s t  3 yea r s  (1971-1973) f o r  Centaur improvement 
and TITAN/CENTAUR i n t e g r a t i o n .  
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1971  1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
Year 

F I G U R E  v I I I - 2 3 .  ESTIMATED LAUNCH VEHICLE FUNDING 
FOR NASA-MODELS OSSA1-OSSA4 

F I G U R E  V I I I - 2 4 .  ESTIMATED LAUNCH VEHICLE FUNDING 
FOR NASA-MODELS O S S A 5 - 0 S S A 1 0  
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The c o s t s  f o r  developing and t e s t i n g  the TITAN IIID (7) /CENTAUR and the  SbLuruu 1 ~ T 2 0 /  
CENTAUR have not  been included here ,  I n  the  models which i n d i c a t e  t h a t  e i t h e r  v e h i c l e  i s  
required,  associa ted launch vehic le  development funds w i l l  have t o  be considered. Such 
funds were not  included here  because i t  i s  considered poss ible  t h a t  e i t h e r  o r  both develop- 
ment programs could be cost-shared with OMSF o r  the  DOD. The funds t h a t  would have t o  be 
added, i f  OSSA has t o  fund the developments a r e  l i k e l y  t o  be i n  the $40-80 m i l l i o n  range 
f o r  the  TITAN IIID(~)/CENTAUR and i n  the  $30-40 mi l l ion  range f o r  the  SATURN INT~O/CENTAUR.  
These funds would probably be spread over a period of 3 t o  5 years .  (4) 

OSSA Funded Launch Vehicle Requirements 

As noted previously,  the  mission models (OSSA1-OSSA10) include only those p r o j e c t s  
f o r  which OSSA would be expected t o  fund the  launches. For these  missions the  OSSA funding 
requirements can be est imated and the  corresponding launch vehic le  cos t s  ca lcu la ted .  

Table VIII-14 presents  launch vehic le  requirements by OSSA mission model and year .  
The family of launch vehic les  required t o  support t h e  OSSA models presented a r e  SCOUT, 
DELTA [ranging from TAT/DELTA t o  TAT(~C) / D E L T A / T E ~ ~ ~ ] ,  ATLAs/CENTAUR, TITAN I I I C ,  TITAN 
IIID/CENTAUR, TITAN IIID(7)/CENTAURY TITAN I I I D ,  and SATURN INTPO/OENTAUR; however, the  
SATURN INT20/CENTAUR i s  included only i n  t h e  most aggress ive  planetary  models which a r e  
considered t o  have a low probab i l i ty  of implementation i n  view of budget c o n s t r a i n t s .  

The DELTA has the h ighes t  launch r a t e  i n  each of the  models, accounting f o r  39 t o  
50% of the  launches. I n  the  a l t e r n a t i v e  models, the  DELTA percentage var ies  from 47 t o  
50. SCOUT has the  next h ighes t  use r a t e ,  accounting f o r  21 t o  33% of the  launches. The 
vehic les  involving the Centaur s tage,  those with At las  and Titan [ including TITAN I I I D  and 
TITAN I I I D ( ~ ) ]  boosters ,  have t h i r d  h ighes t  use r a t e .  

Launch Vehicle Requirements 

Table VIII-15 compares the  OSSA launch veh ic le  requirements among the  models 
(OSSA1-OSSA10) by year.  The f i g u r e s  presented i n  the  t a b l e  a r e  f o r  OSSA funded veh ic les  
only. I n  order t o  ob ta in  a complete p i c t u r e  of t h e  t o t a l  f u t u r e  needs f o r  OSSA launch 
veh ic les ,  i t  i s  necessary t o  examine the  projected requirements f o r  a l l  outs ide  (non-OSSA) 
use rs  of t h e  vehic les .  A d iscuss ion of such p ro jec t ions  i s  presented i n  Appendix C. AS 
noted previously,  mission models OSSA1-OSSA10 contained only p a r t  of the  ou t s ide  use r  
requirements--in p a r t i c u l a r ,  those requirements f o r  which OSSA might be expected t o  have 
t o  budget f o r  the launch vehic les .  In  Appendix C, these  a r e  re fe r red  t o  as  non-reimbursable 
requirements. 

Table VIII-16 contains es t imates  of the  reimbursable requirements presented i n  
Appendix C. Table VIII-17 presents  est imates of t o t a l  OSSA launch vehic le  requirements 
which were obtained by combining reimbursable es t imates  from selected SV models with 
se lec ted  a l t e r n a t i v e  OSSA models. The combinations presented were se lected i n  order  t o  
provide a range of es t imates  f o r  t o t a l  launch veh ic le  requirements. Thus, the  combination 
of OSSA6 and SV5(reimbursables) represents  a nominal es t imate;  OSSA7 and SV5(reimbursables) 
combine t o  y i e l d  a low es t imate;  and OSSAlO and SV4(reimbursables) combined y i e l d  a high 
es t imate .  
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VIII- 54 

TABLE VIII- 14. LAUNCH SCHEDULES BY MODEL AND  VEHICLE(^) 

Year 
Model Vehic le  71 72 73 74 75 76 77 78 79 80 81 Tota l  

SCOUT 5 4 7 9 6 7 5 4 6 3 2  58 

TAT/DELTA@) 5 7 6 1 1 1 2 6 6 5 6 6 7  77 

ATLAS/CENTAUR(') 3 2 1 3 1 1 2 3 1 2 1  20 

OSSAl TITAN I I I C  - 1 - 1 - - - - - - -  2 

TITANIIID/CENTAUR(~) - 1 3 - - - 3 1 3 - 2 13 

TITANIIID(~)/cENTAuR - - - - 2 - 1 - - - - 3 

TITAN I I I D  - - - - . . - - - - I -  1 

TOTAL 1 3  1 5  17 24 21  1 4  17 1 3  16 12 12 174 

SCOUT 5 3 5 8 5 6 6 4 7 3 3  55 

TATIDELTA 5 6 9 1 3 1 3 6 8 5 7 6 7  85 

OSSA;! ATLASICENTAUR 3 2 1 3 1 2 3 - -  2 1 18  

TITAN I I I C  - 1 - 2 1 3 1 - 1 - -  9 

TITAN IIID/cENTAUR - 1 3 - - -  4 2 3 - 1  1 4  

TITANIIID(~)/CENTAUR - - - - 2 - 1 - - - - 3 

TOTAL 1 3  1 3  1 8  26 22 17 23 11 17 11 12 184 

SCOUT 7 9 1 0 1 0 7 8 5 6 6 6 2  76 

TATIDELTA 5 1 0 7  1 7 1 2  7 9 6 6 7 4 90 

ATLAS/CENTAUR 3 2 1 6 3 4 3 1 - 2 1  26 

TITAN I I I C  - 1 1 2 1 - 2 1 - - -  8 
OSSA3 

TITAN IIID/CENTAUR - 1 3 1 2 2 6 4 3 2 4  28 

TITANIIID(~)/CENTAUR - - - - 2 - - - - - - 2 

TITAN I I I D  - - - " - - - - 1 - -  1 

SATURNINTZO/CENTAUR - - - - - - - - - - 1 1 

TOTAL 1 5  23 23 36 27 21 25 18  16 17 12 232 

SCOUT 4 6 7 7 4 3 3 2 4 2 2  44  

TAT~DELTA 5 7 1 3 1 1 1 5  3 5 4 1 3  2 69 

ATLAS/CENTAUR 3 2 1 4 2 2 - 1 - 1 1  17 

TITAN I I I C  - 1 - 2 1 1 - I - - -  6 

OSSA4 TITANIIID/CENTAUR - 1 3 1 3 - 3 2 3 2 - 18  

TITANIIID(~)/CENTAUR - - - - 2 - - - - - - 2 

SATURNINT~O/CENTAUR - - - - - - - - - - 1 1 

TOTAL 12 17 24 25 27 9 11 1 0  8 8 6 157 

SCOUT 5 5 8 7 7 7 5 5 6 4 3  62 

TAT/DELTA 5 7 7 12 11 11 9 11 8 12 8 101 

OSSA5 ATLAS/CENTAUR 3 2 1 3 1 1 3 - 1 1 1  17 

TITAN I I I C  - 1 - 1 - 1 - 2 - 1 -  6 

TITAN IIID/CENTAUR - - 1 - 2 - 2 4 2 - 4  15 

TOTAL 1 3  1 5  17 23 21 20 19 22 17 18 16 201 

( a )  Does n o t  inc lude  reimbursable launches.  
(b)  I n  t h i s  t a b l e  TAT~DELTA r e f e r s  t o  t h e  fol lowing v e h i c l e s :  

TATIDELTA, TAT/DELTA/FN~, TAT/DELTA/TE~~~,  TAT(6C)/DELTA/TE364, and TAT(gC)/DELTA/TE364. 
( c )  Includes ATLAs/CENTAUR, and ATLAS/CENTAUR/BII. 
(d)  Includes both TITAN IIID~CENTAUR and TITAN IIID/CENTAUR/BII. 
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TABLE VIII-14.  LAUNCH SCHEDULES BY MODEL AND VEHICLE 
(Continued) 

Year 
Model Vehicle  71 72 73 74 75 76 77 78 79 80 8 1  T i t l e  

SCOUT 5 4 7 7 6 8 7 6 8 5 4  67 

TATIDELTA 5 7 7 1 2 1 1  9 7 9 7 1 2  9 95 

OSSA6 ATLASICENTAUR 3 2 1 3 1 1 3 - 1 1 -  16 

TITAN I I I C  - 1 - 1 - 1 - 2 - 1 -  6 

TITAN1IID/CENTAUR - - 2 - 2 - 2 4 3 - 4 17 

TOT& 1 3  14 1 7  23  20 1 9  1 9  2 1  1 9  1 9  17 201 

SCOUT 4 2 4 5 5 3 4 2 5 2 2  38 

TATIDELTA 4 6 9 1 1 8 8 6 6 6 1 0 7  81 

OSSA7 ATLASICENSLUR 3 2 1 3 1 3 4 3 2 4 -  26 

TITAN I I I C  - - 1 - 1 1 1 - 1 - 1  6 

TITANIIID~CENTAUR - - 2 - 1 - 2 2 5 2 3 17 

TOTAL 11 1 0  17 1 9  1 6  1 5  17 1 3  1 9  18  1 3  168 

SCOUT 4 2 4 6 3 4 4 2 5 2 2  38 

TAT/DELTA 4 6 9 1 2 8 9 7 7 6 1 0 7  85 

0SSA8 ATLAS~CENTAUR 3 2 1 3 1 3 4 3 2 4 1  27 

TITAN I I I C  - - 1 - 1 1 1 1 1 - 1  7 

TITANIIID/CENTAUR - - 2 - 2 - 1 3 5 4 3 20 

TITANIIID(7)/CENTAUR - - - - - - 1 - - - - 1 

TOTAL 11 1 0  17 21  15 17 18 1 6  1 9  20 14 178 

SCOUT 5 3 6 6 5 6 5 4 6 3 3  52 

TATIDELTA 5 7 7 1 1 1 1  8 7 8 7 1 1  8 90 

ATLAS /CENTAUR 3 2 1 3 1 1 3 - 1 1 1  17 

0SSA9 TITAN I I I C  - 1 - 1 - 1 - 1 - 1 -  5 

TITANIIIDICENTAUR - - 2 - 2 - 4 3 3 - 4 18  

TITANIIID(7)/CENTAUR - - - - - - - - 2 - - 2 

TOTAL 1 3  13  1 6  21  1 9  1 6  1 9  16 19 16 1 6  184 

SCOUT 4 2 4 7 4 5 5 3 6 3 3  46 

TATIDEL% 4 6 9 1 3 1 0  9 9 9 8 1 1  7 95 

OSSAlO ATLAS /CENTAUR 3 2 1 3 1 2 4 2 2 3 -  23 

TITAN I I I C  - - 1 - 1 2 1 2 1 1 1  10 

TITAN IIID/CENTAUR - - 2 - 2 - 2 4 5 3 4  22 

TOTAL 11 1 0  17 23 1 8  18  21  20 22 21 1 5  196 
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V I I I - 5 6  

TABLE V I I I - 1 5 .  LAUNCH SCHEDULES BY VEHICLE AND &IODEL(~)  

Year 
Launch Vehicle  Model 71 72 73 74 75 76 77 78 79 80 8 1  T o t a l  

SCOUT 

OSSAl 

OSSA2 

OSSA3 

OSSA4 

OSSA5 

OSSA6 

OSSA7 

OSSA8 

OSSA9 

OSSAlO 

TAT /DELTA 
(b) 

OSSAl 5 7 6 1 1 1 2 6 6 5 6 6 7  77 

OSSA2 5 6 9 1 3 1 3  6 8 5 7 6 7 85 

OSSA3 5 1 0 7 1 7 1 2 7 9 6 6 7 4  90 

OSSA4 5 7 1 3 1 1 1 5  3 5 4 1 3  2 69 

OSSA5 5 7 7 12 11 11 9 11 8 12 8 101 

OSSA6 5 7 7 1 2 1 1 9 7 9 7 1 2 9  95 

OSSA7 4 6 9 1 1  8 8 6 6 6 1 0  7 8 1  

OSSA8 4 6 9 1 2  8 9 7 7 6 1 0  7 85 

OSSA9 5 7 7 1 1 1 1  8 7 8 7 1 1  8 90 

OSSAlO 4 6 9 1 3 1 0  9 9 9 8 1 1  7 9 5 

OSSAl 3 2 1 3 1 1 2 3 1 2 1  20 

OSSA2 3 2 1 3 1 2 3 - - 2 1  18 

OSSA3 3 2 1 6 3 4 3 1 - 2 1  2 6 

OSSA4 3 2 1 4 2 2 - 1 - 1 1  17 

ATLAS /CENTAUR 
(c) 

OSSA5 3 2 1 3 1 1 3 - 1 1 1  17 

OSSA6 3 2 1 3 1 1 3 - 1 1 -  16 

OSSA7 3 2 1 3 1 3 4 3 2 4 -  26 

OSSA8 3 2 1 3 1 3 4 3 2 4 1  27 

OSSA9 3 2 1 3 1 1 3 - 1 1 1  17 

OSSAlO 3 2 1 3 1 2 4 2 2 3 -  2 3 

TITAN I I I C  

OSSAl 

OSSA2 

OSSA3 

OSSA4 

OSSA5 

OSSA6 

OSSA7 

OSSA8 

OSSA9 

OSSAlO 

(a) Does n o t  i n c l u d e  reimbursable launches.  
(b) I n  t h i s  t a b l e  TAT/DELTA r e f e r s  t o  t h e  follorving v e h i c l e s :  TAT/DELTA, TATIDELTAIFW~, 

TAT/DELTA/TE~~~, TAT(6C)/DELTA/TE364, and TAT(gC)/DELTA/TE364. 
(c)  Includes ATLAS/CENTAUR, and ATLAS/CENTAUR/BII. 
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TABLE V I I I - 1 5 .  LAUNCH SCHEPULES BY VEHICLE AND MODEL 
( C o n t i n u e d )  

-- - 

Year 
Launch Vehic le  Model 7 1  72 73 74 75 76 77 78 79 80 8 1  T o t a l  

OSSA2 - 1 3 - - -  4 2 3 - 1  14 

OSSA3 - 1 3 1 2 2 6 4 3 2 4  28 

OSSA4 - 1 3 1 3 - 3 2 3 2 -  18 

TITAN IIID/CENTAUR(~) OSSAS - - 1 - 2 - 2 4 2 - 4  1 5  

OSSA6 - - 2 - 2 - 2 4 3 - 4  17 

OSSA7 - - 2 - 1 - 2 2 5 2 3  17 

OSSA8 - - 2 - 2 - 1 3 5 4 3  20 

OSSA9 - - 2 - 2 - 4 3 3 - 4  18  

OSSAlO - - 2 - 2 - 2 4 5 3 4  22 

OSSAl - - - - 2 - 1 - - - -  3 

OSSA2 - - - - 2 - 1 - - - -  3 

OSSA3 - - - - 2 - - - - - -  2 

OS SA4 - - - -  2 - - - -  - - 2 

TITAN IIID(7)  /CENIAUR OSSA5 - - - - - - - - - - -  0 

OSSA6 - - - - - - - - - - -  0 

0 s  SA7 - - - - - - - - - - -  0 

OSSA8 - - - - - - I - - - -  1 

OSSA9 - - - - - - - - 2 - -  2 

OSSAlO - - - - - - - - - - -  0 

TITAN I I I D  

OSSAlO - - - - - - - - - - -  0 

OSSAl - - - - - - - - - - -  0 

OSSA2 - - - - - - - - - - -  0 

OSSA3 - - - - - - - - - -  1 I 

OSSA4 - - - - - - - - - - I  1 

SATURN INTZO/CENTAUR OSSAS _ _ . . . . - - - - - - -  0 

OSSA6 - - - - - - - - - - -  0 

OSSA7 - - - - - - - - -  - -  0 

OSSAlO - - - - - - - - - - -  0 

(d) Inc ludes  bo th  TITAN IIID/CENTAUR and TITAN IIID/CEN1'AUR/BII. 
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TABLE VIII-16. ESTIMATES OF REIMBURSABLE OUTSIDE 
USER LAUNCH VEHICLE REQUIREMENTS 

Y e a r  
Launch V e h i c l e  Model 7 1  72 7 3  7 4  75  76 77 7 8  79 80  8 1  T o t a l  

SCOUT 
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TABLE VIII-17. SELECTED ESTIMATES OF TOTAL OSSA LAUNCH VEHICLE REQUIREMENTS 

Source of Estimates Model Year 
Launch Vehicle OSSA Model SV ~odel(~)Class 71 72 73 74 75 76 77 78 79 80 81 Total 

OSSA6 SV5 N 9 7 10 10 10 10 11 9 11 8 8 103 
SCOUT OSSA7 SV5 L 8 5 7 8 9 5 8 5 8 5 6  74 

OSSAlO SV5 H 8 6 8 1 1 8 9 9 7 1 0 7  7 90 

OSSA6 SV5 N 9 21 12 18 16 15 12 15 14 17 14 153 
TAT/DELTA (') OS SA7 SV5 L 8 10 14 17 13 14 11 12 13 15 12 139 

OSSAlO SV4 H 11 13 19 18 19 17 16 i7 17 14 16 177 

(dl 
OSSA6 SV5 N 5 4 3 5 3 1 4 2 3 2 1  33 

ATLAS/CENTAUR OSSA7 SV5 L 5 4 3 5 3 3 5 5 5 5 1  44 
OSSAlO SV4 H 5 4 4 7 5 5 6 3 6 5 1  51 

OS SAG - (e) N - 1 - 1 - 1 - 2 - 1 -  6 
TITAN IIIC OSSA7 - L - - 1 - 1 - 1 1 1 - 1  6 

OSSAlO - H - - 1 - 1 2 1 2 1 1 1  10 

OS SA6 SV5 N " - 2 - 2 - 3 5 4 1 5  22 
TITAN IIID/CENTAUR( ') OSSA7 SV5 L - - 2 - 1 - 3 3 6 3 4  22 

OSSAlO SV4 H - - 2 - 2 - 2 5 7 4 5  27 

OSSA6 SV5 N 23 23 27 34 31 27 30 33 32 29 28 317 
TOTAL REQUIREMENTS OSSA7 SV5 L 21 19 27 30 27 22 28 26 33 28 24 285 

OSSAlO SV4 H 24 23 34 36 35 33 34 34 41 31 30 355 

(a) Only reimbursable launches were used from the indicated SV models. Each of the OSSA models 
includes the non-reimbursable launches from SV1. 

(b) The following designators are used to specify model class: N-Nominal, L-Low and H-High. 

