Advanced Space System Concepts and Their
Orbital Support Needs (1980-2000)

Volume IV: Detailed Data - Part II: Program Plans and
Common Support Needs

(A Study of the Commonality of Space Vehicle Applications
to Future National Needs)

* (UNCLASSIFIED VERSION}

Prepared by

I BEKEY H.L. MAYER, and M. G. WOLFE
Advanced Mission Analysis Directorate
Advanced Orbital Systems Division

April 1976

Prepared for

OFFICE OF SPACE FLIGHT
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D. C.

o A sy e v et s o e e e b
(NASA-CE-148708) ADVANCED SPACE SYSTEN N76-30247 .,
CONCEPTS AND THEIR ORBITAL SUPPORT WEEDS H< fi9.00 |
{1560 - 2000). VOLUME &4: ODETAILED DATA. |
!PART 2: PROGRAN PLANS AND COMMON SUPPORT Unclas !

o

{ NEEDS (A STUDY OF THE (Rerospace Corp., E1 G3/12 15346

AEROSPACE REPORT NO.
ATR-76(7365)-1 VOL. IV

DRA

Systems Engineering Operations

THE AEROSPACE CORPORATION



Aerospace Report No.
ATR-76(7365)-1 Vol. 1V

ADVANCED SPACE SYSTEM CONCEPTS AND THEIR
ORBITAL SUPPORT NEEDS (1980-2000)

(A Study of the Commonality of Space Vehicle Applications
to Future National Needs)

(UNCLASSIFIED VERSION)

VOLUME IV: Detailed Data - Part II: Program Plans and
Comimon Support Needs |

Prepared by:

I, Bekey, H. L. Mayer, and M. G. Wolfe
Advanced Mission Analysis Directorate
Advanced Orbital Systems Divigion

April 1976

Systems Engineering Operations
THE AEROSPACE CORPORATION
El Segundo, California 90245

Prepared for:
OFFICE OF SPACE FLIGHT

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D, C.

Contract No., NASW 2727



ADVANGED SPACE SYSTEM CONCEPTS
ORBITAL SUPPORT NEEDS (1980-2000)

Report No.
ATR-76{7365)-1,

AND THEIR

(A Study of the Commonality of Space Vehicle Applications

to Future National Needs)
(UNCLASSIFIED VERSION)

VOLUME, IV: Detailed Data ~ Part II:

Preparegqyb

Program Plans and Common Support Needs

I. Bekey

Study Director and AssY., Group Director
Advanced Mission Analysis Directorate
Advanced Orbital Systems Division

S U

Mo . Magss.

Principal Staff Scientist
Advanced Programs Division

M. G. olfe

Staff Engineer

Advanced Mission Analysis Directorate
Advanced Orbital Systems Division

Approved

. i
R. H, Herndon
Group Director
Advanced Mission Analysis Directorate
Advanced Orbital Systems Division

Advanced Orbital Systems Division
Systems Engineering Operations

ii

Vol.

Iv



FOREWORD

This report documents the results of Study 2.5, "Study of the Commonality of
Space Vehicle Applications to Future National Needs, ' performed under NASA contract
NASW 2727, during Fiscal Years 1975 and 1976. Capt, R. F. Freitag and Mr. F. S,
Roberts, Advanced Programs, Office of Space Flight, NASA Headquarters, provided
technical direction during the course of the effort. The report is being issued in separate

classified and unclassified versions,

This report is comprised of four separate volumes entitled:

Volume I Executive Summary
Volume II Final Report
Volume III Detailed Data ~ Part I: Catalog of Initiatives; Functional

Options; and I'uture Environments and Goals »
Volume IV Detailed Data ~ Part II: Program Plans and Common
Support Needs '
The first two volumes summarize the overall report. The third volume presents
a catalog of the initiatives and functional system options; and thoughts on future environ-
ments and needs, The fourth volume matches the "initiatives! against the requirements
and presents detailed data on alternate program plans for alternate future scenarios, from

which likely supporting vehicle and technology needs are derived,

This volume contains a detail treatment of the methodology used for program plan

generation, including the alternate world scenarios which were postulated; the plan

iii



construction directives which resulted from consideration of the scenarios; the program
plans themselves; the needs for support transportation and orbital facilities implicit in
the program plans; and an extraction of those support needs likely to be needed in common

between NASA and the DoD in the 1980-2000 time period,
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INTRODUCTION

E~5763

This volume of the final report on the Study of the Commonality of Space Vehicle
Applications to Future National Needs contains that part of the study dealing with the deri-
vation of program plans utilizing the initiatives, fﬁnctions, and domestic and world environ~
ments which were generated in the first half of the study and are reported in Volume III; and
analysis of the program plans to extract required building block and technology supporting

needs, from which common NASA and DoD needs in the 1980-2000 time period are derived.

The methodology of alternate world future scenarios is utilized for sgelecting a
plausible, though not advocated, set of future scena;'ios each of which results in a
program plan appropriate for thé respective environment. Each such program plan gives
rise to different building block and technology requirements, which are analyzed for common
need between the NASA and the DoD for each of the alternate world scenarios. An essentially
invariant set of system, building block, and technology development plans is presented at the
conclusion, intended to allow protection of most of the options for system concepts regard-
less of what the actual future world environment turns out to be, Thus, building block and
tech.nollogy needs are derived which support 1) each specific world scenario; 2) all the world

scenarios identified in this study; or 3) generalized scenarios applicable to almost any future

environment.

The output of the study included in this volume consists of the ''building blocks, "
i, e.: transportation vehicles, orbital support vehicles, and orbital support facilities; the
technology required to support the program plans; identification of their features which could

suppoit the DoD and NASA in comamon; and a complete discussion of the planning methodology.
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METHODOLOGY '

A number of techﬁiques are known for constructing program plans in such a form
as to allow ready extraction of building block and technology needs. Since the method used
for construction of the program plans from which the commonality conclusions are derived
can greatly influence the results obtained, it was initially intended that several techniques
would be utilized in parallel, with the inclusion or exclusion of pa:rticular system initiatives
from axﬁy particular program plan being decided cn the basis of selection criteria which are:
(1) wholly numerical, (2) wholly subjective, and (3) combination schemes which utilize
numerical evaluation factors as an aid in the judgment process. It was decided part way
through the study due to the unexpected emphasis on the initiative system concepts of
Volumeé III, that time and resources did not permit the application of more than one such
methodplogy in the desired depth; consequently the method of alternate world scenarios
was selected as one which could utilize the future world environment data (generated in the
first part of the study and appearing in Volume III) effectively, and yet be capable of yielding
pziograrfn planning data not tied to any one particular interpretation of what the future will
be like, The intent was to generate a set of program plans responsive to a set of alternate
scenarios which are so defined as to represent a reasonable spectrum of possible futures,
so that most futures which reasonable people might conceive would fall inside the spectrum
covered. Past studies have shown that useful results can be obtained using such techniques
without embracing any particular version of the future, which might otherwise prove con-

troversial, differ from listener to listener, and detract from the utility of the work.



A very limited separate methodology activity was undertaken in parallel with that
of the alternate world scenarios with an aim to provide a quantitative algorithm which could
be used for the objective cost/benefit evaluation of program plan material, once the required
variables and their value have been identified, A first cut at such an algorithm has been
derived and is presented in Appendix A of this volume. Perusal of this Appendix will quickly
indicate that a large number of variables must be quantified in terms of the system's utility
under the particular future world conditions being considered. Once this is accomplished,
whether done subjectively, by consensus, or by fiat, program plans can be evaluated quan-
titatively and rank ordered. Much more -work is recommended on such algorithms should

there be serious interest in their use.

For all of the above reasons, it is the method of alternate future scenarios which
has been selected for use in this study as a tool for developing alternate program plans,

in order to derive common NASA/DoD supporting needs.
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E-5720

The outline of tiw program planning portion of the study is shown in the ;iiagra.m on
the facing page. The outputs of the previous portionsof the study are utilized in generation of
the alternate world scenarios, For each scenario a set of executive directives is derived,
intended for guidance to the NASA and DoD for structuring| their programs consistent with the
kind of scenario and the latent information in its definition. These executive directives are
then amplified for each scenario resulting in specific instructions for the construction of
program plans responsive to the scenarios, formatted using the functional system categoriza-
tion scheme evolved in the first half of the study. Thus for each space function, instructions

are developed to enable six alternate program plans to be generated.

The program plans are thus developed utilizing the specific instructions derived above
to select initiatives from the functional system options data bank, which contains the initiatives
collected and conceived during the first half as well as initiatives based on the NASA and DoD
mission models. These program plans are developed as a function of time, and their
yearly ¢ost is estimated. The sum of the cost of the program plans is then compared with
the budget contained in the executive directives for the particular world being considered.

If the program plan is grossly different than the budget requirements in the particular world,

the program plan generation method is iterated until a rough correspondence is obtained.

Once the six alternate program plans are thus generated, supporting "building block"
transportation vehicles, orbital support facilities, and needed technologies are extracted
for each program plan. It is this information which is utilized for assembling the output
of the study, i.e., the separate and common NASA/DoD needs for building blocks and
technology for each particulé.r world considered,ﬁ as well as general development plans for
systems, building blocks, and technologies which protect most of the options and-are not

dependent on particular assumptions of the future.
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Outline of Program Planning Portion of Study
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In order for a methodology based on future world scenarios to be useful, it must
be based on views of the future encompassing a large spectrum of possibilities, both domestic
and international, which include most of the reasonable options which significant numbers
of authorities would be likely to include if they were questioned. That is a very great order
indeed, and clearly can only be approached, particularly in a very limited study such as this.
Consequentl‘y the scenarios were constructed from two main sources of information., The
first contained the views of the future developed in the first portion of the study from dis-
cussion with selected, informed, and authoritative people including members of the scientific
community, government, industry (a list of people contacted for discussions is contained in
Volume II); a review of documentation published in long-term projections or long-term views
of the world in the next century or toward the end of the century; and in-house thoughts in
this area. The draft resulting from that effort was checked against the second source: the
""Outlook for Space' study portion on future world environments. The Outlook for Space study
made a very comprehensive and thorough investigation in this direction, possibly the best
that has yet been done. Some of the pertinent material that was developed by the responsible
working group as well as some raw tapes from the Smithsonian Institution Symposium on
Future Environments were reviewed as a second major source of inputs for our study. It
was heartening to note that generally there was very little discrepancy between the gross
notions of the future developed in the first part of our study and those which were generated
by the Outlook for Space future environment investigation. Our study, of necessity, was
broader than that of the Outlook for Space since it had to include the international ideological
and military environment in considerable depth. On the other hand, our study was not able
to be as deep, as thorough, and as detailed in the world situations in general and in the domes~

tic situations in particular, in which the Outlook for Space study material is outstanding.
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The combination of data sources discussed above gave us a feeling that while we
could not, of course, predict the future, we had a reasonable feel for the likely trends
in areas crucial to program planning; and while we make no claim for 'the uniqueness of the
conclusions, we are reasonably confident that we haven't erred in a gross way. Itis

unlikely that conclusions from any of the more recognized sources would be grossly

different in particulars that radically impact the support needs of space systems.

The problem then narrowed to the spectrum of conditions that should be reflected
in the world scenarios, i, e., should the sct;narios treat only variants of highly likely
alternate scenarios, lending relatively little insight on the impact of the entire broad
spectrum of futures including extreme or catastrophic views of what the future might
hold; or should the scenarios cover the broad spectrum of futures at the expense of mahy
of the more moderate and perhaps more likely views of the future: After some thought
it was decided that the latter view would best serve a very limited study such as this one
" because it would lend insight to supporting needs and common functions for other con-
ditions, even those that were not likely; it being then possible to make some generalized
statements on common supporting needs not tied to any particular view of the future and thus
applicable to any view, It must be emphasized at this point that none of the scenarios which
were selected is advocated by The Aercspace Corporation or by the study team in any way,
They are simply an attempt to place bounds on the future conditions to be represented in

this study and from which commonality of DoD and NASA supporting equipment can be derived.’
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Three international environments most grossly affecting the DoD establishment were
therefore chosen, as illustrated on the following figure, and are shown as balance, instability,
and confrontation between major powers. The first environment, which leads to the worlds
number 1 and 2, is a condition in which a balance exists between the grezt international
powers., This balance could be based on nuclear strength, resources, economic strength,
or some combination of all three. The balance is not seen as labile or fleeting, Ic;ut rather
as a solid achievement in fact. Such a balance, as described in Volume III, could be achieved
between five, six, or even more groupings of nations rather than in a bipolar orientation such
as exists in the world today with the U.S. versus Russia. The international situation is there-
fore portrayed as stable, with the period of stability expected to last at least through the end
of the century, with the small disadvantaged nations remaining small and disadvantaged
and the large or powerful nations -remaining large and powerful. No moves can be made by
any major power which would greatly disrupt this overall balance due to real pressures from
a concensus of the other powers, whether international peace treaties or pledges not to engage

in cold war are honored or not.

The second international environment is an instability among the major powers
in which there is great maneuvering in an attempt to continually gain advantage ideologically,
economically, or physically. This leads to Worlds #3 and #4. Though it is not a situation
of stability, it is a condition in which no real winner is expected to emerge in the next
twenty-five years who would be so strong as to precipitate an international confrontation

leading to general nuclear war in this time period,
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Spectrum of Representative Scenarios
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The third major envir;::nment is represented by an as’sumption that two or three
of the major world powers form an alliance against the United States. For instance, this
could bé China and the Soviet Union after reconciliation, or Japan and China, or Japan
and the Soviet Union, or all three. Such an alliance would very rapidly lead to a preemp-
tive confrontation with the United States and to general nuclear war. It is assumed that

the war would occur in the year 2000 in World #5, and in the year 1990 in World #6.

The domestic environment is much more complicated than the international one,
in the sense that there is no simple set of adversaries which shapes national policy for
_ survival; rather there are many factions pulling in diverse directions--economic, political,
technological, ethnic, and ideological. For the purposes of this study, we chose to portray
two extremes of internal attitudes of the people for Worlds #1 through #4, which are repre-
sented in trends towards isolationism and conservatism, as opposed to expansionistic,
confident, mercantile trends. Thus in World #1 we see an internal trend toward iso-
lationism, which combined with an international balance of power leads to a national
policy outwardly manifested in something very near to the populist movement of the 1890-95
time périod (these attitudes would now result in de facto isolationism and the refusal to
assume international leadership), The domestic environment would include a distrust
toward activities which require centralized government control. The emphasis would be
on management by referendum instead, The military would be compelled tc emphasize
defense as versus offense. National ventures would have to appeal to the man in the
street with immediate payoff as opposed to long-range economic aid, which would result
in de-ernphasis of long-range ventures in favor of practical utilization of available
techniques, Large-scale projects would be financed largely through prior popular sub-

scription, Under these circumstances, the general attitude of the public toward
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technology might be viewed as one of mistrust, and toward space in general one of dis-
couragement in favor of more understood and less flamboyant applications of technology.
The military would likely be resented regardless of how small its budget, and its
offensive capability severely limited. The entire domestic mood would likely result in
repression and de-emphasis of high technology in favor of support of programs giving

immediate relief or aid to the man in the street and yielding the maximum number of jobs.

Contrasted to such a world would be World #2 in which the international balance
and relative climate of peace assumed to exist would be exploited by caiaital in vigorous
expansion both domestically and internationally in something which might be called neo-
mercantilism, resembling perhaps the golden decade of Japanese expansion in the 1955-65
time period. Under these situations, centralized {(government) hi.gil technology activities
would also be expected to prosper. Representative management rather than direct referen-

dum would be used for effective organization.

The military would be tolerated and seen as a necessary stragetic deterrent to
maintain the climate of peace as well as to maintain military and diplomatic options. '
Its expenditures would not be expected to be extreme, however, and projects common
with the civil agencies would be encouraged. The view toward technology in general would
be one in which all technologies would be viewed as candidates for exploitation for economic
return. The attitude toward space would be accepting, when and where economic benefit
could be shown to be the result. In addition, the climate of peace existing in the world
would be conducive to scientific explorétion and expansion of knowledge for its own sake

as well as for its fallout on the economy.
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In the first world, the iikely budget for financing U. S, space projects is expected
to be small, judging by the domestic mood toward technology, space, and the military.
The planning horizon for programs is expected to be fairly near-term, with far-term
projects mistrusted and discouraged. In contrast in World #2, while the military is still
barely tolerated, civilian space is accepted and exploited. Under such conditions the
military budget is‘expected to be fairly small, arc;urid one billion a year; however, the
civilian budget is expected to be the largest of any scenario in this study - somewhere
between three and six billion per yvear, (Note that while some of this money is sure to
he returned to the investing capital or to result in increased production, only the outlays
are shown in the budget.) The combination of internal and external environments leads

to a mid-term or far-term planning horizon in World #2.

In Worlds #3 and #4 we have an unstable situation in the international scene
combined with two different views of the domestic situation similar to those espoused in
Worlds #1 and #2. World #3 leads directly to a domestic situation best described as a
similarity to the "New Deal''. Under these conditions, welfare and WPA-like projects
would proliferate. The benefit is for the man-in-the-street. It is a negative view of
progress in which the physical plant in industry is enlarged rather than modernized to
cope with the demands, and the employment of people is in mind-numbing mass activity
rather than in innovative enterprises. The military-industrial complex exists but does
not flourish. Under such conditions, high technology lacks impetus or support; the
military is somewhat discouraged; and the attitudes toward space are neutral. It is
expected that in this internally negative and internationally unstable situation, the size

of the military budget would be not unlike that of today's DoD space budget -- somewhere
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between one and three billion -- whereas the civilian budget would be expected to be
relatively small. The emphasis would be on near-term planning, with far-term projects

deferred,

In World #4 a confident-innovative-expansionistic view internally combined with
the maneuvering due to the external instabilities, channels activities in a positive direction
very much as in World #2. New technology is innovative and new ventures proliferate.
There is a prudent conservationism of U.S. resources tempered by an emphasis on in-
creased allocation to R&D in exportable technical products and programs. The facilities
of industrial plants are modernized rather than simply utilized and expanded, the modern-
ization including production of technological specialties in which the U.S. is unexcelled.
Rapid expansion is seen also in the production of industrial staples, Improvement is seen in
communities and municipal facilities. Public utilities increase their service. Much of
thjis is achieved through c.reative legislation directed toward constructive motivation of
leadership people in the private sector as well as in government. Under these corditions,
something very much akin to the New Frontier administration would emerge, in which
technology in general and space in particular are encouraged and seen as a vital medium,
The military is encouraged both in offense and defense capability, responding to the in-
creased needs due to the international maneuvering., The space budgets under these condi-
tions are likely to be quite 1arg|e for the military, and for NASA about the same or glightly
larger as today., The horizon }for planners would be fa.r-te.rm, with innovative high

technology systems meeting approval,

Now we come to Worlds #5 and #6. In both of these worlds there is a sure inter-
national confrontation with the hostile axis or coalition. In case of World #5, we assume a

preemptive strike on the part of some enemy in the year 2000. In World #6 we assume
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the strike to occur as early as the year 1990. Such a preemptive strike is to be expected

whether the U,S. wants it or not and it is assumed that no amount of talk will prevent it.
Although t:he exact nature of the enemy coalition would require further study, it is unim-
portant for this scenario. In World #5 the internal domestic environment can best be
characterized as ambigious, There are negative  as well as positive trends in balance.

