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1. WHAT THIS PAPER IS ABOUT

In the ten years since it was patched together from a varied assortment
of projects and first rate but little known institutions, the United States space
program has changed in character. It has always been exciting. It began as
a frantic response to put something == anything -- into space. There is today
still as much excitement, or more. But now it can be the excitement of solid
achievements, not only of imaginative but uncertain efforts. The difference
can be sensed in many ways. There is no longer any compulsion to doubt Soviet
accomplishments, or merely to simulate pride in American achievements. Apollo,
Surveyor, Orbiter and Mariner testify openly, objectively, and eloquently to
the status of the United States in any prestige competition with the Soviet Union.
Rather, the space program has matured in many ways in the current decade.
We can now begin to consider soberly what investment of national resources in
space activities is in the public interest; what tangible and intangible benefits
the space program confers, and on whom, and in what quantity; and to what ends
those resources should best be bent in the space program. Those are reasonable
questions, although it is probably not yet reasonable to require full answers.
It is also reasonable now to consider systematically which should be selected
from among the many possible future courses for the national space program.
Not broad objectives only, but technologies and specific program goals can be
compared against one another. ‘The alternatives are many and real. The atten-
tion of the nation can be focused on new problems and ambitions, not only those

of a decade ago. National priorities have changed, warranting a corresponding
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reevaluation of priorities for the national space program. A future course in
space that is a straight-forward extension of the past is not necessarily or cer-
tainly desirable. What is certain is that the choice of a space policy for the
future should be made -- at least in part -- with consideration of the probable
costs and benefits, and that the decisions leading to such a choice are sufficiently
crucial to warrant deliberate attention.

This paper then suggests the importance of (1) recognizing, (2) discussing
and analyzing, and (3) resolving each of several interrelated issues. It obviously
is pointless and futile to continue separate arguments over space program goals,
funding levels, societal benefits, and such matters; these are interactive elements
of a larger national policy issue that has yet to be accepted as such.

Uncertainty about public and Congressional acceptance of a space program
stabilized at some artificially established funding level has characterized dis-
cussion of the future of space activity in the recent past. But it is a hard fact
that the national interest will probably not permit the resource base for space
enterprises o shrink past a certain minimum size, because, among other reasons,
of the possibility that a rapid mobilization of resources may be needed to counter
some presently unforeseen circumstance or threat. The American public, and
the American Congress, have come to understand and accept the need for maintain-
ing an adaptive defense establishment -~ one that can cope with a variety of
conceivable threats and at the same time provide a base for relatively rapid
expansion. There should be no particular difficulty in securing public and
Congressional acceptance of the same reality for space programs, once the

alternatives have been publicly examined.
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Examination of these alternatives may indeed require holding now the
debate on space activities that was put off in 1961. But islthere assurance that
the public, or the Congress, is or will become as concerned with really careful
scrutiny of space programs, on their merits, as with more pressing or immediate
issues like civil disorder, phasing down a very costly war effort, or air pollution
(to take but three of a dozen similar issues)? A debate might more easily have
been held in 1961, when there was considerable dissatisfaction with the status
and prospect of the existent space program. In 1969 there is much less dissatis-
faction of that sort; and there may be, consequently, a slighter chance that a
candid significant public debate on future space policy can or will be held, and
a greater chance that peremptory or ill-considered decisions could be made.

On intellectual as well as capability considerations that would not be a very
satisfying circumstance. But there are strong reasons for undertaking assessment
and review of our purposes and objectives for being in space.

Development of additional guidance for public expenditure decisions in
the national space program is appropriate; and it presents significant challenges,
- as well as opportunities, for analysis. The challenges stem from the fact that
space policy intersects so many other broad, and unresolved, policy issues --
such as basic research and development strategy, and the setting of priorities in
national efforts as one determinant of the funding level appropriate for such
efforts. The opportunities arise because the cost streams for space expenditures
are large, and will remain large —-- and because now is a natural time to review

and reevaluate, and perhaps restate, the goals and purposes of the national space
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program as achievement of the current decade's primary mission objective, the
manned lunar landing, is within reach.
Thus, while the public policy decisions in the national space program are
not the most pressing problems facing us =~ certainly there are problems both
more important and with greater fiscal impact on us =~ the national space program
poses issues with a special kind of urgency, because of its essentially unique mix,
for a single program, of major engiﬁeering, development, scientific and economic
considerations.
The general plan for the remainder of the paper is to discuss the general
policy problems and framework for policy considerations in Secs .l and IlI.
In Sec. |V the histories of NASA and DoD are reviewed, primarily because these
histories reflect past policy considerations and have some lessons for the future.
Section V reviews the last decade's space program in the context of some of the
guidelines of 'rAhe 1958 Space Act. Section VI recapitulates the main threads of
the discussion, and suggests, in broadest outline, some features of a space program
for the next decade which would build on the general conclusions of the previous
“discussion., Finally, Sec. VI reviews some specific steps for analysis of problems

in the space program,
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I1. INTRODUCTION AND THEME

The main thesis of this paper is that it is timely now to assess the course
of the last decade in space, and to reverify or restate the nature of the goals
and the policy issues which can shape the space endeavors in the next decade.

The national space program -- which is here considered to be the programs
undertaken by NASA and by the DoD -~ has thus far been marked by monumental,
predominantly successful endeavors and by the accomplishment of highly import-
ant objectives. In the process, a vast national resource of skilled personnel,
administrators, and facilities has been created by NASA, and is ready for new
missions. The DoD space programs, while less in the public eye, have likewise
been comparably successful in carrying through missions of great importance to
national security.

Nevertheless, the national space program, and most particularly that
part of the national space program represented by the programs of NASA, is
now being subjected to an evaluation and reassessment that will strongly influ-
ence its composition in the near future.

Both the budget and the basic mission of NASA have become the focus of
heightened Congressional scrutiny, as the costs of the Vietnam war have mounted,
and as demands for more funds to deal with internal social problems of the U.S.
have intensified. NASA funding levels have already dropped well below the
levels sought by NASA. Also, with the successful manned circumlunar navigation,

and with the imminent fulfillment of NASA's first major goal of landing @ man
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on the moon and returning him to earth, one era is coming to an end and another
is beginning.

Other factors have also played a major role as causes of the NASA funding
level shrinkage. We tend to forget that the creation of the NASA and the
national space program were greatly motivated by singular events —- the launch
of Sputnik | and the following shocks of an apparent USSR scientific and technolog-
ical threat. Other consequences of those unique events are beginning to diminish,
and there is no reason to believe that space budgets can continue to shelter be-
hind such relatively ancient history. For example, interest in the U.S. in
science and technology, as measured by university and college student enrollments
in these areas, is beginning to drop after a substantial increase in the 1958-1964
period.

These shocks, together with what was then a relatively smaller national
concern with .issues which are strongly competing for money now, made it both
possible and feasible to key the NASA space program for the current decade to
a very demanding mission objective -- manned lunar landing and return. There
is no such consensus on a natural and compelling major mission objective for
NASA in the next decade. This lack of agreement on a major mission -~ or,
alternatively, the odd insistence of some space proponents that all interesting
space projects should be undertaken -- has probably had much to do with the
current lack of enthusiasm for a §5— $6 billion NASA annual spclcev budget.

Another powerful influence on NASA and the space budget is independent

of NASA and its mission. The U.S. R&D community has been favored by liberal
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federal financing for ten to fifteen years. But recently now the U.S. R&D
budget has grown large enough to attract attention and to draw questions.
Those questions are not always relevant and meaningful, which perhaps prompts
the unfortunate tendency of some segments of the R&D community to believe that
they should be the automatic and unquestioned recipients of continually increased
federal support. The result has been to alienate many people who want to see
and understand the overt consequénces to society of this federal support. The
NASA space program is caught up in this questioning, as are many other scientific
and technological endeavors. A not uncommon feeling, which has become ever
stronger since the mid-1960s, is that the days of passive and unquestioning public
support of massive federal R&D expenditures are about over; and that some disci-
pline, and much more reasoned persuasiveness on the part of the R&D community
will be necessary in the future to susfciln a reasonable level of R&D support.
The level of this support will probably remain high; but a shift of emphasis in
the direction of more applied research is quite likely. The danger is that such
a shift, which has many desirable features, may endanger the continuation of
the absolutely essential menu of varied basic research which provides the tech-
nological and intellectual capital for the future.

It is difficult to ignore the combined effects on the NASA budget of the
decay of the Sputnik-Vostok shocks; the lack of agreement on objectives or
on a major and compelling new NASA space mission, or missions; the fact that
even the very demanding manne'd lunar landing and return mission, which for
the large part drove the NASA program in the last eight years, has a natural

cycle of peaking and decline as the massive capital investments and launch
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system procurements are accomplished; and the increased doubt that continual
and automatic jumps in R&D funding in general are unmistakably in the national
interest,

The current governmental and public questioning of the rationale for
large R&D expenditures -~ which promises to remain a most important factor
shaping the future trend of federal allocations of resources == is not a peculiarly
American phenomenon. Rather, it is a concern which has a more global aspect,
particularly among societies with a strong technological thrust. This is especial-
ly seen in a little-noted article in the Soviet newspaper lzvestia, (October 24,
1968, pp. 1-2) decreeing major reorganizations of R&D in the USSR. Portions
of the article are translated in the following excerpts:

A prevalent shortcoming in the work of scientific
research, design, projection and planning, and tech-
nological organizations, and in scientific subdivisions
of higher educational institutions, is that their activity
is not properly geared to solving the most important
scientific and technical problems, especially those
connected with accelerating the development of labor
productivity in industry, agriculture, construction,
transport, and other branches of the national economy.

The Central Committee of the CPSU and the USSR
Council of Ministers, proceeding from the problems
of further development of the USSR nationa! economy,
have proposed that the State Committee on Science and
Technology under the USSR Council of Ministers,
Gosplan of the USSR, Gosstroj of the USSR, the USSR
Academy of Sciences, the ministries and their depart-
ments, and the councils of ministers of the union
republics:

1) Provide for a broader use of the latest
achievements of domestic and foreign
science and technology and advanced ex-
perience in the development of long-range,
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five-year, and annual national econom-
ic plans;

2)  Take urgent measures to significantly increase
the efficiency of scientific establishments, to
improve the organization and control of sci-
entific research and technological develop-
ment, and to strengthen management responsi-
bility in enterprises, scientific organizations,
and higher educational institutions in the
creation of new hardware and utilizing it in
the national economy.

.... It is considered necessary to provide economic incen-
tives to staff personnel of scientific research establishments,
scientific subdivisions of higher educational institutions,
and industrial enterprises, and also their workers, depend-
ing directly on the actual economic effect obtained in

the national economy from using scientific and technical
developments and new techniques ....

It seems evident from these excerpts that scientific research has now
become a major industry in the Soviet Union also, and is no longer simply a
glamorous activity into which unlimited and uncontrolled funds can be poured.
This emphasis on the utility of research work -~ like the "relevance" and
"results” arguments in the U.S. -- indicates that the Soviets are becoming
increasingly interested in the problems of introduction of research results into
actual practice.

In any event, it is against these backgrounds of questioning attitudes
current both in the U.S. and the USSR that basic problems of the public policy
aspects of the national space program arise:

1. Are the resources allocated to the national space program rationally

and effectively applied to satisfying valid national goals?



-10-

2. Considering the many competing alternative users of the resources
so allocated, are the statements of the national goals, definitions of hational
priorities, and the allocation mechanisms adequately well defined so as to

permit decisions on preferred utilizationzof such resources?
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lll. PROBLEMS OF STATING PUBLIC POLICY FOR
THE NATIONAL SPACE PROGRAM

In the sense of having available a quantitative mechanism for assigning
some level of priority to a national space program, and for guiding the develop-
ment of a budget commensurate with that priority, in the context of other
claimants for the resources (in terms of funds, personnel, facilities, and
industrial base), it seems reasonably clear that no truly adequate statement
of policy and purpose for the national space program currently exists.

It should at once be emphasized, however, that the same is true of many
other national endeavors; the space program cannot and should not be faulted
on that basis alone. An indirect and relatively informal mechanism for assign-
ing priorities nevertheless exists, in terms of the annual appropriations made
by Congress,.which is one implicit measurement (there are no explicitly stated
criteria for i.udgment) of the assignment of relative importance to various
national endeavors. As has always been the case, appropriations are shaping
priorities and fixing goals, not the other way around. But there is clearly
particular concern that both the rationale for the costs of the space program,
and the relevance of the U.S.'s total space endeavors to the state of the
national well-being (including national security) and to the national economy,
present a more pressing need for planning, and for review of present prospects
and possible future courses of activity, than almost any other major area of
national expenditure.

Part of this particular concern is undoubtedly generated by the circum-

stance that most, if not all, of our other heavily funded activities are
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characterized by a historically long acceptance by tradition and habit (e.g.,
farm income stabilization) and/or by more obvious, or at least more simply
stated, goals (e.g., national security expenditures). Most major new budget
line items such as NASA probably receive comparably close scrutiny.

Existing guidelines for the NASA space program, and for the reservation
of some highly important parts of the national space program to the DoD, are
reflected by the legislative languége of the "National Aeronautics and Space
Act of 1958." It should be clear that policy implications of the act are
neither well-defined or quantitative. We cite briefly from the act because

we shall have occasion to refer to it and its implications:

"Declaration of Policy and Purpose"

(a) ... it is the policy of the United States
that activities in space should be devoted to peace-
ful purposes for the benefit of all mankind.