(c) In this table TAT/DELTA refers to the following vehicles: 
TAT/DELTA, TAT/DELTA/FW4, TAT/DELTA/TE~~~, TAT(~C)/DELTA/TE~~~, and TAT(~c)/DELTA/TE~~~. 

(d) Includes ATLAS /CENTAUR, and ATLAS /CENTAUR/BII . 
(e) Outside users would probably purchase TITAN IIIC from the U. S. Air Force rather than OSSA. 
(f) Includes both TITAN IIID/CENTAUR and TITAN IIID/CENTAUR/BII. 
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The terms nominal, low and high r e f e r  t o  the  t o t a l  est imated launch a c t i v i t y  i n  
each model, and do n o t  necessa r i ly  hold t r u e  f o r  one p a r t i c u l a r  vehicle.  Thus, f o r  
example, i n  Table V I I I - 1 7  the combination of low models involves 11 more ATLASICENTAUR 
launches than does the  nominal combination. Table V I I I - 1 7  a l s o  ind ica tes  t h a t  the  
g r e a t e s t  v a r i a t i o n s  i n  est imated requirements f o r  launches among the low, nominal, and 
high model combinations occur f o r  the  smaller  vehic les ,  SCOUT and DELTA. These veh ic les  
account f o r  75 t o  80% of the  t o t a l  launches. I n  p a r t i c u l a r  SCOUT percentages range from 
25 t o  32% and the  DELTA percentages from 48 t o  50%. These percentages a r e  very s i m i l a r  
t o  the  percentages associa ted with the  a l t e r n a t i v e  OSSA models. This ind ica tes  t h a t  t h e  
outs ide  use rs '  proportion of requirements by veh ic les  a r e  very s i m i l a r  t o  those of OSSA. 
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APPENDIX A 

PROJECTIONS AND ANALYSIS OF OSSA FUNDING 

Introduction 

This appendix is based on material from BMI-NLVP-ICM-69-140, "Quantification of 
Task 1 - Projections and Analysis of OSSA Funding", by L, L. Lederman and M, L. ~indus(l)"~ 
The following major sections define the three basic topics covered in this analysis: 

A-I A quantification of the Reference 2 projections for each of 
the Federal Functional ~ields(~) 

A-I1 A quantification of the Reference 2 NASA program areas 
pro jections(2) 

A-I11 An attempt to project OSSA funding levels by division. 

Each section includes information about the methodology and strategy employed in the 
projections. The remaining paragraphs of this introductory section contain background 
notes and geopolitical and economic assumptions underlying the projections given in the 
three major sections, 

Background Notes 

Projections made in this study are single point projections for 1975 and 1980. 
Three factors should be kept in mind when looking at such projections: 

(1) For projections related to Federal Functional Fields and NASA program areas 
(A-I and A-I1 above), a +lo% deviation might be visualized around each 
projected value as the reasonable range within which the actual values have 
a higher probability of occurring than any other possible projection. 
Projections at lesser aggregate levels can be expected to be somewhat less 
accurate. 

(2) All dollar figures are expressed in current dollars; that is, dollars for 
whatever year they appear rather than in constant (deflated) dollars for 
some year, such as 1970. Thus, inflation is included in the growth rates 
and "real" growth will be something less than the rates shown. 

( 3 )  The projections of R&D growth for the next 10 years are likely to cause some 
concern because they do not take inflation factors into account, There is 
good reason to believe that past inflation in R&D costs has been around 6% per 
year(3)ik'r, although reliable R&D inflation factors have not been precisely 
measured. 

Superscript numbers denote references given at the end of this appendix, 
7 The breakdown by periods [in Reference ( 3 ) ]  in annual increases in technical-man-year 

costs was 7% for 1950-1955; 8% for 1956-1960; and 4% for 1961-1965, 
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While i t  i s  probably c o r r e c t  t o  assume t h a t  i n f l a t i o n  i n  R&D c o s t s  
w i l l  absorb  much of  t h e  f u t u r e  growth r a t e  and t h a t  no t  many more man-hours 
s f  i npu t  w i l l  be purchasable  a t  t h e  l i keby  h ighe r  funding,  two o t h e r  f a c t o r s  
should be cons idered .  The f i r s t  r e l a t e s  t o  t h e  a p p r o p r i a t e n e s s  of apply ing  
p a s t  i n f l a t i o n  f a c t o r s  t o  t h e  f u t u r e ;  t h a t  i s ,  i t  may n o t  be reasonable  t o  
assume t h a t  i n f l a t i o n  f a c t o r s  w i l l  remain cons t an t ,  There a r e  good p r a c t i c a l  
and t h e o r e t i c a l  r ea sons  t o  b e l i e v e  t h a t  a s  growth r a t e s  slow down, s o  do 
i n f l a t i o n  r a t e s ,  I f  one assumes t h a t  R&D i n f l a t i o n  f a c t o r s  w i l l  dec rease  
t o  t h e  l e v e l  of  g e n e r a l  i n f l a t i o n  a s  R&D growth r a t e s  f a l l  t o  t h e  l e v e l  
of t h e  g e n e r a l  growth r a t e s ,  then  R&D i n f l a t i o n  could be  c l o s e r  t o  3% p e r  
yea r  f o r  t h e  1968-1980 per iod .  T h i s  could mean t h a t  t h e  d i f f e r e n c e  between 
3% and t h e  r a t e s  of  change i n  R&D funding shown would be  a v a i l a b l e  f o r  
i n c r e a s e s  i n  manpower o r  o t h e r  i npu t s .  The second f a c t o r  t o  be  cons idered  
i s  t h a t  s t a t i s t i c a l  e s t i m a t e s  of R&D i n f l a t i o n  f a c t o r s  have very  l i t t l e  t o  
do wi th  changes i n  t h e  p r o d u c t i v i t y  o r  q u a l i t y  of  ou tpu t ,  Obviously, i t  
i s  p o s s i b l e  t o  ach i eve  h i g h e r  o r  lower l e v e l s  i n  t h e  p r o d u c t i v i t y  o r  q u a l i t y  
of ou tpu t  ( d e s p i t e  t h e  d i f f i c u l t i e s  i n  measurement) from a  g iven  R&D d o l l a r  
i n p u t  over t ime.  Th i s  i s  a  po in t  t h a t  R&D o r g a n i z a t i o n s  w i l l  have t o  be  
i n c r e a s i n g l y  concerned wi th  a s  growth r a t e s  remain low. 

The fo l lowing  few broad b a s i c  assumptions u n d e r l i e  t h e  p r o j e c t i o n s  a t  t h e  
macro-level  which provided t h e  t o t a l s  t o  which t h e  more mic ro -p ro j ec t ions  r e p o r t e d  he re  
must agg rega t e  (100% p r i n c i p l e )  : 

e Vietnam s e t t l e m e n t  1973-1975, 500,000 man r e d u c t i o n  i n  U. S. f o r c e s  1970-1973 

e Cont inua t ion  o f  c o l d  war between USA and USSR 

e Russ ia  remaining a s  t h e  number one t h r e a t ,  w i t h  Red China a  r a p i d l y  growing 
t h r e a t  

e Continued Communist har rassment  i n  As i a  

e More p o l i t i c a l  wars i n  A f r i c a  and South America 

e U. S. r o l e  i n  worldwide h o s t i l i t i e s  w i l l  s h i f t  from m i l i t a r y  i n t e r v e n t i o n  t o  
d ip loma t i c  r e c o n c i l i a t i o n .  

e Nat iona l  economic average  annual  growth -- 3.7% p e r  yea r  i n  r e a l  d o l l a r s  p l u s  
up t o  2.0% pe r  yea r  i n f l a t i o n  

e Average unemployment r a t e  4% 

s No major dep re s s ion  

e 1975 and 1980 ( p r o j e c t e d  yea r s )  normal y e a r s  w i th  p o s s i b i l i t y  of minor 
recessionary/inflationary f a c t o r s  exceeding assumptions i n  o t h e r  y e a r s  

s Popula t ion  growth vary ing  between Census Bureau ' s  "Ct i  P r o ' e c t i o n  of 2.8 d children/woman and "B" P r o j e c t i o n  o f  3 .1  children/woman. ( ) 
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Table  A - 1  shows p r o j e c t i o n s  of f u n c t i o n a l  f i e l d  t o t a l s  t o  1975 and 1980 f o r  t o t a l  
o u t l a y s  and f o r  R&D, and Table A-2 shows p ro jec t ed  changes. The t o t a l  o u t l a y  f i g u r e s  were 
p r o j e c t e d  a s  a  p a r t  of some o t h e r  work done a t  B a t t e l l e ,  They a r e  based on a  number of 
d i f f e r e n t  methods, p r imar i ly :  

( I )  Linear  e x t r a p o l a t i o n  o f  program o r  expend i tu re  t r e n d s  

(2) Expendi tures  i f  "needs" were met o r  "goals" f u l f i l l e d ,  s c a l e d  down t o  match 
l i k e l y  r e sources  

(3)  Expenditures based on demographic changes. 

A s  w i t h  most p r o j e c t i o n s ,  t h e s e  should n o t  be taken  a s  anyth ing .approaching  a b s o l u t e  
c e r t a i n t y .  The p o l i t i c a l  decision-making process  i s  not  a  p r e d i c t a b l e ,  q u a n t i t a t i v e  v a r i a b l e .  

The R&D expendi ture  l e v e l s  were p ro j ec t ed  us ing  f i g u r e s  ga thered  f o r  t h e  previous  
r e p o r t  t o  N A S A ( ~ ) ,  w i th  1969 d a t a  r ev i sed  and 1970 d a t a  added based upon t h e  FY 1970 
Budget. P r o j e c t i o n s  were, f o r  most f i e l d s ,  based on t h e  average  annual  growth r a t e s  over  
t h e  l a s t  decade modified by t h e  lower growth r a t e s  o f  t he  l a s t  few years .  There is  
g e n e r a l  agreement t h a t  t h e  h igh  e a r l y  1960 growth r a t e s  f o r  Government R&D w i l l  no t  r e t u r n  
because of  t h e  maturing of Government R&D, t h e  h igh  a b s o l u t e  d o l l a r  amounts involved ,  and 
some degree  of  skept ic i sm.  This  i s  why o v e r a l l  r a t e s  f o r  t h e  whole decade were modified 
(and thus  lowered) by t h e  l a s t  few yea r s  f o r  p r o j e c t i o n  purposes.  

S p e c i f i c a l l y  t h e  average  y e a r l y  pe rcen t  growth o r  d e c l i n e  i n  percent  of  t o t a l  R&D 
was c a l c u l a t e d  f o r  t h e  e n t i r e  1961-1970 per iod  and used t o  p r o j e c t  t o  1980, The average  
y e a r l y  p e r c e n t  growth o r  d e c l i n e  i n  pe rcen t  of  t o t a l  R&D was a l s o  c a l c u l a t e d  f o r  t h e  most 
r e c e n t ,  1967-1970, pe r iod  and p ro jec t ed .  Then an . ave rage  o f  t h e  1961-1970 p r o j e c t i o n  and 
t h e  r e c e n t  1967-1970 p r o j e c t i o n  was taken.  This  r e s u l t s  i n  t h e  1967-1970 t i m e  pe r iod  
be ing  weighted more heavi ly .  

For 8 o f  t h e  12 f u n c t i o n a l  f i e l d s  i nvo lv ing  R&D, t h i s  s t r a t e g y  was used t o  p r o j e c t  
pe rcen t  of t o t a l  t o  1980. I n  t h e  fou r  o t h e r  R&D f i e l d s ,  i t  was decided t h a t  o t h e r  pro- 
j e c t i o n  techniques  should be used,  y&: 

Commerce, T ranspor t a t ion ,  and Communications - The growth r a t e  f o r  t h e  e n t i r e  
1961-1970 pe r iod  only  was used because t h e  growth r a t e  f o r  t h e  1967-1970 
pe r iod  was unusual ly  h igh  and caused t h e  average  of t h e  two t o  appear  
u n a t t a i n a b l e ,  

0 Space - Because Space was a  r e l a t i v e l y  new f i e l d  of  R&D a c t i v i t y  i n  1961, t h e  
1961-1970 change r a t e  i s  very  h igh  and c o n t i n u a t i o n  of such a  growth r a t e  would 
be u n r e a l i s t i c ,  a s  r e c e n t  even t s  have demonstrated. On t h e  o t h e r  hand, t h e  
r e c e n t  1967-1970 pe r iod  has  shown such sha rp  dec reases  t h a t  a  c o n t i n u a t i o n  of  
t h i s  would make Space R&D u n r e a l i s t i c a l l y  low. Therefore ,  t o  g e t  a  1980 
l i k e l y  pe rcen t  of  t o t a l ,  t h e  p re sen t  (1970) pe rcen t  of  t o t a l  and t h e  pe rcen t  
of t o t a l  a r r i v e d  a t  by us ing  t h e  1967-1970 r a t e  of  change i n  pe rcen t  of t o t a l  
were averaged. 

e Housing & Community Development - The 1967-1970 growth r a t e  a lone  was used 
because t h e r e  was no r epor t ed  R&D i n  1961 and t h e r e f o r e  no c a l c u l a b l e  growth 
r a t e  f o r  t h e  e n t i r e  per iod .  
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e General  Government - Research i n  connect ion  wi th  General  Government (law 
enforcement e x c l u s i v e l y  a t  t h i s  time) i s  a  new f i e l d  of  a c t i v i t y .  As a  r e s u l t ,  
growth r a t e s  a r e  unusua l ly  h igh  and a r e  n o t  expected t o  cont inue ,  Thus, what 
o the rwi se  would have been u n r e a I i s t i c a l l y  h igh  cont inued  growth r a t e s  were 
reduced somewhat. 

The p e r c e n t s  of  t o t a l  ob t a ined  from these  p r o j e c t i o n  s t r a t e g i e s  r e s u l t e d  i n  a  t o t a l  
o f  105%, which was then  normalized t o  100%. 

To a r r i v e  a t  e s t i m a t e s  of  t o t a l  Government R&D d o l l a r  expend i tu re s  i n  1975 and 1980 
( t o  which t h e s e  percentages  might  be a p p l i e d ) ,  t h e  1970 expend i tu re s  were p r o j e c t e d  a t  
t h e  r a t e  of  3.5% t o  1975 and a t  5% from 1975 t o  1980, The 3.5% i s  t h e  average  of  t h e  r a t e  
from 1961-1970 (6.9%) and from 1967-1970 (0.1%). It was f e l t  t h a t  t h e  s t r i n g e n t  r e s t r i c -  
t i o n s  of  t h e  l a s t  few y e a r s  would n o t  cont inue  t o  r e s u l t  i n  such low growth r a t e s  b u t  
would modify t h e  h ighe r  r a t e  of t h e  1960 decade u n t i l  1975. A f t e r  t h a t  (1975-1980), R&D 
was p r o j e c t e d  a t  5% i n c r e a s e  p e r  yea r .  Ne i the r  o f  t h e s e  r a t e s  of  growth is  a s  h igh  a s  
R&D growth r a t e s  i n  e a r l i e r  years .  Th i s  r e f l e c t s  t h e  judgment t h a t  such growth r a t e s  
( i , e . ,  10  t o  15% pe r    ear) would n o t  resume and, because R&D was matur ing  i n  i t s  r e l a t i o n -  
s h i p  t o  t h e  economy, would n o t ,  i n  t h e  f u t u r e ,  grow a t  r a t e s  s o  f a r  i n  exces s  of  t h e  
growth of  t h e  GNP. 

The r e a d e r  should n o t e  t h e  f i g u r e s  a t  t h e  bottom of t h e  o u t l a y  f i g u r e s  on Table  A - 1 ,  
which show deduct ions  made from Government o u t l a y  t o t a l s  b e f o r e  percentages  f o r  t h e  func- 
t i o n a l  f i e l d  s u b t o t a l s  were determined,* The deduct ions  shown f o r  1970 were exp la ined  i n  
Reference  (2) a s  being o u t l a y s  which could no t  be r e l a t e d  t o  i n d i v i d u a l  f u n c t i o n a l  f i e l d s ,  
A new i t em h a s  been deducted from 1975 and 1980 o u t l a y s :  b l o c  g r a n t s  o r  revenue s h a r i n g ,  
These a r e  p r o j e c t e d  amounts of  Fede ra l  o u t l a y s  i n  t h e  form of  a  t r a n s f e r  payment t h a t  
w i l l  go d i r e c t l y  t o  s t a t e s  o r  l o c a l  governments t o  be used a t  t h e  d i s c r e t i o n  o f  t h e  
r e c e i v i n g  governments. They w i l l  n o t  be admin i s t e r ed  by Execut ive  Branch agenc i e s  a s  a r e  
p r e s e n t  c a t e g o r i c a l  g r a n t s ,  and w i l l  n o t  be des igna t ed  a s  t o  f u n c t i o n a l  f i e l d  of expendi-  
t u r e ,  Because t hey  w i l l  be expended by s t a t e  o r  l o c a l  governments, however, t h e s e  g r a n t s  
w i l l  be i n  t h e  a r e a s  which a r e  of  pr imary concern t o  t h i s  l e v e l  of  government such a s  
h e a l t h ,  educa t ion ,  and we l f a r e ,  T h i s  b l o c  of o u t l a y s  i s  l a r g e r  i n  amount i n  t h e  1980 
p r o j e c t i o n s  t han  9  of  t h e  1 3  f u n c t i o n a l  f i e l d s .  

Genera l  Comments on Fede ra l  R&D 

A few of  t h e  most impor tan t  p o i n t s  t o  n o t e  about  Government R&D du r ing  t h e  nex t  
decade a r e  a s  fo l lows:  

(1)  Although t o t a l  Fede ra l  R&D was p r o j e c t e d  t o  grow a t  4.2% p e r  yea r  f o r  
1970-1980, t h e  two l a r g e s t  func t ions  (Na t iona l  S e c u r i t y  and Space) ,  which 
make up t h r e e - f o u r t h s  of  t h e  t o t a l ,  a r e  p r o j e c t e d  t o  grow a t  r a t e s  below 
t h i s ,  w i th  Space having  a  sma l l  nega t ive  r a t e .  The r e s u l t  o f  t h i s  i s  
t h a t  many o t h e r  s m a l l e r  f i e l d s  grow a t  w e l l  above t h e  averages  f o r  E D  
a s  a  whole. 

(2) I n  r e l a t i v e  s h a r e s  ( p e r c e n t  of  t o t a l )  among t h e  12 f u n c t i o n a l  f i e l d s  
i nvo lv ing  R&D, Na t iona l  S e c u r i t y  and Space w i l l  dec rease  and o t h e r  f i e l d s  
w i l l  i nc rease .  Th i s  w i l l  i n  no way endanger t h e  number one p o s i t i o n  of  
Na t iona l  S e c u r i t y ,  b u t  Space may drop from second t o  t h i r d ,  s l i g h t l y  behind 
Health.  Commerce, T r a n s p o r t a t i o n  and Communications i s  l i k e l y  t o  move 
ahead of Na tu ra l  Resources and Environment, 

It i s  t h e s e  f u n c t i o n a l  f i e l d  s u b t o t a l s  t h a t  a r e  r e f e r r e d  t o  when t h e  phrase  I rpercent  
of  t o t a l  Government ou t l ays"  i s  used ,  
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The changes in percent of total indicate some movement away from the 
preponderance of R&D funds on military/space/atomic energy to more R&D funds 
for social problems. In particular, the two top fields in 1970 -- National 
Security and Space -- will decrease from 75% of total to 61% of total. Substan- 
tial increases will come in the social problem areas of Health, and Commerce, 
Transportation and Communications. This trend has recently been combined 
with Congressional questioning of many aspects of the defense establishment 
(Vietnam, cost overruns, charges of mismanagement), a rather new occurrence 
in the Congress and in the country at large, and one which may add to the trend 
of less military R&D relative to other areas. (In an unprecedented action, 
the Senate Armed Services Committee authorized a 12,7% reduction in DOD R&D, 
The Committee cut $1 billion out of the $8.3 billion requested authorization 
for FY 1970.) 