A similar situation might exist to that of immediate pre-World War II history in which the
U.S. resolved not to become involved unless we wezxe attacked, Under these conditions,
there would be an attempt to maintain some order and some growth in the internal economy
while viewing the externally mounting situation with great alarm but generally unwilling to
mobilize fully against it. The dominant national policy would be to provide "both guns and
butter' in a balanced proportion, recognizing that while war is inevitable it is a long way off,
and that an entire generation cannot be occupied preparing for a war 25 years away without
losing their resolve. The internal circumstances would lead to a national policy which would
encourage technology providing it finds common civil and military use., It would encourage
and even exhort the military to carefully prepare for the confrontation. Space would be

seen as a vital medium and encouraged in both military and civilian activities, and common
use of military and civil hardware, techniques, subsystems, etc., would see their peak in
this scenatrio. Under this world condition, the yearly military budget could be expected to

be quite latge (between four and seven.billion) in the 25-year period of interest. The civil
budget would be expected to be quite small compared to that of World #2, for instance, though
not very much different from that of today (in the order of one to three billion per year). The
planning outlook would be mid-term with far-term projects deferred because of the uncertainty

due to the impending war.

In contract to World #5, the World #6 domestic attitude is assured to be one of

recognition of the impending doom resulting in no-nonsenge preparedness to meet the
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adversary. This, of course, can be seen as very similar to the ‘U, S. attitude shortly after
formally entering World War II. The national policy would be one of mobilization of all
resources toward the impending conflict. In such a world centralized high technology

activity would be mobilized for immediate final development of pre-planned military systems,
Weapon systems would be deployed and proliferated for protection of vital industrial installa-
tions, population centers, and transportation arteries. The military would be seen as the
only hope of survival of the nation in its currently recognized form, New technology would

be discouraged unless the resulting developments were weapon related and of such form as

to allow immediate military application. Use of space would be discouraged in contrast to more
understood terrestrial operations, except-near-term and-weapon-related projects. The likely
budget for the military would be extremely large (in excess of ten billion per year), whereas
the civilian space budget would more than likely be very small and in every way subordinate to

military requirements., The planning horizon would of necessity be very near-term.,

The scenarios described above probably span the spectrum of international and
domestic situations which will define the U.S. environment in the period 1980-2000., We
take no position as to which world we are currently in, which world we think is most likely,
or whether any world described is likely or réalistic. However, it is reasonably fair to say
that this spectrum is probably broad enough to. include many of the dominant features of likely
developments in international and domestic situations for the next 20-25 years; but the exact
shape-of those developments is not known, probably not predictable, and not useful to speculate
about. It is the aim of this spectrum of scenarios to enable the generation of a set of program

plans from which information may be extracted applicable to any future world which is likely
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to exist. This spectrum of representative scenarios is thus utilized as the departure point
for derivation of the program plans, and is central to the methodology adopted in this study
for derivation of likely common needs for supporting space oﬁerations of NASA and DoD

in the 1980-2000 time period. |
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PLAN CONSTRUCTION DIRECTIVES

The alternate world scenarios described in the last section must be interpreted
in terms of specific directions to the military and civilian national establishments. These
establishments would guide their program plans to be responsive to the domestic and

international situations as described by the alternate scenarios.

This section includes two types of directives based on the scenarios: one, the
executive directives aimed at the military and civilian establishment leadership, and the
other a more detailed set of directives such as might be issued by those leaders for the

guidance of their planning organizations.
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EXECUTIVE DIRECTIVES FOR THE CIVILIAN SPACE PROGRAM MANAGERS
F-2746

In this chapter each alternate world scenario is interpreted both in a general and
in a specific sense in its implications for the civilian space programs. The topics addressed
in the general sense include the budget to be expended, the time-frame stability, the reliance
on military programs, the emphasis to be placed on innovation, the emphasis to be placed on
international programs, and the likely role of man in space. In the specific directives, the
magnitude of effort in earth-oriented applications versus those of exploration, science, and’
in techriology are specified. Each of these factors is interpreted for the particular world
situatioh applicable to each of the six alternate worlds. As an example, technology activities
might be expected to be very minimal in Worlds #1 and #6 whereas very large in World #2
and moderate in Worlds #4 and #5. The use of man in space is probably incompatible with
the attitudes of World #1. In World #2, however, the role of man is large for exploration,
science, and when otherwise justified; similarly in World #4. In World #6, man probably has
a small role but only in areas supporting military applications. In World #1, though the
total program is small, there is a reliance on military technology in order to maximize the
dollar invested in space; whereas in World #2, military technology need not be utilized for
civilian space programs unless it is very easy to do so, and parallel programs are to be
expected rather than common programs, In contrast, in World #5 commonality although
not required would be emphasized. In World #6, military technology would absorb practically
all the available money, and civilian programs would have to rely on military technology or
dual-role systems. The planetary exploration program would be non~existent in Worlds #1

and #6, very large in World #2, and moderate to small in the other worlds.
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CIVILIAN SPACE PROGRAM EXECUTIVE DIRECTIVES

WCRLD #1 WORLD #2 WORLD #3 WORLD #4 WORLD #5 WORLD #6
Time Frame Stabilsty Status-quo for 25 yrs Rapid growth for 25yrs  |Little progress for 25 yrs | Rapld growth for 25 yrs ;T,mﬂ ﬁ?ﬂs ;Irnsuted H:;:'? n;qzﬂn;t ;gg:’t]"i;_ )
Planning Herfzon/Space BudgelINear-termKlB Mid-ffar-term/ 3-63 Near-term/ 18 Far-term/ 38 Mid-term/ 1-3B Near-term/ < |B
New Starts Few Many, whenever econom-1c. Fairly many Moderate number Nane solely civitian

fc payoft indicated

Reliance on Miltary Programs

Wilize miltary tech-
nology to max. extent

Emphasize common use,
but reliance not required

Utilize military tech-

{nology where practical

Common use encouraged
tat not required

Rely heavily on military
programs

Rely totatly on military
or faliout

Emphasis for clear

Emphasis on Innovation Minimize economic payoll Minimize Emphasize Neutral None
Emphasis on International None, except for communi-
Programs Minimize Emphasize, encourage  [Discourage Encourage Ambiguous cation between allies
. Large, whenever Only if shared for
Role of Man in Space Nene economically justified Minimal Moderate emphasis military payoff Only for miiitary payeff
_ . Smat! effert, unless im-
(E)ar?er:ﬂed Materialistic  §Small effort Large effort Moderate effort Large effort Moderate effort mediate milftary payoft
Applications
Humanistic  [very small effort Large effort Small effort Moderale effort Small effort Very small, If any
Exploration None Large effort Essentrally none Moderate effert Small effort None
Minimum, unless im-

Sclence Very small effort Large effort Smmall effort Mederate etfort Moderate effort mediate military payoft

Minimum supporting Large effort - Moderate effort if common{Mimmum, unless im-
Technology activities lead the wor ¢ small effort Large effort with mittary mediate military payoff
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SECTION 4 (b)

MILITARY SPACE PROGRAM EXECUTIVE DIRECTIVES
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MILITARY SPACE PROGRAM EXECUTIVE DIRECTIVES

In this section, the alternate world scenarios are interpreted lfor the leaders in the
military establishment, with similar general considerations as those of the civilian directives
-such as number of new starts, reliance on civilian programs, and emphasis on innovation;
‘but with the specifics being keyed to the very different functions of the military and the civil
establishments, Thus the particular roles to be played by the strategic versus the tactical

forces, versus those with responsibility for defense of the homeland are spelled out.
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SECTION 4 (c)

INSTRUCTIONS TO SPACE PROGRAM PLANNERS
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E-5719

The executive directives of the previous section must be interpreted further by
the civilian and military leaders ih order to form concrete instructions to their planning
directorates, if program plans a‘re to be put together consistent with the guidelines implicit
in the six alternate world-scenarios previously defined. To this end, specific instructions
for the space program planners were generated in seven explicit activity description sheets.
The instruction sheets are shown following this page but the general content of the sheets

is illustrated on the facing page.

There are seven sheets of instructi.ons, one for each major category of civilian
and military function ranging from civilian observations to military weaponry. Each
sheet lists the magnitude of effort; the gmphasis on near-, mid-, or far-term activity;
and the degree of commonality with the other agency which is desired of the program
element for each space function. The space functions are those described and identified
in Volume III. Thus for example, the civilian observation functions have four major
categories: observation of the surface, the ocean, the atmosphere, or space. These are
broken dowhn into observations of resources and pollution, boundaries, disasters, sea
state and ocean physics, collision avoidance, weather, atmospheric physics, astronomy,
geodetics, planetary exploration, and physics. For each of these functions the activity
to be included in each of the program plans is described. The following seven sheets of
space program planning instructions follow the format of the illustration and contain the
specific instructions for the building of space program plans interpreting the implicit
and explicit instructions contained in the definition of the six alternate world scenarios.
A scanning of the seven sheets will show the specific differences reflecting the nature of

the alternate worlds.
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Instructions to Space Program Planners

[ MILITARY WEAPONS
I ) ' MILITARY SUPPORT
MILITARY COMMUNICATIONS
I MILITARY SURVEILLANCE
[ CIVILIAN SUPPORT
[ CIVILIAN COMMUNICATIONS
CIVILIAN OBSERVATION .
FUNCTION WORLD #1 WORLD #2 il WORLD #6
s Smalf Effort ¢ Large Effort » Small Effort
Resources! |e Near-Term ¢ Far-Term ¢ Near-Term
Surface Pallution ¢ Common With o Common Desired [{is¢ Use DOD Only
Observation . DOD Required But Not Required| jf
Boundary -~ —m ) —r
Disasters . s l —
Sea State, 5
Ocean Ocean Physics - s
Observation|Collision o
Avoidance e -
Atmosphere Weather wan e ( Py
Observation|atm ~ physics e s { wrns
Astronomy e~ s } -
Space Geodetics —— er % -
-_|Planetary ¢ VerySmall Effort |e Large Effort S
Observation . None SEVEN
1 . - -
Exp of'atlon ¢ Near-Term o Far-Term INSTRUCTION
Physﬁcs i . 2 o SHEETS
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ACTIVITY DESCRIPTION - CIVILIAN OBSERVATION

FUNGTION

WORLD #1 WORLD #2 WORLD #3 WORLD #4 WORLD K& WORLD #6
& Small Effozet e Large Effort + Small Effort ¢ Moderate Effort » Moederate Effort & Small Effort
ggi%%l}rfgﬁ' ¢ Near Term s Far Term # Near and Mid Terry & Far Term e Mid Term e Near Term
o Common & GCommon if Eagy & Common if Practenl ¢ Common 1 Easy + Common {Mil} e Common (Mtl)
SURFACE » Moderate Effort # Large Effort s Large Effort » Maderate Effort * Small Efforl
OBSERVATION BOUNDARY ¢ Near Term " ¢ Mid Term s Fag Term s Mid Tarm # Near Term
» Common e Common tf Practal|{ « Commen 1f Easy # Common « Carnmon
e Very Small Effort ® Small Effort « Moderate Effort s Small Effort *» Very Small Effort
DISASTERS s Near Term " » Noar and Mid Tern] e« Far Term & Mid Term ® Near Torm
# Common + Common 1f Practicl] « Common if Easy ¢ Commoen o Common
SEA STATE e Very Small Effort 4 Moderate Effort
OCEAN & Near Term " " " # Mid Term "
PHYSICS « Comumon + Comman
OCEAN .
OBSERVATION T
¢ Very Small Effort # Small Bffort *
f‘?gxléxilr%‘s s Near Term " " , o ® Mld Term "
s Common « Common
& Small Effort ¢ Moderate Effort # S5mall Effort
WEATHER * Near Term . " " " & Mid Term & Near Term
ATMOSPHERIG * Common ' + Comman * Common
OBESERVATION -
¢ Very Small Effort ' ® Véry Small Effort
ATI\PASE‘S;‘::};RIG & Near Term " " " " # MNear Term
+ Common + Conunon
ASTRONOMY " 1r " n 1w . "
GEQDETICS " n n " ' Il n
SPACE
OBSERVATION PLANETARY | * Very Small Effort | e« Large Effort » Small Effort ¢ Moderate Effort « Moderate Effort & No Effort
EXPLORATION | ¢ Neax Term o Far Term * Neay and Mid Tern] ¢ Far Torm 4 Mid Term
PHYSICS i "n 1w n (1] |IIl




ACTIVITY DESCRIPTICN - GIVILIAN GOMMUNICATION

FUNCTION WORLD #1 WORLD #2 WORLD #2 WORLD f4 WORLD #5 WORLD #b
« Small Effort ¢ Large Effort » Small Effort ¢ Moderate Effort o Moderate Effort & Small Effory
INTERE&%RNMENT # Near Term e Far Term » Near and Mid Term] ¢ Far Term ® Mid Term » Near Term
¢ Common » Comrnon if Eazy » Common if * Common f Eagy s Commen & Common
Practicpl
) ¢ Very Small Effort ¢ Small Effort & Very Small
GOVERNMEE.F&;{SO'PEOPLE & Near Torm " " " a Mid Term # Near Term
« Common . » Comumoen « Cormmon
PEOPLEI:;II‘\&-;’EOPLE " " " u " "
# Small Effort » Moderate Effort & Snall Effort
ROUTINE ® Near Term " " " 4 Mid Term ¢ HNear Term
INTRA . » Common & Common # Cornmon
GOVERNMENT
LINKS » Very Small Effort ¢ Large Effort s Large Effort
EMERGENCY # Near Term " " " & Md Term # Near Tarm
+ Common s Common « Common
¢ Small Effort e Moderate Effort ¢ Small Effort
Co’mgﬁ’gmlﬁggé ¢ Neor Term " " " ¢ Mid Term « Near Term
« Commaon s Common » Common
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ACTIVITY DESCRIPTION - CIVILIAN SUPPORT

FUNCTION WORLD # ) WORLD # 2 WORLD 4 3 WORLD # 4 WORLD # 5 WORLD # 6
s Small effort » Large cffort & Stall effort Mcodarate effort Moderate effort + Small effort
VEHICULAR « Near term s Far term ® Ncar & mid term Far term Mid term @ Nearterm
NAVIGATION o GCommon » ‘Common if easy ¢ Common {f practica Common if sasy Common » Common
& Very small cffort Small cifort e Very amal] effort
PERSONAL ¢ Near term " " " Mid term » Near term
¢ Common Commoen » Common
TRANSPORTATION
AIDICQN‘TROL u n n n 1) 1n
¢ Small effort Moderate cffort » Small effort
DELIVERY ® Near term " " " Mid term + Near term
+ Commeon Common s Commen
ENERGY .
MANAGEMENT " u n n u u
ATMOSP}IERE " " " " L n
ENVIRONMENT| *
MODIFICATION -
(| sLoMmATION " “ " " n "
|

DISPOSAL AND CONTROL
OF WASTES

SPACE TRAN:SPORTATION
SYSTEM DEVELOPMENT

¢ Moderate cifort
¢ Near & mid term

« Common if practicd]

» No effort
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PROGRAM PLANS_

This section addresses the construction of program plans responsive to the
directives based on the alternate world scenarios and prepared from the data banks of
functional system options found in Volume III. One program plan will be prepared for
each functional category and each alternate future world. This section will begin with
a brief review of the functional categorization of the programn planning data as well as

a brief review of the functional system options data bank, prior to presentation of the
plans themselves,
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'I;he facing page contains the space functions in the civilian space program which
were utilized in this report. ;I'he functions of observation, communications, and support
are each sub-divided into major categories and each of those is sub-divided into the
particularlapplication-oriented subcategory best illustrating the use or application of the
function. 'Thirty subcategories in all are included as the functions into which the civilian

space programs will be categorized.
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FUNCTIONS IN CIVILIAN SPACE PROGRAMS

FUNCTION ORIENTATION SPECIFIC ACTIVITY
SURFACE Resources/Poliution; éoundaries; Disaster Areas
OCEAN Sea State/Qcean Physics; Collision Avoidance
OBSERVATION
ATMOSPHERE Weather; Atmosphere Physics
SPACE Astronomy; Geodetics; Planetary Exploration; Physics

COMMUNICATIONS

INTERGOVERNMENT LINKS

International; Diplomatic

GOVERNMENT/PECPLE LINKS

Votina/Polling

PEOPLE/PEQPLE LINKS

Personal

INTRAGOVERNMENT LINKS

Routing; Emergency

ENTERTA INMENT/COMMERCIAL
LINKS

T. V. : Mobile

SUPPORT

NAVIGATION

Vehicular; Personal

TRANSPORTATION AID/CONTROL

Air/SealGround

ENERGY

Delivery; Management

ENVIRONMENT MOD IFICATICN

Atmosphere; Weather: lllumination

DISPOSAL AND CONTROL
OF WASTES

Toxic/Radioactive

NEW MED [lUM FOR RESEARCH
AND MANUFACTURING

Dedicated: Incidental

SPACE TRANSPORTATION
DEVELOPMENT

Low; High: Planetary
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Pages 50 and 51 are omitted

because of security reasons.
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In order to construct the space program plans, a data bank of system options as
a function of time must be available., Such a data bank is found in Volume III. A particular
sample is shown in the facing page for the purposes of illustrating the contents of the data
bank., Seven sheets of system options exist in Volume III, one for each major category of
function in military and civilian space activity, Each sheet contains the system options
for near~term, midterm, and far-term space projects which apply for each subcategory
of functions to be fulfilled., For the purposes of this report, we define near-term as

1980 * five years, midterm as 1990 * five years, and far-term as the year 2000 * five years.

The functions in civilian observation are shown as an example, with the sub-
categories of surface observation for resources and pollution, and ocean observation detailed.
The system options shown in the example are synthesizg:d from the initiatives developed in
Volume Il of this report, the NASA and the DoD STS mission models, and other information
from past NASA and DoD planning studies, The definitions of alternate or follow-on pro-
grams such as "LANDSAT-I, II, and III'" were developed by the authors for this particular
report and have no official significance. As an example of the system options, the near-
term LANDSAT-I is assumed to be an operational Earth Resources Test satellite with
somewhat improved readout and resolution from the current LANDSAT., LANDSAT-II is
assumed to be a further improved LANDSAT -I with much more spatial and spectral resolu-
tion, incorporating an active on-board radar with a synthetic aperture array and real-time
correlation of the passive and active signals either on board or off board., LANDSAT-III,
which is a far-term program, is assumed similar to LANDSAT-II except for the addition
of an actiye mode-locked laser radar with pico-second pulses for + 0.3 mm ranging

capability, and correlation between the active radar, the active lidar, and the passive
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optics on board, The numbers at the bottom right-hand corner of the near-term, rnidterm;
and far-term system options are the estimated costs of R&D, acquisition, and transportation
for establishment of the required constellation of each of the system options, measured in
billions of dollars. No operational cests are included in these numbers, and the numbers

are assumed to be in constant 1975 dollars.