(b) ... the general welfare and security of
the United States require that adequate provision
be made for aeronautical and space activities.
... such activities shall be the responsibility of,
and shall be directed by, a civilian agency exercis-
ing control over aeronautical and space activities
sponsored by the United States, except that activi-
ties peculiar to or primarily associated with the
development of weapons systems, military operations,
or the defense of the United States (including the
research and development necessary to make
effective provision for the defense of the United
States) shall be the responsibility of, ... the
Department of Defense: ....

(c) The aeronautical and space activities of
the United States shall be conducted so as to con-
tribute materially to one or more of the following
objectives:
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(1)  The expansion of human knowledge ....

(2) The improvement ... of aeronautical
and space vehicles;

(3) The development and operation of
vehicles capable of carrying instruments, ... and
living organisms through space;

: (4) The establishment of long-range studies
of the potential benefits to be gained from, the
opportunities for, and the problems involved in the
utilization of aeronautical and space activities for
peaceful and scientific purposes;

(5) The preservation of the role of the
United States as a leader in aeronautical and space
science and technology ...-

(6) The making available to agencies
directly concerned with national defense of dis-
coveries that have military value or significance,
and the furnishing by such agencies, to the civil-
ian agency ... of information as to discoveries
which have value or significance to that agency;
(7)  Cooperation by the United States
with other nations and groups of nations ... in .
peaceful application ...;
(8) ... close cooperation among all inter-
ested agencies of the United States .. . to avoid
unnecessary duplication ....
The crux of the current concerns regarding policy guidance in the 1958
Act may be said to lie especially in the guiding request for "adequate provision"
to be made for space activities, and in the simultaneous absence of any explicit
indication of the priority even roughly assignable to such activities.

Nevertheless, it is not certain that a firmly stated, generally understood

national space policy is essential to the effective conduct of a national space
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program. Nor is it apparent that the many elements included among the space
agencies of the United States have ever acted in concert with some national
space policy. The necessary instruments for shaping such a policy certainly
exist in the White House, in the National Aeronautics and Space Council and
the Aeronautics and Astronautics Coordinating Board, in the administrations

of DoD and NASA, and in Congress. Authority for promulgation and implementa-
tion also exists, even if it has been relatively dormant. But it is not at all
evident that a decision to proceed toward a manned lunar landing, or tacit
acceptance of the habit of continued military space operations, has any of the
attributes of a "policy.” In any case, to the extent that a policy exists, it
seems to have been persistently marred by an indifferent distinction between
rational ization, and a true policy analysis identifying program goals and asso-
ciating them with clearly defined benefits for the nation or some large segment
of it.

Like many other aspects of government, the definition of policy for the
future is influenced, if not dominated, by pressures arising from existing
establishments.” In its first (1958-1961) phase, NASA was only marginally
susceptible to such influences because its constituent organizations were both
too small and too slightly endowed with major facilities to develop much insti-
tutional inertia. Additionally, the NASA of 1958-1961 was governed by a

White House philosophy and by a NASA administrator with a relatively

*
Because of this, it seems pertinent to review the major aspects of the
NASA and DoD space activity history in the last decade in Sec. IV, and to
moke a few comments here.
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dispassionate view of space program prospects and a candid appreciation of

the probable costs and consequences of highly accelerated programs._ With the .
Apollo decision of 1961, new national space objectives appeared and NASA
shiffed course, again largely unhampered by institutional inertia, because
once more the existing institution was quite evidently too small to perform

the new task now being required of it. Spectacular growth, driven by the
scope of the Apollo task and by the energy and enthusiasm of the new adminis-
tration, was characteristicjof the next five years.

Although the growth and achievements of the military space program
(1958-1968) were less visible than those of NASA, at the end of that period
the military services owned a sizeable stable of vehicles and a large collection
of space-focused facilities, with staff to match. The creation of an Apollo-
oriented NASA was paralleled by a 1961 decision to assign substantially all
military space responsibility to the Air Force, and by the subsequent accumula-
tion of an impressively performing Air Force organization dealing with space
matters.

One policy problem of 1969, only partly recognized or acknowledged
by the several concerned federal institutions, is that no widely acceptable
space policy objectives have been stated to which any existing institutions
may directly apply themselves. Goals, when defined, have been specific
program goals.

The central difficulty is not that the existing space institutions, civil

or military, have been unable to state space program objectives; but that those
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so stated have had relatively few long-term policy implications and have
indifferently influenced opinion shaping and enabling bedies.

Notwithstanding that questions of priorities for space activities have not
been directly addressed, that there is less than complete agreeménf on what
our national objectives in space ought to be (in the sense of objectives that
can be compared with other defined national objectives); and that, in particu-
lar, neither the goals nor the occ'omplishments of the DoD space program are
widely acknowledged, the funding of space activities in the last decade has
been very substantial, especially in thejperiod from 1962 on. The following
table shows the space funding levels identified in the federal budget. For
NASA those reflect total outlays, including those for aircraft technology as

appropriate; and for DoD, expenditures.

SPENDING (NASA, DOD) FOR SPACE ACTIVITIES
> (in $ billion)

FY NASA DoD Total, NASA + DoD
1960 0.40 0.52 0.92
1961 0.74 0.71 1.45
1962 1.26 1.03 2.29
1963 2,55 1.37 3.92
1964 4,17 1.56 5.73
1965 5.09 1.59 6.68
1966 5.93 1.64 7.57
1967 5.42 1.67 7.09
1968 4,72 1.89 6. 61
1969 (estimate)  4.25 2.10 6.35

Al
®
o

Totals 34,53 14,08
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During the period FY 1960-1969, when the NASA expenditure appears to be
about $34.5 billion, and the DoD expenditure about $14.1 billion, for a com--
bined NASA plus DoD expenditure of about $48.6 billion, there were also
Atomic Energy Commission expenditures for space of about $1.4 billion, and
aggregated expenditures for space by all other organizations of about $0.3
billion.

The U.S. as a whole therefore had a total space expenditure during
FY 1960-1969 of about $50.3 billion.

Considerations of cost are particularly important; we have at present
no formally recognized set of priorities for the totality of our national
programs and objectives as identified explicitly in the line items of the federal
budget. There is at present no a priori way to rank the possible benefits which
these diverse. national programs might generate by the federal allocation of
given resourc.:es (funding levels); hence we are forced to use costs as one major
gauge of the space program. Whether such a ranking of "benefits" would be
possible, desirable, or even completely consistent with our pluralistic political
and economic philosophy, is a separate question not further addressed here.
Short of having generally available such quantitative measures of benefit by
which to assess the external significance and content of our national space
program vis-a-vis other national efforts, it nonetheless now appears possible
and practical, for purposesgof periodic review, to begin to consider the
national space program, at any.given time, as if it were composed internally

of two kinds of individual programs.
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a. Programs with identifiable benefits and ascertainable costs. So
far as possible, space programs should ultimately produce genuine returns on
investment. A maturing program should be expected to yield perceivable and
explicitly identifiable benefits, related to the national economy, the national
well-being, or the national security, all broadly defined. Examples are
satellite programs for communications, earth surveys, navigation, etc. Costs
of obtaining such benefits via space programs can be compared with costs of
other possible alternatives producing comparable benefits. Space programs
in which such a cost comparison is favorable will clearly justify continued
public support. Space programs in which the cost comparison is not yet
favorable, but in which both the technological directions and costs of these
are relatively clear and evident to realize a favorable cost comparison over
clfernafives,v within some reasonable time frame, presumably also deserve
support.

b.  Programs whose returns are more qualitative or intangible, or
whose benefits would be inappropriate or impractical to estimate quantitatively
(a close photographic flyby of Mars, for exarﬁple). Here a minimum goal should
be to estimate the time-phased multi-year costs of achieving stated and expli-
citly identified time-phased program objectives, with periodic updating of the
cost stream trends; NASA is beginning to develop such projections. Displaying
these costs will at least assist in the informal and intuitive decision making
relevant to much of the allocuf‘ion of federal resources, even in choosing
between widely disparate kinds of alternatives, since many otherwise desirable

or attractive choices are simply not "reasonable" choices at every cost level.
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Both kinds of programs require the same kind of rather sophisticated cost
projections, based on explicitly identified criteria. Such projections are now
called for by the government's PPB system, applicable to both NASA and DoD.
Both kinds of programs probably deserve presentation of several alternative plans
or options, so that a specific plan need not absorb all the crucial examination.

It is quite important to note that acceptance of a multi~year phased
program implies a degree of commitment somewhat comparable to a commitment
to accomplish a major mission objective; but a commitment to a multi-year
phased program also implies a more complex review process because of greater
program indivisibilities. The long leadtimes inherent in space programs make un-
certain future funding an enormously complicating factor in planning, and
therefore warrant a high degree of commitment. Somewhat sumprisingly, pre-
dictability of program costs for major NASA space programs has generally been
better than the predictability of costs or schedules in comparably large military
system programs. It is likely that a Congressional commitment to a multi-
year phased program would provide for the vitally important, essential continuity
of effort in the space program, comparable to that afforded by a commitment to
achieve a given very major mission goal (e.g., manned lunar landing), but
without some of the inherent penalties of such a mission commitment (e.g.,
the necessity for freezes on design and technology many years prior to mission
achievement).

In any case, the decision Eetween these two kinds of commitment is a
crucial and basic decision, one which will be a fundamental factor shaping

the course of the next decade's space program.
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V. SOME POINTS ON THE GROWTH AND DEVELOPMENT OF
THE NATIONAL SPACE PROGRAM - BRIEF HISTORIES OF THE
NASA AND DOD PROGRAMS

Because of the impact of the development history of the NASA and DoD
space programs on both the present U,S. potential and the future possibilities
in space, it seems useful to trace through these developments briefly. Certain
program and organizational aspects of the NASA and DoD programs may also
hold some lessons for the future possible courses of the national space program.
Although some space work antedated the Space Act of 1958, it is useful
to treat 1958 as the start of the national space program.
In July 1958 President Eisenhower signed the National Aeronautics and
Space Act which created NASA. Basically, the administration and NASA manage-
ment were cammitted to conduct a broadly-based program in science and technology,
pursued aggressively with the intent to extend the state of the art as rapidly as
possible, but avoiding high-risk manned missions and launches purely for |
propaganda purposes. In August, the DoD agency, ARPA, authorized develop-
ment of the Juno V, 1.5 million pound thrust booster (later known as Saturn 1);
‘authorized development of six Juno IV vehicles for the purpose of launching 500-
pound earth orbiting payloads; and provided for development of the Juno IV
‘upper stages and guidance system. In September, ARPA directed that the Thor
based portion of the USAF Agena satellite program be separated and established
‘as a separate project identified as Discoverer.
On October 1, the National Aeronautics and Space Administration (NASA)

officially began operations. NASA absorbed the 43-year-old National Advisory
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Committee for Aeronautics (including its staff and five laboratories and field
stations)., On the same day President Eisenhower directed transfer of a number
of ARPA-directed space flight projects to NASA,

In April 1959, the Tiros meteorological satellite program was transferred
from DoD to NASA auspices. Organizational tools for handling the NASA and
DoD space programs in the confext of total national needs were provided by
the creation of the Space Council in the 1958 Space Act, and by assignment
of duties to the Civilian-Military Liaison Committee. During July 1959,
President Eisenhower additionally revised the charter of the Civilian-Military
Liaison Committee so that it could take the initiative in dealing with disputes
between NASA and the DoD. Prior to this revision the committee handled only
those problems‘fhc’rfwere brought before it by the respective agencies. In
1960, additional transfers of Army Ballistic Missile Agency fesources from the
:DoD to NASA were ordered, climaxing a very sQBsfontial shift of research
and development capability from DoD to NASA,

In 1959 through 1961, a number of critical studies and reviews of national
space programs and needs were underway. A national launch vehicle program
study was underway in NASA and DoD, and post-Mercury manned space flight
planning began., The guidelines for Apollo were developed by NASA by mid-
1960; and, in July 1960 the House Committee on Science ard Astronautics
recommended that "a high priority program should be undertaken to place a
manned expedition on the moon in this decade.” Extensive planning for the

manned lunar landing was undertaken at the request of NASA's first administrator;
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and in March 1961 the Space Science Board of the National Academy of Sciences
submitted to the President a generally favorable report on "Man's Rele in the
National Space Program.”

A number of circumstances in early 1961 then led Mr. Kennedy to call,
on May 26, 1961, for an all-out U.S. effort to land and return man from the
moon. Undoubtedly, contributing factors were the far-reaching plans and
reports just cited, taken in context with other significant reports such as the
Gardner and Wiesner reports, as well as other intensive internal studies on a
shorter time scale during the spring of 1961; the space plans developed by then
Vice President Johnson via the Space Council mechanism; the successful orbiting
of astronauts by the Soviet Union, and, perhaps, other international circum-
stances. Mr. Kennedy called for a debate in Congress ~— a debate which did
not take place because of the high public and Congressional interest (although
it is of some historical interest that the first Gallup poll on the subject, on
May 31, 1961, found that 33 percent voted yes, and 58 percent no, to the
proposal to spend $40 billion in a manned lunar mission). The immediate
budgetary consequence} of the commitment to the manned lunar mission goal
was an increase in the near future budget allocation from the $1.1 billion
originally processed by the previous administration.