(3)  The recent questioning of military expenditures and military R&D was preceded, 
however, by a growing skepticism and criticism of Federally funded RGID in 
general. This has appeared following a decade of strong growth in R&D funding, 
so that R&D is now a fairly large proportion of the annual "controllable" 
expenditures. This makes it more visible and more susceptible to cuts in a 
period of budgetary pressure from both the militarylvietnam costs and for 
domestic programs. In addition, pressure is growing for action programs 
rather than "more studies". 

(4) Another significant challenge to military R&D is coming from the student 
generation, which is questioning the role of military R&D in the universities 
and colleges, as well as the role of the universities and colleges more 
generally in our society. Students have caused many academic institutions to 
review their associations with the Government, especially with respect to the 
military, and it is likely that, over the next decade, academic institutions 
may move away from DOD-supported R&D and seek greater support from other 
sources. 

(5) Discussion has once again arisen concerning some kind of reorganization of 
Federal scientific activities. Many different schemes have been suggested, 
most of which would leave Defense and Space R&D in their present locations but 
would consolidate nonmission-oriented Federal R&D ar0und.a strengthened NSF. 

(6) The position of Space R&D has been difficult to predict because of the guiding 
force (up to this point) behind its growth -- the Russian challenge. It was 
assumed, in making the 1980 projection, that the reduction of funding in the 
last few years will not continue but that no new spectacular goal will emerge, 
despite the moon landing, to push NASA to significantly higher expenditure 
levels. However, because of the strong elements of international prestige and 
competition involved in the rationale for the space program, this field might 
once again serve as a vehicle for building our international prestige, 
especially if the Vietnam experience causes us to question the usefulness of 
potential military involvements. 

Projections for program areas within NASA follow. The basis for projecting R&D for 
the 13 functional fields has been described in the functional field material (Section A-I). 
As with most projections of this sort, confidence in the projections is greater at the 
more aggregate level (functional field) and less at the more detailed level (program area), 
For this reason, the program areas were projected to 1980 within the projected total for 
the respective functional fields rather than with respect to total Government R&D or to 
agency totals. This means that the Space Applications Program Area projection is a 
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p r o j e c t i o n  o f  t h e  f u t u r e  (1980) percentage  of  t h e  Space f u n c t i o n a l  field.'? Applving t h e  
p r o j e c t e d  1980 Space A p p l i c a t i o n s  percentage  of t h e  Space f u n c t i o n a l  f i e l d  t o  t h e  a l r e a d y  
a r r i v e d  a t  t o t a l  1980 d o l l a r  p r o j e c t i o n  f o r  t h e  Space f u n c t i o n a l  f i e l d  r e s u l t s  i n  t h e  
p r o j e c t e d  1980 Space A p p l i c a t i o n s  d o l l a r s .  

The fo l lowing  p o i n t s  r e f l e c t  t h e  s t r a t e g y  used t o  p r o j e c t  t h e  i n d i v i d u a l  program 
a r e a s  w i t h i n  t h e  r e s p e c t i v e  f u n c t i o n a l  f i e l d s :  

(1)  The t r e n d  i n  p e r c e n t  f o r  t h e  program a r e a  w i t h i n  t h e  f u n c t i o n a l  f i e l d  from 
FY 1967-1970 was used a s  t h e  b a s i s  f o r  p r o j e c t i n g  t h e  l i k e l y  1980 percent .  
While Reference (2) p r e s e n t s  d a t a  t h a t  go back t o  1961, on ly  t h e  1967-1970 
p e r i o d  was used because t h e  e a r l y  pe r iod  involves  t h e  s t a r t  up of  t h e  space  
program and,  a s  a  r e s u l t ,  t h e  l a t e r  pe r iod  i s  a  b e t t e r  i n d i c a t o r  o f  
r e l a t i o n s h i p s  between space  program a r e a s .  

(2)  Where t h e r e  was n o t  a  c l e a r  t r e n d  i n  pe rcen t  f o r  t h e  program a r e a  w i t h i n  t h e  
f u n c t i o n a l  f i e l d  t o t a l  i n  t h e  1967-1970 pe r iod ,  t h e  average  of  t h e  p e r c e n t  
o f  t o t a l  f o r  t h e  4 y e a r s  was used f o r  1980. Where t h e  p a s t  4 y e a r s  shows an  
upward t r end ,  t h e  p r o j e c t i o n  of  t h e  1980 pe rcen t  of  t o t a l  f u n c t i o n a l  f i e l d  
con t inues  t h e  upward t rend .  Where t h e  t r e n d  i n  t h e  p a s t  4 y e a r s  shows a  
dec rease  i n  pe rcen t  of  t o t a l ,  t h i s  was cont inued  t o  p r o j e c t  t h e  1980 pe rcen t  
o f  t o t a l .  

(3)  Where s p e c i a l  c i rcumstances  a r e  known t o  e x i s t  (e .g. ,  f o r  Space A p p l i c a t i o n s ,  
Suppor t ing  Opera t ions  and A i r c r a f t  Technology) judgments were e x e r c i s e d  i n  
a l l owing  t h e s e  c i rcumstances  t o  a f f e c t  t h e  p r o j e c t i o n s ,  a s  s p e l l e d  o u t  i n  t h e  
t e x t .  

(4 )  While t h e  m a t e r i a l  shows a b s o l u t e  pe rcen t  and d o l l a r  p r o j e c t i o n s  t o  1980, 
t h e  r e a d e r  should  t h i n k  i n  terms of f10% of  t h e s e  va lues  a s  be ing  r e p r e s e n t a t i v e  
o f  t h e  range of  t h e  most probable  p r o j e c t i o n .  

F i g u r e s  A - 1  and A-2 summarize g r a p h i c a l l y  t h e  p r o j e c t i o n s  which a r e  p re sen ted  i n  
t h e  fo l lowing  subsec t ions .  

T h i s  program a r e a  i s  72.8% of  t h e  Space f u n c t i o n a l  f i e l d  t o t a l  i n  1970, The pe rcen t  
had dropped each yea r  of  t h e  1967-1970 per iod ,  and i t  was e s t ima ted  t h a t  t h e r e  would be  
a  f u r t h e r  drop  t o  69.7% i n  1975 and 1980. Th i s  r e s u l t s  i n  1975 d o l l a r  o u t l a y s  of  $2,578 
m i l l i o n  and 1980 o u t l a y s  o f  $2,662 m i l l i o n ,  based on t h e  Space f u n c t i o n a l  f i e l d  t o t a l  
p r ev ious ly  d i scus sed ,  When added t o  a11  NASA program a r e a  d o l l a r s  (from va r ious  func- 
t i o n a l  f i e l d s ) ,  Manned Space F l i g h t  d o l l a r s  f o r  1975 and 1980 a r e  57.3% o f  t h e  NASA t o t a l  
f o r  1975 and 53.3% f o r  1980. The average  annual  growth r a t e  f o r  d o l l a r s  between 1970 and 
1980 t h a t  r e s u l t s  from t h i s  p r o j e c t i o n  i s  1.0%. 

$ M i l l i o n s  

% of  Space Func t iona l  78.3 77.2 76.0 
F i e l d  

7 2 * 8  I 69*7 69*7 
% of  NASA 

i The space  f u n c t i o n a l  f i e l d  i n c l u d e s  t h e  program a r e a s  of  Manned Space F l i g h t ,  Space 
Technology, Space A p p l i c a t i o n s  and Suppor t ing  Opera t ions ,  Other  NASA program a r e a s  
t h a t  appea r  i n  o t h e r  f u n c t i o n a l  f i e l d s  a r e  Space Sc iences  ( i n  Educat ion & Knowledge), 
and A i r c r a f t  Technology ( i n  Commerce, T r a n s p o r t a t i o n  and Communications). 
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F I G U R E  A - 1 .  C O M P O S I T E  F U N D I N G  GRAPH O F  P R O J E C T E D  NASA PROGRAM A R E A S  
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FIGURE A-2. PROGRAM AREAS A S  A PERCENT O F  TOTAL NASA BUDGET 
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Space Technology i s  10.8% of  t h e  Space f u n c t i o n a l  f i e l d  i n  1970. The pe rcen t  of 
t o t a l  v a r i e d  only  s l i g h t l y  w i t h i n  t h e  1967-1970 per iod ,  and thus  t h e  pe rcen t  used a s  a  
1975 and 1980 p r o j e c t i o n  is t h e  average  o f  t h e s e  y e a r s  -- 10.1%, This  r e s u l t s  i n  
1975 d o l l a r s  of  $374 m i l l i o n  and 1980 of $386 m i l l i o n .  When combined w i t h  a l l  NASA (no t  
j u s t  Space f u n c t i o n a l  f i e l d )  program a r e a s ,  Space Technology i s  8.3% of NASA i n  1975 and 
7.7% i n  1980. The average  annual  1970-1980 growth r a t e  t h a t  r e s u l t s  from t h i s  p r o j e c t i o n  
i s  0.8%. 

$ M i l l i o n s  

% of  Space Func t iona l  9.4 10.2 10.5 10.8 1 10.1 10.1 
F i e l d  

% of NASA 8 .1  8.7 9.0 9.1 1 8.3 7.7 

Space A p p l i c a t i o n s  

Space A p p l i c a t i o n s  i s  4.5% o f  t h e  Space f u n c t i o n a l  f i e l d  i n  1970. T h i s  percentage  of 
t o t a l  and t h e  a c t u a l  d o l l a r s  have been r i s i n g  du r ing  t h e  1968-1970 pe r iod  a t  a n  i n c r e a s i n g  
r a t e  and i s  expec ted  t o  con t inue  t o  r i s e  s i g n i f i c a n t l y  du r ing  t h e  nex t  decade. I t  has  
been e s t ima ted  a t  10.5% f o r  1975 and 1980. Th i s  means d o l l a r  o u t l a y s  of $388 m i l l i o n  i n  
1975 and $401 m i l l i o n  i n  1980 o r  an  average  annual  1970-1980 growth of 10.4%. When com- 
b ined  w i t h  a l l  NASA program a r e a s ,  Space A p p l i c a t i o n s  i s  8.6% of NASA i n  1975 and 8.0% i n  
1980. 

$ M i l l i o n s  

% of Space Func t iona l  2.6 2.9 3.5 
F i e l d  

4*5  l 
% of  NASA 2.2 2.5 3 .0  3.8 1 8.6 8.0 

Suppor t ing  Opera t ions  

Suppor t ing  Opera t ions  i n  1970 i s  11.9% of t h e  Space f u n c t i o n a l  f i e l d .  Although t h e  
pe rcen t  of  t o t a l  has  been r i s i n g  i n  t h e  l a s t  few y e a r s ,  t h i s  i s  n o t  expec ted  t o  con t inue  
because of  complet ion o f  major investment  i n  R&D and f a c i l i t i e s  and p rog re s s  i n  s a t i s f y i n g  
requi rements  a t  lower c o s t .  The e s t ima ted  pe rcen t  o f  t o t a l  f o r  1975 and 1980 i s  9.7%. 
T h i s  r e s u l t s  i n  d o l l a r  o u t l a y s  of  $358 m i l l i o n  f o r  1975 and $370 m i l l i o n  f o r  1980, o r  a  
n e g a t i v e  average  annual  growth r a t e  between 1970 and 1980 of -0.6%. When combined wi th  
a l l  NASA program a r e a s ,  Suppor t ing  Opera t ions  i s  8.0% of NASA i n  1975 and 7.4% i n  1980. 

1967 1968 1969 1970 1975 1980 - - - 
$ M i l l i o n s  452 390 364 93 / 358 

% of NASA 8.3 8.3 8.6 9.9 1 8,O 7 , 4  

% of Space Func t iona l  9.7 9.7 10.0 11.9 
F i e l d  
,,n ,p< ' 4 . 0 .  8 
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The NASA program area of Space Sciences is classified as part of the functional 
field of Education & Knowledge. In 1970 it is 40,7% of R&D in that functional field, It 
has been decreasing as a percent of the Education & Knowledge R&D in the 1967-1970 period. 
The projection for 1975 and 1988 is 38.Z. This means dollar outlays of $576 million in 
1975 and $763 million in 1980, a faster dollar rise than previously discussed NASA program 
areas because the Education & Knowledge functional field R&D is expected to grow as a 
whole faster than the Space functional field. The average annual growth rate for Space 
Sciences from 1970 to 1980 that results from this projection is 4.8%. When this program 
area is added in with other NASA program areas, the percent of NASA total is 12.8% in 1975 
and 15.3% in 1980. 

$ Millions 

% of Education & Knowledge 55.0 48.4 42.1 
Functional Field R&D 

% of NASA 12.4 12.4 11.1 

The NASA program area of Aircraft Technology is classified as part of the Commerce, 
Transportation and Communications functional field. In 1970 it is 33.3% of that functional 
field's R&D. Because of drops in percent of total during the last 2 years, and the 
probable difficulty of increasing this program area within NASA too much when other areas 
are not growing strongly, the 1975 and 1980 percent of total R&D of the Commerce, 
Transportation, and Communications functional field has been decreased to 27.3%. This 
results, nonetheless, in 1975 dollar outlays of $226 million and 1980 dollar outlays of 
$416 million because R&D in the functional field of Commerce, Transportation and Communica- 
tions is expected to grow rapidly. This means a 10.1% average annual growth rate for 
Aircraft Technology. When combined with all of NASA, the percent of total is 5.0% in 
1975 and 8.3% in 1980. 

$ Millions 

% of NASA 

% of Commerce, Transportation, 38.2 42.2 38.4 33.3 
& Communications functional 
field R&D 

Total NASA 

27.3 27.3 

The above program areas make up NASA. The foregoing data show total outlays for 
1967 to 1970 and projections to 1975 and 1980. The NASA total is a combination of (1) the 
Space functional field as projected in Section A-I (and then projected by program area 
within the Space functional field), (2) the Space Science program area from Education & 
Knowledge, and (3) the Aircraft Technology program area from Commerce, Transportation, and 
Communications. The resulting NASA projections are $4,500 million for 1975 and $4,998 
million for 1980, or an average annual 1970 to 1980 growth of 2.4%. As a percent of total 
Federal outlays, NASA decreased from 3.6% in 1967 to 2.2% in 1970. The projections slow 
the rate of decrease and result in 2.0% in 1975 and 1.8% in 1980. 
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1967 1968 1969 1970 1975 1980 
$ Millions ---- - - 5,426 4,725 4,251 3,951 4,500 4,998 

NASA as a % of Total Federal 3.6 2.8 2.5 2.2 2.0 1.8 
Outlays 

A-111. Projections of OSSA Divisions to 1975 and 1980 

This section presents funding projections for OSSA by division for 1975 and 1980. 
Data for past OSSA costs by division were obtained from OSSA POP of accrued 
costs. Differences between these data and the totals of the areas of Scientific Investi- 
gation in Space and Space Applications are detailed in the text. The major conceptual 
difference between the POP summaries and the NASA program area figures in Section A-I1 is 
that the NASA program area figures of Section A-I1 include construction of facilities 
(C of F) and research and program management (RPM) at NASA centers, items which are not 
included in the OSSA data. 

The techniques utilized in projecting total functional fields (Section A-1) are not 
as meaningful when the problem of projecting divisions within program areas is attacked. 
Thus, while it is reasonable to project functional fields and program areas utilizing a 
strategy based upon past trends and geopolitical information, such a strategy is not 
nearly as useful for divisions within program areas. While geopolitics may play a major 
role in the funding of divisions within program areas, it is generally, for these 
divisions, intraagency politics rather than Congressional and Executive department 
politics which control allocations. It is difficult to assimilate knowledge concerning 
the intra-NASA political situation which may, along with divisional technical capabilities, 
be a crucial element in formulating strategies for projecting future divisional funding. 
The people directly involved in agency planning and program development are best suited 
to analyze the crucial intraagency political setting and technical capability. Neverthe- 
less, it was thought that an attempt to apply the conventional statistical techniques 
(utilized in Sections A-I and A-11) to the problem would at least yield useful projected 
values that could be considered by appropriate NASA personnel and modified for possible 
use in extended planning exercises. 

As a result, the projections shown in this section must be viewed only as a starting 
point for future discussion. There can be no high degree of confidence in their validity 
and certainly the statement that they have a higher probability of occurring within f10% 
than any other possible projections, as was made with regard to Section A-I and A-11-pro- 
jections, no longer holds. These are quantitative statistical projections only and are 
made without the benefit of an examination of qualitative and policy information that is 
essential for making projections with a reasonable degree of confidence. 

The basis for making these statistical projections is an examination of the trends 
in the OSSA Budget divided into five divisions as reported in NASA POP Summaries for OSSA. 
The costs shown are accrued costs. Thus, they are expenditures plus bills received at the 
end of the fiscal year but not yet paid, 

Data prior to 1967 were not utilized because, as explained in Section A-I1 and in 
BML-NLVP-TR-~~-~(~), the most recent years were believed to be the best guide to the 
near-term future and also because trends for earlier years were erratic, as would be 
expected in relatively new agencies and relatively new program areas, 
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I n  Table  A-3, t h e  OSSA t o t a l  of t he  d i v i s i o n a l  d a t a  i s  l e s s  than  t h e  t o t a l  of  t he  
S c i e n t i f i c  I n v e s t i g a t i o n s  i n  Space and the  Space App l i ca t ions  program a r e a s  taken  from 
Sec t ion  A - I T ,  This  d i f f e r e n c e  i s  shown i n  Table A-3, Although t h e  two program a r e a s  of 
S c i e n t i f i c  I n v e s t i g a t i o n s  i n  Space and Space App l i ca t ions  have a  c l o s e  correspondence t o  
t h e  OSSA o f f i c e ,  t h e  d a t a  a r e  not  comparable f o r  a  number of reasons ,  The OSSA d a t a  by 
d i v i s i o n  a r e  taken  from OSSA R&D c o n t r a c t  accrued cos t s . (5 )  The h i s t o r i c a l  budget summa- 
r i e s  (based on t h e  p r e s i d e n t ' s  Budget) used i n  Sec t ion  A - 1 1  show t h e  t o t a l  NASA R&D 
budget by program a r e a ,  The major d i f f e r e n c e s  between t h e s e  sources  of  d a t a  a r e  Construc- 
t i o n  of  F a c i l i t i e s  (C o f  F) expendi tures  and expendi tures  f o r  R&D i n  NASA Centers  and 
program management (RPM), which a r e  not  inc luded i n  t h e  OSSA accrued c o s t s ,  bu t  a r e  
inc luded i n  t h e  P r e s i d e n t ' s  Budget. F i n a l l y ,  t h e r e  i s  some d i f f e r e n c e  t h a t  i s  probably due 
t o  b i l l s  r ece ived  bu t  no t  y e t  pa id  a t  t h e  end of  a  f i s c a l  year .  B i l l s  rece ived  a r e  
inc luded i n  OSSA accrued c o s t s  i n  t h e  year  r ece ived ;  they  a r e  inc luded i n  t h e  budget 
expend i tu re s  when paid.  Because of  t hese  d i f f e r e n c e s ,  f i g u r e s  supp l i ed  i n  t h e  OSSA POP 
Summaries a r e  n o t  comparable t o  t h e  da t a  used i n  t h e  h i s t o r i c a l  summary t a b l e s  which were 
used i n  S e c t i o n  A - 1 1 ,  even though t h e  same i d e n t i f y i n g  terminology ( e , g , ,  Space Applica-  
t i o n s )  i s  used. F igu res  by OSSA d i v i s i o n  a r e  a v a i l a b l e  only i n  t h e  OSSA POP, and t h e r e f o r e  
t h e  OSSA POP d a t a  were usad a s  t h e  b a s i s  f o r  t h e  fo l lowing p r o j e c t i o n s :  

(1) Phys ics  and Astronomy Divis ion  (SG). Th i s  d i v i s i o n  i s  19.1% o f  t h e  t o t a l  
S c i e n t i f i c  I n v e s t i g a t i o n s  i n  Space and Space App l i ca t ions  programs a r e a s  i n  
1970, The pe rcen t  of  t o t a l  between 1967 and 1970 has  va r i ed  up and down 
w i t h i n  a  narrow range,  Therefore ,  t he  1975 and 1980 percent  o f  t o t a l  was 
e s t ima ted  a t  t h e  average  of t h e  1967-1970 pe r iod  o r  20% of t o t a l .  Th i s  
r e s u l t s  i n  p r o j e c t e d  d o l l a r  o u t l a y s  i n  1975 of  $193 m i l l i o n  and i n  1980 of  
$233 m i l l i o n .  The average annual  growth r a t e  between 1970 and 1980 t h a t  
r e s u l t s  from t h i s  p r o j e c t i o n  i s  6.9%. 