Similarly, SEASAT-I is assumed to be a low-power active radar similar to the
current NASA SEASAT program, with data added from postulated DoD programs
on specialized surveillance which are assumed to have a somewhat similar capability. In
the midterm SEASAT-II, the power of the active radar is assumed tc increase to 25 kW,
with data added from more advanced postulated military surveillance satellites including
imaging in optical-through-infrared, should such systems be simultaneously selected for
a program plan. SEASAT-III is assumed to have an increase in power to 100 kW with the
addition of a far-infrared laser radar for possible imaging through clouds, as well as data
added from the far-term equivalent military space surveillance systems if available.
Thus, the data bank of system choices for program plans shows capability increasing with
time, and is composed of components ranging from single initiatives to combinations of

various civilian and military initiatives.
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Bank
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-

MILITARY WEAPONS

MILITARY SUPPORT

MILITARY COMMUNICATIONS

MILITARY SURVEILLANCE

CIVILIAN SUPPORT

CIVILAN COMMUNICATION

CIVILIAN OBSERVATICON

Functions Near-Term (1980+5) Mid-Term (1990=5) Far-Term {2000 =5}
LANDSAT-! LANDSAT-11 LANDSAT- ]
o Operational ERTS |o Improved o as LANDSAT-1I
Resources/ |e Improved Readout LANDSAT-! o Add Active Laser
Pollution  [e Improved Resolu- - More Resolution | - Picosecond Ranging
Surface tion o Active On-Board |e Correlate with Active
Qbservation o More Channels Radar ~ Radar, Passive
o Real-Time Optics
0.2 | Correlation 0.4-0.6 0.9-1.28
Boundary et ~—— ——
Disasters - - —
SEASAT-I SEASAT-1I SEASAT-11I
o Low-Power Active [e 25 kw Radar o 100 kw Radar
Radar o Add Data From DOD [» Add Far-IR Laser
Ocean ¢ Add Data From DOD Radar
Observation 9 Add Data From
pap -
0.2 0.3-0,4
Colliston — —
Avoidance -
Atmosphere| Weather e — ot
Observation|{ Atm, Physics —r -~ —
Astronomy — —rm -
Space Geodetics e — —
Observation| Planet — — —_—
Exploration
Physics e — —

SEVEN
DATA SHEETS
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The program plans themselves occupy 42 data sheets, which are illustrated in the
facing page and are shown in the 42 sheets immediately following this illustrative page.
Each program plan is a sheet of paper in which the activity level and time sequencing of
each subcategory of space function is shown. The choices are taken from the system
options data bank illustrated in the previous page. Also shown are the costs of each of the
programs in terms of acquisition, operations, total costs, and an average of the total costs
divided by the number of years which the program plan spans {most of the plans span 25
years). This last average cost is derived in order that the summation of all the average
costs of all the programs may be added for comparison to the average yearly budget

permitted as described in each alternate world scenario,

One programn plan sheet is'deve10ped for the conditions of World #1 for each of
the seven major functional categories in the military and civilian programs, including
military and civilian observations, military and civilian communications, military and
civilian support, and military weaponry; and each repeated for the six alternate world ~
scenarios. Thus, six program plans exist ‘for each major functional category and 42
program ‘plans are developed in all. The specific instructions in the planners' directives
are followed and influence the choice of near-term, midtérm, or far-term functional
system option which is chosen for inclusion in a particular plan, Where there is a range
of costs associated with a given system option, the instructed activity level is used to
choose the funding for the program, which is shown in the cost columns of the program
plans, a large activity level reflecting a choice of the larger of the budget estimates for

that system option for that time frame,



An iterative procedure was followed, in which all the program plans were developed
based on the guidelines of the "instructions:'" Then the costs were added up for all functional
components of each of i:he program plans and compared with the budget assumptions appro-
priate for that world, If the resulting costs of the program plans so gene‘rated differed
markedly from the assumed costs, the program plan was changed within the guidelines of
the instructions, so as to coincide more closely with the budget assumptions. The assump-
tions made in derivation of the operational costs were based on a ground rule that each
spacecraft requires either servicing or replacement every three years on orbit, and that
the cost to service a spacecraft is one half the cost to replace it. Based on deployment of
the near-term systems in 1980, they would be required to operate for 20 years, Midterm
systems would be deployed in 1990 and would operate for ten years. Far-term systems
would be deployed in the year 2000 and would have no eperations time since 2000 is the
cutoff for this study. Thus, the number of replacements or servicings needed during
operations of near-term systems is six, for midterm systems is three, and for far-term
systems is zero. Therefore, the cost of operations of near-term systems is assumed
to be three times the acquisition cost; for midterm systems it is assumed to be twice the
acquisition cost; and for far-term systems it is assumed to be zero. The costs of R&D
must be added to each of the acquisition costs, of course, which is done in each program

plan.

The following 42 pages present each of the program plans in its entirety. The
first two program plans are somewhat more descriptive than the others and so some

illustrative comments will be made regarding them.
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Program Plans
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Program Plans

——

WORLD #1 PROGRAM IN MILITARY WEAPONS

N WORLD #1 PROGRAM IN MILITARY SUPPORT

WORLD'#1 PROGRAM IN MILITARY COMMUNICATIONS .

1 6 Progs.
H‘} 6 Programs
; } 6 Programs, One

{ 6 Pregrams, One for

} 6 Programs, One for Each

WORLD #1 PROGRAM N MILITARY SURVEILLANCE
* WORLD #1 PROGRAM [N CIVILIAN SUPPORT
T e e e e e e 7
WORLD #1 PROGRAM IN CIVILIAN COMMUNICATIONS
WORLD #1 PROGRAM IN CIVILIAN OBSERVATION
FUNCTION ACTIVITY] NEAR-TERM { MID-TERM{FAR-TERM COSTS |
LEVEL 1975 1080 I9BS 1990 19p5  2000| ACQ|OPS| TOT JAVE
Surface U D N
Observation Large  mIRSEIOEWON PO RN !
:
Ocean Smat! AN aee | e | ten | e wf
Observation ‘
Atmosphere
Observation None e
(S)Eas:ew ation Small llllmIIIII]IIIIl!IIllllIIIIITIIIIIIIIIIIIIII | | | e

! 6 Programs, One for Each World

Total Cost =

} 6 Programs, One for Each World
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_This is the World #1 Program plan in civilian observation. The program is seen
to contain mostly near-term systems which are deployed and operated for the rest of the
century,: remembering that the National mood in World #1 was defined as anti-technology,
anti-space, and highly isolationist,where the planning was all near-term for immediate

fallout benefits to the population.

- The programs in physics, geodetics, and astronomy are very small as are
observations of the oceanstate and atmospheric physics, and small programs are
shown for resources, pollution, and weather, the rationale being that newfangled
contraptions are not necessary with a return to inward-oriented basics, and that the

first generation devices will yield adequate data. The only program which is even

" moderaté sized is that of boundary observation because it is assumed that with the

extreme trends fo isolation a somewhat paranocid tendency may be developed in the
population, calling for border security patrol. No programs are anticipated for
disaster control or cellision avoidance, collateral use of other programs being assumed.
Planetary exploration is also nonexistent in such an inward-oriented society. The bulk

of the programs simply continue current activities and some even at a quite reduced level,

The costs of this program plan reflect the low level of activity in World #1,
with an average cost for the entire observation program for the civilian community being
$150 nﬁliion a year, This program is obviously very austere but appropriate for the

definition of the world and domestic environment which it reflects.
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World Ne

1 Program in Civilian Observation

ACTIVITY | NEAR-TERM | MiD-TERM __[FAR-TERM COSTS
FUNCTION LEVEL 1475 1980 1985 1090 195  2000] ACO. | OPS. |TOTAL | AVG.
Resources small PN AT e A el 0.2 | 0.6 | 0.8 [0.032
Poltution )
SURFACE l’fint'rusitiﬁ Afarm-1 (ATS-FIG, Lehsed Comsal "~~~
OBSERVATION Boundary Woderale /. channels 10 W Sensobsh recrropdenre ctsrs diizrcucciz 0.1 0.3 0.4 j0.08
Disasters - No Prografn {Use ERTE, DSP) Sl S
Sea State, Ocean Very ”,n”””:u TTTTTTTTTTY AR o L R e s P e
OCEAN Physics sy [eSEASAT: |{Low Power|Radar) vt OPERATE ey 0.2 | 0.3 0.5 10.020
OBSERVATION
Collision - - - IR
Avoidance No Progran .
Weather small  [G.Continue 11R0S. NIMBUS, SMS|——0OPERAJE === --- | 0.6 0.6 {0,024
ATMOSPHERIC
OBSERVATION
AthSphEl’lC Very ARG LIPS rrrrrrrr I e rroz o .
Physics cmall  [zLontinue NIMBUS ——=rmrt. OPERATE T2 | 0.2 0.2 |0.008
Astronomy ;’;?f, 7 Continue PAD, 050, [Cancel HEAO m et --- [ 0.3 | 0.3 |0.012
Geodetics Very 17 Continue DGO, GEOS), Cancel al} Others mformmrred --- | 0.3 0.3 |0.012
Small
SPACE ]
OBSERVATION Planetary No Program o — I S
Exploration - 8 .
ve
Physics g mgl (See Sepafate Sheet) 0.028
SUB TOTAL 0.152
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World #2 1s the civilian environment in which all civilian space programs flourish.
The reason for this is that there is international peace coupled with a domestic spirit of
exploiting the space medium to its fullest as well as satisfying intellectué.l and scientific
curiosity. The activity level in each functional category and subcategory is seen to be
large. Every program includes the near-term, midterm, as well as far-term system
optionsg from the data book of options in VolumelIll. As an example, in the.resources and
poliution area LANDSAT-I would be made operational as soon as possible and then aug-
mented with or replaced by LANDSAT-II followed by LANDSAT-III in the far-term, the
far-term options being approached in an evolutionary manner. Similar examples can be
made for each and every one of the functional programs on this sheet. Note that the
averageé cost of this program is $1. 6 billion per year as contrasted with less than
$150 million in the program for World #1, Such an outlay is appropriate, given the

nature of the world as previously defined,

The following sheets contain the remainder of the 42 program plans, developed in
a similar fashion to the World #1 and #2 programs in civilian observation just discussed.
All these program plans were developed using careful consideration of the guidelines and
instructions developed, and were iterated at least once to assure utilization of capabilities
developed in other functions to the maximum. There is some duplication of systems as
many of the system options are capable of fulfilling several functions, however, none of
this duplication was removed due to lack of time and resources. Thus, the plans are

conservative. The rest of the program plans will be shown without comment.
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Taservation

World No. 2 Program in Civilian

AcTiviTY|  NEAR-TERM | mip-TERM FAR-TERM COSTS
FUNCTION LEVE -
EVEL 1975 1980 1985 1990 19p5 2000| ACQ.| OPS.|TOTAL] AVG.
Eﬁfﬁﬁ:’:ﬁs Large |LANDSAT-I IIl, 11| (Radar-e-Hi-power Radar-=Picosedond Laser)—w1.2 | 2.4 | 3.6 [0.144
e 777 P2 22 P2 PPl i2 8P PPPTidTeAT I T T IoTorT JM l[Jt?iE’e’éﬁ;””\ie’t)?”él,'égl P,
SURFACE Boundary Large  fIntrusion Algrm-1, 11, 111 (ATS’F:A h s " ARIENNA Jorsrsrsns 0.4 [0.6| LO0.040
OBSERVATION . .
. Disaster SEASAT Data-=+ Forpst Fire Det Laser &
oiesters | Larse gl 1y SUANDSAT Dot omiders 3]y 407 | O3 | 13007

LR R LR KA Ay

Seagaate', Ocean Large ’SE'ASA’T’-I 'I'lliflllljf(llliélcfja;*;—ﬂq ~DOWET | radar-r-laser fa:-IR correlate) 0.4 | 0.4 | 0.8 [0.032
OCEAN ysics .

OBSERVATION co";sion - ’ /‘irlal LA TIT e T T ITTXTILVr
7] -
Avoidance Large Bistatic radal ifluminator 4 1.1 1,110,044
f’rllllfll’lf Fid g2 FITTT X7 lflﬁ]fp'{-ol\;e'dh]nd'él'j's"llll (FIEIFT T T Trisrirrl,
Weather Large ,TIROS NIMBUS, SMS Hi-resolutipn Operate 40.4 | LO | 1.4]0,05
g‘g‘hggsvp:]gﬁjlﬁ &HHH!HIHIH FL LIRS PP IS H:Gep'qs:y.n-qh[}anuvsr//llﬂlf Py I YRR r L]
Ao | Laree Frotomeier e i 05 | 0.8 | 1.3 | 0.0%2
P ee e niT s Te e 7270 Large radig observatory To 100 km radic
Astronom large |¢ 0S0 o HEAD Focusing xprayebs. [ telescope |59 | 48| 9.8 0.302
Y 9 ¢ Explorers | o LST VLST o240 m, optica #
SPACE ltth_nln:'rur RPN Oh‘i INETIIIIR X —tele_s_cmﬂ 2220
OBSERVATION.|  Geodetics | Large | AGEOS, GRAVSAT, MRGHON, GEGPRUSE pbtate ———={ 1.5 | 2.4 | 3.9 | 0,156

3n.d. .I l:np-r-oovaer n.?nt.s Lk LLLLS P L IL L PP ELLLICERIE LGP LRI PRI L PPIG P I PINT PP LY

Planefary
Exploration Large |(See Separatcf Sheel) 1 0. 472
Physics | large {Seer Separat} Sheet) 0.168

SUB TOTAL 1. 608




E-57
WORLD 3 PROGRAM IN CIVILIAN OBSERVATION 39

FUNCTION acTrviTy|  NEBAR TERM | MID TERM |FAR TERN COSTS
LEVEL | }9s 1980 1985 1990 1995 200p AcQ. | ops. { ToTas} AVG.
Resources Small LANDSAT-I (FCOL-{N) o.20 | 0,60 } 0.80 |o.032
Pollution
ogggggﬂgﬁon Boundary Large IntrusionjAlarm-I, 1§, (FCOI1-2Iff, FCQl-2M) 0,25 0,60 | 0.85 0,034
Disastexrs Small Disaster Control-I }{FCO1-3M)
Sea %i?ti;cf““‘ Small SEASAT- (FGO2-IN i 0,20 | 0,30} 0.50 {0,020
OCEAN ¥
OBSERVATION
Collrsion No B
Avoidance o Frogmam -- - - --
:Wea.t'her Small TIROS, NIMBUS, SMS, METSAT-I (FCO23-1N) 0,15 0. 30 0,458 0.018
ATMOSPHERIC
OBSERVATION . N
tmospheric ‘J .
Physics No Program
Astronomy Small 0AD, OSP, Astronorpy-I (FCO%2-1N) 1.00 0.90{ 1.90 ;0,076
Geodetics Small 0OGD, GEOS, Geodetjcs-I (FCOR-2ZN} - 0,80 1.,20% 2.00 | 0.080
SPACE, .
OBSERVATION Planctar e
Explaofat;o}:l Small {See Separate Sheet) ) ] 0.198
Physics Smmall {See Separate Sheet) 3 : 9,020
SUB TOTAL 0.478




E-5736
WORLD 4 PROGRAM IN CIVILIAN OBSERVATION

RITTVOD ¥00d J0
o EOHV TVNIDIZO

FUNCTION ACTIVITY NEAR TERM I MID TERM lFAR TERD COSTS
LEVEL 175 1980 1985 1990 1995  zoop aca. | ops, | ToTal ave.
Resources Moderate LANDSAT-1 (FCOL-|N), LANDSAT-II (FCo}-17) 0. 20 0.60 § 0.80 {0,032
Pollution, -
SURFACE ] - 1z
OBSERVATION Boundary ' Large Intrusion{Alarm-I, 1§ IIL (%88 _‘2};‘1‘] FCOl42M, 0,40 0.60 | 1,00 |0,040
Dhigasters Moderate Disaster Contrel-I J(FCOL-3M)
Sea ;ts?t:{csocem Moderate | SEASAT-L (FCO2-1H) 0,20 | 0.30] 0.50 |o0.020
OCEAN ¥
OBSERVATION Colliot S— . — s
QLl1glon cllision roraatice
Avoidanes Moderate FCOZ-2T) 1,10 -- 1,10 §0,044
Weather Moderate | TIROS, NIMBUS, SMS, METSATI (FCO3-1W) 0,15 0,30 ]| 0.45 }o.018
ATMOSPHERIC : . .
OB3ERVATION at bont SE— -
mospheric rofilomethr
Physics Moderate (FCO3ZM] - 0,50 | 0.80{ 1.30 |0,052
Astronomy Moderate QAQ, OSP, Astromothy-I, 1I {FGO4-1N, FGP4-1M) 2.50 3,00 | 5.50 }0.220
Geedetica Moderate OGO, GEOS, Geodotica-1, Il (FFO1-2N, FCO4-2M] 1.20 2.00 | 3,20 |o,128
SPACE
OBSERVATION -
Exé?gf:;ii Modaerate (See Sapairate Sheet) . 0,256
Physics Moderate (Se ¢ Sepgrate Sheet) 0.060

SUB TOTAL 0,870
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E-5735
WORLD 5 PROGRAM IN GCIVILIAN OBSERVATION

FUNGTION ACTIVITY NEAR TERM l MID TERM IFAR TERM COSTS
LEVEL b5 1980 1985 1990 1995  200p Acq. | ops, |Toral] ave.
R;Sﬁ“;‘.“s Moderate [ LANDSAT-T [FCO1-1A) 0,20 § 0,60 {0.80 0,032
ollution {Use mulitarg) |
SURFACE : - - -
OBSERVATION Boundary Moderate Intrusion jAlarm-I, II} {FCCl-2N} FCOl-2M) 0.25 0.60 | 0.85 10,034
Disasters Small Disagter Lontrol-I {(FCOI1~3M)
Sea %}?»tz:cgwan Moderate SEASAT-|I _(rcoz_1i + 0.20 0.30 { 0.50 {0,020
OCEAN ¥ . {Use wilTFary) .
OBSERVATION con
Qlligion
Avordance No FProgrhm
Weather Moderate TIROS, NIMEBUS, SMBE, METSATEI (FCO3-1N 0.15°) 0,30 { 0,45 }0.018
ATMOSPHERIC
OBSERVATION
Atmospheric No Progrpm
Physics
Astronomy Moderate QAQ, 059, Astronorhy-I, II {F(O4-1N, FCpP4-1M) 2,50 3,00 | 5.50 10,220
Geodeties Moderate QGO, GEDS, Geodetigs-I, I, {HCO4-2ZN, FCO4-2M) 1,20 2.00 3.20 {0,128
SPACE
OBSERVATION Planet
Expl::a.;?{: Moderate {See Sepajrate Sheet} 0.216
Physics Meodexate {See Sepakate Sheet} 0,060
SUB TOTAL 0,728
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WORLD 6 PROGRAM IN CIVILIAN OBSERVATION

E-~5731

NEAR TERM

FUNCTION ACTIVITY |  wmm TERM |Far TERM COSTS
LEVEL ) }qg 1980 1985 1990 195 200p acq. | ops. | Torall ava.
Resources - I{ 4
Pollution (Use i hitary)
OBEEER{\FfigIEON Boundazry e (Use Intrfision - 1)
Disasters —-— No Progipm  {Use: ml’i 'Iqu!}
Sea State, Ocean
! - No Program {Use msl}"ﬂ}"f)
OCEAN Physics i
OB3ERVATION
Collision
Avoirdance - No Program
Weather — Neo Progifimm (Use mrlf*lf?)
ATMOSPHERIC
OBSERVATION At et rk
mospheric 5
Physics — No Program
Astronomy - No Progrlam
Geodetics -— No Progrla.m
SPACE ..
OBSERVATION =
Planetary -
Exploration No Progiam
Physics — No Progllam
SUB TOTAL ¢
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WORLD 1 PROGRAM IN CIVILIAN COMMUNICATIONS