In the time following the decision to undertake the Apollo program, it
is convenient to treat first the NASA and then the DoD programs, separately.
The post-1961 NASA program was dominated, in both attention and allocation
of resources, by the manned space flight programs (Mercury 1961-63, Gemini

1965-66, and Apollo 1968- ).* Consequently, we will emphasize this portion

“Portions of this information were drawn from G. D. Putnam, Draft

NASA/OMSF Historical Note, December 1968.
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of the NASA program because of its enormous impact on the character of the

civil space program, and because it holds some lessons on the strategy of selecting
mission or capability goals. Clearly, the other parts of the NASA program are
intrinsically very important; they are commented on later.

Although the manned flight portions of the three programs fall into three
neatly separated periods, the conceptual, design, research, and development
phases are not neatly separated. Mercury was begun in the Eisenhower adminis-
tration to be flown under Kennedy; Gemini begun under Kennedy and flown
under Johnson; and Apollo begun under Kennedy-Johnson to be flown out under
Nixon. The Mercury program, which had its origins in early study effort by
both the Air Force and NACA, was begun in 1958 with the limited objective of
placing a man on earth orbital flight, observing his reactions, and recovering
both man and spacecraft. The design capabilities of that system were severely
limited in spacecraft weight by available booster thrust and were amenable to
little expansion or elaboration.

In concept and design, the next step in manned spacecraft was Apollo
-and not, as is sometimes assumed, Gemini. Constrained by anticipated booster
lifting capabilities, the unknowns of the cis-lunar space travel Venvironmenl',
and after May 1961, a definite time limitation, the Apollo spacecraft design
competition was begun in 1960 and the command and service module configuration
selected late in 1961. It was imperative to define the basic design of Apollo
spacecraft many years before its first manned flight,

Gemini, begun six months after Apollo was approved, had the advantage

of a spacecraft design more advanced in many ways than Apollo. Since Gemini
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was designed for earth orbital operating and reentry conditions, it was compara-
tively more flexible than Apollo, which was designed for the environmeént out
to 250, 000 miles from earth, reentry at much greater speeds, and which was
essentially limited by 1961 technological state of the art.

The centrally important point of the necessary reliance in Apollo on
early technology was reiterated by a PSAC report in February of 1967, on
"The Space Program in the Post-Apollo Period, " wherein it is observed that:

A major unified program such as Apollo with an
explicit deadline for success compels a con-
certed effort toward developments leading

to immediately usable technical results. The
basis for those results is, unfortunately, quite

often the state of the art of the technology at
the beginning of the program.

The December 1961 decision to extend the manned space flight opera-
tions beyond Pfoiect Mercury, providing an interim program before the flights
of Apollo hardware could begin, was the Gemini program. Gemini had several
primary objectives. It was to be a follow~on program designed to subject two

“men and supporting equipment to long duration flights.

A parallel objective was to rendezvous and dock with another orbiting
vehicle and to maneuver the combined spacecraft. Rendezvous and docking
were key elements of the lunar orbit rendezvous mission mode to be followed
{in the Apollo program (and were also felt to be critical for DoD programs such

as the safellite interceptor then under study).



=25~

Experiments were planned with astronauts leaving the spacecraft in
orbit, to determine their ability to perform useful tasks; this extravehicular
activity was another technique projected for more advanced missions.

Department of Defense support of the Gemini program was massive.
Launch vehicles for both the manned spacecraft and the rendezvous target vehicle
were modified Air Force ballistic missiles. The Titan Il was converted into
a man-rated booster for the Gemini spacecraft, and Atlas launch vehicles
and Agena spacecraft modified to the Gemini target vehicle configuration.

The Air Force also provided all launch operations functions and much range
support as well as recovery operations and tracking and communications support.
This very extensive participation by the DoD was effective preparation for the
later DoD manned orbiting program -- the MOL -- which exploits many of

the Gemini developments.

Most of the major changes in design in going from the Mercury program
to the Gemini program were incorporated to place increased emphasis on the
role of the crew. Mercury was designed for completely automatic control from
‘the ground (with backup provisions for pilot control); Gemini was designed
from the beginning fo be controlled by the astronauts, with ground control as
the backup. Even today the USSR philosophy on manned space flight resembles
that of Mercury instead of Gemini, to a considerable extent.

Advanced techniques and equipment in the Gemini program made possible
a large number of scientific and t‘echnological experiments on the ten manned

Gemini flights; 52 separate experiments were flown in the program. The 52
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experiments included measurements of the crew and of the space environment
as well as technological developments proving out new equipment and tech-
‘niques for space flight.

Careful planning and attention on the part of the entire government-
industry team produced a phenomenon quite singular for an advanced research
and development program ~- a schedule which slipped forward rather than back-
ward: Gemini All flew in November 1966 rather than early 1967, completing
the program at least two months earlier than anticipated; and total program costs
to completion,earlier estimated at $1.35 billion, totaled out at approximately
$1.29 billion.

Concurrent with the Gemini activity, the Apollo program continued its
first phase which consisted of initial studies and research and engineering
efforts establishing the technological feasibility of a manned lunar landing
program, lts second phase comprised detailed study, analysis, and preliminary
design to identify the specific means of reaching the established goal; this
phase ended in November 1962 with award of the development contract for
the last major Apollo component, the lunar module, and lasted approximately
18 months, The third phase of Apollo was further definition and detailed design
of critical systems and subsystems. By March 1964, quantities, schedules, and
“costs of the lunar landing could be estimated in detail.

A central decision affecting the scheduling of hardware production
“and test was announced on October 30, 1963 -~ adoption of "all-up” flight

testing for Apollo-Saturn space vehicles. Each flight of the Saturn IB and
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Saturn V launch vehicle systems would be scheduled with complete space vehicles,
using live stages and essentially complete spacecraft. Earlier Air Force successes
with this technique, and the necessity to shorten some of the lengthy procedures
involved in the step-by-step test approach, all contributed to the decision,

The total Apollo program proposed in 1964 called for flying 12 Saturn IB
and 15 Saturn V launch vehicles, with the associated Apollo spacecraft systems,
before the end of the decade to provide reasonable assurance of achieving the
manned lunar landing and return, The total cost estimate for this program,
including Apollo research and development, construction of facilities, tracking
and data acquisition, and operational costs, was estimated in March 1964 at
$19.5 billion.

During 1964-67 the Saturn | flight program was completed and major
elements of the Apollo spacecraft were fesfed. By November 1967 the Manned
Space Flight Network had been developed sufficiently to support the first
Apollo-Saturn V mission,

On January 27, 1967, a tragic accident took the lives of the three-
man Apollo crew during a ground test on the launch pad at Cape Kennedy.
Astronauts Virgil |. Grissom, Edward H. White 1l, and Roger B. Chaffee died
from inhalation of toxic gases inside the spacecraft, within seconds after a
fire broke out.

NASA's recovery from this accident was painful but effective, It was
completed by successful rﬁonned-Apollo missions in 1968, including the success-

ful manned circuits of the moon in December 1968, While the most complex
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parts of the operations are yet to come, the manned lunar landing attempt in
1969 appears on schedule, except for some residual concern with the lander.
A new funding estimate, assuming nine Saturn V launches before the end of
1969 and a program run-out into 1971, with no costs assumed absorbed by a
follow-on program, was generated in 1968, at $23.9 billion, of which about
$19.6 billion has been obligated -~ a relatively modest increase over the
estimate of four years earlier. In its major programs, in fact, NASA has a
rather good record for estimating its costs.

In the meantime, a debate had begun over the future of NASA after
the manned lunar landing. Questions concerning future goals in space explora-
tion were first posed by President Johnson to Mr. Webb on January 30, 1964,
The decisions on the Fiscal Year 1965 budget had already surfaced the difficulty
of justifying advanced hardware development for programs not identified with
specific missions.

These questions prompted sharply the continued discussion and controversy
which still surround the future of NASA. Out of this situation, and under pressure
from both the White House and the Congress to propose specific advanced missions,
grew the post-Apollo manned space flight proposals, the Apollo Applications
Program (AAP),

In response to President Johnson's January 1964 query, a February 1965
NASA report dealt with all areas of NASA's responsibility, aeronautics and
unmanned space flight as well as manned space flight. For future manned opera-
tions, NASA projected a capacity to launch six Saturn IB and six Saturn V

vehicles annually, with eight spacecraft provided, and identified the necessary

changes to Apollo hardware which would make these Apollo extensions possible,
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By the late;summer of 1965, planning for application of the Apollo
capability to future manned missions was considering approximately 150 scientific
-experiments as candidate possibilities for manned flight; the scientific community
had been consulted extensively.

Subsequent actions stretched out flight dates, and cancelled or deferred
missions. By early 1968 the use concept for post-Apollo manned missions (the
Apollo Applications Program) had been reduced to two Saturn IB and two
Saturn V launch vehicles, using refurbished command and service modules.
More recent actions indicate prospects of additional schedule slippage and
mission curtailment.

In total, the NASA space pfogram in the current fiscal decade (FY 1960-

69) will, with estimates for the later years, have a total budget outlay of about

$34.5 billion, divided into the following major categories of effort:

Manned Space Flight -$22.5 billion
Space Science and Applications 5.8 billion
Space Technology 3.2 billion
Aircraft Technology 0.6 billion
Support Activities 2.4 billion

Fiscal Year 1960-69 Total $34.5 billion

“OFf this total, there is a capital plant investment of about $4.2 billion. A more
detailed table, listing budget outlays from FY 1960 to FY 1969, from the
federal budget follows (Table 1),

Manned space flight, although the driving and dominant shaper of the
overall NASA program, is not, of course, the totality of the NASA space effort.
Programs in space science and applications; in space technology; and in aircraft

technology have also been conducted, at varied levels of support. Levels of
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support for these programs are in general, however, rather small compared with
the manned program support levels, as the previous table shows. These smaller
programs have nonetheless made very major contributions to many of the purposes
cited in the 1958 Space Act. In the purpose of scientific return, in the

role of a technological stimulus, and in the promise of current and future social
and economic benefits -- benefits via the kinds of space applications discussed
in NAS/NRC reports -- the contrisufions of smaller unmanned space programs
have been proportionately greater than those of the manned programs.

This imbalance of returns as between the manned and unmanned programs
is sometimes taken to exemplify the current dilemma of NASA. The main thrusts
of the NASA effort to date -- in program orientation, in launch vehicle and
space vehicle development, in facilities and laboratory equipme.nf, and in the
industrial base and production capability —- have been keyed to the manned
program, To k;aep this total resource active, and fully and beneficially occupied,
has been a major NASA concern. It has encouraged a corresponding focus, in
proposed immediate post-Apollo plans, on major manned undertakings. These
plans involve earth orbiting missions,and there is a strong temptation to include
men in certain applications satellites even when it is clear that the man is
redundant or that his value is marginal. Possibilities cited in such plans, singly
and/or in sequence, have revolved around AAP activities; a Saturn V version
~ of an orbiting manned "workshop" space station; and a more capable, multi-
purpose, semi-permanently orbiting, multi-man space station, with shuttle support
from earth, at a cost of $1-2 billion per year averaged over the estimated five

years needed to develop the capability.
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There is concern, however, about the relative inefficiency of a manned
satellite as compared with the potential of anjuhmanned vehicle. There is some .
feeling that too much attention has been given to establishing how leng man can
safely stay in space, and what his capabilities are for useful work there, and
too little attention to mission requirements: what missions really justify (or are
incapable of accomplishment without) keeping a man in space, instead of
relying on remote automated operat/ion; what is the mission-essential duration;
what are the relationships between task combinations and crew size implic’aﬁons,
and so on. It is generally acknowledged that some very complex missions are
flown unmanned, with complete success, even with current technology: by both
NASA systems (e.g., Surveyor and Orbiter) and DoD systems. In the words of
the NAS/NRC 1967 report on Space Applications: "....systems....providing
near term benefits.... will be achieved more effectively and economically with

auvtomated devices and vehicles."

For NASA to concentrate relatively more
emphasis on unmanned systems in this way, however, creates the real risk that
the vast resources assembled to support the manned missions will then be grossly
underutilized under tight budget constraints where primary choices of emphasis
might have to be made.
The history of the DoD space program runs a rather different course, albeit
necessarily publicly somewhat obscured by virtue of classification and sensitivity.
During the decade preceding the Kennedy Administration, the United
States had made good progress in .observing and studying the space environment.

The Air Force began building a space technology satellite in 1958,

using a Thor-Agena combination. An important side benefit of this satellite was
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the introduction of new engineering knowledge and techniques. It tested the
Agena stage and exercised the Air Force's global Satellite Control FacHity,
Sunnyvale, California, for the first time.

The Air Force's Satellite Control Facility was a unique organization
fundamental to DoD space operations: it provided for tracking, controlling,
and command of satellites, some of whichwould require scores of separate commands
on a single orbital pass.

By April 1961 the Air Force had organized the Space Systems Division at
Los Angeles as a special management team to handle its space programs.

In 1959, the Air Force had been made responsible for furnishing space
booster support to all the military services. In March 1961, Secretary of Defense
McNamara resolved a drawn-out inter-service conflict by assigning "research,
development, test, and engineering of Department of Defense space development
programs or prbiects, which are approved herafter" to the Air Force. Again,
during the same month, he assigned all DoD reconnaissance, mapping, and
geodetic programs to the Air Force. These responsibilities aggregated into
an Air Force space mission of significant scope and potential consistent with
the 1958 Space Act:

(a) To conduct applied research and advanced technology to further
the state of the space art.