(2) Lunar and P l a n e t a r y  Div i s ion  ( inc lud ing  Viking) (SL). This  d i v i s i o n  i s  27,1% 
o f  t o t a l  i n  1970. The 1967-1970 t r e n d  has  been e r r a t i c .  The 1975 and 1980 
pe rcen t  of  t o t a l  i s  es t imated  a t  23% which i s  t h e  average  of t h e  1967-1970 
p e r c e n t s  o f  t o t a l .  This  r e s u l t s  i n  p r o j e c t e d  d o l l a r  o u t l a y s  i n  1975 o f  
$222 m i l l i o n  and i n  1980 of  $268 mi l l i on .  The average annual  growth r a t e  
between 1970 and 1980 t h a t  r e s u l t s  from t h i s  p r o j e c t i o n  i s  4.7%. 

(3)  Biosc iences  Div i s ion  (SB). This  d i v i s i o n  i s  3,8% of t h e  t o t a l  i n  1970. While 
t h e  1967-1970 t r end  i s  downward, i n d i c a t i o n s  a r e  t h a t  t h e  pe rcen t  of t o t a l  i s  
about  t o  l e v e l  o f f .  Based on t h i s ,  t h e  e s t i m a t e  f o r  t h i s  d i v i s i o n  i s  4% of 
t o t a l  f o r  1975 and 1980. This  r e s u l t s  i n  p r o j e c t e d  d o l l a r  o u t l a y s  i n  1975 
o f  $39 m i l l i o n  and i n  1980 of $47 m i l l i o n .  The average  annual  growth r a t e  
between 1970 and 1980 t h a t  r e s u l t s  from t h i s  p r o j e c t i o n  i s  7.0%. 

(4) Space App l i ca t ions  (sA)." This  d i v i s i o n  i s  19.3% of t h e  t o t a l  S c i e n t i f i c  
I n v e s t i g a t i o n s  i n  Space and Space App l i ca t ions  program a r e a s  i n  1970, The 
1967 t o  1970 d a t a  show a n  i n c r e a s i n g  t r e n d  i n  p r i o r i t y  and a f u t u r e  i n c r e a s e  
t o  24% of t o t a l  i n  1975 and 1980 has  been e s t ima ted ,  This  r e s u l t s  i n  p r o j e c t e d  
d o l l a r  o u t l a y s  i n  1975 of  $231 m i l l i o n  and i n  1980 of $279 mi l l i on .  The 
average  annual  growth r a t e  between 1970 and 1980 t h a t  r e s u l t s  from t h i s  p ro j ec -  
t i o n  i s  8.7%. 

(5) Launch Vehic le  Procurement (SV Procurement).  This  d i v i s i o n  i s  21.5% of t o t a l  
i n  1970 and t h e  1967-1970 v a r i a t i o n  i s  w i t h i n  narrow l i m i t s .  A s  a  r e s u l t ,  t h e  
1975 and 1980 percent  of  t o t a l  was p r o j e c t e d  a t  t h e  average of  t h e  1967 through 
1970 pe rcen t  of  t o t a l  o r  21%. Th i s  r e s u l t s  i n  p ro j ec t ed  d o l l a r  o u t l a y s  i n  
1975 of $202 m i l l i o n  and i n  1980 of  $244 m i l l i o n ,  The average annual  growth 
r a t e  between 1970 and 1980 t h a t  r e s u l t s  from t h i s  p r o j e c t i o n  i s  6.1%. 

* This  D iv i s ion  has  been s p l i t  i n t o  two d i v i s i o n s :  Communications(SC) and Ear th  

Observations(SR). They have been cons idered  j o i n t l y  a s  Space App l i ca t ions  i n  o r d e r  t o  
apply  h i s t o r i c a l  da t a .  
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(6) The sum of the above results is an OSSA 1975 and 1980 projected total 
(on the basis of the OSSA accrued costs) that is 92% of the total for the 
Scientific Investigations in Space and Space Applications program areas. 
This results in projected dollar outlays in 1975 of $887 million and in 1980 
of $1,071 million. The average annual growth rate between 1970 and 1980 
that results from this projection is 6.5%. 

(7) Unallocated -- the difference between the OSSA total [on a cost accrual basis 
Item (6) above] and the total of the Scientific Investigations in Space and 
Space Applications program areas from [on an expenditure basis 
Item (8) below] is an amount that cannot be allocated to the various 
divisions, although it is clearly spent to pursue division responsibilities. 
This amount was 9.0% of the total of the two program areas in 1970 and has 
been estimated at 8% for 1975 and 1980. This results in projected dollar 
outlays in 1975 of $77 million and in 1980 of $93 million. The average 
annual growth rate between 1970 and 1980 that results from this projection is 
5.1%. 

(8) Total Scientific Investigations in Space and Space Applications program areas 
from the . Total Expenditures for Scientific Investigations in 
Space and Space.Applications program areas is $628 million in the President's 
FY 1970 Budget. The addition of the above projections results in an increase 
to $964 million in 1975 and $1,164 million in 1980. The average annual 
growth rate for the total ofthese two program areas between 1970 and 1980 
that results from this projection is 6.4%. 

The projections, based on data shown in Table A-3, are shown graphically in 
Figures A-3 and A-4. 
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APPENDIX B 

PROSPECTUS COMPUTEK PROGRAM 

Introduction 

The Prospectus Program is a computer program that has been used in the NASA OSSA 
Prospectus Exercise. The OSSA Prospectus Exercise is a long-range planning activity 
designed to coordinate OSSA automated space program projections. The term "Prospectus" 
is used to imply proposed nonrigid plans representing current OSSA thinking on its future 
space program. It is important to realize that any plans created by the OSSA Prospectus 
Exercise do not imply commitment on the part of NASA management. 

In the early phases of the Prospectus Exercise, the work was carried out manually by 
the program planners. Much of this work work was tedious, routine, poorly documented, and 
required a massive effort to summarize. As a result, only a few variations on a few basic 
plans could be examined. This situation prompted the creation of a Prospectus computer 
program,'' The program was developed in 1967 for Launch Vehicles and Propulsion Programs 
in OSSA, The Prospectus program relieved the planners of many routine tasks and allowed 
them to focus attention on their primary responsibility -- planning. It also allowed 
considerations of a broader spectrum of space program variations. Although the program 
was originally developed for OSSA, the general planning concepts are compatible with other 
organizational planning processes. In this Appendix, however, the discussion of the 
Prospectus program concentrates on its use in the OSSA Prospectus Exercise for which the 
program was originally developed. 

The Prospectus Program provides a formalized planning technique that can be used at 
various organizational levels for planning in OSSA (or NASA). The program performs 
repetitious and routine taslcs that can be handled more accurately and efficiently by the 
computer, The speed provided by the computerized system allows the exercise to be cycled 
many times to find better mission plans that meet specified objectives and satisfy existing 
constraints. One of the greatest virtues that may be derived from the Prospectus program 
is forced documentation of all planning activities in the process of creating mission 
plans. 

A general flow chart of the Prospectus computer program is presented in Figure B-1, 
The user input for the program can be divided into five parts described below: projects, 
launch vehicle data, Summary Is, Summary IIs, and Summary 111s. 

The projects in the Prospectus Exercise comprise the heart of the planning process. 
Projects are a collection of pertinent data describing space-related activities (such as a 
space launch, supporting research and technology, launch vehicle development program, 

-T< .'. 
etc."") that require expenditure of available resources. Each project is uniquely 

* In the following the Prospectus computer program will be referred to as the "Prospectus 
Program" or 'I the program". ...- :,A For examples of the different kinds of projects that may exist, the reader is referred 
to the project index (Table B-1). 
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PROSPECTUS PROGRAM 

PROJECT,  LV DATA, 

SUMMARY I, 11, I11 

REQUEST DATA CARDS 
CREATE OR 

UPDATE PROJECTS,  

SUMMARY I, 11, 111, 

SUMMARY I, 11, I11 INDEX, LV DATA 

INDEX, LV DATA 

I SUMMARY I, 11, I 

SUMMARY I, 11, 111 

I11 REPORTS 

DATA FOR 

I PRODUCE 
REQUESTED 
P M T S  AND 

PLOTS AND T A B m S -  

FIGURE B-1 .  PROSPECTUS PROGRAM FLOW CHART 
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i d e n t i f i e d  by an  a s s igned  p r o j e c t  i d e n t i f i c a t i o n  code ( p r o j e c t  I D ) .  The program a c c e p t s  
any new p r o j e c t s  i n  t h e  form o f  punched computer ca rds  t h a t  a r e  c r e a t e d  upon complet ion of  a  
p r o j e c t  d a t a  worksheet  (F igu re  B-2) by t h e  p r o j e c t  p l anne r s  i n  each OSSA d i v i s i o n .  P r o j e c t  
funding and f l i g h t  schedules  a r e  important  c o n s t i t u e n t s  of t h e  p r o j e c t  d a t a .  The p r o j e c t  
funding c o n s i s t s  of  two p a r t s :  

(1) Approved Program Opera t ing  P l an  (POP) funding.  The POP i s  an  OSSA biannual  
p lanning  document g i v i n g  a  5-year  c o s t  sp read  of a l l  p r o j e c t s  which have 
been approved by t h e  Bureau of  t h e  Budget (BOB) t o  r e c e i v e  f u t u r e  funds. 

(2)  T o t a l  funding (TF). Provides  an e s t i m a t e  of  t h e  t o t a l  funding r equ i r ed  f o r  
complet ion of t h e  p r o j e c t .  

A f l i g h t  schedule  i n d i c a t e s  t h e  y e a r s  i n  which a  space  launch ( o r  launches)  w i l l  ( o r  i s  
expec ted  t o )  occur .  The launches a r e  c l a s s i f i e d  i n  one o f  t h e  fo l lowing  t h r e e  c a t e g o r i e s :  

( I )  Approved, The launch has been approved by t h e  BOB t o  r e c e i v e  funds f o r  
development of hardware. 

(2) Planned. The p r o j e c t  ha s  approved funds f o r  p lanning  b u t  n o t  f o r  hardware 
c o n s t r u c t i o n .  

(3) Proposed. No funds have been a l l o c a t e d  t o  t h e  p r o j e c t .  

Launch Vehic le  Data 

Each new p r o j e c t  t h a t  i n c l u d e s  a  space  launch i s  a s s igned  an  a p p r o p r i a t e  launch 
v e h i c l e  (LV) by t h e  Launch Vehic le  and P ropu l s ion  Programs (SV). C e r t a i n  LV c o s t  d a t a  a r e  
i n p u t  f o r  each launch v e h i c l e  used by t h e  program. Provid ing  t h e  LV c o s t  d a t a  independent ly  
of  t h e  p r o j e c t s  a l l ows  LV p lanne r s  t o  a s s i g n  d i f f e r e n t  LV combinations t o  t h e  p r o j e c t s  
w i th  a  minimum of e f f o r t .  These LV i n p u t  d a t a  (F igure  B-3) i n c l u d e  LV i d e n t i f i c a t i o n ,  
c o s t  s p r e a d / f l i g h t ,  and s u s t a i n i n g  eng inee r ing  and maintenance c o s t s .  

The remaining i n p u t  d a t a  (Summary Is ,  I I s ,  and 111s)  provide  p lanning  r e p o r t s  
summarized from t h e  r eques t ed  p r o j e c t s  and a p p r o p r i a t e  LV da t a .  Therefore ,  t o  have a n  
e f f e c t i v e  p lanning  program, it i s  e s s e n t i a l  t h a t  t h e  p r o j e c t  and LV c o s t  d a t a  be a s  com- 
p l e t e  and a c c u r a t e  a s  p o s s i b l e .  

The nex t  s t e p ,  a s  i n d i c a t e d  i n  F igu re  B-1 f lowchar t ,  i s  t h e  c r e a t i o n  of  Summary Is.  
A Summary I i s  a  c o l l e c t i o n  of p r o j e c t s  which form a  p l a n  f o r  one of  t h e  OSSA d i v i s i o n s .  
The p r o j e c t s  t o  be inc luded  i n  a  g iven  Summary I a r e  r eques t ed  by complet ing a  Summary 1 
planning  r e q u e s t  s h e e t  (F igu re  3-4).  The number of  d i f f e r e n t  Summary I r e q u e s t s  p o s s i b l e  
depends upon t h e  e x i s t i n g  number of p r o j e c t s  and i s  t h e o r e t i c a l l y  l i m i t e d  by t h e  laws of  
mathematical  combinat ions,  b u t  i s  r e a l i s t i c a l l y  l i m i t e d  by computer memory. 

A Summary I can  be used t o  i n t e g r a t e  d i f f e r e n t  p r o j e c t s  i n t o  groups and composite 
p r o j e c t s .  A group may c o n t a i n  a l l  p r o j e c t s  w i th  s i m i l a r  c h a r a c t e r i s t i c s  such a s  t h e  
O r b i t i n g  S o l a r  Obse rva to r i e s  (OSO) o r  A p p l i c a t i o n  Technology S a t e l l i t e s  (ATS) . The d i f f e r -  
e n t  p r o j e c t s  i n  any g iven  group w i l l  appear  a s  a s e p a r a t e  l i n e  i t em i n  t a b l e s  such a s  
f l i g h t  schedules  bu t  w i l l  appear  a s  one Line i n  t h e  funding p l o t .  A composite p r o j e c t  
combines a l l  t h e  i n d i v i d u a l  p r o j e c t s  reques ted  on a  Summary I r e q u e s t  s h e e t  and i s  t r e a t e d  
a s  a  s i n g l e  p r o j e c t  i n  t h e  f l i g h t  schedules  and funding p l o t s .  

The OSSA o r g a n i z a t i o n  comprises s i x  Program d i v i s i o n s  a s  fo l lows:  Space Biology (SB), 
Space Phys ics  and Astronomy (SG), Space Lunar and P l ane t a ry  Exp lo ra t i on  (SL), Space 
Launch Vehic les  (SV), Communications (SC) and Ear th  Observa t ions  (SR). 
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LAUNCH VEHICLE INFORMATION 
(TENTATIVE WORK SHEET) 

Recurring and Annual Support Costs (In Millions) 

F I G U R E  B-3. LAUNCH VEHICLE INFORMATION WORKSHEET 
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SUMMARY I PLANNING REQUEST 
I Re". A 

63 Request ID 1 w St indard  Pre:iuf kJJ 
planner  u + ~  EYr.  N O . :  Date: M-D-Y- 

iype oi request ( c i r c i e  me)*, I. !tau or  n v d i r i c a r l o n  ~ e q i u z  1. Rerun of  r c o Z  r:bue:;+ 
Should Chis r r q u e s i  be stored? (Ci rc le  One),, 1. Yes  2. No 

Modi f ice t ion  of S v x s r y  I ID 

( I f  t h i s  S v l r a i y  1 l a  a e a d l f i c n t i a n  nf  another  S - i y  I f o r  imich  a request sheet has 1 fLl led  out, enter Chat LC abave only f i l i  ost t h ~  r-ining axe* o£ t h ~  
s h e e t  f o r  which t h i a  r o d i f i s a t i o n  d i f f e r s . )  I 

COMPOSITE PROJECTS 1 

I 
IIISTRUCPIOMS 

I 

1. Group* 
a. ccmposite p r o j e c t s  
b. P r o j e c t s  

2 .  U W X O U ~ ~ A  c e a p o r i t e  P r o j r c l s  
ungrouped P r o j e c l r  

64 

FIGURE B - 4 .  SUMMARY I REQUEST FORM 

CRWPS 
(Iron 110. Group , i r e  & I , ,  8 , . l , , , , , l , , , , , l , b , , , ,  

l , , , , , l , , , . , r , , , , , l , , , , , ,  
I I I , . . l / , , , , l l l l l l l I I I I I ,  

-- 
I /  / / 1 1 1 1 / 1 1 , 1 1 1 , 1 / 1 1 1 1 1 1 ,  

I t / . < l / l l l / I I I I < I I ~ I I I I I 1 l l l l l  
l ~ l l l ~ l l l l l , l o l l l l , I I I I ,  
I j # l l l l I I I I I I I / ~ % I I I I , ~ I ,  
1 ,  ~ 1 1 ~ 1 , 1 , , , 1 1 , , 1 , 1 1 1 1 1 1 ,  
1 1 < 1 / 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1  

I , , . , , I , , , , , ~  , , , ,  , I ~ ~ , ~ , , , ,  
1 1 / 1 1 1 1 ~ 1 1 1 1 1 1 1 1 / 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

/ 1 1 1 , 1 / , 1 1 1 1 / 1 1 , /  
l I l l l l l j / l l . I I I I I r l l l , l l ,  

l i l i i i l l l i l l l l l l l l l I I I I I I , I I I I J  
1 1 1 1 1 1 1 1 , 1 1 9 1 1 1 . 1 / I 1 8 1 1 1 1  

k-~-b 

+ I,-inder of  s h e e t  seed not be filled out .  *see r h i r d  page for exp1aoation. 

PROJECTS REQUESTED 
A l l  p re f ixes  vhich are t h e  s a n e  ss the  Standard P r e f i x  an page 1 w y  be o l l r t e d  on t h i s  

OUTPUT OPTIONS 
p a g e  l i t h i e  i s  n new reques t ,  f i l l  i n  P r o j e c t  10 '8  i o  o r d e r  des i red .  I f  t h i s  l a  e 
m d i f i c o c i o n ,  f i l l  i o  one l i n e  per c h ~ w e - - t a u  fox an a d d i t i o n ,  OLD f o r  a de le t ion .  or 
both f o r  e rep1ac ineni .  
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69 - 

I . O S S A  3 . 0 ~ ~  
2 . 0 r n P  4 . m  

5. Hlxed NASA 
6. ocher  

7. All soureea  

(Only those  requea ted  pro jec t*  v i t h  the furd ing  source c i r c l e d  a b w e  vill be inc luded  i n  
fundlog t o t a l a  and p lo ts .  T b a e  w i t h  d i f f e r e n t  fvndiog sovrcaa vill be ah- separately 
on f l i g h t  and fvndlng r e p o r t s ,  b u t  vill not c o o t r l b u r s  to any r a l a l 8 .  1 f  rmnbsr "7" i s  
c i r c l e d ,  a l l  reques ted  P r o j e c t s  v i l l b e  inc lvded  i n  a l l  r e p o r t s  regard lee*  of  t h e i r  
i e d i v t d v a l  funding aoarrce.) 