NEAR TERM MID TERM FTAR TERM COSTS
FUNCTION ACTIVITY l | :
1475 1980 1985 1990 1995 2009 ACQ.{ OPs. jTOTAL AVG.
INTERGOVERNMENT LINKS Small Hotline-1} Intergoverhment-I {(FCC1-C, §CC1-N) 0.25 0.45 | 0.70 0,028
GOVERNMENT TO PEOPLE LINKS No Prong - - - -
PEOPLE TQ PEOPLE LINKS No Progjam -~ sl R
Routine Small Informatjon Links (FCC-4-1N B 0,10 0,30 § 0.40 0,016
INTRA | :
GOVERNMENT
LINKS
Emergency No Progtam “n - - -
ENTERTAINMENT/COMMERCIAL s - " - -
LINKS No Program
SUB TOTAL 0.044




E-5729

WORLD 2 PROGRAM IN CIVILIAN COMMUNICATIONS

KITIVOD M00d JI0
SI AHV TYNIDIEO

ACTIVITY NEAR TERM |  MID TERM {FAR TERM COSTS
FUNCTION CAVEL
1$75 1980 1985 1990 1995 200§ Aca.| ops, |roral] ave.
1
INTERGOVERNMENT LINKS Large s lpid Ml ?érg;E'LiI,F%IC 1F 0.80 | 1.50 | 2,30 fo,092
: . Voting/Pplling - I, II,] III, Inteprdted
GOVERNMENT TO PEOPLE LINKS | Large P G e e PN 0.60 | 1.60 | 2.20 {0,088
PEOPLE TO PEOPLE LINKS Lazge f’;gé%‘iﬂ PCCI-F) 0.35 | 0.50 | 0.85 }o.034
¢
nowive | Lor | Dzl Lol Heone W TS 0,55 | 6,60 | 115 fo.om
INTRA . .
GOVERNMENT
LINKS
Emergeqcy-I, 1I, Intpgrated .
Emergency Large (FCC4-2fN, FCC4-2N, FCC4-2F 0.70 ] 1.20 | p.s% |0.1001]
ENTERTAINMENT/COMMERCIAL T.V. Brpadcast-], I}, Integrated ; i
LINKS Large (FCC5-N, FCCS-M, FCC5-F) 0.70 | 1.20 | 1.%8 {0.100
SUB TOTAL 0. 460
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W"ORLD 3 PROGRAM IN CIVILIAN COMMUNICATIONS

_ acTivizy| NEARTERM | MID TERM |Far TERM COSTS
FUNCTION LEVEL
1975 1980 1985 1990 1995 2000 ACQ.| OPS, I TOTAL}] AVC,
INTERGOVERNMENT LINKS Small Hotline, Intergovernthent-I (FCEl-N) 0,25 0.45 | 0.70 10.028
GOVERNMENT TO PEQPLE LINKS Small Voting/Pplling-1 {FJC2-N) 0.05 0,15 3 0,20 ]0.008
PEOPLE TO PEOPLE LINKS Srmall Conferencilg, Persona) {FCC3-M) {0,356 0.50 | 0,85 ]0.034
Routine Small Informatjon Links, Electronic Ml {FGC4-1N) 0,10 0.30 | 0.40 ]0.046
INTRA | i
GOVERNMENT
LINKS
Emergency Small Emergerdcy-1 (FCC4p2N) | 0.27 0.60 1 0,87 [ 0.016
ENTERTAINMENT/COMMERCIAL i - - - -
LINKS No Progfam
SUB TOTAL 0,132
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E-5737

WORLD 4 PROGRAM IN CIVILIAN COMMUNICATIONS

. ACTIVITY NEAR TERM |  MID TERM FAR TERM COSTS
FUNCTION LEVEL
1$75 E980 * 1985 1290 1995 200¢ ACQ.} OPS. {TOTAL} AVG,
Hotline, [ntergovernfnent-I, IL . 0. 60 .20} 1.80 lo.072
INTERGOVERNMENT LINKS Maderate (Fccl-cl FGE1-N, FGC1-M) . ' . .
GOVERNMENT TO PEOPLE LINKS | Moderate Voting/Fplling-1, II | (FCC2-N, [FCC2-M) 0.28 0.40 | 0.68 | 0,028
PEOPLE TO PEOPLE LINKS Moderate Personal g Conferencitg /Integr. 34 o7 | 0,50 [ 1.17 0,047
¢ . [FCC3-M| FCC3-F) ' . - S
Informatjon Links ﬂlectrom.c Mail-I, IL
Routine Moderate (FCC4-1N,’ FGC4-: ) 0,40 0,60 ) 1.00 | 0.040
INTRA
GCOVERNMENT
LINKS
Emergency Moderate Emergetfey-I, I (FCC4-2N,]FCG4-2M) 0.60 .00 | 1,60 {'0.064
ENTERTAINMLEI'R',%COMMERCIAL Moderate | T.V. Bibadcast-I, I} (FGC5-N,| FGG5-14) 0.60 | 1.00} 1.60 {0,064
SUB TOTAL 0,315




WORLD 5 PROGRAM IN CIVILIAN COMMUNICATIONS

E-5728

72

. actvity|, MEARTERM | mMID TERM |rar TERM COSTS
FUNCTION LEVEL
1§75 1980 1985 1990 1995 2004 Ac@.) ops. frorarnl ave.
INTERGOVERNMENT LINKS Moderate %’I;élftsnﬁ,c n?é%c’l‘:?}rm?f;%ﬁ' MI)I 0.60 | 1.20 | 1.0 lo.o72
COVERNMENYT TO PEOPLE LINKS { Small Voting/Poiing-1 (FC2-1) 0.05 | 0.15 ] 0.20 }0,008
' PEOPLE TOQ PEOPLE LINKS Small Personal [(FCC3-M) j0.35 | 0,50 | 0.85 }o,034
. Informatjon System, {Electromce Marl-1, II
Routine Moderate ) * 0,40 0,60 1 1,00 | 0,040
INTRA (FCC4-~1¥, FGCC4-1M
GOVERNMENT
LINKS
E dey-I, 1L, Inthgrated .
Emergency Large (FOC4-20, FCCa-2H1 FOC4-2H 0.70 | 1.20 | 190" | 0.100
ENTERTAINM&E‘EEF{COMMERCIAL Moderate | T.V. Brpadcast-1, I} (FCG5-N, FCC5-M) 0.60 } 1.00) 1.60 | 0,064
)
SUB TOTAL 0,318




WORLD ¢ PROGRAM IN CIVILIAN COMMUNICATIONS

E=5732

XITTVN® ¥00d JO
§I gOVd TYNIOTEO

- ' NEAR TERM MID TERM FAR TERM COSTS
FUNCTION AEEJ%EY l l 15 YR
75 1980 1985 1990 1995 2004 ACQ.{ OPS, AV,
INTERGOVERNMENT LINKS Hotline ent=l, 1L | T T B
1 NMED Small (FCC1.G Go1-M) . 0.50 1.00 0. 100
GOVERNMENT TO FPEOPLE LINKS No Progdam - - -
PEQFLE TO PEOPW.E LINKS No Prog: - - -
Routine Smmall _Informat G dn 1) TTTTTE T 0.10 1 0.30 0.027
INTRA e
GOVERNMENT
~Ns |y . b -
Emergency Large ﬁfrclecl:ffg ) 0,70 1.20 0.127
ENTERTAINMENT/COMMERCIAL No Prog . . .
SUB TOTAL 0.254




E-5746
WORLD 1 PROGRAM IN CIVILIAN SUPPORT

oN ACTIVITY NEAR TERM MID TERM |FAR TERM COSTS
FUNCTION " LEVEL
1975 1980 1985 1990 1995 200g ACQ,! OPS. |TOTAI]l AVC,
vehicular Small {Use Military) - - - _—
NAVIGATION
Personal No Progfam . R . - . -
TRANSPORTATION AID/CONTROL No Proglam -- - _— -
Delivery No Progkam -- . - -
ENERGY . 4 : ,
3
Management Small Consumpiidn Monttor~f} {FCS83-2H 0.15 §0.30 0.45 | 0,014
Atrnosphere No Progfam -- - - -
ENVIRONMENT
MODIFICATION Weather No Proglam - - “e -
Illummination No Program ' - - “e -
DISPOSAL AND CONTROL
OF WASTES Moderate Nuclear Wdste-I (FCSp-N, FCS5-M) 0.25 | 0,30 0,551 0,022
NEW MEDIUM FOR RESEARCH N . - -
AND MANUFACTURING © Progpam - S
TRANSPORT DEVELOPMENT Small Shuttle /JUS/TUG . 0.200
i |
SUB TOTAL 0,240
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WORLD 2 PROGRAM IN CIVILIAN SUPPORT

E-5743

ACTIVITY NEAR TERM I MID TEA’RM IFAR TERM COSTS
FUNCTION LEVEL
1975 1980 1985 1990 1995 200p ACQR.| OPS. |TOTAL AVG,
Vehicular Lazge Develop Clvilan GPS 0,4 0.9 1,3 0,052
NAVIGATION
Personal Large Personal Navigation|l, II, IIL (FE51-2N, FCE1-2M, 0.4 0.6 1.0 0,040
FS2=1)
TRANSPORTATION AID/CONTROL Large Tyanspojtation I, 1L} 1L (FCS2-N, FC52-M| FCS2-F) 2.3 2.0 4,3 0.172
Delivery Large Energy pelivery I HFCS3-1F) 15.0 e 15,0 0,600
ENERGY
Management Large Energy Management(f, II {FCS53}2N, FCS3-E£M) 1.0 1,4 2,4 0,096
Atmosphere Large Ozone Laydr - L II {(FES4-3M, 2.0 2.8 4.8 0.192
FES4-3 1)
ENVIRONMENT .
MODIFICATION Weather No Progjam -- -- - -
Nlumination Large Illuminatich-1, II {FCSk-3M, 3.5 J2.0 5,50 | 0,220
. TESH-3F)
DISPOSAL AND CONTROL K - ~

OF WASTES Large Waste Disposal I, 11} III {(FCS5{N, FCS~5M] FCS5-F) 0.6 0.4 1.0 | 0.040

NEW MEDIUM FOR RESEARCH I - - -

AND MANUFACTURING No Frogiam . . ="
TRANSPORT DEVELOPMENT Large Shuttle /"] EG/SS'E%{DE EPS/LLV/I aser/Largd TUG/ 1.200
arge

5UB TOTAL 2. 612




WORLD 3 PROGRAM IN CIVILIAN SUFPPORT

E-5741

76

ACTIVITY NEAR TERM l MID TERM IFAR TERM COSTS
FUNCTION LEVEL
1375 1980 1985 1990 1995 2009 ACQ.| OPS, [TOTALl AVG,
Vehicular Small (Use Milltary) - - - --
NAVIGATION =
Pergonal Small Pergona] Hav-1 (FCE1-2N) 0.10 [0.15 0.25 | 0.010
TRANSPORTATION AID/CONTROL Small Aerosat,] Navsat, QWS (Initial) 0.10 {0.15 0.25 1 0.010
Delivery No Proglam - -- - .
ENERGY
Management Small Managerpent-1 (FCSB-2N) 0.15 1 0.30 0.45 1 0,018
Atmosphere Ne Proglam - - -. -
ENVIRCNMENT
MODIFICATION Weather No Proglam - . . -
Durmnation No Progfam - - - -
DISPOSAL AN N
O AP CONTROL Small Nuclear Waste-I (F(S5-N, FCS4-M) 0.25 |0.30 | 0.55) o.022
NEW MEDIUM FOR RESEARCH I .
AND MANUFACTURING Ne Proggam S K “ ] .-
1RANSPORT DEVELOPMENT Moderate Shuttle /MIS/TUG/SSICD/SEPS 0,600
SUB TOTAL 0,660




WORLD 4 PROCRAM IN CIVILIAN SUFPORT

E-

5738

] AGTIVITY NEAR TERM | MID TERM |Far TERM COSTS
FUNCTION LEVEL
. 1%75 1980 1985 1990 1995 2000 ACQ.| OPS. |[TOTAL AVG.
Vehicular Modezate (Use Maljtary) - -- - --
NAVIGATION
Personal Moderate Borsona] Navel, 1L | /e guitn =0 245 frsbem ] 0.40 | 0.60 | 1,00 } 0,040
!
TRANSPORTATION AID/CONTROL ] Moderate Transpoftation-I, II] III f;f,mﬁmm_l;, iy LT i e [ 2.00 | 1.20 | 3.20 | 0,128
!
Delivery Moderate Develop [out don't Deploy PArTrueisdelllt fostr et —mw | 1,00 | -- 1.00 | 0.040
ENERGY
Management Moderate Managerhent-1. IL bucle%x_' Fue} Locator -fp———" 0.80 {1.20 2.00] 0.080
- Edrvyy fﬂaf.:f_qu‘m, n i ii By - .
Atmosphere Moderate Ozone Layel-L, 1.60 { 0,50 2,10 ] 0,084
- __‘_—: ﬁ'ﬂiaz
ENVIRONMENT
MODIFICATION Weather No Proglam - e - _—
Illumssnation Moderate Hluminatiof-1I 1.100 1,60 2,70} 0,108
i : e
DISPOSAL AND CONTROL Moderate Waste Dilsposal-I, II = o.25 | 0,30 0,551 6,022
OF WASTES
NEW MEDIUM FOR RESEARCH
AND MANUFACTURING Neo Frogpam . R
TRAMNSPORT DEVELOPMENT Modarate Shuttle /BUS/TUG/SSITO/SEPS 0,600
SUB TOTAL | 1.102

7
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E-2027

World No. 5 Program in Civilian Support

— acriviry L MNEAR-TERM | min-TERM  FAR-TERM COSTS
el LEVEL 1475 1980 1985 190 1995 2000] ACQ. | OPS | TOTAL | AVG.
Vehicular Moderate | (Use Military) e - U (N
NAVIGATION
Personal small . Personal fiav-1 11 mile user accqracy, 200|satelliter 4 0.10 | 0.15 | 0.25 |0,010
TRANSPORTATICN A ID/CONTROL Small (Use Military} - -— S
Delivery - No Program - - e | —mem
ENERCY WWTJ’I}IIIIIIH' f.rzﬂrl.rr;l zq)iirc;ai:ell:" r._-éyau””,
Management Moderate ¢ Consumptjon Monitorp i, 11 Consumpkion Meter] 0.80 { 1.20 2,00 10,080
frees e pseetbosseesssssdpossiviss ¥, NUCIQarEU?! Locator
Atmosphere - No Progran - - N
ENVIRONMENT
MODIIFICATION Weather - No Program R S
lllumination | Moderate | (Use Military) —— ] - S
! LR (LTl RS WSO IRIR T 7/
o Space debris sweeper 7
DISPOSAL AND CONTROL Moderate ﬁWaste Disposat I, 11 | o Experimental Nuclgar 0.25 | 0.30 0,55 | 0,022
OF WASTES 7 . /
7 waste (iisposer
///////////f (IEIITIIEL LAl d ///////////////////A
i
NEW MED FUM.FOR RESEARCH . .
AND MANUFACTURING = | NoProgram S R
TRANSPORT DEVELOPMENT | Moderate F,,sn@t’tféfmiéhhféfééfbré'E'P_s':,’,;,',,’,,’,',:,’, 2 0. 600
: |
SUB TOTAL 0,112




E-5733

WORLD 6 PROGRAM IN CIVILIAN SUPFORT
ACTIVITY NEAR TERM MID TERM IF.AR TERM COSTS
FUNCTION LEVEL
1§75 1580 1985 1990 1995 200p ACQ.{ OPS, | TOTALl AVG,
. Vehicular Small (Use Military)
NAVIGATION .
Personal ;;f.:ﬂ (Use Mijitary)
’ ., Very Mk
TRANSPORTATION AID/CONTROL Small (Use Military)
Belivery No Progfpam
ENERGY
Management No Progfam
Atmosphere + No Progjam
ERXVIRONMENT
MODIFICATION Weather No Progkam
Illumination Small {Use Milttary) ,
DISPOSAL. AND CONTROL No Progkam
OF WASTES )
NEW MEDIUMN FOR RESEARGH No Progkam
AND MANUFACTURING
TRANSPORT DEVELOPMENT Cancel S111utt1e/IUS
SUB TOTAL 0
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E-5747

WORLD 1 PROGRAM IN PHYSICS AND EXPLORATION SYSTEMS
COSTS
- ACTIVITY) b 1985 1990 1995 2040
FUNCTION LEVEL
ACQ, | OPS, | TOTAL] AVG,
\NNER PLANETS/S UN S‘If::l’:l' Continue Hdlios |-~ Noj New Starts - -- - -
Very Countinug Current Programs -~ o
OUTER PLANETS Small No New|Starts S -
COMETS/ASTEROIDS No Program -- -- .- .
PHYSICS Very | Continup Explorers|-- No New $tarts - 0,7 0.7 0.028
Small
SUB TOTAL 0.028

80




WORLD 2 PROGRAM IN PHYSICS AND EXPLORATION SYSTEMS

F-5744
COsTS
ACTIVITY] pgo 1985 1990 1995 2040
FUNCTION LEVEL
- ACQ, | OPS. | TOTAL] AVG.
INNER PLANETS/SUN Large Full Prpgram: FCP!-N Through FCP1l-¥ 2.3 3.6 5.9 0.236
CUTER PLANETS Large Full Prpgram: FCFP2-N Through FCP2-F 2.6 2.0 4,6 0,184
COMETS/ASTEROIDS Large Full Prbgram: FCP3-N Through FCP3-F 0.7 0.6 1.3 0.052
PHYSICS Large Full Prpgram: FCP4-N Throu&h FCP4-F 2,2 g. 0 4,2 0.168
5UB TOTAL 0.640
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LE~5742
WORLD 3 PROGRAM IN PHYSICS AND EXPLORATICON SYSTEMS

O
ACTIVITY] pgo 1985 1990 1995 2060 CosSTS
FUNCTION LEVEL

Acq, | ops, | ToTAL]l AvG.
INNER PLANETS/S UN Small Near Thrm Only; |FCPI1-N 1.00{ 1.50{ 2,50 0.100
OUTER PLANETS Small Near Thrm Only: | FCPZ-N 0.901 1.20] 2.10 0. 084
COMETS/ASTEROIDS Small Near Term Only: | FCP3-N 0.20] 0.15] 0,35 0.014
PHYSICS Small Near Tkrm Only: FCP4-N ) 0,30 0.30] 0.50 0.020

SUB TOTAL ‘ 0.21
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E-5730
WORLD 4 PROGRAM IN PHYSICS AND EXPLORATION SYSTEMS

CO5T
ACTIVITY] pgo 1985 1990 1995 2050 5
FUNCTION LEVEL

ACQ, | OPS. | TOTAL] AVG,
INNER PLANETS/SUN Moderate Mediun] Program: [FCPLl-N, FEP1-M 1.5 2.0 3.5 0.140
OUTER PLANETS Moderxate Medium] Program: [FCP2-N, FCP2-M 1,2 2.0 3.2 0.088
COMETS/ASTEROQIDS Moderate Mediumn] Program: |[FCP3-N, FLCP3-M c.3 0.4 0.7 0,028
PHYSICS Moderate Mediun] Program: [FCP4-N, FEP4-M 0.7 0.8 1.5 0.060
SUB TOTAL 0.316




WORLD 5 PROGRAM IN PHYSICS AND EXPLORATION SYSTEMS

E-5727

COsST,
ACTIVITY, pgo 1985 1990 1995 2080 S
FUNCTIOCN. LEVEL N
. ACQ, OPS. | TOTAY AVG,
|NNER PLANETS/SUN Small Small Frogram:; FCPl-N 1.0 1.5 2,5 0,100
QUTER PLANE::TS Small Mediumy] Program: F:CPZ-N, FHCP2-M 1.2 2,0 3.2 0,088
COMETS/ASTER:.OIDS Small Medium| Program: {FCP3-N, FCP3-M 0.3 0.4 0.7 0,028
PHYSICS Moderate Medium| Program; [FCP4-N, FICP4-M 0,7 0.8 1.5 0.060
SUB TOTAL 1 oo.278
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WORLD 6 PROGRAM IN PHYSICS AND EXPLORATION SYSTEMS
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FUNCTION

ACTIVITY;
LEVEL

b8 0

1985

1990

19T5

20

COSTS

ACQ,

OPSs.