(b) To manage the development and procurement of Department of
Defense space systems.

(¢) To daunch, control, and recover DoD space vehicles.

(d) To support other federal agencies as required in attaining national

space objectives.
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The military applications of space had been thoroughly studied, and
answers as to how the Department of Defense can use space operations had focused
on three categories of use: as an observation post, as a communication center,

\cnd as an arena for deterrence or general enhancement of military opérations.

All these applications utilize earth orbiting systems; some use synchronous
altitudes or even more distant orbits for effective operation. The Air Force had
arrived at these conclusions well before 1961 and by that time was developing
space systems of each species. The nuclear detection satellite and the attack
alarm satellite, for example, were designed to search space and earth for possible
covert nuclear testing and ballistic missile launchings. By 1962 the Air Force
was building communication satellites to furnish truly global information channels
for military users. The Air Force had also begun work on a simple inspector
satellite.

But in DoD space history, the administration in 1961-63 entered into a
period of retrenchment and reevaluation. The OSD began to cancel or slow
down a number of Air Force "pre-Kennedy" programs. In January-February 1961,
the OSD cancelled practically all funding for a spaceborne defense system. In
July 1961 it organized a review task group to study the attack alarm system.

In August 1961 OSD reduced the satellite inspec;or to a very modest research
and development program; in April 1961 set a $200, 000 limit on individual

Air Force space study programs; and in the summer of 1962 cancelled the entire
space system study program. Most of these actions clustered in 1961; some
parallel actions extended into 1962, Cancellation of the Dyna~Soar program

because of its uncertain value and high cost prospect followed in December 1963.
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But two years earlier the OSD space team had essentially completed its
initial review of the existing Air Force program and was sponsoring new objectives,
-as before: largely under the stewardship of the Air Force. The new program was
distinguished by new principles of management and space program evaluation.
Henceforth, Air Force space programs, like other expensive military programs,
would be disciplined in concept and scope by an external evaluation of OSD
or national need, rather than service need; by system analysis considerations,
capability needs studies, trade-offs; and by conservative, but continually
evolving and flexible accommodation to, extensions of the '?echnologico] state
of the art. Before additional space programs were approved by DoD the services
would have to demonstrate that all pertinent technical considerations had been
adequately weighed. This DoD management philosophy, requiring that space
programs be justified on basically the same terms as other national security programs
(i.e., they must efficiently provide some desired operational capability and
must be relevant to existing Department missions), had a major influence on the
definition of criteria for space missions. |

Late in 1961, standardized Titan |1l space boosters emerged as the first
output of this comprehensive screening process. In May 1962 OSD authorized
the development of a communication satellite by the Air Force. Later that year,
cooperative Air Force~-NASA Gemini tests were approved. In March 1963
the OSD agreed to finance a new Air Forcefsatellite inspector. In December
1963 a Manned Orbiting Laboratory was started by the Air Force, a program

powerfully bolstered by DoD's participation in Gemini.
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Thus, years 1961 -63 reprgsenfed( for USAF, a period of adjustment to new
mamgement concept demands by OSD and reorientation of goals in conformity
with broadened national space objectives. The management innovations of
1961-63 were subsequently institutionalized within the Air Force space organi-
zation. |

From this summary one may deduce with reasonable confidence what
may be the DoD-sponsored milifaryAspacecraf’r of the next decade, contrasting
with the unsettled NASA case. Spacecraft will be assigned, as now, to provide
observation, communication, and deterrent capabilities, completely centered
around earth orbiting missions. The Manned Orbiting Laboratory will be
operational during the '70s, obtaining answers to a multitude of questions about
military operations in space. The successful nuclear detection satellite will
undoubtedly have descendants in orbit. Attack alarm satellites will be available
to signal missile launchings over the entire globe. Communication satellites will
be increasingly useful in both strategic and tactical assignments. Improved
navigation satellites will continue fo serve an important defense function.
Inspector systems may be active. Cooperative programs using NASA~furnished
systems (e.g., in weather satellites and geodetic satellites for common national
purposes) will likely have counterparts. It is possible that a review of selected
systems which in the last decade did not meet effectiveness standards, but which
would otherwise provide attractive capabilities, might, on the basis of current
and near~future technology, turn up one or two new contenders for development.

This cycle of DoD and USAF space history in the sixties may well be

relevant to NASA's situation currently.
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The current lack of approval for a post~lunar manned program may,
for NASA, be reminiscent of the Air Force situation of 1961-62. The contrasts of
NASA's affluence of 1961-66 with the comparative frugality of the present is
turning NASA planners toward the question, "How do we fill the gap?" Some
'rather drastic proposals have been made: turn NASA back toward the
mode! of the original National Advisory Committee for Aeronautics (NACA), or
cabitalize in @ major way on new interests such as oceanography or urban
renewal. It is unlikely that the national interest would allow such retrenchment,
But, like the Air Force of 1961-62, NASA perhaps may emerge from
the on-going national review, and from its own self-analysis, with new concepts
of priorities, choices,and management, and with a program more clearly respon-
sive to the currently shifting national goals. The difficulty is that the relevance
of intangible space program benefits to more matter-of-fact national goals has
not been mgde-sufficien’rly plain, either to Congress or to the American public,
NASA has a more difficult task in this than DoD, because national security is

a historically evident national objective.
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V. HOW WELL HAVE WE ACHIEVED THE OBJECTIVES
OF THE 1958 SPACE ACT? - SOME CAVEATS
AND AN EXTENDED DISCUSSION

The 1958 Space Act still provides the best extant guidelines for measur-
ing the U.S. space achievement. To understand how well the U.S, has actually
done it seems advisable to evaluate that achievement against the goals of the
Space Act. Cuviously, the space program over the last decade has developed
technologies that are now mature enough fo be assessed in terms of their influ-
ence on the direction of the next decade's space efforts, the whole being reviewed
against the background of updated national priorities and emphasis,

There is a need for appraisal of past achievement. Traditionally,
Americans do not inquire closely into the causes of success. Only failures are
carefully investigated, and the U.S. space program to date has been successful
to an astonishing degree. Disoppoiﬁﬁné aspects of the space effort have been
publicly aired and explained to the satisfaction of most. It may be a novel
break with tradition, therefore, to suggest that the nation inquire objectively,
dispassionately, and in detail into the rationale and consequences of the
decisions that shaped the present space program, however successful and above
criticism these decisions may seem. This paper can only outline some personal
views against a background of familiarity with the program. The object of
such an inquiry would be fo learn enough about the process of decision making
for the space program to improve.fhe prospect that future decisions will be

consciously as well matched as possible with current and emerging national
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needs and priorities. The postponed debate of 1961 on the policy aspects of
what we want to do in space could fruitfully be held now. There seems in any
case to be considerable advantage to creating an extended forum for considera-
tion of space-related public policy issues by Congress and by the public, and
for discussing fully the issues of “what to do" and "who should decide." The
debates of the last few years have so far been somewhat aimless and unsatisfactory.
Whether concern for other pressing national needs will present such a
debate is not clear. The future of our nafional space program is not the most
urgent issue for national decision. But it is of special importance because questions
about space activities intersect a surprising number of other issues ~- R&D strategy,
the relations between technology and economic growth, the concepts of setting
goals and priorities for national efforts, and so on.
One relevant aspect of the present civilian program is that very few
really major p;alicy or technical decisions had to be made once the basic Apollo
schedules had been set and contracts let. The only unplanned event of any
consequence was the 1967 capsule fire earlier mentioned, and here NASA recover-
ed magnificently. So much having been done by NASA, and so well, there
might be objection to an extended and objective policy inquiry, in con-
sideration of the achievements of NASA. Nevertheless, such a policy inquiry
would appear to be appropriate and fair to both NASA and the public, because
of the continually increasing, but generally indecisive, controversy over

federal funding priorities —- controversy which inevitably involves NASA.
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There are evident dangers and shortcomings to reviewing the last decade
in space against only the objectives cited in the 1958 Space Act, though this
is inescapable in even a rudimentary policy discussion.

As one shortcoming, the legislative language is pedestrian. The arid,
matter-of-fact words of the Space Act do not capture the excitement, pride,
and vision which mark space exploration. Many Americans are self-conscious
about voicing emotional reactions to the space program. Our culture does not
encourage displays of spontaneous enthusiasm and exuberance about new experi-
ences and distant prospects, especially vicarious ones. Those with a high
intellectual and social consciousness may find an emotional involvement with
space exploration awkward and difficult to acknowledge, without evoking some
feelings of guilt about ignoring social ills which also require emotional involve-
ment for cure. But it would be a mistake to ignore or hide these visceral aspects
of the space program, or to deny that in one of its intangible aspects space is
still a unique frontier and an opportunity for satisfaction and meaningful comple-
tion of some of man's urges. The extent to which this quality alone of the space
program constitutes an intrinsic worth (and therefore acceptable expenditure
burden) of the program will be judged quite differently by different people,
clearly. But at some level one should be able to accept this quality wholly and
yet not feel derelict in other concerns.

For another thing, it is a continuing fact of life that there are still ele-
ments of competition between the U.S. and USSR implicit in space activities.
While we have undoubtedly matured in the last decade, to the extent that we

can concede that we need not and cannot be first or foremost in everything,
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and that our activities should first and foremost be guided by our own ambitions,
there nevertheless remains a background of technological competition in space.
This background still implies that it would probably be wise to avoid a very
highly visible foreclosure of capability by simple default. For example, if, as
NASA officials have maintained, the USSR is developing a booster comparable
to the Saturn V in capability, it may be prudent to maintain Saturn V production
lines open for this reason alone (at some modest leve!) to overlap by a continued
U.S. capability the time of public display and operation of such boosters by

the USSR,

Finally, the language of the 1958 Space Act did not take into account
the incidental -- but to many people quite important == consequences of the
space program, particularly for NASA and the nation after 1961, A new cadré
of very highly skilled administrators and managers (both civilian and military)
was demanded, and created. The requirements for very large system developments
were successfully met, leading to the hope that dedicated groups working in
concert cauld solve many complex problems considered intractable before. The
notion of working on massive and extremely challenging problems with full
public visibility has led to new standards (comparable to or exceeding those of
the nuclear submarine program) of engineering competence and craftsmanship,
reliability, and depth of inspection (the Apollo fire notwithstanding). A
deliberate and conscious effort was made to contribute to, to broaden, and to
enrich the educational base by enlarging student training, facil.i;ies,r and
research. [Conrinued shrinkage of some of this support in the future, as NASA

budgets shrink (as has been the case in student training) would be attributable
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not so much to a change in attitude as to a policy which emphasizes achieving
scheduled program or mission goals, and would in this sense be one of fhe

penalties for stating goals in terms of mission accomplishment rather than capability
development. Actually, NASA's funding of research in educational and nonprofit
organizations grew steadily from $142 million in FY 64 to $165 million in FY 68.]
NASA has also made a conscious effort to improve the economic lot of various
areas of the country by its allocation of contracts, and has sought to provide

vital new stimuli by such allocations.

In any event, in all of these aspects the space program has, sometimes
unexpectedly, made substantial and vital contributions. These consequences
should also be considered as part of the capital developed through the space
program. While not readily measurable against the objectives cited in the
1958 Space Act, they nevertheless represent some measure of intrinsic worth
éf the prograrr;. .

In a formal review of the 1958 Space Act's guidance, it is important to
remember that the 1958 Space Act is quite deliberate in directing only that
"The aeronautical and space activities of the United States shall be conducted

so as to contribute materially to one or more of the following objectives (our

underlining)...."” The Act then cites eight objectives. Reviewers of the

space program do well to remember that criticism of the space program is sometimes
~ based on unrealistic notions of what was formally expected from the program.

The 1958 Space Act of course furnishes no notion of what would be regarded as

“tolerable" expenditures to meet one or more of the eight objectives; the Act
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is in this sense deficient as a quantitative policy guide, But in fact all of the
eight objectives cited in the 1958 Space Act have been met in the current decade,
either wholjy or essentially so, or in a significant way; an enormous amount has
been accomplished in the national space program.
Responsibility for these accomplishments was largely assigned to NASA,
and NASA was the primary force in achieving them, The DoD program was a
powerful, complementary ally fowards these accomplishments. The program
outlined by the 1958 Space Act has met these objectives to a very high degree:
A. Expansion of human knowledge.
B. Improvement of aeronautical and space vehicles,
C. The development and operation of vehicles capable
of carrying instruments .... and living organisms
through space.
D. The preservation of the role of the United States
as a leader in aeronautical and space science
technology.
There could be some demurrers regarding B. and D.,in the confext of aeronautical
activities in such cases as the SST. But that extremely complex
and demanding undertaking was not a NASA responsibility. The;e are certainly
good reasons for NASA to expand its level of activities in aeronautics compared
with its relative involvement during the current decade. NASA's aeronautics
program has the characteristic that it is more clearly and immediately related
to goals that are simpler to defend -- i.e., the program includes projects such

as aircraft noise reduction, increased operating safety, development of vehicles

suited for interurban transportation, support of DoD aircraft programs, etc.
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This program is then a candidate for increased support. But the notion of NASA's
returning to the NACA's really singular position of pre-eminence in aeronautics,’
prior to 1945-1950, probably could not be realized now, because of the extra-
ordinary investment of the aerospace industry in an aeronautical R&D capability
during the last 20 years,

In addition to these aspects of the space program, there are a number
of other identifiable consideru'rions4 which can be thought of as public policy
components which help shape a space program, and which are directly relevant
to the remainder of the objectives defined by the broad guidelines of the 1958
Space Act. The discussion of these considerations is more complex and requires
some elaboration, compared with the previous considerations. These remaining
considerations can be aggregated into major categories of:

1.  National security, and relationships of NASA and DoD programs.

2, fechnological impact, exploration and scientific observation and
experiment.