C i r c l e  ReporLa Deaized: 

1. L l i g h t  Schedule v i t h  Short P r o j e c t  Nhse 5. give Year R e w r t s  r h i e h  l a c l u d s :  

2. F l i g h t  Sehedvle v i t h  P u l l  P r o j e c t  N ~ n a  Approved 5 Year P l i s h r a  

3. p c  of Pvndiog ( G r o u p l h p o s i r t  5 Year N a ,  S t a r t  Plights 

~ r o j e c r l ~ r o j e e r )  WP 5 year ~ v n d i n g  PIOC 

4. ?Jot of m e d i n g  ( G r w p l ~ o a i f e  5 Year New s t a r t  h n d i n g  PIOL 

ProJec t IPro jec l )  aed Lv h e d i n g  

I n d i v i d u a l  P r o j e c t  s-ries ere a v e i l a b l a  i f  deafred. Ihey v i I I  inc lude  the name, 10. 
and eeaigned launch v e h i c l e  of each p r o j e c t  reques ted  and any or a l l  o f  t h e  f o l l d o g  
info-tion. ( c i r c l e  e a s h  t h a t  i s  dealred.) 

1. f l i g h t  Schedule 4. 2 Ye- New s t a r t  Punding 

2. ?,Or :OPpundiog 5. $,wm~un~h Vehic le  mndiog  

3. p r o j e c t  ~ u n d i o g  6. T o t a l  (Pzojes t  ~d LV) Funding 

ManpOxer Displays? ( C i r c l e  One)., 1. Ye. 2 .  NO 

13.- - 
14.- - 
15.- 
16." " 
17.- - 
1s.- 28.- - 
19.- - 29.- - 



A Prospec tus  c o o r d i n a t o r  assembles t h e  d e s i r e d  Summary Is from each d i v i s i o n  i n t o  
OSSA p lans .  Each p l a n  i s  a  group of  Summary Is  which c o n s t i t u t e s  a Summary 11, The 
a p p r o p r i a t e  Summary Is  a r e  r eques t ed  by complet ing a  Summary I1 r e q u e s t  form (F igu re  B-5). 

Summary 111s 

Summary I11 r e q u e s t s  a r e  t hen  developed from Summary 11s by NASA management, t h u s  
provid ing  an o v e r a l l  NASA plan .  I n  o r d e r  t o  have a  NASA-wide Summary I11 i t  would be 
neces sa ry  f o r  t h e  o t h e r  d i r e c t o r a t e s  of  NASA (OART, OMSF, OTDA) t o  p a r t i c i p a t e  i n  t h e  
Prospec tus  Exerc ise  and produce t h e  neces sa ry  p r o j e c t  d a t a ,  Summary I s ,  and Summary 11s. 
A Summary 111 r e q u e s t  s h e e t  i s  i l l u s t r a t e d  i n  F igu re  B-6. 

Prospec tus  Program Output 

The computer program reads  t h e  p r o j e c t  d a t a ,  LV c o s t  d a t a ,  Summary Is ,  Summary IIs ,  
and Summary 111s from punched ca rds .  A magnetic  t ape  con ta in ing  a l l  p r ev ious ly  c r e a t e d  
p r o j e c t s ,  LV c o s t  d a t a ,  and c e r t a i n  Summary Is i s  a l s o  used a s  i n p u t  t o  t h e  program 
(exp la ined  l a t e r ) .  Any new p r o j e c t s  o r  LV c o s t  d a t a  a r e  compiled i n t o  r eco rds  and s t o r e d  
on t h e  magnetic  tape .  It i s  a l s o  p o s s i b l e  t o  update  any p r o j e c t s  o r  LV d a t a  a l r e a d y  e x i s t -  
i n g  on t h e  i n p u t  tape .  I n  t h i s  manner, a  c u r r e n t  f i l e  con ta in ing  a l l  p r o j e c t s  and LV c o s t  
d a t a  c r e a t e d  by t h e  p l anne r  i s  main ta ined .  Thus, i f  t h e  LV c o s t  d a t a  a r e  cons idered  
c o r r e c t ,  t hey  need o n l y  be e n t e r e d  once a t  t h e  beginning of  t h e  p lanning  process .  I t  i s  
a l s o  p o s s i b l e  t o  r e q u e s t  t h a t  any Summary I be s t o r e d  on t h e  t a p e  f i l e .  This  s t o r a g e  
c a p a b i l i t y  i s  n o t  provided  f o r  Summary 11s and 111s. The advantage of  s t o r i n g  Summary Is 
i s  t h a t  a  Summary I1 r e q u e s t  can be  made wi thou t  i n c l u d i n g  t h e  punch ca rd  decks f o r  each  of 
t h e  Summary Is t h a t  a r e  inc luded  i n  t h e  Summary 11. The Summary Is,  LV c o s t  d a t a ,  o r  
p r o j e c t s  may be used a n d / o r  modif ied an  i n d e f i n i t e  number o f  t imes .  

C e r t a i n  r e p o r t s  a r e  provided f o r  t h e  p lanner  i n  t h e  ou tpu t  l i s t i n g  each t ime t h e  
Prospec tus  Program i s  run.  These r e p o r t s  a r e  a s  fo l lows:  

(1) A p r i n t o u t  (F igu re  B-7) of  each new o r  modif ied p r o j e c t  e n t e r e d  i n t o  t h e  
p r o j e c t  f i l e  

(2) An up-to-date i ndex  o f  a l l  p r o j e c t s  by p r o j e c t  name (Table B-1) and by 
p r o j e c t  I D  ( s i m i l a r  t o  Table B - 1  except  s o r t e d  by p r o j e c t  i d e n t i f i c a t i o n )  

(3 )  A l i s t i n g  of  each new o r  modif ied Summary I r e q u e s t  (F igure  B-8), Summary I1 
r e q u e s t  (F igu re  B-g), and/or  Summary 111 r e q u e s t  (F igu re  B-10) 

(4) S tandard  LV c o s t  summary (Table B-2) a s  i t  appears  on t h e  d a t a  t ape .  

The remaining r e p o r t s  which t h e  Prospec tus  program provides  a r e  o p t i o n a l  and a r e  
r eques t ed  by t h e  p l anne r  v i a  t h e  Summary I, Summary 11, and Summary 111 r e q u e s t  s h e e t s .  
The r e p o r t s  a r e  c r e a t e d  e i t h e r  by t h e  computer p r i n t e r  o r  a  Stromberg Datagraphics  SD- 
4060", depending upon t h e  r e p o r t .  The SD-4060 i s  used t o  produce v i s u a l  p l o t s  of  c o s t  
d a t a  and f l i g h t  s chedu le s  f o r  t h e  program p lanne r s .  

The Stromberg Datagraphics  SD-4060 i s  a hardware u n i t  t h a t  p rov ides  v i s u a l  d i s p l a y s  
(graphs ,  p i c t u r e s ,  t a b l e s ,  e t c , )  of d a t a  from a magnetic  t a p e  c r e a t e d  by a  d i g i t a l  
computer, An SD-4020, which i s  a predecessor  of  t h e  SD-4060, may be used i n  p l a c e  o f  
a  SD-4060. 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - C O L U M B U S  L A B O R A T O R I E S  
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AT 1043 DQJJECT NAdE H I G H  
SHORT P P n J E r T  FJALIE HEAI) 4 8 1 5  

FUNDING 
FLTCMT9 ( M I L L I O N S )  

VEaU X r * POP TOTAL 
69 o n n q.03 o.@ 
70 o n o c . 1 0  n.o 
7 1  n C? n 0 :  0.0 
7 >  C fi P 4 - 5 1  6.9 
73  n n n 65.51, 65.5  
76 o 0 n 47.00 67.0 
75 o I n &&.on 64.0 
76 n I 0 4c.01) 6n.o 
77 o i n ;.nn 16.0 
78 n n n n.03 5 . 0  
79 * I\ o *,.on 3.0 
no 3 + q ".on 0.0 
I o n n 0.00 9.0 
82 0 n 0 0.00 0 . 0  
R3 O " 1 0.0 
84 n n o n.oo 0.0 
95 n 1 n rj.gn o.? 
96 1 1 r . O C  9 .9  
a7 a * n n .0~1  n.n 
4 1  n 0 . 0 0  o.n 

TOT I, 1 ? 191' 2 0 2  

ENFUUV A S l H I l N  OrlS &M+C PROJECT O A f A  UNMANNED 
OLbNNER HHI -NLVP FXTENSIUY NO. 20147 N O U l F l C L l l O N  OF PUOJECI  b l  1043 

MANPO*EU PROJECT TYPE-PRIMAWY S/C PROJECT FUNOlNG SOUUCt-OSSA 
NASA CON- CPNDiDATE MPNAGEHENT CENTERIS)  

0 1 u  ID T R A C T  CENTER USED IN OTHER CANDIDATE CENTERS 
0 I 6 69 MbYPOwER F S T I M A T E  
0 1 0 7 0  l4SFC 
0 1 0 7 1  
o 3 ~ 2  MISSION P A R A M E I ~ U S  
0 Q 0 7 3  A. EAUTH W d l T A L  NOMINAL LOWBH UPPER C. PROBES NOMINAL 
0 1 0 7 6  o E R l G i E ,  N u  200 180 250 O I S T A N C E v I U  0.0 
o a 7 5  A P O G E ~ .  NM 200 180 250 I N C L I N .  ro 
0 0 7 6  INCCINAT1ON. UEG 29.5 0.0 28.5 ECLIP.SOEG 0 
0 " 0 7 7  LONG1 l t lOE I F  ~UIP IIME*UAI> 0 
0 1 0 7 8  FVNCHRONO I S  0 0 0 
0 1 0 7 9  0 .  PLPN€TARY/OUUlTAL 
0 1 1 U O  1 4 .  FLVdYS/Z4 INGr )VS U I S S  I R I P  I I U E  TAYGEI -PLANtT /dUUY 
U 7 U * I  TAR5ET U I S l A N C E I N Y )  1 0 8 1 3 )  
0 ? O q 2  0 0 NOMINAL 
0 0 4 3  0 0 PLRIAPSISIP.R. 0 
0 1 u u 4  0 0 4POAPSIS.P.U. 0 
O 1 I l n 5  0 0 INCLIN.+  0 6 6 .  0.0 
0 2 0 * 6  T R I P  I I M E s U A Y b  0 
0 1 3 u7 ,'. I A h l O E R S / A T M O S U ~ t R I C  P U O d t S  
0 I O M 8  TAIJGET-P~ANCT/80UY F a  EARTM UETUUN 
3 b r o r  NO REIUUN IU ~ A P T H  

*F IJHTILHS. 0 
I U I P  T1ME.llAYS 0 

LAUNCH INFOUMATION 
VFLt)CI 1 Y U t d U I R E 4 F N I S  NOMINAL LUUER L I M  UPPLU L I M  
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SRq1 S L S 1  S 6 0 3  5 4 0 4  

THE FOLLQWING RFPORTS ARE QEl3iJFSTED. 

PLOT OF SIJMMARY I FUNDIVG ( W I T H  SEPARATE LV FIJNr)I*\IG) 

FUNDING TARLE HY PROJFCT TYPE 4 r I T H t N  EACd SllMMAnY 1. 

CONSOLIOATFD F L I  GUT SCHEI)!JLE. 

LV PHOCIJRFMFYT F~JNCI ING PI-31. 

DETAILED LV F L I G H T  AVD PR~)C~JQEM.IF.NT FuNI) I \ IG SCHEI~ULE. 

FIGURE B-9. EXAMPLE OF COMPUTER OUTPUT SUMMARY I1 L I S T I N G  
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PLANNER NhTA 

REQUEST I D  SUM3 

FXT. NO. 12345 DATE M 4 D 29 Y 7 0  
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ALTERNATIVE NASA MISSION MODEL 
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THE FOLLOWTN(; HFPOkTS )\RE REO(IESTEl1r 

PLOT OF SUMMARY 1 I F ~ ~ M I ) I N G ( w I  TH SEPARATE LV FUNDING) 

PLOT OF SUMMARY I 1  FLJNIIING (MITH LV FUNDING INCLUDED I N  I T S  RFSPECTIVE SUMMARY I 1  TOTAL) 
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LV PROCORFMFUT FIJFII)IIJ(; PLOT I 

DETAILEn Lv  FL IGHT AfJO P R O C U R E ~ ~ N T  FUNUING SCHEDULE. 

PLOT OF POP F I V F  YEAR FIJNDINF. 

PLOT OF FIRST 5 Y E A R S  F F M  S T A R T  FUNDING. 

FIGURE B-10 .  EXAMPLE OF COMPUTER OUTPUT SUMMARY 111 LISTING 
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The Summary I r e p o r t s  t h a t  can be reques ted  by t h e  p lanner  a r e  l i s t e d  below: 

(1) F l i g h t  schedule wi th  s h o r t  p r o j e c t  name (Table B-3). The s h o r t  p r o j e c t  name 
i s  s p e c i f i e d  on t h e  p r o j e c t  da t a  s h e e t  i n  F igu re  B-2. 

(2)  F l i g h t  schedule  w i t h  long p r o j e c t  name. (S imi l a r  t o  Table B-3 except  t h a t  
t h e  long p r o j e c t  name a s  a s s igned  on t h e  p r o j e c t  d a t a  shee t  i s  used i n  
p l a c e  of t h e  s h o r t  p r o j e c t  name.) 

(3 )  P l o t  of  funding f o r  group/composite p r o j e c t / p r o j e c t  (F igure  B-11)". A funding 
t a b l e  (Table B-4), g iv ing  t h e  p l o t t e d  d a t a ,  i s  a l s o  provided i n  a  computer 
l i s t i n g .  

J; 
(4) P l o t  of funding f o r  group/composite p r o j e c t l p r o j e c t  and launch veh ic l e .  

(S imi l a r  t o  F igure  B-11  bu t  w i t h  LV funding inc luded, )  A t a b l e  s i m i l a r  t o  
Table B-4 i s  a l s o  provided i n  a  computer l i s t i n g .  

a .  Approved 5-year f l i g h t s  (Table B-5) 

b. F ive-year  new s t a r t  f l i g h t s  ( S i m i l a r  t o  Table  B-5 except  t h a t  only 
nonapproved f l i g h t s  a r e  shown) 

c .  Program Opera t ing  Plan  (POP) 5-year funding p l o t  (F igure  B-12) 

d. Five-year  new s t a r t  funding p l o t  (S imi l a r  t o  F igu re  B-12 excep t  
t h a t  only  new s t a r t  money f o r  t h e  f i r s t  5-years  shown). 

(6) I n d i v i d u a l  p r o j e c t  summaries'' (Table B-6) which inc lude  name, I D ,  and 
a s s igned  launch v e h i c l e  p lus  any o f  t h e  fo l lowing:  

a .  F l i g h t  schedule  

b. POP funding 

c ,  P r o j e c t  funding 

d. 5-year  new s t a r t  funding 

e. Launch v e h i c l e  funding 

f ,  T o t a l  ( p r o j e c t  f LV) funding. 

Summary I1 and Summary 111 o p t i o n a l  r e p o r t s  a r e  i d e n t i c a l .  The a v a i l a b l e  Summary 
11 (111) r e p o r t s  a r e  a s  fo l lows:  

(1) Composite funding p l o t  of Summary I s  (IIS)", w i th  LV funding shown s e p a r a t e l y  
(Figure  B-13) 

(2) Composite funding p l o t  of  Summary Is (IIS)", wi th  LV funding inc luded i n  i t s  
r e s p e c t i v e  Summary I (11) ( s i m i l a r  t o  F igu re  B-13) 

SD-4060 output .  
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(3 )  Composite "manned" funding  ( s i m i l a r  t o  F igu re  B-13 w i t h  only  "manned" 
p r o j e c t s  p l o t t e d )  

(4)  Funding t a b l e  by p r o j e c t  type  f o r  each Summary I (11) inc luded  i n  t h e  
Summary I1 (111) (Table  B-7) 

(5)  Consol ida ted  f l i g h t  schedule  (Table B-8) 

( 6 )  LV procurement funding p lo t"  (F igu re  B-14) 

(7) D e t a i l e d  LV f l i g h t  and procurement funding schedule" (Table B-9) 

(8) P l o t  of  POP 5-year funding2' ( s i m i l a r  t o  F igu re  B-12) 

(9)  P l o t  of  f i r s t  5-year  "new s t a r t "  funding'k ( s i m i l a r  t o  F igu re  B-12 excep t  t h a t  
o n l y  5-year  "new s t a r t "  funding i s  inc luded)  

(10) Manpower d i sp l ays"  ( s i m i l a r  t o  F igu re  B-13 except  t h a t  manpower i n  man-years 
i s  p l o t t e d  i n s t e a d  of  funding).  

Any combinat ion of t h e  o p t i o n a l  r e p o r t s  i n  e i t h e r  t h e  Summary Is ,  IIs, o r  111s may b e  
r eques t ed  by t h e  program planner .  

The Prospec tus  Exe rc i se  

F i g u r e  B-15 i s  a  flow c h a r t  d e s c r i b i n g  how t h e  Prospec tus  Exe rc i se  i s  c a r r i e d  o u t  i n  
OSSA. The p lanning  p roces s  is  i n i t i a t e d  by t h e  program p lanne r s ,  who gene ra t e  p r o j e c t s  and 
Summary I s  i n  each OSSA d i v i s i o n  o f f i c e .  The p r o j e c t  and Summary I d a t a  a r e  passed t o  
Launch Veh ic l e  and Propuls ion  Programs (SV), which checks t h e  p r o j e c t  d a t a  from t h e  o t h e r  
OSSA d i v i s i o n s ,  a s s i g n s  a n  a p p r o p r i a t e  launch v e h i c l e  t o  each p r o j e c t  having a  launch ,  and 
g e n e r a t e s  launch v e h i c l e  maintenance and procurement c o s t  d a t a ,  The Prospec tus  Coordina tor  
t hen  r e c e i v e s  t h e  d a t a ,  checks t h e  Summary I r e q u e s t s ,  and g e n e r a t e s  any d e s i r e d  Summary I1 
r e q u e s t s .  [Note: I f  t h e  Prospec tus  Exe rc i se  were t o  be used by NASA, t h e  d a t a  would then  
b e  passed t o  t h e  o v e r a l l  NASA planning  personnel  who would s e l e c t  a p p r o p r i a t e  Summary I1 
p lans  and g e n e r a t e  t h e  d e s i r e d  Summary 111 reques t s .  A s  mentioned p rev ious ly ,  i n  o r d e r  
f o r  t h e  Summary 111 r e q u e s t  t o  be  made i t  would be neces sa ry  f o r  a l l  NASA d i r e c t o r a t e s  
[ i . e .  (OSSA, OART, OMSF, OTDA) t o  p a r t i c i p a t e  i n  t h e  Prospec tus  Exe rc i se . ]  The d a t a  a r e  
t hen  e n t e r e d  i n t o  t h e  computer a long  wi th  t h e  computer program t o  gene ra t e  t h e  r eques t ed  
r e p o r t s .  The ou tpu t  i s  r e t u r n e d  t o  t h e  Prospec tus  c o o r d i n a t o r  who d i s t r i b u t e s  t h e  r e p o r t s  
t o  t h e  p rope r  OSSA d i v i s i o n  o f f i c e s .  Each OSSA d i v i s i o n  reviews and, i f  s a t i s f i e d ,  
approves t h e  r e p o r t s .  The approved r e p o r t s  a r e  r e tu rned  t o  t h e  Prospec tus  Coordina tor  f o r  
f i n a l  checking and approval .  