TOTAL

AVG,

INNER PLANETS/SUN

OUTER PLANETS

COMETS/ASTERCIDS

PHYSICS

53UB TOTAL
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Pages 86 through 109 are omitted

because of security reasons.
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The average yearly cost of each program plan for each world number was tabulated
at the time of composition of the program plans. The average cost assumes that the peaks
in funding can be appropriately spaced either by choice of the start and stop times of various
programs and their phasing, or by some imaginative arrangement between Congress and
the financial community such that the peaks are underwritten and amortized into all the years
where less funding might otherwise be required. These average costs are compared on the
facing page with the average yearly budgets assumed during the definition of each world
number. 'The costs shown were finalized after two iterations. It is seen that the program
costs compare fairly well with the assumed budgets for each world number, well enough
for the purposes of this study, since it is to be emphasized that no advocacy of any particular
world is immplied anywhere in this exercise. Nor is it assumed that any particular future
world will occur or is more realistic than any other. Suffice it to say that the program
plans defiigled by the 42 sheets appear representative of reasonable programs for the
Worlds #1 through #6 as defined, and that their costs are relatively well matched with the

assumed budgets.

A second conclusion stems from the absolute magﬁitudes of the costs of the program
plans of Worlds #1 through #6, It is to be noted (again assuming that the peak costs can be
amortized into the total time period of this program), that the largest civilian space program
which: deploys every single system identified in the 1973 NASA Mission Model, every system
concei)t id::antified as one of the initiatives in Volume II of this study, and other initiatives

as well requires an average budget of less than $5 billion per year. This compares with an
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average budget for programs of about $3 billion per year today. It is seen, therefore,
that contrary to first impressions, less than a two-fold increase in the funding for space
would allow the fielding of every space program initiative and the entire mission model,
yielding fantastic increases in performance in every functional area. Similarly, for the
military, Worlds #4 and #5 represent the largest military budgets with the acquisition of
the largest number of large and far-term systems (short of a catastrophic condition such
as faced in World #6). For these worlds about $5 billion a year total budget compared
to today's budget of about $2 billion will secure fantastic increases in performance in
every functional category. Ten billion dollars a year average for both civil and military
space would buy practically all systems identified by the military and by the civilian
community and by the initiatives of this study, which is a noteworthy statement in itself.

Of course World #6 requires increaéed funding due to the imminent nuclear wazr.

Another way to view the program costs is that a continuation of the current military
space budget of about $2 billion would allow response to world conditions represented
somewhere between Worlds #1 and #4. For the case of the civilian programs, the current
level of funding of $3 billion, if continued for 25 years, would be adequate to meet the
conditions of Worlds #1, #3, #5, and #6. . S

1

A different way of assessing a bﬁdget of $5 billion a year over 25 years is that the

-

total money si)ent will be $125 biliion, which is a lot of money and can buy many space systems.
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YEARLY PROGRAM COSTS. BILLIONS

E-5716

WORLD NUMBER

W TON JINVIE @DVd HNIGHDOIEd

FUNCTIONS 1 2 3 4 5 6
OBSERVATION 0.036 | 0.246 | 0.342 | 1.58 L1l | 1.84:
COMMUNICATIONS | 0.052 | 0.14 0.247 | 0.572( 0.344) 0.4

MILITARY SUPPORT 0 0.138 | 0.158 | 0.66 0.439: 4.89
WEAPONS .0 0.036 | 0.68 2.23 3.41 | 6.17
TOTAL 0.088 | 0.56 1.43 5.03 5.36 | 13.4
ASSUMED BUDGET |«L0 |=10 1-3 3-6 4-71 | >10
OBSERVATION 0.152 | L6 0.478 | 0.8 0.728| .0
COMMUNICATIONS | 0.044 | 0.46 0.132 | 0.315| 0.318] 0.254

CIVILIAN SUPPORT 0.24 2. 61 0. 66 L1 0.712] 0
TOTAL 0.436 | 4.67 1.27 2.28 1.76 | 0.254
ASSUMED BUDGET (<1 3-6 =1 ~3 13 | <1

1

COSTS SHOWN AVERAGED OVER 25 YEARS (1975-2000}

(EXCEPT 15 YEARS (1975-1990) FOR WORLD #6
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SUPPORTING NEEDS
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SUPPORTING NEEDS

£-5784"

' The supporting needs of each of the space programs developed in the previous
section were extracted in each of the building block and technology categories illustrated
in the facing page. The supporting needs were divided into building blocks and technologies,
The choices for low orbit transportation included an expendable booster (probably like the
T-III), the Space Shuttle, and a large lift vehicle of about five to ten times the lift capability
of the shuttle. The choices for high orbit or transfer orbit transportation systems included
the interim upper stage and the full capability tug (lumped into one category), a much larger
tug with the option for a manned capsule front end, the 25 kW Solar Electric Propulsion
System, a much larger Solar Electric stage perhaps five.to ten times the power level, and
a nuclear stage for those orbital operations which require extensive a:mnd frequent maneu-
vering, The orbital assembly and servicing stages, the support facilities, and the technol-
ogies required for support for the on-orbit operations,as well as the payloads themselves

make up the remainder of the classes,

The following six pages present the support requirements, shown as the total
number of mission opportunities for each category as a function of the world number in
the scenario. The judgment for inclusion or deletion of any particular initiative was passed
in the last section with the preparation of the program plans, These numbers of mission

opporturities reflect such judgment.
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BUILDING BLOCK AND TECHNOLOGY CATEGORIES

BUILDING BLOCKS

TECHNGLOGIES

" LOW ORBIT TRANSPORTATION

Expendable Booster
Shuttle
Large Lift Vehicle (LLV)

HIGH ORBIT/TRANSFER TRANSPORTATION

1US/TUG
Large/Manned Tug
SEPS

Large SEPS
Nuclear

ORBITAL ASSEMBLY AND SERVICING STAGES

Automated Servicing Unit
Manned Servicing Unit
Shuttle-Attached Manipulator
Free-Flying Teleoperator

ORBITAL SUPPORT FACILITIES

Assembly and Maintenance Yard
Warehouse

Fabrication

Research Laboratory

Universal Test Satellite .

Large Optics and Mirrors

Large RF Antennas

High Power/Energy Sources

High Power Radar

High Energy Lasers

Manned Orbital Assembly Techniques
Precise Pointing and Tracking

LST Computers/Processors

CCD Focal Planes

Cryogenic Refrige.rators
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The sum of all the civilian and military missions (initiatives) in which there are
opportunities for utilization of each class of booster is shown as a function of the world number
for the alternate scenarios. These were developed by summing the support needs of each
initiativie called for in each program plan. The format for presentation was chosen as straight
lines connecting the data points for each of the world numbers, even though it is recognized
that the data only exists for each discrete world number, since the connecting lines are useful
for pictorial representation and f.or trend extrapolation. This graph as well as the following
ones are plotted for the combination of both civilian and military opportunities and for the
entire time frame from 1980 to the year 2000, i,e., incorporating th:a near-term, midterm,
and far-term program opportunities. It is to be emphasized that this graph as well as the
following ones represents mission opportunities, rather than a iraffic model, the number of
flights required of each booster (for instance) being far greater than the number of mission
opportunities for its use.

A cursory analysis of the data on the facing page indicates that the shuttle is a
versatile, high demand booster and will continue to be so through the end of the century,
compared to an expendable or a larger launch vehicle, and continues to be very much in
demand regardless of the nature of the future world facing us within the choices of the
alternate world scenarios, The opportunities for utilization of the shuttle are many and
relatively constant for Worlds #2 through #5 inclusive, being far smallexr for Worxld #1
and for World #6, which is to be expected since Worlds #2 through #5 are more moderate
views of the future calling for greater numbers of space systems. World #1 is a very austere

world for the military and e¢ivilians, results in a small number of payloads, and therefore

-
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opportunities, for any booster. In World #6 the civilian opportunities drop off drastically,
most of the opportunities shown being for military operations facing up to the war in 1990,
The ground rule for requirements for a larger lift vehicle than the shuttle was established
rather arbitrarily in the early part of the study in the following way: if a particular space
program or initiative required more than about 100 shuttle flights to establish the system,

a larger lift vehicle was indicated; otherwise the shuttle was deemed an adequate booster.

Data such as presented in the facing page cannot be used by itself to make a case
for not developing a large lift vehicle or for phasing out expendable boosters, because the
nature of the programs requiring such boosters and their relative priorities must also be
addressed., It is clear from this chart, however, that the shuttle is an extremel’y versatile,
high demand, well thought out program of great utility, even though many of the payloads

which are assumed flown in the future worlds were not conceived at the time the shuttle

desgign was definitized,
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MISSION OPPORTUNITIES FOR LOW EARTH ORBIT TRANSPORTATION

300 -

200 | )
SHUTTLE

MISSION
OPPORTUNITIES

100 A

/ EXPENDABLE
0 //L\/x\_‘_ﬂ LARGE LAUNCH
; ; - . v ) VEHICLE

1 2 3 4 5
WORLD NUMBER
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This graph indicates that the IUS and Full Capability Tug are desirable developments

for which the demand exceeds all other high orbit or transfer transportation devices for
most of the worlds considered. The IUS and FCT were lumped into one class of vehicle

,under the agsumption that either or both would be available during the greater portion of the
rest of the century, or that some single vehicle of sirhilar capability would be. The 25 kW
Solar Eléctric Propulsion Stage is next, with a larger version of the tug with a manned
front end being next in line. The same trend is evident as for the low orbit transportation
case: that most of the more moderate versions of the future world tend to have a relatively
constant call for space supporting vehicles, with a small call in World #1 reflecting the
austere view of the world domestically and with World #6 reflecting primarily a military
call for near~-term space systems. The total number of opportunities for an upper s.tag;a
of some sort are about half of those requiring low altitude boost. The number of missions
in which sny particular upper stage is required is somewhat smalier than the number of
opportuni@ties shown, since a fair number of mission requirements can be met by a choice
of several upper stage options, and all possible candidates contributed to the mission oppor-

tunities.
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MISSION OPPORTUNITIES FOR HIGH ORBIT/TRANSFER TRANSPORTATION
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MISSION
OPPORTUNITIES IUS/TUG

100~
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]
LARGE/MANNED TUG
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NUCLEAR
0
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WORLD NUMBER
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A similar trend is evident in this as well as in the following graphs where the
number of mission opportunities for orbital assembly and servicing stages is gseen to peak
in the moderate worlds., A characteristic not evident to the degree in previous graphs,
however, is the peaking of the demand for these stages in Worlds #2 and #4, The reason
for this peaking is that World #2 has the largest number of mission opportunities for the
civilian community whereas World #4 has the largest number of mission opportunities
for the military community, and the accentuation of the peaks compared to World #3 is
due to the greater percentage of large, heavy missions in Worlds #2 and #4 which require
some form of orbital assembly and servicing. It is also seen that a fairly large nurrilbei:
of mission oppoftunities exist for assembly and servicing units of some type independent
of what the future will actually turn out to be. The ground rule used for specifying
automated versus manual units was that no choice was made unless the mission clearly
required mah or clearly had to be unmanned (such as a flight in the radiation belts)., Thus,
the manned opportunities nearly equal the unmanned ones, the choice being left to those

who might wish to develop specific initiatives further.
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MISSION OPPORTUNITIES FOR ORBITAL ASSEMBLY AND SERVICING STAGES

200

AUTOMATED

MISSION SERVICING UNIT

OPPORTUNITIES
SHUTITLE - ATTACHED

MANIPULATOR
100 -
MANNED
SERVICING UNIT
] FREE-FLYING
TELEOPERATOR
0 T I Ak T T

WORLD NUMBER
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In this graph it is seen that a very large number of mission opportunities exist
for a uhiversal test satellite, which might be represented by a small satellite vehicle
used in conjunction with the shuttle or used in a sortie mode in the process of develop-
ment of satellites. This could be considered an outgrowth of the current STP program
of the Air Force. Assembly and maintenance yards are a generic term which is used to
describe functionally-oriented space stations. These are required in Worlds #2 and #4
in particular, as is a research laboratory of some sort, be it a Spacelab or a much larger
free-flying laboratory such as some concepts of research-oriented space stations. Fab-
rication and warehousing are similar functions that, although representing larger
satellites, are needed for fewer initiatives. The same trend is evident in the needs
for thede functions in the other worlds, with the smallest call being for Worlds #1 and
#3. Though there may well be a need for '"'space stations' as research tools to determine
the utility of man, to perform general research,and to determine his limits, the present
work orly addre’sses the needs for facilities to support the initiative system concepts.
Thus, the term ''space station' is not-used herein, though functionally the above classes
of space vehicles may be identical with some versions of such stations, and they may be
called upon to perform similar functions. This is particularly true if the supporting

functions require manned operations.
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_ MISSION OPPORTUNITIES FOR ORBITAL SUPPORT FACILITIES
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MISSION UNIVERSAL
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The technologies and techniques most in derﬁand are iarge RF antenna structures
and assemblies, with assembly and initialization done in space. This is true for a:11 inter-~
mediate worlds as was the case for the previous four charts. The term '"large antennas"
includes monolithic structures and the concept of stationkept sub-arrays. The functions

of man include assembly, orientation, functional "tweaking,' initialization, and repair.

High energy lasers, high power radar, and large optics have a conside ra:bly
smaller calling although it tends to be fairly constant for the inbetween worlds. The
smaller number of opportunities for optics, lasers, and high power radar reflect the
smaller number of initiatives in observation compared to communications, though this
disparity actually reflects mainly study team limitations in time and resources rather

than a priority emphasis. No such priority was intended.
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JThis is a continuation of the subject of the previous graph in which large-scale
integration of microelectronics and computers, precise pointing and tracking of optical
or micréwave devices, high power/energy prime and transformed sources, and charge-
coupled-devices are seen to have great calling in all of the intermediate worlds, and
reasonably large calling in World #6. Cryogenic refrigerators to support 1o:£1g—wave
infrared operations in space are seen to have a small but constant demand in most of

the worlds considered.

‘The peaking in Worlds #2 and #4 again reflects the large number of big, complex
systems fielded in these worlds, with their resultant need for microelectronics, pointing
of large apertures, and high power needs. Significantly, however, a minimum need exists

regardless of the world coundition.
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MISS{ON OPPORTUNITIES FOR ORBITAL TECHNIQUES AND TECHNOLOGY
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COMMON NEEDS FOR NASA AND DOD
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This section develops the definitions of NASA and DoD commonality which are used
in the report and presents the data of the output of the study, Reference is made to the diagram
on the facing page. The system opportunities were selected (in Volume III) for both civilian and
military opportunities in the following way: one set of lists was prepared from those initiative
opportunities which technology might support in the next 25 years, regardless of any accepted
need for the capabilities. These are entitled the ''could do's' on the facing page. Simul-
taneously, the functions which would be needed in the future environments are listed as
""should do's'' in the graph on the facing page regardless of the status of technology to
support them. The intersection of the '"could do's" and the "should do's" we call the "affirma-
tive do's, " which are the system opportunities that are not only feasible but are needed and
called for in the worlds of the future., The affirmative system opportunities for the civilian
and for the r‘nilitary communities were prepared independently using this process, and they
generally represent separate and distinct initiative systems, although in some cases the

same syStem could perform a military as well as a civilian function.

The primary output of this study is a commeon need for the supporting building
blocks and technologies under various world conditions. This common need is developed
from the needs of-the military and civilian affirmative system opportunities. The inter-
section of the supporting needs is therefore shown as the common supporting needs.
Particuldr definitions of the future world,such as indicated by the ellipses and resulting
curves on the facing page, will result in a particular set of common supporting needs.,
There may well be sets of building blocks and technologies which will support all worlds
in common (at least as defined in this work}, and- if such common sets exist, a powerful

case could be made for their develepment,
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COMMONALITY STUDY PROCESS

CiVILIAN Resources MILITARY

Current Programs .