3.  Practical civil applications, and opportunities for international
cooperation,
These categories are of roughly equal importance for the purpose of assessing
the degree to which the objectives of the 1958 Space Act have been met during

the last decade.

Briefly, our assessments in these three categories are:
o For 1., the NASA and DoD programs have been relatively independ-

ent in the current decade. This is not incompatible with the guidance of the
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Space Act. But the next decade prdv ides opportunities for some program inter-
mingling which deserve careful study.

o For 2., emphasis in the current decade on achievement of major
mission goals has acted 'to limitioutputs of new technology and scientific discovery.
But it will be possible to choose program directions in the next decade to enhance
such outputs significantly.

o For 3., af the end of the current decade we have only begun to
realize the potential for civil applications of space activities. More attention to
this area, and appropriate R&D emphasis, will accelerate the realization of this

potential -~ and can also provide new opportunities for international efforts.

1. NATIONAL SECURITY; AND RELATIONSHIPS OF NASA AND DOD
PROGRAMS

The national security component of the national space program is regarded
here as being éomposed of the efforts directly conducted by the DoD, together
with the con’rrébufions made to the DoD programs by NASA/DoD interaction.

This last contribution is the primary issue discussed here, but it is important to
recall that there have been many two-way interactions between NASA and DoD.

The 1958 Space Act (see Sec. lll) stresses peaceful activities in space,
to be directed by a civilian agency; but reserves to the DoD control and direction
of activities (including R&D) "peculiar to" or "primarily associated with" defense
needs, It further directs that, among the one or more of the eight objectives
‘ussigned to NASA as a focus for action, the NASA activities subsumed by the
Space Act be so conducted as to ;ncke available to defense-concerned agencies
discoveries of military relevance; and, reciprocally, that such agencies provide

to NASA discoveries relevant to NASA. Finally, the act likewise requests
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"close cooperation ... among all ... agencies ... to avoid unnecessary dupli-
cation." The act also directs NASA to m;ke public all information ebtained
or developed, except for that information required by federal statute, and for
reasons of national security, to be withheld.

For the coordination of aeronautical and space activities the National
Aeronautics and Space Council was established; after 1961 it was chaired
by the Vice President and included the heads of the four relevant agencies
concerned (in particular NASA and DoD). The Council was to advise and
assist the President, via functions which include: development of a comprehensive
U.S. program of aeronautical and space activities; designation and fixing of
responsibil ity for direcfAi-t;n of sucH acfivi’r‘i-es; provision of effective cooperation
among all U.S. organizations; and resolution of differences among organizations
with respect f§ such activities.

The cc-f and its subsequent implementations are not wholly unequivocal
in spél[ing out the relations between NASA and DoD, a circumstance which is
partially explained by the very wide range of responsibility assignments which

.were originally championed, but which were finally not included in the act's
provisions. Proposed assignments ranged from execution of all U.S. space
activities by USAF/DoD to the creation of a strong Military Support Division
in NASA. Strong proponents of such assignments can still be found. The
reluctance of some scientists to engage in classified DoD programs, and the
general desire for a peaceful image, made some separation of functions quite

reasonable, for good political reasons at the time; and it was then natural that
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space-related national security activities be in fact assigned to the DoD. The
auvthoritative step in this took place in March 1961. Thereafter, the basic
 NASA and DoD programs have generally run their separate ways, with the excep-
tion of the major cooperative activities and support activities noted elsewhere.*
Nothwithstanding some of the inherent ambiguities of the 1958 Space
Act, significant general support and exchanges of assistance between NASA
and DoD have been constant since 1958."* Large scale total transfers of personnel
and facilities took place early, and major space programs initiated by DoD were
transferred to NASA for complefionQ Unfil the Saturn series of boosters became
available, NASA relied almost entirely on DoD-developed launch vehicles,
Launch and range facilities were shared. Particularly through the Gemini
program, DoD provided very large-scale support to NASA: launch and rendezvous
vehicles, launch and range support, tracking and communications, and most
importantly, r.ecovery operations. DoD still provides such services to NASA,
although NASA now has its own launch facilities and relies on its own Manned
Space Flight Network for current ménned operations, While attempts since
the late 1950s to fully define a common stable of national launch vehicles have
not been completely successful, NASA and DoD will continue in the future fo
use many of the same launch vehicles, up to and including versions of the

USAF TITAN til.

*See Sec. V.

**Ibid.
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DoD continues to be an important source of astronauts and managers for
the NASA programs. In addition, NASA and DoD naturally utilize to a great
extent a common industrial contracting, managerial and production base,
which has been expanded in varying degrees by the NASA programs and by the
DoD missile and space programs. Both organizations put the vast majority of
their business with industry, e.g., NASA's direct and indirect diversion of its
funds to industry remains over 90 }Sercenf. NASA has adopted and enhanced
many of the DoD management techniques, such as the systems development
approach and the "all-up" testing philosophy.

Common use of basic space vehicles (as distinct from launch vehicles) by
DoD and NASA has lessened since 1961, although such utilization can be
viewed as an objective of the 1958 Space Act. DoD has employed some of NASA's
early communication satellites, and has adopted much of the Gemini system
design and cdncep’r for its MOL program. DoD, primarily through the earlier
experience of some of its contractors, has influenced the design and technology
put in’for NASA's space programs; in addition, there have been major inputs
~ of DoD concepts, techniques or technology into the spacecraft of those truly
national space programs which currently are meeting the operational needs of
several U.S. agencies and departments. In these programs =- for weather
satellites, and for geodetic satellites == NASA provides spacecraft, launch, and
- support responsive to the requirements stated by user organizations (DoD and
&ommerce). Some scientific saféllife programs have also been jointly supported

by NASA and DoD.
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Both NASA and DoD have had space science programs (the DoD at a
much lower funding level); and DoD experiments have been carried onn NASA
spacecraft, with some reciprocation, a practice which is expected to continue,

Finally, NASA continues to have an important role in DoD aircraft
programs -- e.g., inan advisory capacity; in cooperative and joint research
aircraft programs and lifting body programs; and in extensive support by NASA
facilities (primarily wind tunnels) (oF DoD programs.

From 1958 to 1968 the DoD was developing its own space systems
(consistent with the reservation of the 1958 Space Act), of the sort sketched
briefly in Sec. IV. The DoD program developed and operated those space
systems determined to be essential to national security == i.e., systems which
met validated military operational requirements. The DoD program appears
essentially independent of the NASA program, with the exceptions noted earlier,
as is reflected in the detailed itemization of the NASA program and budget.
From the generally demanding nature of the military requirements, one may sur-
mise that the DoD space systems necessarily exploited state-of-the-art technology.
This is also reflected in the PSAC report of 1967 on "The Space Program in the
Post-Apollo Period, " in the section discussing the direct application, in diverse
areas, of satellite technology to the economic and social well-being of the
country:

. ++. Agencies other than NASA are actively investi-
gating some of these areas. For example, DoD is
developing its own communications system adapted

to its special requirements, and is active in other
applications of space. Thus, while development of

space technology has already contributed sub-
stantially to our security in the direct military
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sense, DoD has also been involved in major new

technological developments which can provide

a wide range of civilian applications. An import-

ant problem for the next few years will be to

identify, to declassify where necessary, and to

encourage the transfer of all appropriate develop-

ments to the civilian community. A major fraction

of the space applications program has, however,

continued to be done under the aegis of NASA, ....
The NASA and DoD space programs should accordingly both be regarded as
generally independent, technically advanced, and concurrent programs.
There clearly are valid justifications for independence, including the major
concern of both organizations for their own priority civilian and military needs,
respectively, possible complications involved in NASA's undertaking of major
classified programs, and the fact that the 1958 Space Act assigned defense-
assoc iated responsibilities to the DoD. Very major and pervasive contributions
of the NASA program to national security needs should not be expected, nor
does the 1958 Space Act direct this, These same circumstances also make
it difficult, however, to accept statements that the civilian space program
contributes more to national security interests than it costs, or that NASA
technology lays the groundwork for future military hardware. Such statements
are unjustifiable exaggerations.

Despite the relatively independent parallelism of the NASA and DoD
space programs to date, there is scant evidence of any major "unnecessary
duplication" so far. Of course avoiding such duplication is an explicit
objective of the 1958 Space Act. The success arises from the extensive

coordination and review mechanisms which protect against redundancy. The

principal formal coordinating mechanisms for NASA and DoD are the Aeronautics
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and Astronautics Coordinating Board (AACB) and the Manned Space Flight
Policy Committee (MSFPC), which provide opportunities for coordinated

policy findings. The Office of the Special Assistant to the President for

Science and Technology (OST) and the PSAC also provide for detailed reviews of
major aspects of both space programs. Both PSAC and the National Academy of
Sciences are additional entrees for scientific considerations which are ordinarily
provided by several NASA advisor); and review groups. The Space Council pro-
vides full opportunity to air both programs in detail. The Bureau of the Budget
of course includes an authoritative recommending mechanism for both programs.
Several Congressional groups review each program and exercise ultimate
authority by control of expenditure allocations. These bodies also provide ample
opportunities for the senior NASA and DoD administrators and other decision
makers and cd\}isors to weigh both the open and sensitive portions of the national
space progrclm-. The net impact of all these mechanisms has undoubtedly been

to provide quite generally for the close cooperation and avoidance of unnecessary’
duplication which the 1958 Space Act calls for.

One should probably be cautious, however, in assuming that the good
performance of these generally effective coordination mechanisms up to now
fully ensures comparable performance in the next decade. Instead, coordination
in the next decade may well require greater care and attention. There are
present several important circumstances during the last decade surrounding
both the NASA and DoD programs which in fact then made coordination relatively

easy and direct.
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For one thing, the primary thrust and attention of NASA was focused
on manned space flight, and in particular on the Apollo lunar program. The
concurrent primary focus for the DoD was the development of automated space
systems satisfying critical national security needs —- needs which all involved
earth orbiting systems for various purposes of observation, communication, and
general enhancement of military operations.

For another, both program§ are well funded, each on its own merits
and criteria. No serious questions arose regarding individual funding levels.
The major thrusts of each program were sufficiently disparate in mission to make
admittedly difficult judgments on any common basis unnecessary, There were
present no hard questions prompting consideration of the total space funding
level (NASA plus DoD) or of the appropriate relative funding level within that
total. Little serious and concerted discussion arose in any major way on the
purposefulnes§ of the total space spending relative to other needs -~ e.g., needs
in other demanding societal areas; in federally-supported R&D as a whole; or
in other potentially exciting and rewarding major R&D areas such as development
~and exploitation of ocean resources,

In short, since the initial decision to create NASA and make it respon-
sible for the Mercury program, it has not been necessary for the U.S. to make
any really difficult choices and decisions regarding space programs. The situa-
tion has begun to change recently. We can anticipate that for the issues
surrounding the national space program the period of relatively painless decisions

is over,
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Somewhcf apart froﬁ, but nevertheless infir;rmaigely related to, those
questions external to the national space program, there are likely and possible
courses internal to the national space program during the next decade which
may well surface hard issues. These issues are raised by the possibility that
the NASA and DoD programs in the next decade can involve some major, strong
components which have, or appear to have, increased commonality of purpose
and greater intersection of development paths. Such a possibility would sharpen
the questions of coordination and avoidance of unnecessary duplication in the
two programs, particularly if overall funding constraints are imposed.

For example, in the next decade both programs may involve these
strong, technically related, components.

a.  Primary emphasis on earth orbital missions in general, and
particularly on:

b.  major manned earth orbiting system developments, and

c.  continued development of earth orbiting systems for
practical utilitarian social and economic benefits.

a. might follow particularly from a plan to discontinue or severely limit
manned lunar exploration following the fly-out of the currently funded program,
but will in any case be a major feature of the next decade's program. E might
correspondingly follow from a plan to immediately concentrate on space

station development, via the Apollo Applications Program (AAP) and follow-

on programs, during the period in which the DoD Manned Orbiting Laboratory
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(MOL) is operational, after fly-out of the current Apollo program. c. will
follow from a continuation of present development efforts, in which, as the
1967 PSAC report notes, both DoD and NASA are already active,

Conceivably, hard decisions may have to be made in the next decade's
space prog}ams in this context, if funding justification becomes more at issue.
In this case, it is not clear that the coordination and review mechanisms
described earlier have really been’ tested in this role. In a sense, the situation
has been one which more nearly allows a non-interference pact, rather than
one requiring authoritative and explicit development of a comprehensive
national space program, Such an authoritative program, to excerpt from the
description of the role of the Space Council, would typically assign responsi-
bilities, provide for effective cooperation and specify allowed concurrent
activities, and resolve differences among all departments and agencies —-
all in the facé of heightened budget scrutiny, or fixed, tight budget levels.

It should be emphasized that development of a program under these
latter conditions is not easy, and is very often far more complex a process
_ than generally appreciated. The process requires a painful accommodation by
at least one institution and generally means postponing achievement of some
otherwise desirable or attractive objectives and compromising on capabilities,
for a time. Each institution naturally wants to preserve its owﬁ plans and
programs intact.