I f ,  a t  any p o i n t  i n  t h e  p lanning  cyc l e ,  approval  i s  n o t  g iven  t o  an  element i n  t h e  
p l a n ,  new d a t a  may be  genera ted  o r  o l d  d a t a  r ea r r anged  and reprocessed  by t h e  Prospec tus  
program, The re fo re ,  t h e  p lanning  process  can be  a  time-consuming, t ed ious  procedure  b e f o r e  
t h e  Prospec tus  Exe rc i se  completes  t h e  c y c l e  o f  producing an  OSSA ( o r  NASA) "approved" 
Prospec tus .  

Conclusion 

The Prospec tus  program has  been used t o  a s s i s t  i n  NASA OSSA planning  s i n c e  1967. 
I n  1969, many o f  t h e  Planning S t e e r i n g  Group (PSG) p lanning  pane l s  a l s o  used t h e  program. 
The p r o j e c t  d a t a  t a p e  c r e a t e d  by t h e  PSG e x e r c i s e  was one of  t h e  b a s i c  i n p u t s  u t i l i z e d  i n  

* SD-4060 ou tpu t .  
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this study. The projects developed by the PSG planners, plus variations of these provided 
the set of projects from which the mission models discussed in this report were developed. 

The program was used extensively in this study to generate various division and 
OSSA mission models (i.e., Summary Is and Summary IIs, respectively) because of its 
ability to provide quick and accurate funding plots, flight schedules, and summaries of 
launch vehicle requirements. It also provided complete documentation of the project data 
used in the study. 
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APPENDIX C 

OUTS i D E  USERS 
P 

I n t r o d u c t i o n  

The term " o u t s i d e  u se r s "  r e f e r s  t o  a l l  u s e r s  of OSSA launch  v e h i c l e s  (LV) e x c e p t  
NASA OSSA. The o u t s i d e  u s e r s  have been c a t a g o r i z e d  i n t o  f i v e  groups'': 

e OART (NASA O f f i c e  of A p p l i c a t i o n  and Research Technology) 

DOD (Department of  Defense) 

I n t e r n a t i o n a l  Programs 

e Communications ( e . g . ,  Comsat Corpora t ion)  

e Ear th  Observa t ions  ( e . g . ,  ESSA) 

Some launches  f o r  o u t s i d e  u s e r s  a r e  "reimbursable" .  For example, i n  t h e  c a s e  c f  
l aunches  f o r  o t h e r  government agenc i e s  such a s  DOE and ESSA, t h a t  agency budgets  f o r  t h e  
c o s t s  of launch v e h i c l e s  and t r a n s f e r s  t h e  funds t o  NASA on a n  I n t e r d e p a r t m e n t a l  Purchase  
Reques t .  S ince  t h e s e  funds a r e  i nc luded  i n  t h e  budgets  of o t h e r  agenc i e s  they  do n o t  
appea r  i n  t h e  NASA budget .  Some o t h e r  f l i g h t s  f o r  o u t s i d e  u s e r s  a r e  handled d i f f e r e n t l y .  
I n  t h e  c a s e  of  f l i g h t s  f o r  OART and t h o s e  i n t e r n a t i o n a l  f l i g h t s  t h a t  a r e  "coopera t ive"  
t h e r e  i s  no t r a n s f e r  of funds f o r  launch v e h i c l e s ;  t he  funds a r e  inc luded  i n  t h e  OSSA 
budget ,  I n  t h e  c a s e  of Comsat f l i g h t s  and "non-cooperat ive" i n t e r n a t i o n a l  f l i g h t s ,  t h e  
funds f o r  t h e  launch a r e  provided  by t h e  o u t s i d e  u s e r ;  t h e r e f o r e ,  t h e  funds do n o t  appea r  
i n  any government budget .  I n  t h i s  r e p o r t ,  d i s p l a y s  of OSSA budget  requi rements  i n c l u d e  
e s t i m a t e s  of  t h e  non- re imbursab le  funding requi rements  f o r  " o u t s i d e  user"  launches .  

When e s t i m a t i n g  launch  v e h i c l e  procurement f o r  OSSA, o u t s i d e  u s e r  requi rements  must 
be cons ide red ,  s i n c e  they  have a  s i g n i f i c a n t  e f f e c t  on LV use  r a t e s .  I n  t h e  p a s t ,  o u t s i d e  
u s e r s  have used DELTA, SCOUT, TATIAGENA, and ATLASICENTAUR type  v e h i c l e s .  The u s e  r a t e  f o r  
t h e s e  v e h i c l e s  f o r  t h e  y e a r s  1965 through 1969 i s  p r e sen t ed  i n  Table  C - 1 .  

Table  C - 1  i n d i c a t e s  t h a t  SCOUT and DELTA type  v e h i c l e s  f u l f i l l e d  t h e  m a j o r i t y  of 
o u t s i d e  u s e r  requi rements ,  The DELTA and SCOUT v e h i c l e s  a r e  expec ted  t o  con t inue  t o  have 
t h e  l a r g e s t  requi rements  from o u t s i d e  u s e r s .  The u se  of ATUSICENTAUR and, l a t e r  i n  t h e  
p e r i o d ,  t h e  use  of TITAN IIID/CENTAUR i s  expected t o  i n c r e a s e .  

The documents used t o  o b t a i n  t h e  e s t i m a t e s  of  o u t s i d e  u s e r  requi rements  r e p r e s e n t s  
i n f o ~ m e d  judgements bu t  a r e  n o t  backed up by t h e  depth  of i n fo rma t ion  t h a t  was a v a i l a b l e  
f o r  t h e  programs of t he  OSSA D i v i s i o n s  ( i . e .  SA, SB, SG, SL). The re fo re ,  t h e r e  i s  a  
g r e a t e r  u n c e r t a i n t y  a s s o c i a t e d  w i t h  numbers of o u t s i d e  u s e r  f l i g h t s  p r e sen t ed  he re .  

The d a t a  was t r a n s l a t e d  from t h e  a v a i l a b l e  documents f o r  DOD, OART, I n t e r n a t i o n a l ,  
Communications, and Ea r th  Observa t ions  Programs i n t o  a  format  c o n s i s t e n t  w i th  o t h e r  (OSSA) 
p r o j e c t  d a t a  ( i , e ,  SA, SB, SG, SL) i n  t h i s  r e p o r t ,  F ive  s e t s  of g u i d e l i n e s  were t h e n  
e s t a b l i s h e d  t o  r e p r e s e n t  a  range of p o s s i b l e  a l t e r n a t i v e s  f o r  o u t s i d e  u s e r s  f o r  t h e  1971- 
1981 time pe r iod .  S e l e c t i o n s  were made from the  o u t s i d e  u s e r  p r o j e c t s  t o  form f i v e  
d i f f e r e n t  o u t s i d e  u s e r  mi s s ion  models (SVI-SV5) which were b e s t  c o r r e l a t e d  wi th  t he  
cor responding  g u i d e l i n e s ,  TE~ese models a r e  presen ted  l a t e r  i n  t h i s  Appendix, The 

p r o j e c t s  inc luded  i n  t he  f i v e  models a r e  p r e sen t ed  i n  t h e  n e x t  s e c t i o n .  

' The s p e c i f i c  p r o j e c t s  i nc luded  i n  each group a r e  p r e sen t ed  i n  t h e  nex t  s e c t i o n .  
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TABLE C- 1. OUTSIDE USER LAUNCH RATES FOR THE 
PERIOD 1965-1969 

DELTA 

SCOUT 

TOTALS (b) 

(a) The upper f i g u r e  i n d i c a t e s  t h e  number of  launches 
f o r  o u t s i d e r  users .  The lower f i g u r e  i s  t h e  
percentage  of  launches accounted f o r  by o u t s i d e  
u s e r  o u t  of  t h e  t o t a l  number of  launches f o r  t h e  
i n d i c a t e d  launch v e h i c l e  and year .  

(b) The percentages  i n  t h e  t o t a l  d a t a  r e p r e s e n t  t h a t  
p o r t i o n  of t h e  t o t a l  number of OSSA launches 
which were f o r  o u t s i d e  u s e r s .  

(1-6)'' 
Program Areas 

This  s e c t i o n  p r e s e n t s  t h e  p r o j e c t s  which comprise t h e  o u t s i d e  u s e r  models (SVl-SV5) 
p re sen ted  l a t e r  i n  t h i s  Appendix. Spacec ra f t  weights  and c h a r a c t e r i s t i c  v e l o c i t i e s  (VC) 
a r e  g iven  i n  pounds and fee t -per -second,  r e s p e c t i v e l y ,  whenever t h e  d a t a  were a v a i l a b l e .  
I n  many i n s t a n c e s  (e .g. ,  DOD, I n t e r n a t i o n a l ) ,  t h e  weight  s ta tements  and VC da t a  were no t  
given s i n c e  many of t h e  miss ions  a r e  no t  y e t  s u f f i c i e n t l y  w e l l  de f ined ,  and/or  because 
t h e  e s t i m a t e s  r e p r e s e n t  s e v e r a l  d i f f e r e n t  miss ions  which r e q u i r e  t h e  same launch veh ic l e .  
The i n t e r n a t i o n a l  f l i g h t  schedules  i n  t h i s  s e c t i o n  were d iv ided  i n t o  two c a t a g o r i e s  ( i . e .  
re imbursables  and non-reimbursables)  f o r  each launch v e h i c l e  group ( i . e . ,  SCOUT, DELTA, 
ATLAS/CENTAUR) used i n  i n t e r n a t i o n a l  programs. The non-reimbursables involve  t h e  c o s t s  f o r  

-7 ..- 
about  60%(7) of  launches f o r  which OSSA provides the  launch vehicle.""  The remaining 40% 
of t h e s e  t o t a l  launch c o s t s  a r e  reimbursed t o  OSSA by t h e  f o r e i g n  o rgan iza t ion  sponsor ing  
t h e  s p a c e c r a f t .  

S u p e r s c r i p t s  denote r e fe rences  l i s t e d  a t  t he  end of t h i s  appendix. 
,9..'. .- A s  noted  i n  Reference 7 ,  t h i s  i s  a p r o j e c t i o n  of t h e  probable  f u t u r e  d i v i s i o n  between 

re imbursable  and non-reimbursable launch c o s t s  f o r  i n t e r n a t i o n a l  programs. 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



DOD Launches 

DOD-SCOUT LV: SCOUT 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  3 3 3 3 3 3 3 3 3 3 3 

DOD-DELTA LV: DELTA 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  - 1 2 1 1 1 1 1 1 1 1 

DOD-ATLAS/CENTAUR LV: ATLAS~CENTAUR 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  - 1 2 - - - - - 

DOD-SCOUT(LOPI) LV: SCOUT 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  3 2 3 2 3 2 3 2 3 2 3 

D O D - A ~ S / C E N T A ~ R ( L ~ ~ . J )  LV: ATLAS/CENTAUR 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  - - 1 1 -  - - 

DOD-DELTA(72-81) LV: I%T/DELTA 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  - 1 - 1 - 1 - 1 - 1 1 

OART Approved Missions 

OART REENTRY H(72) LV: SCOUT 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  - 1 - - - 
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- - 

INTELSAT V(77-81) LV: TITAN IIID/CENTAUR W t :  5,000 VC: 38,400 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  - - - - 1 1 1 1 1  

CANADIAN DOMESTIC SATS (72) 
LV: TAT~DELTA W t :  1 ,000 VC: 38,400 

F l i g h t s  - 2 1 1 2 1 1 - - 2 

CANADIAN DOMESTIC SATS(73-81) 
LV : TATIDELTA W t :  1 ,000 VC: 38,400 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

F l i g h t s  - - 1 1 1 - 1 -  - 2 1  

SOUTH AMERICAN REGIONAL SAT(76) 
LV: TATIDELTA W t :  1,000 V C :  38,400 

F l i g h t s  - - - 1 1 1 -  - 1 
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C-13 

SV Mission Models 

Introduction 

In this section, five mission models (SV1-SV5) for outside user launches are 
presented. For convenience they have been identified as SV mission models. In NASA OSSA, 
Code SV is the Launch Vehicle and Propulsion Program Division. For NASA management 
reporting purposes, SV is in fact designated as the NASA program office for many outside 
user launches. Each model is described by a set of guidelines and characteristics with a 
corresponding flight schedule. A discussion of the five models is given in the next 
section of this chapter, 
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The guidel ine  f o r  model SV1 was t o  c r e a t e  an  in termedia te- level  ou t s ide  use r  plan.  
The c h a r a c t e r i s t i c s  of model SV1 a r e  a s  follows: 

o A DOD launch program cons i s t ing  of 33 Scouts, 11 Del tas ,  and 3 At las  Centaurs (1) 

e A l l  OART approved and planned f l i g h t  missions(2) using OSSA launch veh ic les  
a r e  included 

e I n t e r n a t i o n a l  (Intermediate)  (3) 

Scout: An average launch r a t e  of 2 Scouts pe r  year.  No impact on the 
NASA program from fore ign launch veh ic les  

Delta:  To ta l  of 9 s c i e n t i f i c  and a p p l i c a t i o n  s a t e l l i t e s ;  a l s o  assumes 
absence of an  ELDO veh ic le  

AtlasICentaur:  Average of 1 veh ic le  every 3 years  

0 Active Communications and Earth Observations programs cons i s t ing  of 40 and 26 
launches r e s p e c t i v e l y  
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TABLE C-2 .  SVI FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  L a u n c h v e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  81 

OSSA N o n - R e i m b u r s a b l e s  

OART 

OART REENTRY H(72)  SCOUT - I - - - - -  - - - - 
OART PLANETARY ATMOSPHERE 

EXPERIMENTS TEST G(71) SCOUT I : - - - - -  - - - - 
OART METEOROID TECHNOLOGY 

SAT A(71)  SCOUT I - - - - -  - - - - 
OART ORBITAL SCANNER(75) TATIDELTA - - - 1 -  - - - - 
OART OPTICAL COMMUNICATION - - - 

TECHNOLOGY(74) ATLAS/CENTAUR - - 1 - -  - 
OART RADIO TELESCOPE STRUCTURAL 

TECH. FLIGHT EXP(74) TAT/DELTA - - - 1 - -  - - - 

I n t e r n a t i o n a l  P r o g r a m s  

INTERNTL. PROG. -SCOUT (INT) SCOUT 1 1 2 1 1 2 1 1 2 1 1  
INTERNTL. PROG. -DELTA (INT) TATIDELTA 1 1 2 1 1 2 2 1 1 2 1  
INTERNTL . PROG .-CENTAUR( INT) ATLAS/CENTAUR - I - -  - 1 -  - - 1 -  

OSSA R e i m b u r s a b l e s  

I n t e r n a t i o n a l  P r o g r a m s  

REIM. IWTERNTL . PROG. -SCOUT (INT) SCOUT 1 1 - 1 1 - 1 1 - 1 1  
REIM. INTERNTL. PR0G.-DELTA(1NT) TAT/DELm 1 1 1 1 1 - 1 1 1 -  2 
REIM. INTERNTL. PR0G.-CENTAUR(1NT) ATLASICENTAUR - - - - -  - - 1 - -  

C o m m u n i c a t i o n s  

US DOMESTIC SATELLITE (73)  
INTELSAT I11 (71)  
INTELSAT I V  ( 7  1- 7 5) 
INTELSAT V(77-81)  
CANADIAN DOI'ESTIC SATS (73-81)  
SOUTH AMERICAN REGIONAL SAT (76- 81 )  
INDIA DOMESTIC TV(75,79)  
FAA(ATC) (78 -81)  

TATIDELTA - - 2 1 1 -  - 2 2 -  
TAT/DELTA 2 - - - - -  - - - - - 
ATLAS /CEWl%UR 2 2 1 1 1 - - -  - - - 
TITANIIID/CENTAUR - - - - - - 1 1 1 1 1 
TAT /DELTA - - 1 1 1 - 1 -  - 2 1 
TAT /DELTA - - - - - 1 1 -  - 1 1  
ATLAS /CENTAUR - - - -  1 - - - 1 -  
ATLASICENTAUR - - - -  - - - 2 1 1 1  

E a r t h  O b s e r v a t i o n s  

ESSA WORLD WEATHER WATCH(76- 79 )  TATIDELTA - - - - - 1 - 1 1 -  - 
ESSA LOW ORBIT(71-74) TATIDELTA 1 3 1 1 - - -  - - - 
ESSA LOW ORBIT(75-81) TATIDELTA - - - -  1 1 1 1 1 1 1  
ESSA SYNCHRONOUS (74- 76 )  TAT /DELTA - - - 1 1 1 - -  
ESSA SYNCHRONOUS (77-79)  TAT(6C) /DELTA - - - - - -  1 1 1 -  - 
EARTH RESOURCES SURVEY(75) TAT /DELTA - - - 1 - 1 - 1 - 1  

DOD 

DOD-SCOUT SCOUT 3 3 3 3 3 3 3 3 3 3 3  
DOD-DELTA DELTA - 1 2 1 1 1 1 1 1 1 1  
DOD-ATLAS /CENTAUR ATLAS /CENTAUR - 1 2 -  - - - 
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The guideline for Model SV2 was to present an intermediate level plan similar to 
SVl but with decreased emphasis on DOD mission models. The characteristics of this 
model are as follows: 

e A low DOD launch program consisting of 28 Scouts, 11 Deltas, and 
2 Atlas/Centaurs (5) 

All OART approved and planned flight missions( *)using OSSA launch vehicles 
included 

e International: (~ntermediate)(~) 

Scout: An average launch rate of 2 Scouts per year. No impact on 
the NASA program from foreign launch vehicles 

Delta: Total of 9 scientific and application satellites every 
4 years; also assumes absense of an ELDO vehicle 

Atlas/Centaur: Average of 1 vehicle every 3 years 

a Active Communications and Earth Observations programs consisting of 40 
and 26 launches respectively. 
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TABLE C-3 .  SV2 FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  L a u n c h v e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  77 7 8  7 9  80 8 1  

OSSA N o n - R e i m b u r s a b l e s  

OART 
OART REENTRY H(72)  SCOUT - I - -  - - - -  - - - 
OART PLANETARY ATMOSPHERE 

EXPERIMENTS TEST G(71)  SCOUT I - - - - - -  - - - - 
OART METEOROID TECHNOLOGY 

SAT A(71)  SCOUT 1 - - - - -  - - - - 
OART ORBITAL SCANNER(75) TAT/ DELTA - - - -  1 - - - - - - 
OART OPTICAL COMMUNICATION 

TECHNOLOGY(74) SLV3C/CENTAUR - - 1 " -  - - - - 
OART RADIO TESESCOPE STRUCTURAL 

FLIGHT EXP (74) TAT /DELTA - - - I - - -  - - - 

I n t e r n a t i o n a l  P r o g r a m s  

INTERNTL. PR0G.-SCOlJT(1NT) SCOUT 1 1 2 1 1 2 1 1 2 1 1  
INTERNTL. PR0G.-DELTA(1NT) TATIDELTA 1 1 2 1 1 2 2 1 1 2 1  
INTERNTL . PROG. - CENTAUR (INT) ATLAS /CENTAUR - 1 - - - 1 - - - 1 -  

OSSA R e i m b u r s a b l e s  

I n t e r n a t i o n a l  P r o g r a m s  

REIM. INTERNTL. PR0G.-SCOUT(1NT) SCOUT 1 1 - 1 1 - 1 1 - 1 1  
REIM. INTERNTL. PROG. -DELTA (INT) TATIDELTA 1 1 1 1 1 - 1 1 1 - 2  
REIM. INTERNTL. PROG, -CENTAUR(INT) ATLAS /CENTAUR - - - - - - -  1 " -  - 