Population |deology

Planning Studies

SYSTEM OPPORTUNITIES

Innovation
Technalogy - International
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AFFIRMATIVE SYSTEM OPPORTUNITIES

Common System
Opportunities

NEEDS FOR SUPPORTING
ELEMENTS, BUILDING BLOCKS,
AND TECHNOLOGY

COMMON SUPPORTING NEEDS In World #1
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‘The following graphs present the common NASA/DoD supporting needs for building
blocks and technologies defined for each of the alternate world scenarios considered in this
study., While it is recognized that this is not the only way to derive or present commonality
data, it was chosen for this study as being realizable within the time and resources available,
and having a high probability of yielding meaningful results with minimum dependence on

subjective assumptions,
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The graph on the facing page illustrates the derivation of the commonality data
for a particular example, i.e., for the space shuttle, The data on space shuttle mission
opportunities as a function of world number is reproduced from page 121 and labeled
the "total curve' - a summation of the military and civilian mission opﬁortunity components.
These components add up to the total curve, The maximum possible mission opportunities
for the shuttle is also shown, defined as the opportunities for civilian employment of the
shuttle in World #2 added to the opportunities for shuttle utilization for the military in
World #4. The maximum is therefore a synthetic measure in which all mission opportuni-
ties identified are utilized, and represents a synthetic world not identified specifically.
The common needs for the shuttle are defined as being the smaller of the military and
civilian components. By way of example, for World #3 there are 73 mission opportunities
for military application of the shuttle and 142 opportunities for civilian application, Clearly,
a common utilization of the shuttle exists for 73 mission applications. Therefore, that
area lying underneath the lower of the military and civilian curves is by definition the number
of common mission opportunities for the space shuttle, and is to be measured against the
100 percent commonality curve, defined as one half of the total opportunities, (If the
military and civilian opportunities are equal, the same number supports both,

Analyzing the facing page, we find that the common needs for the space shuttle
peak in Worlds #4 and #5, approaching 100 percent, and drop off on both extremes of worllds

to a somewhat smaller number., The commonality still exceeds 25 percent, however, for

all worlds including the catastrophic World #6. Thus, there are common requirements or
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mission’opportunities for the space shuttle regardless of the exact nature of the future.
For all the more reasonable or moderate views of the future represented by Worlds #2
through #5, the commonality exceeds 50 percent. The statement can therefore be made
that the shuttle is a booster having very high common use between the NASA and the DoD
in mést views of the future examined in this study. Similar mission opportunities for each
of the itéms in the building block and technology categories are shown in the next 28
graphs, and illustrate the common needs for each building block and technology for each

of the world numbers considered in this study.
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MISSION OPPORTUNITIES FOR THE EXPENDABLE BOOSTERS

300}

200 -

MISSION
OPPORTUNITIES

100 { TOTAL

MILITARY

CIVILIAN

e — e —— — a E— o ———— — e ————

WORLD NUMBER

140



E-5782

MISSION OPPORTUNITIES FOR THE LARGE LAUNCH VEHICLE

300 1

200 4

MISSION
OPPORTUNITIES

100 +

CIVILIAN

WORLD NUMBER

141



© 300 +

200 -

MISSION
OPPORTUNITIES

100 -

MISSTON OPPORTUNITIES FOR THE TUG

e . ——— ——— — — ey — —— Sl iy T Sl T Ep— T dkliemny

A p—

TOTAL

, CIVILIAN

MILITARY

142

WORLD NUMBER

E-5781



300

200

MISSION
OPPORTUNITIES

100

MISSTON OPPORTUNITIES FOR THE LARGE TUG

WORLD NUMBER

E-5780

TOTAL
MILITARY

CIVILIAN |

143



E-5779
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MISSION OPPORTUNITIES FOR THE SHUTTLE-ATTACHED MANIPULATOR
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The following six sheets show the data on the opportunities for each building block
and technology category for Worlds #1 and #4, presented as a function of time, It is seen

that the opportunities generally are either flat or increase with time.
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In the facing and following pages the results of the commonality investigation are
summarized for ready interpretation of building block and technology néeds. The data
plotted in these graphs are the common needs for each class expressed as a percent of
the maximum possible commonality. Reviewing the data of page 139, we see that if the
military and civilian mission opportunities for a vehicle were equal and one half of the
total, and if the total opportunities were equal to the maximum possible, that the common
opportunities would be one half of the maximum possible and could be written as 50 percent,
For normalization purposes, however, the commonality will be defined as twice the
commmon needs divided by the maximum possible needs and expressed as percentage.
Thus, in the figure on the facing page, it is seen that the shuttle common needs in World #4
are about 80 percent of the maximum possible needs. Thus, the commonality is expressed
as a percentage of the maximum possible opportunities in the following graphs, whereas

it was shown as the absolute number of common opportunities in the preceding graphs,

It is seen from the facing page that the commonality of the shuttle is high for
Worldsr#?:, #4, and #5 and fairly high for Worlds #2 through #5, which are all the reason-
able worlds. This is also the case for the expendable boosters. It is seen that the large
lift vehicle has few common opportunities, as well as only a few percent common needs
{and thén only in World #4) with common needs being non-existent for any other world.

This is because the large lift vehicle is only required for large far-term systems which
are required primarily in World #2 by the civilian and in World #4 by the military, but only

simultaneously in World #4. We can conclude that the shuttle, as well as any expendables
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which may be needed, possess a high deg‘ree of commonality, whereas the large lift
vehicle does not. This conclusion must be tempered with the statement that the launch
vehicle requirements for the orbital support facilities themselves were not examined, and
could well change the above conclusions, Furthermore, it must be remembered that even
though the absolute and common opportunities for a given wvehicle might be small, those
missions could be judged extremely important, increasing the hazard of writing off any

vehicle with small showing in these results.
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In the facing i)age the commonality curves ate shown for high orbit and transfer
transportation, It is seen that for all the reasonable World;s the IUS and tug have a large
degree of commonality, followed very closely by the Sola¥ Klectric Propulsion Stage of
.25 kW, and by a large or manned version of the tug. This is particularly true for Worlds #3,
#4, and #5. World #6 also has some common needs whereas World #1 has none. Again
this result follows inherently from the definitions of the scenarios of those worlds. It is
to be noticed that there are no common needs for the nuclear stage since most needs -.
for such a stage appear to stem from military requirements for prolonged and continuous
maneuveiring on orbit, (Civilian exploration of the Solar System and beyond were only
very lightly treated in this study, and the latter conclusion could well be reversed upon’

their incorporation,)
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The graph on the facing page shows the common needs for assembly and servicing
stages. The same trend is evident as for the transportation vehicles, with common needs
being high for the automated and manned servicing units, as well as for the shuttle-attached
manipulator (which is now a part of the baseline shuttle). These needs are high for the
intermeédiate worlds., A free-flying teleoperator was also defined and is shown to have
fewer possible common opportunities (though an automated assembly, servicing, and
warehouse facility might rely extensively on such capability). The data on automated
and/or manual assembly and servicing units makes a good case for developing such capa-
bility based on common NASA/DoD needs, quite aside from utility considerations pertaining

to any one particular system application.
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: Common needs for orbital support facilities are shown on the graph on the
facing ﬁage:. It is seen that a universal test satellite (free~flying test laboratory) has
a very high commonality in most of the reasonable worlds, with assembly and main-
tenance facilities having high commeonality primarily in Worlds #4, and #5, al&hough
having some degree of commonality also in Worlds #2 and #3. Warehousing, fabrica-
tion, aﬁd research laboratories do not possess commonality in Worlds #1, #2,
and #6.| In particular, warehousing and fabrication is only shown to have commonality
in World #4. Thus, common need for orbital support facilities is very high in
World #4, as expected. These support facilities could be manned, automated, or
telefactor operated, as no distinction is made in this study. Again, by proper
definition of the components of such facilities, some of the above conclusions could

be modified.
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Common needs for orbital technology are shown on the graphs of the facing page
and following page. It is seen that 1arée RF/microwéve ‘antenna.s and high power radaxr
have the highest degree of commonality for all worlds, wh‘ereas large optics and high
energy Yasers possess a high degree of commonality only in Worlds #5 and #6, with a
minor peak in the relatively benign World #2. World #3 has no common requirements
for laseirs or large optics, nor does World #1. The low commonality for high energy
lasers is to be expected, since they find few civilian applications other than powering of
aircraft, whereas there are many military applications. The communications and radar
applications, however, find missions in both civilian observation of surface features
and aircraft tracking and in the military equivalents, resulting in a fair degree of

commonality.
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The remainder of the cornmon requirements for orbital techniques and technology
are summatized on the facing page. It is seen that the same trend applies as for the
previous graph with all of the technologies having a common need peaking in Worlds #3,
#4, and #5, with a reduction in needs for the more extreme worlds. It is noteworthy
that space fabrication has 100 percent common application in World #4, and would make
a case for such capability were it not for the small absolute number of opportunities in
which it was identified. That may reflect incomplete treatment of the topic by the study

team more than any judgment on the topic.
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" The following graphs show the common needs for each of the building bleck
vehicles and technologies for each world, as a function of time.

It will be noted that there are no common needs in all worlds for the large
_ launch vehicle, the large SEPS, and the nuclear stage. Also other building blocks and
technolégies have no common needs in certain worlds., The commeonalities will be

seen to be fairly flat as a function of time, and to be at a higher percentage level for
Worlds #4 and #5 than for the other worlds.

188



COMMON NEEDS FOR THE EXPENDABLE BOOSTERS

100 .
80 T /
WORLD #5
peReeNT OF ]
MAX IMUM
POSS IBLE
OPPORTUNITIES 4 |
FOR EACH CLASS
20 +
1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME

WORLD #3

WORLD #2

WORLD #4

WORLD #1

189



10 1

&0

PERCENT OF
MAX IMUM
POSSIBLE
OPPORTUNITIES

FOR EACH CLASS 4 |

20

190

i

E-5T09R2

COMMON NEED'S FOR THE SPACE SHUTTLE

,_
%s//

W

WORLD #6
1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIVE

WORLD #4

WORLD #5

WORLD #3

WORLD #2

WORLD #1



PERCENT OF
MAXIMUM
POSSIBLE

OPPORTUNITIES .
FOR EACH CLASS 40

100 -

80

60

20

COMMON NEEDS FOR THE TUG

_

WORLD #4

WORLD #5

WORLD #3

\{ WORLD #2 -

1980
NEAR-TERM

1990
MID-TERM

TIME

2000
FAR-TERM

1914



COMMON NEEDS FOR THE LARGE TUG

100,
80 -
~ WORLD #5
PERCENT OF 60 .
MAX IMUM WORLD #4
POSSIBLE

OPPORTUNITIES

FOR EACH CLASS 40+ WORLD #3

WORLD #2
20r

1980 1990 2000
NEAR-TERM MD-TERM FAR-TERM
TIME

192



COMMON NEEDS FOR THE SEPS

100
80T

PERCENT OF 60 I
MAXIMUM
POSSIBLE
OPPORTUNITIES

WORLD #4

FOR EACH CLASS 40 | | WORLD #5
| | - ‘ WORLD #3
WORLD #2
\ /
0 } $ .
1980 1090 2000
NEAR-TERM MID-TERM FAR-TERM
TIME

193



COMMON NEEDS FOR THE SHUTTLE ATTACHED MANIPULATOR

100 -+

7 >(\/

PERCENT OF 60
MAX IMUM
POSSIBLE
QPPORTUNITIES
FOR EACH CLASS 40 1

WORLD #4

WORLD #5

%

T

/ WORLD #3

L 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME

194



COMMON NEEDS FOR THE AUTOMATED SERVICING UNIT

100 1
WORLD #4
80 T
PERCENT OF 60 t WORLD #5
MAXIMUM
POSSIBLE WORLD #3
OPPORTUNITIES WORLD 42

FOR EACH CLASS 40 +

20 7 WORLD #6 . .
\\< " wor
| T

0 } , —
1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME

195



COMMON NEEDS FOR THE MANNED SERVICING UNIT

100 +
WORLD #4

801

PERCENT OF 60 1 WORLD #5
MAX IMUM
POSSIBLE .

OPPORTUNITIES
FOR EACH CLASS 40 1

WORLD #3

207 WORLD #2

-

1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME

196



* COMMON NEEDS FOR THE FREE-FLY ING TELEOPERATOR

100 +
801
PERCENT OF 60 T
MAX IMUM
POSSIBLE
OPPORTUNITIES WORLD #4

FOR EACH CLASS 4ot

| / WORLD #5
“ /

1980 1990 2000

NEAR-TERM . MID-TERM FAR-TERM
TIME

197



PERCENT OF
MAX IMUM
POSSIBLE
OPPORTUNITIES

1004

80+

601 //
: V/ORLD #5

COMMON NEEDS FOR THE ORBITAL ASSEMBLY AND MA INTENANCE FACILITY

WORLD #4

FOREACH CLASS 401 /

198

20 1

WORLD #2
r \\ / WORLD #6
//>'<(7//, WORLD #3
1080 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME



COMMON NEEDS FOR THE ORBITAL WAREHOUSE

100 +
80 +
PERCENT OF 60 T
MAX IMUM
POSSIBLE

OPPORTUNITIES

FOREACH CLASS 40T WORLD #4

20 T
0 } } |
1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
' TIME

199



COMMON NEEDS FOR THE ORBITAL FABRICATION FACILITY

100 + -
80 ¢

PERCENT OF  6p-
MAX IMUM

POSSIBLE
OPPORTUNITIES

FOR EACH CLASS 40 +

Li

WORLD #4

20+
1980 1990 2000
NEAR-TERM MID-TERM . FAR-TERM
TIME

200



COMMON NEEDS FOR THE RESEARCH LABORATORY ; :

! 1
(RPN S

PERCENT OF 60 1 ' ;

MAX IMUM WORLD #4
POSSIBLE )
OPPORTUNITIES
FOREACH CLASS AT A
i WORLD #5
: 20t |
i / WORLD #2
0 ’ ‘ b ]
1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME

201



.

—

l |
L

l 1

|

!

; H

PERCENT OF 60 T

MAX IMUM
POSSIBLE
OPPORTUNITIES
FOR EACH CLASS 4) -

20 T

. ,_: ___L_ | 100 -

COMMON NEEDS FOR THE UNIVERSAL TEST SATELLITE

202

1980
NEAR-TERM

1990
MID-TERM

TIME

2000
FAR-TERM

.i-...
1 * i
WORLD #4

WORLD #5

WORLD #3 .

WORLD #2

WORLD #1

WORLD #6



PERCENT OF
MAXIMUM
POSSIBLE
OPPORTUNITIES
FOR EACH CLASS
I

20 -

COMMON NEEDS FOR LARGE OPTICS AND MIRRORS

WORLD #5
1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME '

203



’; ! : i
. _11._. .'.--_T_'..__ 1004+

3

| 80 |

PERCENT OF - 601
MAX IMUM
POSSIBLE
OPPORTUNITIES

FOR EACH CLASS X T

f " COMMON NEEDS FOR LARGE RF/MICROWAVE ANTENNAS

/ WORLD #4

WORLD #5

WORLD #3

/ WORLD #2

20 ¢
0 f - - } d
1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME

204



T D —— T

COMMON NEEDS 'FOR MANNED ORBITAL ASSEMBLY ’

o0
[
1
T

! i \ WORLD #4
PERCENT OF 4o

OPPORTUNITIES
FOR EACH CLASS 49

. WORLD #3
20 +
— WORLD #2
i 0 p y !
1980 1990 ' 2000
' NEAR-TERM MID-TERM FAR-TERM

TIME

MAXIMUM WORLD 45

205



COMMON NEED S FOR SPACE FABRICATION

100 7
80 +
pERCENT OF - 0
MAXTMUM
POSS|BLE WORLD #4

OPPORTUNITIES ot
FOR EACH CLASS

20+
0 080 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME

206



IR ' T
v COMMON NEEDS FOR H1GH POWER /ENERGY . ‘ .
= o o
o= 100 - - . S ek s ms
- f‘, -{! O ] ' ' ) ; ’ , I !
e ' | WORLD #4
| 80 + — L i
i
PERCENT OF 60 1 WORLD #5
MAX IMUM
POSSIBLE o
OPPORTUNITIES
FOR EACH CLASS 407
: . WORLD #3
20+ WORLD #2
?
5 1980 1990 2000
' NEAR-TERM " MID-TERM FAR-TERM
TIME

207



80 |

PERCENTOF 9O T

MAXIMUM -
POSSIBLE
OPPORTUNITIES
FOR EACH CLASS X

20 T

208

COMMON NEEDS FOR HIGH ENERGY LASERS

-

st————WORLD #4

_WORLD #2

1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM
TIME



| COMMON NEED'S FOR HIGH-POWERED RADAR | :
| — -—-—,:.-—- : — ————— ! S —
: 100 + .- T _.._..,_i I
e - i 80 - '
- WORLD #5
i 60 1 WORLD #4
PERCENT OF
MAX IMUM
POSSIBLE
OPPORTUNITIES 4|
FEOR EACH CLASS WORLD £3
. 20{
WORLD #2
t
| 1980 1990 2000
NEAR-TERM MID-TERM FAR-TERM

TIME

209



0" COMMON NEEDS FOR PRECISE POINTING AND TRACKING - T
.- » 100 -
P : !
S WORLD #4
el 80 ' ]
- a
.
PERCENT OF  ¢p WORLD #5
MAX IMUM -
POSSIBLE
OPPORTUNITIES
|l=0R EACH CLASS 49 .
|
WORLD #3
2 20
!
i WORLD #2
i
R L — : <
- 1980 1990 2000
| NEAR-TERM MID-TERM FAR-TERM
e e | TIME

210



R N .

RO R —

!
i
i

PERCENT OF

MAX IMUM
POSSIBLE
OPPORTUNITIES
FOR EACH CLASS
| .

H
1
i

COMMON NEEDS FOR LS| COMPUTERS/ PROCESSORS/DETECTORS

= e

-
1

|
!
L
;

o~ B
1 . WORLD #4
— T i

“ WORLD #6 WORLD #3 .

WORLD #2

20 1 _
1980 1990 2000°
NEAR-TERM MID-TERM FAR-TERM
TIME

2114



PERCENT OF
MAXIMUM
POSSIBLE
OPPORTUNITIES

FOR EACH.CLASS 1

212

- .lmn-.

20 -

COMMON NEEDS FOR MOSAIC/ CCD FOCAL PLANES

/

—

1980 1990 2000

NEAR-TERM MiD-TERM FAR-TERM
TIME

*.

|_ | |
WORLD #5 -

WORLD #4

WORLD #3

WORLD #2

[T
]




il 1

PERCENT OF 60
MAXIMUM
POSSIBLE
OPPORTUNITIES

COMMON NEEDS FOR CRYOGENIC REFRIGERAfORS )

\/ e WORLD #2

—~—— WORLD #5

e WORLD #4

I \/ ~—— WORLDH i

FOR EACH CLASS 49 |
o

i

— - 20 .
- | WORLD #1
L i 0 by : ‘ T B R
g 1980 1990 2000 i
— - NEAR-TERM MID-TERM FAR-TERM i
| : : |
i TIME ,

e e b e o e —.

213



The following graphs show the common needs for the building blocks and
technologies for Worlds #1 and #4 as a function of time. The intent here is to present

\
a complete building block or technology category on a single chart.
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FOREWORD

The work discussed in this appendix was conducted by Dr. G. V.
Nolde for the Advanced Orbital Systems Division of The Aerospace Corporation
in support of NASA Study 2.5, "Study of the Commonality of Space Vehicle
Applications to Future National Needs." Since the text is self-contained,
it is presented as an appendix to the study, though the effort was performed
in close coordination with the material comprising the body of the study.
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Al., PLANNING METHODS, CRITERIA,
AND EVALUATION ALGORITHM

The methodology described in this text is to be considered as an
adjunct to the planning methodology described in the main text of this volume,
It is intended for evaluation of the merits of particular space system initiatives
or program plans (groups of initiatives in time-phased oréaniza.tion) when
theér progress further toward the project definition stage than the present

status of most initiatives identified in the main text.

Al.l. NATIONAL OBJECTIVES

The term '"National Objectives'' is to be understood to be equivalent
to '"National Goals' as used in the main text. The task at hand requires iden-
tification of several sets of national objectives, followed by determination
‘of several sets of program plans {group of initiatives), each derived for one
particular set of national objectives.

The sets of national objectives to be adopted for this study must
be chosen to be responsive to both internal and international circumstances
or environments. This is particularly true of objectives which pertain to™
allocation of resources to civilian vs., military activities, which are treated
in this study with particular emphasis on those activities affecting space
utilization.

" The methodology of this appendix depends on the identification
of alternate sets of national objectives, which are described in the main text
of this volume and are contained in the section on Alternate Future World
Scenarios., In that section, a spectrum of international environments vary-
ing from balance to nuclear confrontation is combined with various internal
environments to form at least six alternate sets of resultant national objectives.
Those objectives are further described and defined in the sections of directives
to the executive and planning organizations of the military and civilian agencies.

This appendix will draw on those sections of the test.
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Al. 2. STATEMENT OF THE PROBLEM

The desired end results of this appendix are procedures suited
for the evaluation of each space system initiative or groups of initiatives
(program plans) and their supporting building blocks required. In the course
of deriving the method for generation of such procedures, it will be assumed
that no forecasts are to be made of the probability of occurrence of any set
of international or domestic circumstances or environment.

In order to proceed toward the above goal, a list should be
prepared of the features of the U.S. National Objectives derived. Each
feature is to be analytically broken down into one or more factors,. each of
which mmust be capable of being abstracted to serve as a part of a generator
for a procedure of conipariscm or evaluation of the space system initiatives
or their building blocks.