In large programs, proposed changes which at first glance appear
plausible, often prove to be inefficient or ineffective once confronted by the

hard realities of the present. For example, a proposal to fly a few spacecraft
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by a cheaper booster (e.g., TITAN lll-class) than the one originally assigned
(e.g., Saturn-class) is economically unrewarding -~ if it turns out that one

needs to purchase the ﬁroposed (albeit cheaper) booster, while one has already
paid for and stocked the original (costlier) booster. Unless one aliows for

such phenomena, intermingling of programs is not only difficult and inconvenient,
but can prove to be more costly for a given compromise of objectives. Inter-
mingling of major programs usually requires not only the decision to do so,

but also, to be useful, a carefully laid-out, generally multi-year, plan des-
cribing how one reaches the end state by a phased transition. The decision

to intermingle cannot be taken lightly; it is not a simple decision.

But the point nevertheless is that such a decision, and at least an
exceedingly scrupulous examination of its merits and penalties, could be
forced by further actual retrenchment or intensified questioning of space
expenditures. Tighter space budgets can highlight the issue of whether a given
level of total national capability in space can be reached more readily by some
progrém mingling in the next decade. So far there has been no real test of
an effective governmental mechanism to resolve major issues between the planning
and programs of NASA and DoD. The difficult choices which might have to
be made are neither purely scientific or purely budgetary. Whether any one,

- or all together, of the existing coordination mechanisms has the muscle to serve
. as penultimate umpire should be considered; if not, as one step, enhanced
responsibilities, perhaps statutory changes, might be appropriate for existing

groups, such as the Space Council and OST/PSAC.
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In any case, it is improbable that the NASA and DoD programs could
be completely intermingled. They would almest inevitably retain sepc;rcfe
identities as largely "6pen-civilian" and "national-security oriented" programs.
It would be difficult to conceive of a justification for a classified program
of interplanetary probes, or, conversely, for releasing the products of some
kinds of observation satellites mentioned earlier without preliminary screening
for national security information. The advantages of having both kinds of
effort are apparent.

On the other hand, one could at least conceive of opportunities for
intermingling of some programs based on earth orbital operations,or of shared
or combined employment of some resources in those programs. These opportuni-
ties include, but are not limited to, the manned orbiting systems in the offing --
the NASA AAP and the DoD MOL: Both problems and opportunities are

abundant, including (typically) these examples, singly or in combination:

o ‘€ommon launch vehicles

o common range employment

o common spacecraft elements

) adapters, allowing for use of one spacecraft on several boosters,

or for one booster to be used with several spacecraft
o common procurement cycle
o common test facilities

o common subsystems
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o common ground facilities and support (e.g., tracking and recovery
systems; Houston and Sunnyvale facilities; astronaut training program; bio-
medical programs and facilities; etc.)

o common, agreed-to standards and procedures (where appropriate)
for classification and de-classification of hardware and results, and for appro-
priate partitioning of open and classified aspects of activities

) appropriate methods/for conducting open and classified operations
in common facilities

o shared management personnel

Some of the questions here implied have been or are being asked, often
with indecisive or negative results, principally because the necessary planning
has not been sufficiently comprehensive. But not enough effort has been
devoted to defining many such questions adequately, much less to soliciting
answers for them in a contfext of severe fund shortages and many other claimants
for support.

It is possible, of course, that a more careful examination of the questions
could show benefits or opportunities for intermingling to be limited. Some U.S.
space launches will remain classified as long the Soviet Union maintains its
private mystique of space operations, and that seems likely to be a considerable
time. Other launches, particularly of manned missions, almost certainly
- will continue to attract a great deal of public attention. Simple prudence
requires that some military opfio;\s for space operations be maintained so long

as there is reason to believe that another power could or would exploit space
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for military purposes. But it would be desirable to identify, to the extent
possible, cases where it might be in the overall national interest to utilize for
the whole space effort items from the military inventory. And might there not
also be some merit, for example, to making the undoubtedly superb facilities
at Houston responsive, to the extent possible, fo the entire national space
program -- military as well as civilian?

There is one other motivation for considering some intermingling of
a civil space program with a military program. Notwithstanding the risks
and uncertainties of space science, NASA has established an excellent reputa-
tion for bringing in its major programs more or less on time and at prefry near
the predicted cost. Some other U.S. programs, for reasons that are not well
understood partly because there has been a reluctance to investigate them in
detail, seem consistently to understate technical difficulty, costs, and schedules.
Whether NASA's unusual success is because of civilian management of individual
programs, a greater organizational rapport, better personnel, or some more
obscure factor remains to be determined. Nor is it evident that the military
space program so largely conducted behind security blinds has the shorfcomings
of some of the more generally publicized military developments. There are
indications that the classified Air Force space program is somehow more
efficient or more effective than the usual run of military research and develop-
ment. Still, the several possible advantages of some intermingling of portions
of the military and civil space programs certainly include a possibility of
more attractive project outcomes. In any event, the consequences of such a

move certainly ought to be considered.
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2. TECHNOLOGICAL IMPACT, EXPLORATION, AND SCIENTIFIC
OBSERVATION AND EXPERIMENT

In large-scale programs with a mixed content of science and teAchnology,'
two basic kinds of deciéions can be made which relate to advancement of sciencé
and technology, and to exploitation of technology.

One kind of program is a broadly based program which tries to extend
both science and the 'rechnélogicql state of the art quickly, and which fries
to achieve various benchmarks of capability and development in a schedule
which is not rigidly fixed and which can accommodate new opportunities and
maintain progress rapidly. Such a space program would be one which advances
step-by-step, each step firmly based before undertaking the next. In such
a pr;grum a relatively high premimum would be placed on basic research,
applied research, and advanced development efforts.

Another major kind of program is one which sets as a goal the achieve-
ment of a specific mission within a given time period. Such a program generally
must rely on exploitation of available technology, rather than on exploitation
of a number of serial developments. In such a program, a major, specific goal
can be attained more rapidly, as a general rule.

Prior to undertaking the Apollo assignment, to be accomplished by a
given time, the NASA program was generally of the first kind. With the
Apollo decision and the commitment to a lunar landing by 1970, the prepond-
erance of the NASA effort shifted to a program of the second kind, although
significant portions of the effort remained of the first kind. But,by and large,

the NASA program had its major technological impact and thrust in generally
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superb system engineering exploitation of technology, even in much of the
unmanned space vehicle work. A concomitant result was the rofher secondary
emphasis on trying to maximize the scientific content of the program.

The Apollo mission, and its achievement within a given time frame,
required very major exploitation of available technology for its achievement.
In addition, the decision to adopt the all-up testing philosophy -- which was
required because of the exfremely’ demanding schedule for Apollo within the
alloted funds -~ also provided both opportunities for, as well as necessities
for, exploitation of state-of-the-art technology. Consequently, as has been
observed here and by groups such as the PSAC, the commitment to the Apollo
mission required an early and irrevocable commitment to available technology.

Apollo technology is therefore -- inevitably -- largely pre-1962
technology. In consequence, the Apollo program could not capitalize on
most post-|962 developments, and therefore placed less relative emphasis on
basic research, applied research, or advanced development. Advanced
development in the NASA program as a whole had to be a matter of secondary
emphasis.

The fact that the largest single effort in the NASA program had to be
based on exploitation of comparatively early technology had a number of
consequences. It meant that the advancement of the technological state of
the art could not be a predominant condition or major output in the NASA
program. By and large, fherefére, there were fewer: opportunities to advance

technology, and to diffuse this new technology into other areas, than would
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otherwise have been the case. Consequently, one should not have anticipated
a great deal of new, innovative technological spin-off from the bulk of the
NASA program. It should not be surprising, therefore, that it is difficult

to cite the diffusion of new technology into other areas as a major return

on the Apollo investment.

NASA has done a conscientious and thorough job of documenting its
principal technologies for the use ;)F others, via its technology utilization
program, which provides summaries of new ideas, innovations, and new tech-
niques. Applications useful to others have ranged over a wide spectrum, from
employment of bio-medical instrumentation to adoption of NASA manufacturing
techniques. While there are a significant number of such application possibili-
ties for NASA technology, it appears most difficult to justify claims which have
sometime; been made that the development and diffusion of this NASA technol-
ogy has in any major way, or entirely, justified the expenditures in the space
program. Given the fact that the Apollo commitment required utilization of
early technology, this should not haveibeen expected, nor is it in fact the
case. For example, emphasis in space program subsystem design on performance
peaking for limited periods of time weighs against immediate civil applications,
which typically require peaking in terms of low cost and long life.

The emphasis on the Apollo undertaking in the NASA program also
implied that hardware off-shoots which had possible military-related use would

be introduced at a slower pace, since, for example, the development cycles
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of much military hardware would be mismatched with the development cycle of
major Apollo equipments. Consequently, while the major thrust of the NASA
program of the last decade -- the Apollo undertaking == is a superb example
of the most rapid exploitation of engineering knowledge possible, the selection
of such a demanding mission, to be accomplished within the given time frame,
also shows some of the dangers of such a primary goal orientation. In terms

of the magnitude of the mission cm/d the possibilities for realizing it, the
Apollo commitment represents foresight of the highest degree, in that it
undoubtedly represents a very narrow intersection of the most demanding mission,
in every sense, and the most demanding time frame. It is scarcely conceivable
that more could have been done in such a giant step; in this sense, the goal
and the schedule were ones which others would find most difficult to achieve.
One conséque'nce of the decision, however, was that rapid and broadly-based
development of many new technologies, as contrasted with the very powerful
exploitation of an early stage of technology, was not to be expected.

For the next decade it would again be possible to select a very major
mission goal and emphasize a program of the second kind. But there is also
now an opportunity to make a new basic decision, to place more relative
emphasis on advanced development programs, of a sequential nature, along
a broad technology front. The probable implications of such a decision to
 shift more relative emphasis to advanced development would seem to be that
more new technology would in F&cf be created and developed, and that one

could anticipate greater spin-offs of this new technology.
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A consequence of such a new decision might be that more relative
emphasis on advanced development would possibly constrain the chances of
accomplishing a very major new mission in the shortest possible time period.
The analogy might be that if, at the start of the current decade, we had
selected a program of the first kind, we might have, among other things, been
capable of achieving the Apollo mission by the mid-70s, but certainly not
much earlier, Whether such an e>/<fended program, conducted as a series
of sequential developments, would nevertheless produce more capabilities -~
in the long run - than the consecutive selection, decade-by-decade, of very
major mission goals is arguable, but is not inherently implausible.

Another implication of greater relative emphasis on advanced develop-
ment programs would probably be that more direct input into both new civil
needs and milvifury space needs might be provided.

Exambles of advanced development objectives would include the
development of a class of much lower cost boosters. While the present stable
of launch vehicles in both NASA and DoD is adequate for most conceivable
missions well into the 1970s, there are major implicafi.ons for many kinds of
programs to the development of much cheaper boosters. One can argue that,
based on present projections of booster utilization, the development costs of
a much cheaper class of boosters would not be recovered for a period of five
to ten years. But such a development program would at some period in time
clearly begin to pay for itself. {Also, because the projections of space traffic

reflect at least an implicit accommodation to the currently high launch and vehicle



b4~

costs, the development of a much cheaper class of vehicles could well foster
far more traffic than it now seems reasonable to project. In any event, one
attractive undertaking for the basic research and advanced development compo-
| nent of the NASA program in the next decade would be to build towards a

new class of launch vehicles (and perhaps spacecraft), with emphasis on
increased toughness to allow cruder launch operations (if necessary), but

with primary emphasis on attaining much cheaper launch costs to get into orbit.
A wide range of technical possibilities exists for such a development goal,
including reusable boosters, atmospherically assisted vehicles, other propulsion
developments, cheaper and cruder structures, etc. In the fong run, such
developments would be desirable for both NASA and DoD.

Another major development area is the building of spacecraft with
much longer lifetimes. This implies new concepts of subsystem design and
construcﬂon,vand new goals for reliability. Again, such developments would
find civil and military use. Some important kinds of application satellites,
in particular, would benefit from these developments in the direction of much
greater cost effectiveness.

Another type of program which is beginning to provoke interest in many
application areas, civil and military, may be the case of remotely manned
~ systems. The possibilities of these have been dramatically exemplified by
the success of NASA's Surveyor vehicle on the moon in successfully nudging
a piece of hardware into action, in a controlled way, on command and with

human direction, from the earth. These systems use a human operator to
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control, manipulate, and observe the action of remotely located automated
devices via communication links between the human and the device. NASA
has further strong potentials in this area via some of the dev;alopmenfs invelved
in the lunar mission receiving and decontamination area. Progress in remotely
manned automated hardware systems -- "tele-effectors” =~ may be one of the
most potentially useful products of the space program. Such devices could
find major applications in many hazardous activities. These devices provide

a very interesting intermediate alternative that falls between manned under-
takings and unmanned, fully automated, undertakings, with some virtues of
both manned and automated capabilities, [t is conceivable that this kind of
remotely controlled "effector” could find high utilization in the domestic sector
as well as in the space and national security areas.

Finally, if the NASA space program in the next decade places more
relative empHcsis on a variety of advanced developments, and less relative
emphasis on the accomplishment of a single major mission, there is less risk
that in periods of tight budgets and unexpected demands for funds the smaller,
but technologically very attractive programs, would starve for funds to maintain
the overriding priority assigned to the single major mission goal.