Comrnunica t i o n s  

US DOMESTIC SATELLITE(73) 
INTELSAT I11 ( 7  1) 
INTELSAT IV(71-75)  
INTELSAT V(77-81) 
CANADLAN DOMESTIC SATS (73-81)  
SOUTH AMERICAN REGIONAL SAT (76-81)  
INDIA DOMESTIC TV(75,79)  
FAA (ATC) (78-81) 

TATIDELTA - - 2 1 1 -  - 2 2 -  - 
TATIDELTA 2 - - - - -  - - - - - 
ATLAS /CEWIIAUR 2 2 1 1 1 - - -  - - 
TITAN IIID/CENTAUR - - - - - - 1 1 1 1 1  
T& /DELTA - - 1 1 1 - 1 -  - 2 1 
TAT /DELTA - - - - 1 1 -  - 1 1  
ATLASICENTAUR - - - - 1 - - - 1 - - 
ATLAS/CENTAUR - - - -  - - - 2 1 1 1  

E a r t h  O b s e r v a t i o n s  

ESSA 14ORLD WEATHER WATCH(76- 79 )  TATIDELTA - - - - 1 - 1 1 -  - 
ESSA LOW ORBIT(7 1- 74)  TAT/DELTA 1 3 1 1 - -  - - - - 
ESSA LOW ORBIT(75-81) TAT /DELTA - - - -  1 1 1 1 1 1 1  
ESSA SYNCHRONOUS (74-76)  TATIDELTA - - - 1 1 1 - - -  - 
ESSA SYNCHRONOUS(77-79) TAT(6C) /DELTA - - - - - -  1 1 1 -  
EARTH RESOURCES SURVEY(75) TAT /DELTA - - - - 1 - 1 - 1 - 1  

DOD 

DOD-SCO[rT(LOW) SCOUT 3 2 3 2 3 2 3 2 3 2 3  
DOD-DELTA TATIDELTA - 1 2 1 1 1 1 1 1 1 1  
DOD-ATUS/CENTAUR(LOW) ATLAS /CEKTkTJR - - 1 1 - -  - - - - 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  - COLUMBUS L A B O R A T O R I E S  



The guidel ine  f o r  Model SV3 was t o  c r e a t e  a plan which had a low f l i g h t  a c t i v i t y  
a s  compared t o  the o the r  plans i n  t h i s  Appendix. The c h a r a c t e r i s t i c s  of t h i s  model a r e  
a s  follows: 

e A low DOD launch program cons i s t ing  of 28 Scouts,  11 Del tas ,  and 2 A t l a s /  
Centaurs (5) 

e A l l  approved OART launches flown and a l l  planned OART missions cancelled 

e I n t e r n a t i o n a l  (low) (3) 

Scout: Phase-in of the  French Diamant, the  B r i t i s h  Black Arrow, and 
the  Japanese Lambda fo re ign  launch vehic les .  Scout launch 
r a t e  assumed t o  be 5 launches every 4 years.  

Delta: Demand c o n s i s t s  of 1 s c i e n t i f i c  s a t e l l i t e  per  year  wi th  t h e  
a d d i t i o n  of 8 overseas app l i ca t ions  s a t e l l i t e s  f o r  the  
period 1971-81. Of these  launches, i t  i s  f u r t h e r  assumed 
t h a t  8 w i l l  be provided by ELDO's Europa vehicle.  

AtlasICentaur:  Assumed launch r a t e  of 1 veh ic le  every 4th  year. 

a Active Communications and Earth Orbservations programs cons i s t ing  of 
40 and 26 launches respectively.(4) 
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TABLE C - 4 .  S V 3  F L I G H T  SCHEDULE 

Y e a r  
P r o j e c t  L a u n c h v e h i c l e  7 1  7 2  7 3  7 4  7 5  7 6  77  7 8  7 9  8 0  81 

OSSA N o n - R e i m b u r s a b l e s  

OART 

OART REENTRY H(72) SCOUT 
OART PLANETARY ATMOSPHERE 

EXPERIMENTS TEST G(71) SCOUT 
OART METEOROID TECHNOLOGY 

SAT A ( 7 l )  SCOUT 

I n t e r n a t i o n a l  P r o g r a m  

INTERNTL , FROG. -SCOUT (LOW) SCOUT - 1 1 - 1 1 1 - 1 1 1  
INTERNTL . PROG . -DELTA (LOW) TAT /DELTA - 1 - 1 1 - 1 1 - 1 1  
INTERNTL. PROG. -CENTAUR(LOW) ATLAS /CENTAUR - - I - -  - - - - - 1 

OSSA R e i m b u r s a b l e s  

I n t e r n a t i o n a l  P r o g r a m s  

REIM. INTERNTL. PROG. -SCOUT(LOW) SCOUT 2 - - 1 - 1 - 1 - - 1  
REIM. INTERNTL. PROG. -DELTA (LOW) TATIDELTA 1 - 1 - -  1 - - 1 -  - 
REIM. INTERNTL. PROG.-CENTAUR(L0W) ATLAS/CENTAUR - - - - - - 1 - - - - 

Communica t ions  

US DOMESTIC SATELLITE(73) 
INTELSAT I I I ( 7 1 )  
INTELSAT IV(71-75)  
INTELSAT V(77-81) 
CANADIAN DOMESTIC SATS (73-81) 
SOUTH AMERICAN REGIONAL SAT(76-81) 
INDIA DOMESTIC TV(75,79) 
FAA(ATC) (78-81)  

TAT /DELTA 
TAT/DELTA 
ATLAS /CENTAUR 
TITAN IIID/CENTAUR 
TAT/DELTA 
TAT/DELTA 
ATLAS /CENTAUR 
ATLAS /CENTAUR 

E a r t h  O b s e r v a t i o n s  

ESSA WORLD IJEATHER WATCH(7 6-79) TATIDELTA - - - - 1 - 1 1 -  - 
ESSA LOW ORBIT(71-74) TATIDELTA 1 3 1 1 -  - - - 
ESSA LOW ORBIT(75-81) TAT/DELTA - - - - 1 1 1 1 1 1 1  
ESSA SYNCHRONOUS (74-76) TAT /DELTA - - - 1 1 1 -  - - - " 

ESSA SYNCHRONOUS (77-79)  TAT (6C) /DELTA - - -  - - - 1 1 1 -  

EARTH RESOURCES SURVEY (75)  TAT /DELTA - - - 1 - 1 - 1 - 1  

DOD 

DOD-SCOUT (LOW) SCOUT 3 2 3 2 3 2 3 2 3 2 3  
DOD-DELTA TAT/DELTA - 1 2 1 1 1 1 1 1 1 1  
DOD-ATLAS / CENTAUR(LOB) ATLAS /CENTAUR - - 1 1 - -  - - 
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The guideline for Model SV4 was to present an aggressive outside user plan by using 
the highest launch rate estimates given in the available documents. The principal char- 
acteristics of this program are as follows: 

@ A DOD launch program consisting of 33 Scouts, 11 Deltas and 3 ~tlas/~entaurs(l) 

e All OART approved and planned flight missions(2) using OSSA launch vehicles 
are included 

e International (High) (3) 

Scout: Average launch rate of 5 satellites every 2 years with 
no competition from foreign launch vehicles 

Delta: Assumed launch of 15 scientific satellites and 22 applications 
satellites during the 1971-1981 time period with no competition 
from an ELDO launch vehicle 

Atlasl~entaur: Average launch rate of 1 vehicle per year for heavier 
applications satellites 

Aggressive Communications and Earth Observations programs consisting of 5 0 ( ~ )  
and 29 (2) launches respectively. 
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TABLE C-5 .  SV4 FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  L a u n c h v e h i c l e  7 1  7 2  73 7 4  7 5  7 6  77  7 8  7 9  8 0  81 

OSSA N o n - R e i n b u r s a b l e s  

OART 

OART REENTRY H(72) SCOUT - 1 -  - - - - -  - - - 
OART PLANETARY ATMOSPHERE 

EXPERIMENTS TEST G(71) SCOUT 1 - - - - - - - - - 
OART METEOROID TECHNOLOGY SAT A(71)  SCOUT 1 - -  - - - -  - - - - 
OART ORBITAL SCANNER(7 5)  TAT/DELTA - - - - I - -  - - - 
OART OPTICAL COMMUNICATION 

TECHNOLOGY (74)  ATLAS/CENTAUR - - - 1 -  - - -  - - 
OART RADIO TELESCOPE STRUCTURE 

TECH. FLIGHT EXP. TATIDELTA - - - I - - -  - 
I n t e r n a t i o n a l  P r o g r a m s  

INTERNTL. PR0G.-SCOUT(H1GH) SCOUT 2 1 2 1 2 1 2 1 2 1 2  
INTERNTL , PROG . -DELTA (HIGH) TAT/DELTA 2 3 2 2 2 2 3 2 2 3 2  
INTERNTL. PROG.-CENAUR(HIGH) ATLAS /CENTAUR 1 1 1 - - 1 1 1 -  - 1 

OSSA R e i m b u r s a b l e s  

I n t e r n a t i o n a l  P r o g r a m s  

REIM. INTERNTL. PR0G.-SCOUT(H1GH) SCOUT 1 1 1 1 1 1 1 1 1 1 1  
REIM. INTERNTL. PR0G.-DELTA(H1GH) TATIDELTA 2 1 2 1 2 2 1 1 2 1 2  
REIM. INTERNTL. PR0G.-CENTAUR(H1GH) ATLAS/CENTAUR - - - 1 1 - - - 1 1 -  

C o n n u n i c a t i o n s  

US DOMESTIC SATELLITE(73) 
INTELSAT 111 (71)  
INTELSAT IV(71)  
INTELSAT V(78)  
CANADIAN DOMESTIC SATS (7 2) 
SOUTH AMERICAN REGIONAL SAT(76) 
INDIA DOMESTIC TV(74) 
FAA(ATC) (74)  
AERONAUTICAL/MARITIME SAT. 

TATIDELTA - - 2 1 1 - - 2 2 -  
TATIDELTA 2 - -  - - - -  - - 
ATLAS /.WTAUR 2 1 1 1 1 1 -  - - - 
'I'ITAN IIID/CENTAUR - - - - - - 1 2  1 1  
TATIDELTA - 2 1 1 2 1 1 -  - - 2 
TAT/DELTA - - - - -  1 1 1 -  - 1 
ATLAS/CENTAUR - - - 1 1 -  - 1 1 -  
ATLAS /CENTAUR - - - 1 1 -  - 1 1 -  
ATLAS /CENTAUR - - - - - 2 2 - 1 - 1  

E a r t h  O b s e r v a t i o n s  

ESSA WORLD WEATHER WATCH(76) TAT /DELTA - - - - 2 - 1 1 -  
ESSA LOW ORBIT(71) TAT/DELTA 2 2 2 - - -  - - - 
ESSA LOW ORBIT(74) TAT/DELTA - - - 1 1 1 1 1 1 1 1  
ESSA SYNCHRONOUS (71) TATIDELTA 1 1 1 - - -  - - - - - 
ESSA SYNCHRONOUS (75) TAT(6C) /DELTA - - - - 1 - 1 - 1 - 1  
EARTH RESOURCES SURVEY(75) TATIDELTA - - - 1 - 1 - 1 - 1  

DOD 

DOD-SCOUT 
DOD-DELTA 
DOD-ATLAS / CENTAUR 

SCOUT 3 3 3 3 3 3 3 3 3 3 3  
TAT /DELTA - 1 2 1 1 1 1 1 1 1 1  
ATLAS /CENTAUR - 1 2 -  - - - 
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Outsider user  model SV5 presents  an in termedia te  l e v e l  model cons i s t ing  pr imar i ly  
of the d a t a  presented i n  Reference 4 .  The guidel ine  f o r  t h i s  model was t o  develop a p lan 
using d a t a  t h a t  were considered the  most r ecen t  es t imates  i n  the a reas  of Communications, 
Earth Observations, I n t e r n a t i o n a l  Delta and Centaur programs, and DOD-OART Delta programs. 

The p r i n c i p a l  f e a t u r e s  i n  t h i s  model a r e  a s  f o l l o ~ i s :  

a A DOD launch program cons i s t ing  of 28 2 ~ t l a s / ~ e n t a u r s ( ~ ) ,  and 
6 Deltas(4) 

a A l l  OART approved missions with the  updated OART planned missions,  a s  presented 
i n  Reference 4, included 

a I n t e r n a t i o n a l  

Scout: An average launch r a t e  of 2 Scout veh ic les  per  year with l i t t l e  
impact on the  NASA programs from fore ign launch veh ic les  (3) 

Delta:  Twelve launches spread over the  11 year  period(4) 

At las lcen taur :  Three launches spread over the  11 year  per iod(4)  

Active Comunications and Earth Observations programs cons i s t ing  of 40 and 
26 launches respec t ive ly .  
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TABLE C-6. SV5 FLIGHT SCHEDULE 

Y e a r  
P r o j e c t  L a u n c h v e h i c l e  7 1  7 2  7 3  7 4  7 5  76  77  7 8  79  8 0  8 1  

OSSA Non-Reimbursables  

OART 

OART REENTRY H(72) SCOUT - 1 -  - - - - -  - - -  
OART PLANETARY ATMOSPHERE 

EXPERIMENTS TEST G(71) SCOUT 1 - -  - - - -  - - -  
OART METEOROID TECHNOLOGY SAT A(71) SCOUT 1 - -  - - - -  - - - - 
OART RADIO TELESCOPE STRUCTURE 

TECH. FLIGHT EXP. (77)  TAT/DELTA - - - - - - 1 - - - -  
OART ORBITAL SCANNER(7 6) TtYC /DELTA - - - - -  1 - - - - - 
OART OPTICAL COMblUNICATION 

TECHNOLOGY ( 75) ATLAS/CENTAUR - - - - I - - -  - - -  
I n t e r n a t i o n a l  P rograms  

REIM. INTERNTL . PROG. -SCOUT (INT) SCOUT 1 1 2 1 1 2 1 1 2 1 1  
REIM. INTERNTL. FROG.-DELTA(L0W) TATIDELTA - 1 - 1 1 - 1 1 - 1 1  
REIM. INTERNTL . PROG. - CENTAUR(L0W) ATLAS /CENTAUR - - - 1 - - - - - - 1  

OSSA R e i m b u r s a b l e s  

I n t e r n a t i o n a l  P rograms  

REIM. INTERNTL. PR0G.-SCOUT(1NT) SCOUT 1 1 - 1 1 - 1 1 - 1 1  
REIM. INTERNTL. PR0G.-DELTA(71-81) TATIDELTA 1 - 1 1 - 1 - - 1 -  - 
REIM. INTERNTL. FROG.-CENTAUR(L0W) ATLAS/CENTAUR - - - -  - - 1 - - - - 

Communicat ions 

US DOMESTIC SATELLITE(73) 
INTELSAT 111 (71) 
INTELSAT IV(71-75) 
INTELSAT V(77-81) 
CANADIAN DOMESTIC SATS (73-81) 
SOUTH AMERICAN REGIONAL SAT (76- 
INDIA DOMESTIC TV(75,79) 
FAA(ATC) (78-81) 

TATIDELTA 
TAT /DELTA 
ATLAS /CENTAUR 
TITAN IIID/CElEAUR 
TAT /DELTA 

,231) TATIDELTA 
ATLAS /CENTAUR 
ATLAS/CENTAUR 

E a r t h  O b s e r v a t i o n s  

ESSA WORLD WEATHER WATCH(7 6-79) TAT/DELTA - - - 1 - 1 1 -  
ESSA LOW ORBIT(71-74) TATIDELTA 1 3 1 1 - - - -  - - 
ESSA LOW ORBIT(75-81) TAT /DELTA - - - -  1 1 1 1 1 1 1  
ESSA SYNCHRONOUS (74-76) TAT/DELTA - - -  1 1 1 - -  - - 
ESSA SYNCHRONOUS (77-79) TAT (6C) /DELTA - - - - -  1 1 1 - -  
EARTH RESOURCES SURVEY (75) TAT/DELTA - - -  - 1 - 1 - 1 - 1  

DOD 

DOD- SCOUT (LOW) 
DOD-DELTA (72-81) 
DOD-ATLAS /CENTAUR(LOI.J) 

SCOUT 3 2 3 2 3 2 3 2 3 2 3  
TAT /DELTA - 1 - 1 - 1 - 1 - 1 1  
ATLAS/CENTALJR - - 1 1 - -  - - - - 
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C-24 

Discussion 

SV Models 

The five outside user models (SV1-SV5) presented in this study provide a range of 
possible launch rate activities that might be pursued by outside users during the 1971- 
1981 time period. Models SV1 through SV4 represent. moderate, moderately low low, and 
aggressive models, respectively. Model SV5 represents the most recent data(4j received for 
outside users. Each model is divided into "OSSA non-reimbursables" and "OSSA reimb~rsables,~' 
Included in the non-reimbursable projects are all OART missions and approximately 60% 
of the international program missions, The remaining missions are assumed to be reimburs- 
able projects. 

Table C-7 presents the program activities for each model. The data for each program 
represent the first year of launch after 1970 and the total number of launches in the time 
span 1971-1981. The table indicates that the flight activity for outside users may be 
quite high for the 1971-1981 period. 

Launch Vehicle Requirements 

Table C-8 presents the launch vehicle requirements by year for each outside user 
model SV1-SV5. The launch vehicles required to support any SV model are SCOUT, TATIDELTA, 
ATLASICENTAUR, and TITAN IIID/CENTAUR. The DELTA, which accounts for 44 to 52% of the 
launch vehicles, has the highest use rate in all five outside user models. SCOUT has the 
next highest use rate and accounts for 30 to 38% of the launch vehicles. The ATLASICENTAUR 
vehicle ranks third and accounts for 14 to 16% of the launch vehicles. The TITAN IIID/ 
CENTAUR vehicle has a constant use rate of 5 vehicles in each model. 