The suitable characteristics of the initiatives are to be appro-
priately selected and listed. Each of these characteristics are to be capable
of serving as a complementary part of the comparison generator mentioned
above. '

On completion of the items above, a list should be prepared of
the definitions of effectiveness resulting from consideration of the initiatives,
groups of initiatives, or building blocks as a function of the national goals
selected for illustration. The definitions of effectiveness are to be examined
to see if they can be grouped to advantage,

Next, proceed to evolve operations, operands, and figure~of«-merit
algorithms on other advantageous measures of effectiveness. Note the usage of
terms: definition of effectiveness is a different entity from its measure.

Finally, perform an example of computations to obtain the

operational resultant outlined above.

Al.3. ORGANIZATION OF OPERATIONS-RESEARCH

The work on forecasting the most likely set (or sets) of National

Objectives. to be expected in the midrange of the present long-range study
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(about 1990) will have to be completed for determining the concrete mag-

nitudes of the factors identified in this appendix., The methodology discussed
below has the character of a parametric estimate.

An organization of the planning procedure developed follows:

a. OEe ration

1. Design engineering of the given initiatives or one of its
components

2. Test and evaluation

3. Production engineering

4, Prototype production
5. Delivery to launch facility

6 Assembly on launch vehicles
7. Launch and deployment in space
8. Refurbishing of launch vehicles

1S. Fabrication of operation systems

28. Test and evaluation

38. Delivery to launch facilities

4S. Launch and deployment

58. Refurbishing of launch vehicles

6S. Maintenance and resupply for TMS years period,

b. Effectiveness - Factors delineated in one of the columns of
rows 4 and 5, Table Al-1.

c. Symbolic Operators - Factors delineated in one of the columns
of rows 6 and 7, Table Al-1,

d. Symbolic Operands -~ Alternative to space system factors
corresponding on a one-to-one basis to the factors (b) and {c)
above. In depicting the symbolic operands' elements, the
following designation will be followed:

lan. Design engineering of the given substitute block
2an. Test and evaluation
3an. Production engineering

4an. Prototype Production
5an. Delivery to pilot plant site
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Table Al-1,

Examples of Characteristics of '"National Objectives"
Pertinent to Long-Range Planning
of Space Technology Program

Activities & Their Character
Previously Depicted as

Neo-PDpuli;m

Neo«Mercantilism

Alert-Preparedness

Centralized high technology
activities

Rejected in favor of provincial
project

Encouraged and supportied

Mobilized and milifary defensive
features deployed

Directives to managerial
industrial groups

Trend to management by
referendum

Representative-management
standards further developed

Enlargement of Military-
Industrial sectors

Directives to military
establishment

Emphasis on defensive tech-
niques and strategies

Emphasis on utilization of
coordinated military-
diplomatic actions

Forceful stance of rational
American threat against
encroachment on U.S. interests

Character of popular market-
place demand and constituency
attitudes

Long range benefits dis-
couraged in favor of
immediate utility projects

Provided that national
econemic balance is
preserved, long range ven~
tures will be supported

Necesgary patriotic-effort-
enterprises encouraged

Criteria for financing of
large scale projects

Popular subscription to well
advertised ventures. Pocket~
book of subscribers is to be
dominant factor.

Proven reliability of manage-
ment promising economic
benefita

Feasibility and timeliness of
end result, given allocated
resources

Comparison criteria between
alternatives in (5) above

Alternatives promising
decentralized uses and local
control would be preferred

Better economic benefits
even if longer term develop-
ments are the alternatives

Mission fulfillment assurance

Effect of commonality of
equipments for civilian-
military uses on (5) and (6)
above

Strict accounting in allo-
cations for military versus
civilian uses

If commonality 15 prominent,
allocation of expenses to
military uses encouraged for
facilitation of projects
possessing commonality

Pre-eminent importance of
projects with dual {(military-
ctvilian) usefulness is to be
widely recognized

o — (RS

Note: Alternate sets of '"National Objectives" in the columns are exclusively

for illustration of the planning approach presented. herein,

them are to be regarded as a forecast.

None of
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6an, Assembly of the substitute block prototype on pilot
plant site

7an, Test and evaluation of the substitute block prototype
on pilot plant site

8an. Modification and refinement of the substitute block
prototype :

1laS, Fabrication of operating system
Z2aS., Test and evaluation

3aS. Delivery to installation sites
4aS. Assembly on installation sites
5a5, Break-in and adjustments

6aS. Maintenance and resupply to T years period

Mas

e. Resultant (Measure of Effectiveness) - Difference between (c) -
{d) above, with (b) in view. [An example of the quantitative unit
to be used in (e) is the mean annual output of one member of the
U.S. work force operating with the mean assets available to him, ]

Al. 4, EVALUATION ALGORITHM

The term "Algorithm' in the context of this section depicts an
operational procedure comprising an ordered sequence of steps. Some,
or all, of the steps may be iterated. The dominant operational character-
istics of the factors under evaluation must be meaningfully abstracted for
comparison. In the present subsection we shall endeavor to abstract these
dominant characteristics in the form of quantitative entities so that they may
be directly comparable with each other. ~

Because in the present study we are concerned with long-range,
large-scale projects of strategic importance for economic and/or military
activities of the United States, the abstracted quantities will be referred
to as units of the U.S. work force on a nationwide basis, with unweighted
mean values of assets and activities to be allocated thereof, This procedure

is desirable because industrial districts in thé United States, while they
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may be geographically spaced without uniformity in many cases, are
integrated and interrelated functionally.

Therefore, taking sufficiently large industrial regions contain-
ing, say, several million people each, the differences between them
would be within statistically significant limits.

For example, while in 1970 the nationwide work force constituted
42, 4 percent of the total population (87 million people out of a total of 205
million), we might have, with great statistical confidence, estimated for
that year in an industrial district of Southern California, containing a
fotal of 10,000,000 people, some 4,000,000 to be in the work force
having urban facilities, industrial plant investment, public utilities, housing
investments, etc., on the average equal to a comparable midwestern
industrial district containing a total of 10,000, 000 people.

Selection and/or identification of such districts on the basis
of either the greater differentiation or, to the contrary, aiming at a more
precise similarity therebetween, while probably accomplish;ad without
great difficulty, i's not relevant to the purposes of the present study in its
strategic aspects. Such a selection may be undertaken much later, when
local circumstances of immediate regional significance would come under
a closer planning scrutiny.

Following the organization of the planning procedure offered above
and referring to Table AZ2-2 "Symbols in Alphabetical Order' presented in
Section AZ, we obtain the expressions for symbolic operators as shown
in Figures Al-l, Al-2, and Al-3, and symbolic operands as shown in
Figures Al-4, Al-5, and Al-6. Expressions for the resultants ordinarily
would be expected to vary from case to case, so only an example suitable
for one of the types is presented in Figure Al-7.

Different types would originate in those cases where close one-
to-one functional correspondence is not possible to synthesize for the
alternative elements to those of space initiatives. Also, purely military
applications may entail different olt;erands. In the present phase of the study

these cases are outside of the authorized effort.
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Attention should be éiven to considering the composition of the
operators (Aorl) and (Aorz) as presented in Figures Al-1 and Al-2. It .
is seen that the effort for engineering and prototype deployment of a given
quantity (ASb) of the Aerospace "Technology Building Blocks" may be
allocated between civilian and military efforts in accordance with the algo-
rithmic instruction index (j) as written in the '"Note" in Figure Al-1, That
instruction applies to both operators with respéct to that index. At the

)s

same time it must be kept in mind that two pairs of quantities (F

ca(m)n ca{c)nS ca(m
algorithm is controlled by assignment of the required (j), ordinarily may

or may not be congruent as to their magnitudes, except, of course, that

ca{c)n
)nS)’ while their occurrence in this

the sum of both membezrs in each pair must be unity.

For the present, the above-mentioned magnitudes are left to a
command decision, so that the quantity of operating systems (or their time
sharing) dedicated to civilian and/or military uses is independent from the
allocations of effort in engineering and prototype deployment between the
above-mentioned purposes. An analytic aid for facilitating such a command -
decision can readily be devised later on, if'so desired. The same considera-
tions apply to the corresponding factors in the operands, taking into account,
of course, that the fractions of costs allocated to military and civilian efforts
for any given alternative element (an) of the project would be determined in
a different manner from those in the operators.

The expressions for operators and operands, in view of the defini-
tion of symbols presented in Section A2 are self-explanatory,* The only
subject requiring further discussion concerns the use of unweighted averages
over the corresponding time periods (Tn, TnS’ TMS’ TMaS’ etc. ). ' This

treatment in the future may be subject to refinement and should be considered

*Uniformity of structure of each corresponding operator-operand pair is
deliberately invoked for analytic convenience.
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to be a fi1st approximation* towards extrapolation of the factors under
such averaging, having the single virtue -- absence of conflict with the
present econometric techniques -- while otherwise requiring much more
extensive consideration for more accurate planning procedures.

It may be noted at the same time that the extrapolated values
for (I/Myd ) and (Cnd ), as well as those corresponding to (Cndn)

g2l p18
symbols in other operators and operands such as (C }, etc.,

nSdpg’ (CMsdnns
should not be combined in any extrapolation technique. They, more often
than not, are subject to different time-related influences from those

applicable to {1/M s (/M s (1/M , etc.,, respectively.

Al.5 SURVIVABILITY OF ALTERNATE SYSTEMS

The algorithms offered as suitable procedures for evaluation
of space initiatives demonstrate a very important feature. The feature
appertains to the degree of strategic survivability possessed by large-scale
installations either space deployed or sea and/or ground-based serving
equivalent functions, either of military or economic significance. This is
more prominently displayed in the above algorithms due to the satisfactorily
obtainable uniformity of the mathematical structure in the operators and
operands representing the national effort required by the elements of the
space deployed and alternate installations. These are placed in one-to-one
correspondence in accordance with our organization of operations research
for their comparison, the organization having been devised for that purpose.

For the large-scale installations, it is immediately clear that
when an element (A_Sb) of a space installation is in one-to-one correspondence

with alternate element (G_, ) of its ground-based alternative, then each

aSh
embraces a strictly delineated set of hardware on an end-result functional

basis.

*We compute here for the unit of a space project effort one man-year output
averaged over the period for which (or its part) the unit is planned. Note
that this differs from man-year output obtainable during that period. The
latter would tend to smooth out the effect of any sudden change foreseeable
during that period. That would conflict with our task of long-range planning,
in which military action may occur in a given district, Similar factors
reflect on units of cost of the elements of the projects under review.
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For example, if a power station deployed in space is evaluated
by comparison to its equal ground-based counterpart, then the latter may
or may not have a security fence with, say, closed circuit supervision,
this element being designated to be (GaSb) = No. 24.* This building block
would prevent an individual's intrusion but would not prevent, say, commando-
type action. The corresponding element (ASb) = No. 24 of the space deployed
power station must then be devised to perform an equal function to the above-
mentioned (GaSb) = No. 24.

Conversely, if the strategic requirements are that the given
large-scale power station has to be protected against ICBMs, the equal
point defenses (GaSb) = No, X and (ASb) = No. X are to be installed in either
case, because both are pretargetable with equal ease. Thus, either a "'meta
system" [{Asb) = No. X] for protection of a space deployed power station
against missile attack is to be provided to be equal to that of (GaSb) = No. X,
or both alternatives are to be left on the lists of strategic probability
casualties.

It may be noted that some space initiatives, properly preplanned
and developed in a timely manner, promise better point defense capabilities
than any known ground-based point defense system.

Thus, for the large-scale systems from the preceding considera-
tions, it is seen that against the strategic hazards these systems, in the
age of intercontinental artillery, are equally pretargetable, or otherwise
vulnerable, whether they are in orbit or on the ground, and equal defensive
meta-systems have to be employed for their protection.

In conclusion, it should be pointed out that the algorithm described
here, at the present level of effort expended for its development, constitutes
only a "first cut' example of an approach to the quantitative aspects of
operations research pertaining to the planning process of the magnitude out-

lined in this study. In its present stage of development the algorithm

*Both Gagp and Agp bear identical numeration in operating the algorithm,
thus, the No. 24 is purely illustrative.
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should be regarded to be a subordinate, albeit useful, evaluation tool
for that planning process.

Oxdinarily, the present version of the algorithm should be
repeatedly applied to and tested on several synthetically composed
"functional initiative groupings." In such a task, various parts of the
functional initiative groupings would be either modified, enlargeld; or
found to be adequate with the help of the algorithm as a quantitative tool.
Conversely, the new aspects and characteristics of the groupings capable
of generalization and useful abstraction would be discovered, optimized,
and incorporated into additional algorithms., The latter would influence
decisions in further synthesis of such groupings.

While an effort of this type, economically conducted, is recom-
mended and necessary in the next stage of study, it is outside the existing
funding and scope of this study. It may be seen, however, that even the
present modest effort, through systematic counterpositioning of several
correlative factors for the future work, lends sufficient structure to the
categories of program pla:ns and initiatives whose broad features have

been discussed in the main body of the text,
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A2, SYMBOLS AND DEFINITIONS
USED IN THE ALGORITHM

The symbols represent acronyms of the definitions in which
the first letter is taken as the capitalized letter of the symbol and sub-

sequent letters are placed as subscripts. For example:

T = ‘Time period during which (or during its part) the
operational steps (1S) through (nS) are planned to
be performed. The operational steps are described

in Subsection Al. 3,

Exceptions to this rule are the indexed "ones' controlling the
length of summation series such as (IASb), (1n), etc. The acronyms here
are only in the subscripts. The letters comprising the symbols-acronyms
are underlined in their definitions. The symbols are presented, in Table
A2-1, in order of their occurrence in the formulas, but without repetition.

Table A2-2 presents the symbols alphabetically.
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Table A2~1. Symbols in Order of Their Occurrence

SY%‘S’OL SYMBOL DEFINITION UNIT REMARKS
1 A Operator delineating-the na- Averaged Fach assembly
orl . ? .
tional effort for engineering man yeal goes through (n)
and deployment of a prototype | of one operations which
aerospace system composed member | may be divided
of (A_,) subsystems or hard- of U.S, | between military
ware Zssemblies ("Aerospace | work and/or civilian
Operator #1). force efforts in accord~
- - backeduf ance with binary
Note: (A } embraces a by aver~| controls in the
guantity S AS ) blocks com- aged square brackets
posing one pro?otype subject productige indexed by (j),
to the evalunation. urban as shown in the
and agrati- formulas.
an re-
sources
of U.5.AL
2 ASb Aerospace system block, Abstract
It ig 2 hardware assembly, or| numeral
a subsystem, for accomplish-| depicting
ing a given function. number
- of the
block in
the com-
plete in-
stallation.
3 n A numeral (1, 2,......8) Abstract
designating the operational numneral
step (1} through (8) described
in Al.3. .
4 Tn Time period during which (or | Calendar;
its part), (n) operations de- vear
scribed in A1.3, 1 to 8, are
planned to be performed.
5 d; Date year from which the A.D,
period (T ) begins, year at
n
start of
pre-plant
ned effort
for (AorlJ
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SYMBOL

NO SYMBOL DEFINITION UNIT REMARKS
6 M_ g4 Average man-year output Ratio of
¥ during (n)-th calendar date U.S. na-
g =
year (_dn) included into the tional
period (Tn). product in
the date
year d_ to
the nunhbe}
of persons|
in the wor
force in
that year.
7 C Cost of an operation {n}, in Dollar Aerospace equip-
nd - —
n dollars of purchasing power ment price indexes
projected into the date year are not necessarily
(dn). . in step with aver-
= age man year
Note: Operation (n) is within output for the gtven
year. Refer to:
each one assembly (AL ).
Sb oA .
erospace Price
Indexes!
by H.G. Campbell,
1970,
Publication
R-568-PR
Rand Corp.
Santa Monica, CA
8 Fca(c)n Fraction of cost allocated to | Abstract
civilian effort for the opera- ]numeral
tion (E) within the assembly
(Agp)-
9 Fca(m)n Fraction of cost allocated to. | Abstract he sum:
military effort for the opera- | numeral Fca(c)n + Fca(m)n]
tion (n)-within the given one ;nust be equal to
assembly (ASb}. unity.
ORIGINAL} PAGE IS A2-3
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SYMBOL

NO SYMBOL DEFINITION UNIT REMARKS
10 j Kronecker delta, To be used |Abstract | Note that the
& as a binary control for com- [numeral algorithm as
i position of computer programsg (Zerc or| offered here
using these formulas, Index unity) resolves into
either V't (c) stands for ''civilian signifi- plura.lity- of
={or ot cance!’. Index (cin) denotes polynomials whose
elements having both, civilian elements are
and military applications, automatically
- complemented by
means of this
notation.

11 &, B, v Three major subdivisions of |Notation

12 the possible "Sets of U.S. tags. Not

13 National Obiectives' tabulated numerica
in Figure Al-1, values.

14 Aor?. Operator delineating the Averaged | Each assembly
National effort for fabrication |man year { goes through (nS)
and deployment in space of of one operations as
(N} systems each having (ASb) member o] described in
subsystems or hardware U.S, work] Al.3,
assemblies. (Aerospace Oper}force
ator #2) Note: The same backed up
collection of (Agp)'s is con- |by averagdd
sidered in each one of {N) resources
systems as in (A ). of U, S. A,

orl

15 N Number of deployed systems, | Abstract (N) = zerc when
in addition to prototype, each |numeral a prototype, or a
embracing full collection of pilot installation
subsystems (that is hardware is the only one to
agssemblies} of which every be deployed and/for
agssembly is a component of a operated as a work-
system represented by initially ing system.
engineered prototype or pilot
installation.

16 nsS A numeral {15, 25,...55) Abstract
designating the operational numeral

steps (15) through (55)
described in Al, 3.
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SYMBOL

NO SYMBOL DEFINITION UNIT REMARKS
17 TnS Time period during which {or |Calendar
its part) (1S)through (nS) operaj~ year
tional steps described in Al. 3
are planned to be performed.
18 dlS Date, year, from which the A.D. year
period (T__) starts. of start
nS
of pre-
planned
effort for
- (Aorz)
19 M a Average man-year output Ratio of
¥%as during (nS)-th calendar date [U.S. GNP
year included into the period {in the veax
(T, {d_c} to
the numbet
of persons
in the work
force in
that year.
20 CnSd Cost of the operation {(nJ) in |Dollar See remarks to
nS dollars of purchasing power the definition of
projected into the date year {C a )
(a_ o). %
ns
Note: Operation (nS) is within
each one assembly (ASb).
21 Fca(c)nS Fraction of cost allocated Abstract
to civilian effort in the opera-|numeral
tion (nS) within the assembly
(A ) sum of these
} two fractions
22 F Same as (F ) but the | Abstract 1s unity
ca{m)nS fraction is g.ﬁ%gg?ed to numeral

_military effort.