The mission-oriented component development, system analysis, and
system engineering expertise of NASA organizations naturally makes the
organizations attractive candidates to work on other, non-space-related
tasks requiring such expertise and a mission-oriented sense. Many such tasks
are being undertaken by organizations with fewer capabilities. A com-

plete or major assumption by a NASA organization of such a new mission would
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be contingent on the virtual disappearance of a current aeronautics- or space-
related mission. Such a disappearance seems neither desirable or highly likely. -
On the other hand, some diversification can have attractions for both the
organization and the new client. There are precedents for such diversifica~
tion by contract assignments of research. For example, the Interior Department
has contracted R&D work to the AEC, the NBS, and the Bureau of Reclamation
and has been very pleased by the outcome. Opportunities certainly exist

for NASA organizations to do similar work.

As in the case of technology, basic NASA program decisions have
strongly influenced the scientific content of the program. In the general
activities of exploration, scientific observation, and experiment, one can
partition missions into two very general classes.

Earth orbit missions will continue to have the greatest relevance to
national secu-rify, and will also tend to have the greatest chance of economic
payoff. Deep space missions, conducted by lunar and planetary exploration
vehicles and interplanetary probes, would tend to have the greatest relevance
to science and discovery.

This partitioning is insufficiently precise, of course. Orbital astronomy,
for example, has great potential for basic findings in science and new discoveries;
satellites also permit some other unique experiments and observations. It is
possible that probes or vehicles which orbit bodies other than the earth might
develop information which would have an ultimate economic payoff. But

generally, the partitioning would be as indicated.
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To the extent that the space program has produced significant new
scientific findings so far, the deep space missions have been prepondewranfly
responsible.  This un&oubfedly will hold true in the future. The
major opportunities for enlargement of this effort are emphasized 4in s;veral
reports by the scientific community, most recently by the Space Science
Board of the NAS. This area is also one which is both the subject of very
active scientific competition by the USSR, and an opportunity for multi-national
collaboration.

Because, in times of budget stringency, there might be a tendency to
concentrate support on activities which have either the greatest major mission
urgency or the greatest apparent chance of economic payoff, considerable
extra attention and emphasis should be placed on support of deep space missions,
because there the potential for new science and new exploration discoveries
is high and will continue to be so. At a time when maintaining an adequate
program of basic research is a part of a general national problem, it may
be difficult to sustain such an emphasis on missions which tend to return abstract
- knowledge of no obvious relevance to the pressing problems of society. Main-
taining this emphasis will require constant effort and should be a more significant
consideration during the next decade than it has during this decade. These
missions require continual new inputs of technology and relatively long lead
times. They are therefore correspondingly good spurs for the development of
new techniques, as well as being highly attractive and productive opportunities

for important new scientific findings.
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Greater emphasis on the deep space missions would also make it desirable
to bolster the system engineering resources of the NASA spacecraft development
organizations by enlarging the total capabilities for scientific research, planning,
and analysis.

Numerous experiments have been carried out in the manned missions.

But these missions have necessarily given primary attention to demonstrations
of vehicle capability and physiolc;giccl experiments to determine the ranges of
human reactions and capabilities in the space environment. Other mission
objectives have been secondary in priority.

However, it should be emphasized that a comprehensively designed
space program in the future should encompass plans for both manned and
automated experiments (and the intermediate case of remotely manned experi-
ments) cppropﬁate to the purposes, complexities, costs,and hazards of the
experimenfqliobiec’rives. The situation is not one which now requires an either/
or decision to be committed to as an enduring binary choice.

The experimental support of applications satellites, including those
designed for national security needs, is probably most effectively done by
mission-oriented programs in the context of the actual intended use.

As remarked earlier, the space program as a whole during the last
decade has had a relatively small output of basic scientific knowledge consider-
ing the total space expenditures during the last decade, when compared with
the basic science and research supported by the expenditures of agencies such
as the NSF and the NIH. One of the cited extenuations is the emphasis

accorded the manned lunar mission. Another is that there are relatively few
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opportunities for quick and flexible accommodation of experiments on space-
craft. If there were more possibilities for this, analogous to the quickﬁ reaction
capabilities emphqsizea on occasion in DoD R&D programs, it is probable

that scientific interest in the conduct of space experiments would promptly
grow. Inany case, opportunities certainly will arise during the next decade

to increase the emphasis on exploration, and scientific observation and experi-
ment, even in a context of reduced levels of overall expenditures for the

space program as a whole,

3. ECONOMIC RETURNS FROM SPACE, AND POSSIBILITIES FOR INTER-
NATIONAL COOPERATION

Considering the fact that the space program has been in existence for
only about a decade, it is both striking and reassuring that useful economic
applications of space are already at hand, and that the future holds even
greater promise. A semi-public Communications Satellite Corporation has been
in existence for some time now. National programs in meteorology and geodesy
serving the needs of many groups are in operation. In the civil sector, the
programs in communications, meteorology, and geodesy are already beginning
to benefit the public. The military impacts of these kinds of capabilities
are also of major importance to effective operation; of our national security
forces. It is possible, even now, to make a clearly convincing case that
applications in the three areas cited are already highly effective and justify
the investments made in these programs.

A number of other application areas are rapidly coming into sight

in which similar promise holds. The aggregate of the economic returns possible
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from these applications in the next decade is difficult to assess quantitatively.
In some areas,we can already provide accurate estimates of the returnon
investment. In others,we can estimate within broad but conservative limits.
In some, the returns are promises at the moment -- but promises with a high
possible payoff.

There are several ways to categorize space applications, depending
either on mission, or on requireme;nts and techniques.

In terms of missions, there are two general classes of applications systems.
One deals with survey and observation of the earth, its local environment, and
its resources. Such systems would typically include applications to geodesy,
meteorology, resource assessment, and utilization of the oceans. The second
class would typically include applications to public communications, trans-
mission of data, and command and control of both civil and military methods
of transport.

But to categorize a system in terms of requirements and techniques
permits a better appreciation of the economics of the technological capabilities
which are available, or which are needed, to provide social benefits which are
fiscally attractive, compared with alternative methods for accomplishing these
objectives.

In general, the utility of satellite applications is proportional to the
breadth of the phenomena being observed and to the need for frequently repeated
observations. For example, in the field of meteorology, recurring global
surveys of the earth's atmosphere, or continuous surveillance by synchronous

satellites, provide data on the dynamic changes ‘involved in weather observation
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and prediction. Such global, timely inputs will clearly also be essential in
future attempts to modify the weather. ‘

Observation of the oceans is another example in which the dynamic
changes are relatively rapid and in which very large areas need to be observed
continually or repeatedly. Satellite applications seem clearly to have promise
of high usefulness.

Systems for observation of changes which take place over longer periods
of time, or in more limited areas, require more careful consideration of estimated
economic returns. For example, observations of forests and farmlands during
the growing season, hydrologic observations which affect that growing season or
which impact on power generation, etc., reflect changes occurring on time
scales of perhaps weeks and months. In this case, other observation techniques
could be and have been used (such as aircraft) and the determination of the
comparative economic potential of satellites then requires more precise
analysis.

Applications to geology and earth resource surveys, such as determina-
tion of the type, nature, and distribution of various soils over very wide areas,
can be, and have been, conducted usefully over relatively long time periods.
The phenomena to be observed change inappreciably with time. While there
is merit to rapid observational results, the actual time urgency of the data is
surely different from the previous cases. In this case, comparison between
satellite observation and ground or aircraft surveys requires even more care:
the potential returns from space vehicles relative to other methods of observa-

tion are a matter of some uncertainty and controversy. Here it seems safest to
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assume that several observational methods will remain in use. The complexity
of comparisons in this kind of case is exemplified by the preparation of the
detailed World Soils Map under United Nations auspices, representing some
3000 man years of work over about a ten-year period. Would a space program
have done as well on an equivalent investment?

Nevertheless, several conf;lusions seem clear. In the aggregate, the
returns on investment from space observations can total many billions of dollars,
provided the user community for these observations is properly prepared to
exploit the information from space -- which is an extremely critical point.
Second, many space applications are or shortly will become cost
effective compared with other technical capabilities, particularly in those
applications which, because of the dynamic phenomena to be observed, must
be conducted over very large areas in very short times. The comparison becomes
less clear-cut as the allowable observation time becomes longer and as the area
observed becomes smaller. Even in these cases, however, arguments for
the efficiency of the space application become convincing as the lifetime
or reliability of the spacecraft increases substantially beyond that now generally
experienced. This,in tur,implies that an extraordinarily high return can be
obtained from advanced development programs that increase the useful life
of such observation vehicles from weeks or months to years. Likewise, develop-
ment of very cheap launch vehicles and payloads would also be a highly rewarding
avenue for advanced development.

Third, one should expect that in some cases satellite applications will

at best complement other observation options, and not replace them; but that
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even here the "tying-together" capabilities of the safellite and its ability to
fill-in or up-date other observations may prove a valuable adjunct == provided
the satellite is cheap to operate.

The unique advantage of satellites which are used as communications
devices, and such applications as navigation, geodesy, and transport control,
is simply its altitude, which allows it to be in simultaneous contact with
many widely dispersed geographic points. That aspect of satellite operation
is unique and such satellites provide essential services which can only with
great difficulty, if at all, be provided by other techniques.

Here the advantages of the space system lie in the fact that for some
cost, which we try to minimize, we can realize essentially unique highly useful
services. Developments which emphasize very long lifetimes and/or inexpensive
methods for Iéunching the spacecraft again promise great benefits.

In fhé near future one can anticipate further exploitation of these
satellite communications means, in concert with other communication means.
An exciting area is the upcoming use of satellite communications (as one among
other means for information exchange) to serve specific social ends, an example
being the use of satellites to transmit instructional television and radio.

Another kind of program {again prospectively including satellite channels
among other means for information exchange) specifically keyed te clearly
apparent societal benefits is exemplified by the conceptual planning underway
for a Biomedical Communication Ne'rwork as part of the development of the

Lister Hill National Center for Biomedical Communications, under the aegis
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of the National Librory of Medicine associated with the NIH and the DHEW.
This network is to serve the medical community, broadly defined, with an
ultimate goal of enhancing the health services available to society. This
program also reflects the paramount importance of observing a fundamental
principle of dual emphasis in developing innovative applications programs in
general -- the necessary, strong, interactive, and concurrent emphasis during
development both on the component of technology exploitation, and on the
component of preparation and participation of the user community. The
technology component helps shape the realizable expectations of the user,

and thereby bolsters his confidence in, and acceptance of, the innovations avail-
able through the technology. The simultaneous component of user participation
helps select and focus on the preferred technology options which provide the
most effective user service.

Appli;ation satellites also offer an excellent opportunity for broadening
the areas of international cooperation in which the U.S., through NASA, is
already quite active. NASA has entered into cooperative arrangements with
more than 80 nations, involving such activities as tracking of space vehicles,
launching of international scientific satellites, flight of foreign experiments
on NASA satellites, and data analysis. Proposals have been made to develop
an international applications satellite project, and to divide responsibility
between the European Space Research Organization and NASA on major
projects and scientific investigations.

Some work has been done on cooperative U.S5.-USSR space programs

in the fields of meteorology, magnetic field mapping, communications, and space
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biology and medicine. While the output has been small so far, it is a basis
for new cooperative space programs with the USSR as relationships between the -
two countries improve,

Cooperation with countries other than the Soviet Union have not
eliminated unilateral space activities there. Europe maintains indigenous
organizations for launcher development and space research, and a strong interest
in telecommunications satellites, quite distinct from U.S. activities and the
U.S. proposals to assist these countries. That NASA could not fully satisfy
the needs or ambitions of friendly countries for space services was to be
anticipated, because to those countries national pride and the belief in the
value of indigenous space activities as spurs for developing research and tech-
nology are important factors, even though costs are threateningly high. In
addition, some uneasiness about the predominant strength of the U.S. in
activities suc-h as those involving the Communications Satellite Corporation
has led to new interests in developing unilateral capabilities in some countries
and groups of countries.

Nevertheless, the international arrangements which NASA has made
for space activities is an excellent and important example of the ability of
NASA to meet the objectives of fhe‘ 1958 Space Act.

International cooperation in application satellites conceivably could
broaden these international cooperative arrangements much further. A number
of applications discussions took place during the United Nations Conference

on the Exploration and Peaceful Uses of Outer Space, held in Vienna in

/
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August 1968, The conference provided an excellent example of both the
possibilities for, and some of the potential risks in, international space activi-
ties.

The possibilities inherent in the application of space systems to nations
which are less developed than the U.S. and the Soviet Union are clearly
great, and considerable interest was aroused in examining the benefits
derivable from space programs and the availability of opportunities for inter-
national cooperation in space projects, particularly in such figlds as communi-
cations, meteorological, and earth resource survey satellites.

The potential risks involved illustrate to a magnified ;egree some
problems the U.S. faces in defining new applications for its own satellites.

The benefits to be derived in many of these applications depend very sensitively
on the abilify. of the final user to exploit the data from the space systems.

This promises to be a significant problem for the U.S. itself in the near future.
But for the U.S. there is clearly an excellent opportunity to resolve these
problems during the next decade.