Table C-9 presents the total use rate of each vehicle in each model for the five 
outside users (i.e., DOD, OART, International, Communications, and Earth Observations). 
Careful inspection of the table reveals that the primary users of each vehicle are as 
follows: 

Vehicle Primary Outside Users(1n Descending Order) 

SCOUT DOD and International 

DELTA Earth Observations, International, 
Communications, and DOD 

ATLAS /CENTAUR Communications 

TITAN IIIDICENTAUR Communications 

Table C-9 also reveals the primary vehicles that each outside user relies upon. 
These data can be summarized as follows: 

Outside User 

DOD SCOUT - DELTA 
OART SCOUT - DELTA 
INTERNATIONAL DELTA - SCOUT-ATLAS 
COMMUNICATIONS DELTA - ATLAS/CENTAUR - TITAN IIIDICENTAUR 
EARTH OBSERVATIONS DELTA 
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TABLE C - 7 .  OUTSIDE USER PROGRAM ACTIVITY BY MODEL 

-- - 

P r o g r a m  A r e a s  
Mode 1 s 

SV1 SV2 SV3 SV4 SV5 
-- - 

DOD-SCOUT 

DOD- DELTA 

DOD-ATLAS / CENTAUR 

OART(APPR0VED LAUNCHES) 

OART (PLANNED LAUNCHES) 

INTERNTL. PR0G.-SCOUT 

INTERNTL. PR0G.-DELU 

INTERNTL. PR0G.-CENTAUR 

US DOMESTIC SATELLITES 

INTELSATS 

CANADIAN DOMESTIC SATELLITES 
7 3 7 3  7 3  72 7 3  

7 7 7 10 7 

SOUTH AMERICAN REGIONAL SATELLITES 
7 6 76 76 76 76 
4 4 4 4 4 

INDIA DOMESTIC TV SATELLITES 

FAA (ATC) SATELLITES 

ESSA WORLD WEATHER WATCH SATELLITES 

ESSA LOW ORBIT SATELLITES 

ES SA SYNCHRONOUS SATELLITES 

EARTH RESOURCES SURVEY 

( a )  T h e  t o p  n u m b e r  r e p r e s e n t s  t h e  f i r s t  y e a r  o f  l a u n c h ,  a n d  t h e  b o t t o m  
n u m b e r  i n d i c a t e s  t h e  t o t a l  n u m b e r  o f  l a u n c h e s  i n  t h e  1 9 7 1 - 1 9 8 1  
p e r i o d .  
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TABLE C-8. OUTSIDE USER LAUNCH SCHEDULES BY MODEL AND VEHICLE 

Y e a r  
Model Launch V e h i c l e  

- - 

OSSA Non-Re imbursab le s  

SCOUT 3 2 2 1 1 2 1 1 2 1 1  17 
DELTA 1 1 2 2 2 2 2 1 1 2 1  1 7  
ATLAS /CENTAUR - 1 - 1 - 1 -  - - 1 -  4 

TOTAL 4 4 4 4 3 5 3 2 3 4 2  3 8  

SV1 OSSA R e i m b u r s a b l e s  

SCOUT 4 4 3 4 4 3 4 4 3 4 4  4 1 
DELTA 4 5 7 6 7 5 7 7 8 7 5  6 8  
ATLAS /CENTAUR 2 3 3 1 2 -  - 3 2 1 1  1 8  
TITAN IIIDICENTAUR - .. - - - - 1 1 1 1 1  5 

TOTAL 1 0  1 2  13 11 13 8 1 2  1 5  1 4  13 11 1 3 2  

OSSA Non-Reimbursables  

SCOUT 3 2 2 1 1 2 1 1 2 1 1  17 
TAT/DELTA 1 1 2 2 2 2 2 1 1 2 1  1 7  
ATLAS /CENTAUR - 1 - 1 - 1 -  - - 1 -  4 

TOTAL 4 4 4 4 3 5 3 2 3 4 2  3 8  

SV2 OSSA R e i m b u r s a b l e s  

SCOUT 4 3 3 3 4 2 4 3 3 3 4  3 6  
TATIDELTA 4 5 7 6 7 5 7 7 8 5 7  6 8  
ATLAS /CENTAUR 2 2 2 2 2 -  - 3 2 1 1  1 7  
TITAN IIID /CENTAUR - - - - - - 1 1 1 1 1  5 

TOTAL 1 0  1 0  1 2  11 13 7 1 2  14 14  1 0  13 1 2 6  

OSSA Non-Reimbursables  

SCOUT 2 2 1 - 1 1 1 - 1 1 1  11 
DELTA - 1 - 1 1 - 1 1 - 1 1  7 
ATLAS /CENTAUR - - 1 -  - - - - - - 1  2 

TOTAL 2 3 2 1 2 1 2 1 1 2 3  2 0 

S V3 OSSA R e i m b u r s a b l e s  

SCOUT 5 2 3 3 3 3 3 3 3 2 4  3 4  
DELTA 4 4 7 5 6 6 6 6 8 5 5  6 2 
ATLAS /CENTAUR 2 2 2 2 2 -  1 2 2 1 1  17 
TITAN IIID/CENTAUR - - - - - - 1 1 1 1 1  5 
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TABLE C-8. OUTSIDE USER LAUNCH SCHEDULES BY MODEL AND VEHICLE 
( C o n t i n u e d )  

Y e a r  
Model Launch  V e h i c l e  7 1  72 7 3  74  75  76 77 7 8  7 9  8 0  8 1  T o t a l  

SCOUT 
TAT /DELTA 
ATLAS /CENTAUR 

TOTAL 

s v4 

SCOUT 
TAT /DELTA 
ATLAS /CENTAUR 
TITAN IIIDICENTAUR 

TOTAL 

OSSA Non-Reimbursables  

4 2 2 1 2 1 2 1 2 1 2  2 0 
2 3 2 3 3 2 3 2 2 3 2  27 
1 1 1 1 - 1 1 1 -  - 1 8 

7 6 5 5 5 4 6 4 4 4 5  5 5  

OSSA R e i m b u r s a b l e s  

4 4 4 4 4 4 4 4 4 4 4  4 4  
7 7 1 0 5 9 8 7 7 9 3 9  8 1  
2 2 3 4 4 3 2 1 4 2 1  28 - - - - - - - 1 2 1 1  5 

1 3  1 3  1 7  13 17 1 5  13 13 1 9  1 0  1 5  1 5 8  

OSSA Non-Reimbursables  

SCOUT 3 2 2 1 1 2 1 1 2 1 1  1 7  
DELTA - 1 - 1 1 1 2 1 - 1 1  9 
ATLAS /CENTAUR - - - 1 1 -  - - - - 1 3 

TOTAL 3 3 2 3 3 3 3 2 2 2 3  2 9 

S V5 OSSA R e i m b u r s a b l e s  

SCOUT 4 3 3 3 4 2 4 3 3 3 4  3 6  
DELTA 4 4 5 6 5 6 5 6 7 5 5  5 8 
ATLAS /CENTAUR 2 2 2 2 2 - 1 2 2 1 1  17 
TITAN IIIDICENTAUR - - - - - 1 1 1 1 1  5 

TOTAL 1 0  9 1 0  11 11 8 11 1 2  13 1 0  11 1 1 6  
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TABLE C-9 .  TOTAL USE BY VEHICLE FOR EACH OUTSIDE USER 

M o d e l  P r o j e c t  S c o u t  D e l t a  A t l a s I C e n t a u r  T i t a n  I I I D I C e n t a u r  

DOD 3 3 11 3 - - 
OART 3 2 1 - - 

S V 1  INTERNTL . 22 25 4 .. - 
COMMUNICATIONS - - 2 1 14 5 
EARTH OBSERVATIONS -- 26 - - - - 
DOD 2 8  11 2 - - 
OART 3 2 1 - - 

S V 2  INTERNTL . 2 2  2 5  4 -- 
COMMUNICATIONS - - 2 1 14 5 
EARTH OBSERVATIONS - - 2 6  - - - - 

P v 

DOD 2 8  11 2 - - 
OART 3 - - - - - - 

S V 3  I NTERNTL . 14 11 3 -- 
COMMUNICATIONS -- 21  14 5 
EARTH OBSERVATIONS - - 2 6 - - - - 

- -  - 

DOD 3 3 11 
OART 3 2 

S V 4  INTERNTL . 2 8 4 2  
COMMUNICATIONS - - 2 4  
EARTH OBSERVATIONS - - 2 9  

- 

DOD 2 8 6 2 - - 
OART 3 2 1 - - 

S V 5  INTERNTL . 22 1 2  3 - - 
COMMUNICATIONS - - 2 1 14 5 
EARTH OBSERVATIONS - - 26 - - - - 
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The comparison of o u t s i d e  u s e r  and OSSA LV use r a t e s  a r e  d i s cus sed  i n  Chapter  V I I I .  
The launch r a t e s  i n  models SVL-SV5 and Chapter  V I I I  i n d i c a t e  t h a t  o u t s i d e  u s e r  demands 
can be  expec ted  t o  have a  s i g n i f i c a n t  e f f e c t  upon launch r a t e s  f o r  t h e  pe r iod  cons idered ,  

Summary of Most Demanding Missions 

The l a r g e s t  launch v e h i c l e  r e q u i r e d  i n  any model i s  t h e  TITAN IIID/CENTAUR. 
Although t h i s  v e h i c l e  i s  n o t  c u r r e n t l y  o p e r a t i o n a l ,  i t s  a v a i l a b i l i t y  should pose no 
problems s i n c e  t h e  e a r l i e s t  p r o j e c t e d  launch d a t e  i s  1977. The only  o t h e r  launch v e h i c l e  
which may be  needed and i s  n o t  o p e r a t i o n a l  a t  t h e  p r e s e n t  t ime i s  t h e  TAT(gC)/DELTA. This  
v e h i c l e  i s  expec ted  t o  b e  a v a i l a b l e  i n  t ime t o  s a t i s f y  any o u t s i d e r  u s e r ' s  needs.  

Table  C-10 l i s t s  t h e  proposed o u t s i d e  u s e r  p r o j e c t s  w i t h  t h e  most demanding launch 
v e h i c l e  requi rements .  One o r  t h e  o t h e r  of  t h e  p r o j e c t s  r e q u i r i n g  TITAN/CENTAUR appea r s  i n  
a l l  f i v e  models.  

TABLE C-10. OUTSIDE USER PROJECTS HAVING MOST DEMANDING LV REQUIREMENTS 

P r o j e c t  Vehic le  Weight, l b  VC, f t / s e c  F i r s t  Launch 

INTELSAT V (7 7  -8 1) TITAN I IID / CENTAUR 5,000 38,400 1977 

INTELSAT V (7 8) TITAN IIID/CENTAUR 5,000 38,400 1978 
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APPENDIX D 

LAUNCH VEHICLE DESCRIPTIONS AND COST SUPWARY 

Table D - 1  presents  a summary of launch vehic le  nomenclature used i n  t h i s  r e p o r t  
along with the  corresponding s tage  make-up and recur r ing  cos t  f o r  each vehic le .  Launch 
veh ic le  support and product improvement cos t s  a r e  discussed i n  the l a s t  sec t ion  of t h i s  
Appendix. 

Configurations 

The Scout veh ic le  i s  made up of four  s o l i d  p rope l lan t  s t ages :  Algol, Castor, Antares, 
and FW4. A f i f t h  s tage,  the  BE3, i s  used when required.  Both the  FW4 and BE3 upper s t ages  
a r e  sp in  s t a b i l i z e d .  I n  t h i s  r epor t  SCOUT i s  used t o  r e f e r  t o  both the  4-stage and 5-stage 
vers ions .  

Delta veh ic les  a r e  based on the  Long Tank Thrust Augmented Thor (DSV2L) booster  
(designated TAT i n  t h i s  s tudy) .  Thrust augmentation i s  provided cur ren t ly  by a s e t  of 
th ree  Castor I1 s o l i d  motor strap-ons. Versions using 6 o r  9 Castor strap-ons a r e  planned. 
I n  t h i s  r epor t  these  a r e  ca l l ed  TAT(6C) and TAT(9C), r espec t ive ly .  The Delta (DSV-3E-3) 
l i q u i d  p rope l lan t  second s t a g e  and the  FW4 o r  TE364 t h i r d  s t a g e  a r e  used with the  TAT 
booster .  Both the  FW4 and the  TE364 a r e  sp in -s tab i l i zed  s o l i d  rocket  motor s t ages ,  The 
TE364 i s  now a v a i l a b l e  with 1440 l b  of propel lant  and loadings of up t o  about 2300 l b  a r e  
planned. 

The ~ A ~ / A g e n a  used t h e  Long Tank Thor augmented with th ree  Castor I1 strap-ons a s  
the  booster  with the  Agena l i q u i d  p rope l lan t  second s tage.  This veh ic le  i s  being phased 
out of the  inventory of launch veh ic les  f o r  NASA missions. 

The A t l a s l ~ e n t a u r  u t i l i z e s  the  SLV3C booster and t h e  Centaur cryogenic second s tage.  
The Burner 11 (BII), a 3-axis s t a b i l i z e d  top s t a g e  using the  TE364 s o l i d  motor (again with 
p rope l lan t  loading from 1440 t o  about 2300 l b )  may be used with Centaur, 

The Ti tan family of launch veh ic les  i s  based on a 2-stage l i q u i d  propel lant  core  
vehic le .  Sol id  motor strap-ons,  120 in .  i n  diameter, a r e  used a s  zero-stages. A p a i r  of 
5-segment o r  7-segment motors can be strapped-on t o  the  core. The Titan I I I D  and Ti tan 
I I I C  use the  5-segment strap-ons. The Titan IIID(7) would use the  7-segment strap-ons.  
Transtage i s  cur ren t ly  used as  an upper s t age  on the  Titan I I I C  and i n t e g r a t i o n  of t h e  
Centaur upper s t age  t o  the  Titan I I I D  i s  t o  be accomplished by 1973 o r  1974. Vehicles 
using 7-segment strap-ons w i l l  a l s o  have a s t re tched  vers ion of the  f i r s t  core s t age .  

Saturn family production i s  being phased out.  However, the  SIC/SIVB (Int-20) 
vers ion,  proposed as  an in termediate-s ize  veh ic le  using a modified SIC s tage  and e l imi-  
na t ing  the  S I I  from the  Saturn V, has  been used i n  t h i s  study". Centaur i s  proposed a s  
an upper s t age  f o r  use wi th  t h i s  veh ic le ,  

p- 

9: An SI.C/SII (Int-21) conf igurat ion has a l s o  been proposed and may replace  the  SICfSIVB 
as  a favored in termediate  Saturn veh ic le  because i t  eases the  problems of i n t e g r a t i o n  
with proposed thermal-nuclear s t ages .  
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TABLE D - 1 .  LAUNCH VEHICLE CONFIGURATION A-PD RECURRING COST SUMMARY 

Notes: 

( a )  TE364 may have 1440 t o  2300 l b  p r o p e l l a n t  loading a s  requ i red .  
(b) Annual Support Cost f o r  on-going OSSA Programs: SCOUT, DELTA Vehicles  and t h e  CENTAUR s t a g e ,  a r e  n o t  inc luded  

i n  t h i s  t a b l e .  
These annual  c o s t s  a r e  contained i n  t h e  Budget P r o j e c t i o n s  shown i n  Tables  D - 2  and D-3 of t h i s  Appendix. 

( c )  T o t a l s  may d i f f e r  from sum of i tems due t o  rounding. 
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The recur r ing  cos t s  shown i n  Table D - 1  were derived from the  1969 Economic Data 
~ocument(')*. The cost  t o t a l s  and cos t  spreading funct ions  used a r e  considered t o  be 
s a t i s f a c t o r y  f o r  advance planning purposes, but  should not  be used i n  d e t a i l e d  cos t  
analyses .  

Vehicle cos t s  a r e  s e n s i t i v e  t o  launch and production r a t e  schedules. The da ta  shown 
i n  Table D - 1  a r e  based on r a t e s  considered t o  be typ ica l  f o r  t h e  range of mission models 
contained i n  t h i s  r epor t .  Two categor ies  of launch veh ic le  cos t  a r e  shown i n  Table D-1 :  
(1) Hardware and (2) Support. 

"Hardware" c o s t s  include c o s t s  necessary t o  produce f in i shed  veh ic le  s t ages  ready 
f o r  de l ive ry  t o  the  launch s i t e ,  and f o r  f i n a l  veh ic le  assembly, checkout and launch. 
Spec i f i ca l ly  included a r e  production of airframe, l i q u i d  engines, s o l i d  motors, guidance, 
payload adapter,  shroud, mission-peculiar  hardware ( t y p i c a l ) ,  c e r t i f i c a t i o n ,  checkout, and 
veh ic le  in tegra t ion .  

Support cos t s  a r e  non-hardware-associated c o s t s  t h a t  a r e  necessary t o  maintain 
con t inu i ty  i n  the  launch veh ic le  program and t o  provide launch services .  S p e c i f i c a l l y  
included a r e  t r anspor ta t ion ,  launch propel lants ,  sus ta in ing  engineering, launch operat ions ,  
and maintenance of launch capab i l i ty .  Some of these  cos t s  a r e  incurred on a u n i t  b a s i s .  
Others a r e  incurred on an annual bas i s ,  and must be prorated on the  b a s i s  of annual launch 
r a t e  t o  obta in  u n i t  support  costs .  

Annual cos t s  f o r  on-going OSSA programs--Scout, Delta vehic les ,  and Centaur--are 
included i n  budget project ions  presented i n  t h e  following sec t ion  of t h i s  Appendix. These 
annua l . cos t s  have not  been included i n  the  Unit Support Costs shown i n  Table D-1. 

Support and Product Improvement Costs 

Program support and product improvement p ro jec t s  a r e  maintained t o  con t r ibu te  t o  the  
continuing operat ion of an economical and r e l i a b l e  launch vehic le  program. The c o s t s  
associa ted wi th  these  items a r e  r e f e r r e d  t o  a s  support and product improvement cos t s .  I n  
t h i s  study, two d i f f e r e n t  s e t s  of support and product improvement cos t s  were used. The 
f i r s t  s e t ,  shown i n  Table D-2, was derived from t h e  NASA FY 1971 submission t o  the  
Bureau of the  ~ u d ~ e t ( 2 ) .  This s e t  of cos t s  was used i n  connection with the  four  NASA- 
based OSSA models presented i n  Chapter V I I I .  The second s e t  of support and product 
improvement c o s t s ,  shown i n  Table D-3, was derived from data  which a r e  the  r e s u l t  of 
programmatic decis ions  made i n  conjunction with t h e  FY 1971 NASA budget t h a t  was submitted 
t o  Congress. (3-5) This s e t  of cos t s  was used with a l l  of the  a l t e r n a t i v e  OSSA models 
presented i n  Chapter V I I I .  

Superscr ipts  r e f e r  t o  references  a t  the end of t h i s  Appendix. 
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TABLE D-2. SUPPORT AND PRODUCT IMPROVEMENT COSTS 
USED WITH OSSA NASA-BASED MODELS 

Launch Year 
Veh ic l ep rogram 7 1  7 2  7 3  7 4  75 76  77 7 8  7 9  80 81  

Ti tan ICen tau r  
I n t e g r a t i o n  15 .1  18.2 .8 - - - - - - - - 

Scout  9.8  9 . 1  8.2 8.0 8 .0  8 .0  8 . 0  8 .0  8.0 8.0 8 .0  

Del t a  20.8 17.0  17 .0  17 .0  17.0  17.0  17 .0  17 .0  17.0  17.0 17.0 

Centaur 34.2 28.9 21.2  12.9 9.0 9.0 9 .0  9.0 9.0 9.0 9 . 0  

SR&T, Advanced 
S t u d i e s  - - s _ _ _ l _ _ _ . - _ . _ - - - - -  4 . 0  4 .0  4 .0  4 .0  4.0 4.0 4.0 4 .0  4 .0  4 .0  4.0 

T o t a l  83.9 7 7 . 2  51.2 41.9  38.0 38.0  38.0  38.0 38.0  38.0 38.0 

TABLE D-3. SUPPORT AND PRODUCT IMPROVEMENT COSTS 
USED WITH THE ALTERNATIVE OSSA MODELS 

Launch Year 
V e h i c l e P r o g r a m 7 1  7 2  7 3  7 4  75 7 6  77 7 8  7 9  80 8 1  

Ti tanICentaur  
I n t e g r a t i o n  10.2 15.0  10.0 2 .0  - - - - - - - 

Scout  9.8 9 .1  8 . 2  8 . 0  8 .0  8 .0  8 . 0  8 .0  8 .0  8 .0  8 . 0  

Del t a  20.8 17.0 1 7 . 0  17 .0  17.0 17 .0  1 7 . 0  17.0 17.0  17.0 17 .0  

Centaur 31.8  28.9  21.2 12.9  9 .0  9.0 9 . 0  9 . 0  9.0 9 .0  9 .0  

SR&T, Advanced 
S t u d i e s  3.0 3,O 3 .0  3.0 3 .0  3 . 0  3.0 3 .0  3.0 3 .0  3 . 0  

Tota 1 75.6 73 .0  59.4  42.9 37.0 37.0 37.0  37.0 37.0  37.0 37.0  
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