ORIGINAT; pAg
OF POOR QUALY
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SYMBOL 1 symsoL DEFINITION UNIT REMARKS
23 A Operator delineating the Averaged
or3 National effort for maintenancd man year
.and resupply-of -(A ) §¥sterry of one
B deployed under proto%ype de- |member
lineated by (A __ .} for the Tof U.S.
period of (T years. The |work force
operator includes capital re- |backed-up
turn and charges translated by averagsed
into units of U.8, work-force | resources
as indicated, (Aerospace of U.S8.4,
Operator #3) —
24 TMS Time period for maintenance |Calendar
and resupply equal to pre- year
planned ammortization period 4
, for the deployed systems.
25 dlMS Date year from which the A.D,
period (T, S) sta.rts. year
26 Fyia Fraction representing pre- Abstract
Sb planned capital return and numeral
charges for the year (d MS) less than
included into the perio unity.
(TMS) for rmaintenance of
aerospace system blocks
deployed.
27 M, a Average man-year output Ratio of
Yoms during {n)-th calendar date U.S. Na-
year included into the period | tional
{T, o} dedicated to mainten- | product .
ante of systems as deployed. | in the date
year (d )
to the P
numbezr o
persons ‘L
in the wor
force in
that year,
28 CMSd Cost of the maintenance and Dollar Refurbishing,
nMS resupply, {excluding capital operation, and
return and charges for de- capital return and
ployed systems) for each one charges on space
space system in dollars of shuttles and/for
purchasing power projected tugs are a part of
into the (n)-th calendar date (‘CMSd )
year (anS) included into the nMS

period (TMS).
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SYMBOL

NO SYMBOL DEFINITION UNIT REMARKS
29 F (c)MS Fraction of cost allocated t6 | Abstract
caic ‘civilian effort in the main- numeral
tenance of space deplEyed
systems included in (A 1)
and (A 2.)
Sum of these
two fractions

30 F Same as (F but the is unity.

ca(m)MS fraction is gfl‘o): 3:1 to Y
military effort,

31 G(ml Operand delineating the Na- { Same as Note the remarks
tional effort for engineering | for (A 1) to the definition
and erection on pilot plant o of AO 1°
site (including tests, refine- t
ments and adjustments) of a
prototype aliernate to aero-
space system performing
identical function. (G 1) is
composed of (G )sulgélystems,
or assemblies, %hGround
System Operand #1
Note: } embraces a
qua.ntlty ofle ) blocks (or
hardware a.ssem lies) com-
posing one prototype performi
ing identical function to

A 2.

orl
32 G Sh Ground alternative system Abstract
& block. Tt is a hardware numeral

assembly or a subsystem depicting

for accomplishing a given number o

function. the block
in the
complete
installa-
tion.

33 an - A numeral (lan, Z2an.... Abstract
... 8an) designating an numeral

operational step in engineer-
ing and installing on pilot

plant site an alternate proto-
type.
in Subsection Al, 3({d).

ORIGINAL PAGE IS
OF POOR QUALITY;

AZ=T7

The steps are describgd




SYMBOL

NO SYMBOL DEFINITION UNIT REMARKS
34 Ton Time period during which {(or |Calendar
its part) (an) operations de- years
cribed in "Al, 3(d) are
planned to be performed.
35 dlan Date year from which the A.D, year
period (Tan) begins. of start of
preplanned
effort for
G
onl
36 M, a Average man-year output Ratio of
¥han during (n}-th calendar date GNP in thg
year included into the period |year {d
{T__ ) for the alternate opera- |to the nan)
tions (an). number of
T persons in|
the work
force for
that year.
37 Cm1 Cost of the operation (nan) in | Dollar See remarks to
nan dollars of purchasing power the definition of
projected into the date year (C,q )
(@ ). "n
nan
Note: Operation (nan) is with-
in each one assembly (Ga.Sb)'
The {nan) steps are described
in Al. 3(d).
38 F Fraction of cost allocated to | Abstract
ca{c}an | =iiitian effort for the (nan)-th| numeral
operation within an assembly
(GaSb) . Sum of these
} two fractions
39 F Fraction of cost allocated to | Abstract is unity.
ca{mjan military effort for the (nan}th| numeral

operation within the assembly

(Ga.Sb) °
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SYMBOL

NO SYMBOL DEFINITION UNIT REMARKS
40 G2 Operand delineating the Na- |Same as
.on tional effort for fabrication |[in (A_ )
and deployment on operation oF
sites of (N) systems each
having (G_.. ) subsystems
hardware assemblies. (Ground
System Operand #2) -
Note: The same collection of
(G } subsystems, or hard-
aSh A N
waTe assemblies is considered
in each one of {N) systems as
' (Gasb) in the expression
(Gonl) for the prototype.

41 as A numeral (laS, 2aS5....5a8) | Abstract
designating an operational step numeral
in fabrication and deployment
on operational site of an
operating system alternate to
that described by (A___,}. Thd

. ora
steps are described in
Al, 3{d).
42 T Time period during which (or | Calendar
aS = R
any of itg part) the {aS) operad year
tions described in AT. 3(d)
are planned to be performed.
43 dlas Date year from which the A, D,
period {T_.) begins. year of
aS
start of
preplanne
effort

44 M s Average one man-year out- Gross

Y%has put during (n)-th calendaxr National
date year included into time~ | product in
period (T g). f(:he year

— d

' QRIGINAD PAGE IS
OF POOR QUALITY]

ai%ifd by
of persons
in the wox
force for

A2=9

the number-

that year,



SYMBOL

NO SYMBOL DEFINITION UNIT REMARKS
45 CaS d Cost of the operation Dollar See remarks to
naS (as) in dollars of purchasing the definition of
power projected into the date (C:nd ).
year (d ). n
nas
Note: Operation (naS) is '
within each one assembly
(Ggpt
46 F (c)a8 Fraction of cost allocated to | Abstract
cale civilian effort for the (naS)-th] numeral
operation within an assembly
(Gaspt- Sum of these
two fractions
47 F Same as (F } but the Abstract is unity.
ca(m}as fraction is g’.fl%%%‘?ed to nurmeral
military effort.
48 G n3 Operand delineating the Na~ | Averaged
© tional effort for maintenance | man-year
and resupply of alternate of cne
systems (Go 2) installed unde} member
prototype—pli}ot—installation of U.S.
delineated by G n } for the work-
period of (T g) years. The force
operand incﬁz’d&es capital backed up
return and charges translated| by averagpd
into units of U.S. work-force| resources
as indicated. ({Ground Systenhof U.S,A,
Operand #3) ~ '~
49 T Tirme period for maintenance | Calendar,
MaS = =
and resupply equal to pre- year
planned amortization period
for alternate systems.
50 d Date year from which the A.D.
1MaS period (T ) starts year
MaS *
51 FMaS Fraction representing pre- Abstract
planned capital return and numeral

charges for the year (d MaS}
included into the perio

(Tpag)
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SYMBOL

NO SYMBOL DEFINITION UNIT REMARKS
52 M d Average man-lear output Ratio of
Yehanias during {n)-th calendar date GNP to
year (d } included into work force
the perloé iE[‘M ). during .
aS
(3 pias)
year.
53 cMan Cost of the maintenance and | Dollar
nMaS resupply (excluding capital
return and charges for the
alternate deployed installationk)
" for each one alternate system
in dollars of purchasing poweq
projected into the (n)-th date
year (d ) mcluded into the
time perloaﬂcj
54 F Fraction of cost allocated to | Abstract
calc)MasS
civilian effort in the main- numeral
Tenance of alternate systems
included into (Gonl) ‘and (Gonz)
Sum of these
} two fractions
55 F Same as (F but the | Abstract is unity.
ca(m}MaS$ fraction i(s gﬁﬁ)glvt[%g) numeral 4
military effort.
56 R pasGas Resultant of evaluation of Averaged
aeTospace system versus man year
‘ground alternative - system. | of one
member
of U.S.
work foreg .
backed up
by averaggd
resources
of U.S. A,
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Table A2-2., Symbols in Alphabetical Order

ALPHABETICAL NUMBER OF THE
OCCURRENCE SYMBOL IN THE
NUMBER IN SYMBOQI, REMARKS
PRECEDING
THE PRESENT TABLE
TABLE
1 an 33 All definitions are
in the preceding table,
2 A 1
orl
3 AorZ 14
4 JAmr3 23
5 as 41
6 ASb 2
7 C 45
annaS
8 C B3
Ma'SanaS
9 C 28
MSanS
10 Crl d 7
n
11 Cn d 37
nan
12 CnS a 20
nsS
13 d 1 5
14 a ) 35
lan
15 dlaS 43
16 dlMaS 50
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ALPHABETICAL NUMBER OF THE .
OCCURRENCE SYMBOL IN THE
NUMBER IN SYMBOL REMARKS

PRECEDING

THE PRESENT TABLE

TABLE
17 d)ms 25
19 Fca(c)an 38
20 Fca(m)an 39
2l Fca(c)aS 46
22 Fc::::,(nn)a.S 1
23 Fca(c) MS 29
24 Fca,(rn)l\/JZS 30
25 Fca(c)MaS 54
26 ¥ a(m)Mas >3
27 F 8
cal(c)n
28 Fca{m)n ?
29 Fa(c)ns 21
30 Fca.(:m)nS 22
31 FMas >l
g MAg,
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ALPHABETICAL

NUMBER OF THE

OCGURRENCE
NUMBER IN SYMBOL SYMBOL IN THE REMARKS
PRECEDING
THE PRESENT e
TABLE LE

33 G op 32

34 G 31

. onl

35 2 40

36 G.3 48

37 M 6
ya

38 M_, 36

39 M 27
VM8

40 M 52
¥ nMaS

41 M 19
deS

42 M4 44
¥ nas

43 N ‘15

44 n 3

45 nS 16

46 RAsGas 56

47 T, 34

48 T o 42
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ALPHABETICAL

NUMBER OF THE

OCCURRENCE
NUMBER IN sympor, | SYMBOL IN THE REMARKS
PRECEDING
THE PRESENT TABLE
TABLE .
49 TMS 24
50 TMas 49
51 T . 4
n
52 TnS 17
53 o 11
54 B 12
55 v 13
56 j 10 In this symbol desig-
P nating the Kronecker

delta, the subscript (i)

is either (c) or (em) and
superscript (j) is likewise
either (c) or {cm) as
denoted in Figure Al-1l.
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A3. ANNOTATION ON THE USE OF THE ALGORITHM

A3,1, COMMENTS ON COMPUTATIONAL FEATURES OF THE
ALGORITHM OFFERED IN SECTION Al AND ON THE
TRENDS IN AEROSPACE INDUSTRIES

Some comments on broader features concerned with large-scale
aerospace programs are now in order, for the illustration of capabilities
inherent in the algorithm presented in Section Al.

Comments on the compariscns of trends evaluated previously
by similar computation for other industfies have been omitted, and some
numerical data for the aerospace industry will now be introduced. The
work of H., G. Campbell (Rand Corporation Publication #R-568-PR)
mentioned under Item 7 in Table Al-1, will be used here for the numerical
indexes of acrospace projects. Taking into account all the remarks con-
cerning precision of the figures attained in the above-mentioned H, G.
Campbell report*, it may be stated that the precision is more than sufficient
for demonstration of one of the trends which will now be investigated.

The trend is in the aerospace industry for the decade®#* 19591969,
and the figures desired are the products within the braces {nS} of the

algorithm for (AorZ)’ with stipulation f:ha‘t (i) = (cm), which brings the sum

% Note that the work exhibits all the earmarks of meticulous quality of
intellectual diligence and may be placed amongst the examples of
excellence in the area abounding with many difficulties,

*%¥ The decade 1956-1969 is selected because for this period all desired
economic factors are available and this period contains many typical
'"morm! features for the U.S. aerospace industry.
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http:ANNOTATION.ON

of components within the braces [j] to be, uniformly, unity*., Further, the
values for (cnSdn } were set to be average to obtain $I billion for a three-
vear period (1958-60), as the beginning of the decade; whereas correspond-
ing price-indexed (CnSdnS) are to be averaged for a three-year period
(1968-70), as the end of the decade. For values (MdeS) the same calendar
years will be averaged for the beginning and end of the decade, with the
data from the U.S. Bureau of Labor Statistics (BLS) being utilized*x*,

The information sought by this computation concerns availability
and utilization in the aerospace industry of an averaged group of the U.S.
work force for each $1 billion of composite aerospace projects in the
1958-60 period as compared to the same in the 1968-70 period. The
unemployment rate, whenever it deviates from the overall norms, will
demonstrate itself in the resultant figures, as shall be seen presently.
Therefore, the total available U.S. work force as presented by the BLS
shall be used for computations of (Mydn)‘ For multipliel.-s in discounting
monetary inflation, the aerospace equipment price indexes shall be taken
from Table 12 (page 27) of the Rand Corporation publication by H. G.
Campbell.

*In applying the algorithm to the evaluation of functional initiatives group-
ings, the expression inside the braces {nS} would come out, of course,
as the polynomial of two membexrs in accordance with the fractions:

J
[ (Fca(c)ns + Fca(ncx)nS) 5 }
. cin

j=cm

In the present computation, however, the distribution between military
and civilian budgets is disregarded because we desire to establish here
the composite National data.

#*%¥BLS data employed here is adjusted and smoothed to eliminate influences
in reporting dates and formats thereof., Also the data from Conference
Board Corporation was used to supplement the BLS data.
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With the above inputs the following data were obtained for the

start of the above-mentioned decade:

1960 . 1960
1 £
1/3 S — 1/3 ; C = 155, 630 (1)
/ MY a S nSdnS Man years
n;
= d = 1958
While for the end of the decade;
e =] ™~ =
1970 1970 -
S ] S
1/3 | — 1/3 C = 164, 500 (2)
Mydns ' rlSdnS Man years
N dlsz 1968 i 5 dlS: 1968 i
et —r vt —

Expressions (1) and (2) measure allocation~proportions of personnel relative
to the total U.S. work force, which were each to be supported by $1 billion
of composite aerospace projects.at the beginning and end of the 1959-69

decade. They show an increase of about 5, 6 percent in the 1968-70 period.

as compared to the 1958-60 'pexjiod for the same work.

While a 5. 6 percent increase may be within the precision margin
of the Campbell work on price-indexes and BLS data, the above-mentfioned
expressions nevertheless coﬁclusively establish that, within the aerospace
industry, any technological progress during the 1959-69 decade was at least
negated. The expenditures of dollars of the 1968-70 issue per each billion
dollars of the 1958-60 issue in these composite aerospace projects, show
an increase of about 74 percent; whereas the Gross National Product
averaged an increase per member of total U.S. work force of only 64 percent

in dollars of the issues of corresponding periods (i.e., 1968-70 vs, 1958-60).
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Thus, in the 1959-69 decade the expenditures, for the same work
in basic national resources in real constant values, show an acceleration¥*
within the aerospace activities which is coupled with an unpredictable
influence of the depreciating dollar on the essential strategic imports,
These circumstances represent, for the large-scale aerospace projects,

a most serious and demanding problem to be addressed as one of the first
priority tasks in long-range planning.

The above example illustrates an aspect of utility to the long-
range aerospace program planner in the further monitoring of similar data,
and indicates additional desirable work which could be accomplished by
use of the separate parts of the algorithm presented in Section Al, Note
that it is but one aspect, taken at random, to illustrate general available
directions thereof.

Numerical examples for the illustration of various particular
applications of the algorithm are beyond the scope of the current effort.
Additionally, the amount of computation required for quantitative evaluation
of functional initiative groupings transcends manual computational capacity.
Therefore, the algorithm should be coded into a computer program, for
which it is especially suitable.

The above considerations should be kept in mind in perusal of
Subsection A3.2, which presents some additional annotations pertaining
to the use of this quantitative approach in the evaluation and refinement

of the composition of functional groupings of initiatives.

*Absence of influence of technological progress within the decade on the
productivity in aerospace composite projects is indicative of sociological
nonutilization of investments into facilities for such progress, hence the
'"stand-still" on productivity in composite large-scale projects means
acceleration of real expenditures,
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A3 2 COMMENTS ON COMPQCSITION OF SPACE SYSTEM FUNCTIONAIL
INITIATIVE GROUPINGS

Functional Initiative Groupings in the National Space Program
Long-Range Planning, as has been pointed out in the main text, and in
Section Al of this appendix, are fundamentally dependent on the National
Strategic Planning., The latter should determine the set of the most
probable National Objectives for the mid-range of the present study,
approximately sometime about 1990,

It may be noted by way of reference, that the Marshall Plan
(which was essentially ready for implementation in the 1948-49 period)

did describe for its mid-range pericd (1960) the U.S. National environment
for which many large-scale technological operations in the United States
were initiated and projected in the 1948-50 period. These ventures have
been executed successfully and with complete and justifiable relianc;a on
the Marshall Plan during the 1950-60 decade.

Without a similar overall strategic plan the functional groupings
of initiatives as offered in this report demonstrate, in an appropriately
structured format, the influence of several sets of possibilities in It.:h,e U.sS.
National environment on such long-range, large-scale Iz;rogramg and their
associated initiatives, In the present study, the examples of f}mctic;l-‘ial
groupings of initiatives or '""program plans' are the result of opinions of
the authors, and though they may be reasonable, have no official sanct‘ion,
and cannot be used for input to this algorithm.

The approach to the planning method and criteria, as offered,

affords a quantitative procedure for refinement and/or modification of

*There are several previous writings on the factors and doctrines employed
in the Marshall Plan which rendered that plan to be a series of self-
fulfilling prophesies as long as the plan was appropriately implemented
in U.S. policies. '
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these program plans. Such an approach, however, should be regarded
now to be only "a suit cut to the cloth;" i. e., it is determined by the
resources allocated for this part of the study and by the fact that the
above-mentioned space strategic plan is not at hand now.

More extended operations research effort may be performed
so that structuring of the functional initiative groupings would be generated
more directly., This should be done after the most probable mid-range
set of National Objectives is developed in the strategic plan. The opera-
tions research of that type would‘be a massive effort and is not recom-
mended for an illustrative set {(or still worse, for several sets each
having an undefined probability of occ‘urrence for said mid-range period).

In view of these considerations, comments and remarks shall
be restricted to the methodology, as outlined in the previous sections.
Figures A3-1 and A3-2 indicate schematically the structure of the inter-
dependences. The accompanying legends on these sketches make them
self-explanatory. Note that in Figure A3-1, for clarity of the drawing,
only the "Sets of National Objectives' 2 and 4 are shown with illustrative
schematics of some functional initiative groupings. In Section Al, however,
in which these groupings are tabulated, each set of National Objectives
has several initiative groupings appropriately detailed, to which attention
of the reader is hereby directed. -

Especial attention should be paid to those functional initiative
groupings in which there occur disproportionally many of the negative
(R

ASGaS
left in Figures A3-1 and A3-2. In some cases, a few initiatives in a

) -- that is if there is a dominance of the arrows pointing to the

given functional grouping may be allowed to have negative resultants
(RASGaS)' But every such grouping should be iteratively analyzed,

Upon such an analysis, it may be found that retention of the
initiatives with negative (R ASGaS) in the given functional grouping-increases
the positive resultants of other initiatives in the same group. Then the
operational synthesis for the given grouping may be regarded to be one of

the near-optimal type.
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Arrows pointing to (+) and (-) directions at each initiative depict the

values of resultants (RASGaS) to be computed as per Figure Al-8.

- e | 4 .
| Functional Initiative
Grdupings

Figure A3-1

Refer to Table Al-1,
Examples of National
Objectives

Figure A3-2

- Refer to Section Al
"Most Efficient Space
Program for Ideal
National Objectives"
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In conclusion, it should be pointed out once again, that the
presently offered methodology for composition, evaluation, and iterative
refinement of Functional Initiative Groupings is a 'firct-cut' effort, It
comprises, however, a sufficiently optimal synthesis procedure, although
appre;:iable enlargement, improved insights, and great budgetary economies
may be achieved by further work, utilizing the notions presented in the

sections pertaining to its composition.
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