For many other nations, on the other hand, there is grave danger of
promising more than can be delivered. Unless careful precautions are taken,
an ironic situation could arise in which the relative benefits from application
satellites were greater for the U.S. than for less developed countries -- where
the need was greater. But at fhg very least, there are now many nations aware
of the basic potential for space applications. These nations, with U.S. assistance,
can prepare themselves to exploit such applications to understand how to evalu-
ate such programs for their own particular case, and to determine where

financial and training aid could be available.
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Overall, the possibilities for international uses of application satellites
as well as for U.S. domestic uses are certainly strong enough and attractive
enough to warrant significant expansion of planned effort in these fields, with
the exercise of particular attention to the user's requirements, so that he is
able to exploit the space data. Attention to the exploitation needs seems
to be lagging behind the current and anticipated availability of sensor hard-
ware and results from the space vehicles, even in the U.S. international
cooperative arrangements are particularly sensitive to these exploitation needs,
but NASA is completely prepared to cope with that circumstance. The
prospects of multi-national use of such satellites can also be expected to draw
sharper attention to the political and legal sensitivities implicit in multi-
nation global survey devices. In particular, the prospects could cause a
closer examination of the international policy guidance which was only rather
casually noféd in the 1958 Space Act.

In any event, the development of applications satellite systems offers
a highly promising and attractive area for substantially increased attention
in the next decade of the national space program. The area therefore warrants
a significant increase in relative emphcsisi. Depending on the development
progress, thi; could become a major component of the space program.

Finally, there is one other major possibility for international coopera-
tive arrangements which would be both an exciting and desirable employment
of space capabilities by NASA. The entire range of advanced developments

implicit in a serious program for application satellites would also be directly
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useful in the development of satellite systems to assist in arms control arrange-
ments. 7

This is a longer range possibility which could be confemplcfed only if
and when there were major progress toward an international agreement on arms
moderation. But should that happen, it appears that NASA could find a highly
rewarding mission in developing and operating arms control satellites under the
appropriate international agreements. Such a mission would be a singularly
fruitful combination of the basic technological capabilities of NASA and its
vigorous attempts to develop international cooperative ventures in space.

To recapitulate this extended discussion of how well we have achieved
the objectives of the 1958 Space Act in the three major categories noted, if
seems safe to conclude that these objectives of the act have been met to only
a partial or rat‘her limited extent in the current decade.  However, the next
decade providés clearly identifiable opportunities for much fuller realization of
those objectives -- objectives relevant to national security, new technology,
science and discovery, practical civil applications, and international cooperative
efforts.

Realization of those objectives will require careful and deliberate choices
from among all the new program options now open to us. But the central point
is that our space-associated technology is now rich enough to permit a conscious
selection of programs able, in the next decade, to achieve those objectives to a

far greater extent.
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Vi. A SUMMARY APPRECIATION: SPACE PROGRAM POLICY

With @ manned lunar landing attempt imminent, an era is ending.

It is time to discuss what the next decade of space enterprise should seek
to accomplish. We have the occasion to conduct the postponed debate of
the early 1960s, on the purposes and goals of the national space program.
Whatever implicit national priorities the space program had in its formative
years, national concerns, national goals, and national emphasis have all
changed significantly during the last descade -- and the space program needs
to be reviewed against these changes. Extended discussions by the Congress
and by the public, objectively reassessing and reevaluating the purposes of
and possible returns from space activities, are warranted. Preliminary

but detailed analysis of programs and resources should be stressed, even
while inevifuBIy emotional aspects of space activities are present. The
backdrop for the discussions should be the recognition, as a plain and hard
fact, of the continuing national commitment to space activities for both
civilian and national security purposes.

Whether concerns for other pressing national issues will obscure the
need for this debate, or limit its scope, is not clear. But whereas there
have been extended and .evident discussions of national security issues during
the last decade, there has been no correspondingly painstaking discussion of
the national space program. Now is the time fo begin it. The coupling
between the expectations of the public concerning the space program and

Congressional decisions by fund allocation needs to be improved and strengthened.
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The 1958 Space Act still provides general guidance for our space
activities; it is not clear that substantial reshaping of the Act is ei;her
desirable or necessary. But keeping in mind the implications of that Act,
we must, as a minimum, acknowledge that the next decade will probably
force harder decisions on the space program than in the past. Some partial
intermingling of NASA and DoD space activities may well be desirable, or
even inevitable, and its probable consequences should be very carefully
evaluated; and the implications of space activities for international coopera-
tive arrangements during the next decade could force more attention to those
international aspects.

The central issue at stake in any debate on future U.S. space activities
arises from the implications of the two most critical alternative decisions.
One such decision would be to reestablish a very major mission goal as a
focus for the next decade, something comparable to that provided by the
Apollo mission during the current decade. The other such decision (one
favored in this paper) would be to focus on a more balanced program, for at
least the early years of the next decade, thus initially emphasizing multi-
year plans for a number of advanced developments encouraging extensions
of science and technology along many fronts. Highly visible appeal
characterizes the first choice, with a concomitant need for an overriding
priority to reach the goal. The second choice may, in the long run, be
of considerably more benefit to the nation because it would probably

create a new fund of valuable scientific and technological knowledge.
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‘But to adopt if, and carry it to success, would require correspondingly more
careful planning and more detailed control. -

At the least,a debate on our space goals for the next decade would very
likely produce a generally acceptable description of the broad priority to be
placed on space activities as compared to other national priorities. The informal
decision making mechanism which establishes priorities by the end process of
funding allocations will still make/the final choice. For the space program this
decision making mechanism has operated in a more desultory and narrow way
than it need. The budget review processes and the fund allocation processes
now view the space program in unnecessarily disparate ways. But that decision
making mechanism can be enhanced by consideration of alternate space program
plans feasible of accomplishment within a range of space expenditures, and
with the run-out cost implications fully displayed by multi-year cost projections.
These several -plans could then be weighed by extended public discussions, includ-
ing the voices of Congress, the voices of the scientific community, and the
appropriate managerial and aaminisfrcfive voices, in an iterative process which
~relates plans, goals, and expenditures -- and other national needs.

If the decision is made to select some goal other than a single major
mission as a focus for the next decade's space activities, then a cohesive
multi-year plan relating a number of distinct space activities, with their
proposed goals and cost streams explicitly spelléd out, would logically become
the vehicle by which Congress could periodically review and update its space
priorities and emphasis. Presentation to and acceptance by the Congress of

such multi-year, phased plans would probably require more care and precision
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on the part of all the involved institutions, and perhaps heightened
organizational attention to plan preparation and plan approval thar; has
been required in the past.

The overall funding levels resulting from reevaluation of the space
program cannot realistically be governed by simplistic general rules. The
lessons of the spending projections at the start of this decade should convince
us of that. Then, informed public and private estimates of total space spending
projected for this decade varied by an order of magnitude, as did projections
for annual spending rate éf the end of the current decade. Simple formulas
for setting spending levels would not seem to have much application to a
space program defined in terms of desired results. Thus, it is unreasonable
to arbitrarily set space spending at some prespecified fraction of the gross
national product; nor can we set some peremptory funding level and assert
that it is warranted by the essentiality of retaining pre-eminence and
leadership in space activities.

The funding levels for the national space program, including both the
" civil and national security components, should be those established by
careful analysis of needs and goals, by careful consideration of individual
activities and their costs, and by the outcome of an informed discussion
of the implications of the resulting program -- implications for science and
discovery, for costs and resource expenditures, for applications, for national

security, and for prospective but genuine technological gains. Underlying
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this debate should be the understanding that, whatever its other aspects,
spending for a space program is already an effective mechanism for wide
diffusion of economic benefits.

A great variation in the range of average annual expenditure for space
activities during the next decade is unlikely, whatever the outcome of a
national debate on space program goals and resources. A proposal to limit
NASA to a modest unmanned safellite and space probe program, achievable
at levels of perhaps $1-1.5 billion a year, would be as unlikely of
acceptance as an early commitment to manned interplanetary exploration
that implied an average annual expenditure of $7-10 billion during the
next decade.* Lying between these exiremes are many significant and
important alternative civil space program missions that could be carried out at
average annual expenditure rates of between $2.5 and 5 billion. A program
operated at the upper level, for example, would permit the concurrent and
rapid conduct of both manned lunar explorations and major earth space
station programs. The lower level of annual spending on space would force
much harder choices.

In the end, it would not be too surprising if a base program of diverse
activities in the civil space sector, averaging over the next decade annval

" expenditures in a range of somewhere between $2.5 and $4 billion, turned

*For the sake of specificity, all funding levels in this and subsequent
discussions are assumed to be in terms of 1969 dollars. Year-by-year, actual
spending in the next decade would reflect slight progressive changes due to
inflation under this assumption.



out to be a quite readily justified, publicly acceptable compromise between
cost and comprehensiveness of the civil#space program, in the con’;ext of

other national needs, and considering the existence of a continuing military
space program. While expenditures anywhere in this range would strike

some as disappointingly low, such steady-state expenditures are very substantial
now that major capital facilities and other resources have Iargely

been provided for. The upper end of this expenditure range would reflect

the attainment of a high degree of public commitment, mirroring a carefully
reasoned plan prepared with a unified organizational dedication.

In addition, this base program would desirably be supplemented by other
space activities whose justification is of a different kind. One such activity
would be a dedicated prosecutionzof applications systems (not only spacecraft),
drawing on all appropriate national resources. Expenditures on programs that
plausibly promise an economic return on investment by socially beneficial
applications appear justifiable as add-ons, increasing the average annual
expenditure rate for the base program. Another special kind of add-on possi-
bility (for the largest launch vehicles) is mentioned later.

The military space program would continue to be judged, as in the past,
largely on the basis of its support of military operations and well recognized
national security objectives; its funding for this support would not be
expected to depart in any very major way from the recent trend. But if

seems timely to consider the possibilities of some intermingling of NASA
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and DoD activities, of the kind and for the reasons discussed in Sec. VI.
Otherwise it may turn out that the resources of one or both Progra;ns are
not adequately urilizea.

The dominant general considerations, then, appear to be:

o No major legislative revision of existing space legislation seems
necessary or is clearly desirable.

o Interest in the definition of a space policy for the next decade
should be high enough to support a public clarification of the issues through
a broad general discussion of goals, but there is no assurance that such a debate
will occur automatically.  Some stimulation of such a debate may be
necessary.

Lo The present space program, in both its civil and military aspects,
is being capably and effectively managed, and is producing precisely those
results demanded a decade ago.

o In terms of fully definable assignments for the foreseeable future,
one or both of the civil and the military space program resource base levels
may be somewhat larger than is entirely necessary, encouraging some inter-
mingling of these programs.

o The need for maintaining as a continuing, viable national resource
a space program base on which any of several conceivable future major enter-
prises may be built is self apparent.

Beyond these general considerations lies the problem of definfng some
specific activities which might be included in a national space program

during the next decade.
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Elaborate discussion of specific program features, options, and time
phasing is not the purpose of this paper. The composition of the national
space program as a whole, considering both its military and civil aspects,
would be highly complex in its technical details, and would be very
sensitive to total funding allocations and to the amount of intermingling of
some aspects of the military and civil programs. Existing space organizations
are best equipped to treat these matters. But a desirable general program
could include the followingjconsiderations:

1. A decision to select several mission-relevant, advanced-capability
development activities in the next decade as foci for emphasis, instead of
focusing in a single mission goal of overriding priority.

2. Within that program, placing.relatively more erﬁpho;i; on applica-
tions system development and exploitation; emphasizing the scientific content
of the program by providing for proportionately greater support of deep space
exploration and discovery missions; placing additional j‘e‘mphiasis on develop-
ment of long life subsystems; and placing greater emphasis on a specific,
large scale, major capability development -- production of a class of
cheap boosters applicable to several uses. There are enough technological
avenues for developing cheap boosters to make a hardware prototype
* competition among the several development possibilities an interesting
strategy. Shared sponsoring of the competition and development by NASA

and DoD would be plausible.
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Such activities, which can usefully be accorded relatively more emphasis
in the next decade, might require accommodation with any new manned
follow-ons not already underway and/or readily accessible within the next
few years. The accommodation should probably be made af the expense of
a mdjor new start on a manned follow-on, if the budget constraints are such
as to require thisgin the near term.

3. In manned follow-ons to Apollo, several options can be analyzed
now. The long term implications of such options clearly require very care-
ful and detailed technical assessment; a single option, or several options
together, could be pursued. These options include extension of the manned
lunar exploration capabilities; continuation or expansion of the Apollo
applications programs as now conceived; a follow-on major space station
undertaking, leading to a large, multi-man, semi-permanently operable and
inhabitable station; and some intermingling, for at least a significant part
of the next decade, of manned orbiting capabilities developments already
underway in NASA and DoD. This last option would of course still allow
separate and distinct NASA and DoD flights.

One relatively _simple decision might be to undertake no new major
space station commitments beyond those available via the Apollo Application
Program (AAP) plans and Manned Orbiting Laboratory (MOL) plans, or through
some combination of objectives and operations in these two development
paths, until one or both of two critical factors become clearer. One

factor is the prospective availability of cheap launch systems which also
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have alternative uses as shuttle, fueling, assembly, and replenishment craft
for very large space stations or departure stations. A second facf;>r would
be acquisition of more objective knowledge about the true dimensions of
the necessity for manned involvement in a number of space activities
(recognizing, of course, that some possible manned space activities can
involve man's presence for extended times). The first factor would be
illuminated by the advanced development program for cheap launch vehicles.
The second factor can be illuminated adequately, if not to everyone's
complete satisfaction, by experimental possibilities already inherent and
exploitable in AAP plans and MOL plans, or in an intermingling of these
plans. By the second half of the next decade, these factors could lead

to a program encompassing major, manned space station developments, or to
one of several other possibilities.

It is already clear that there are good reasons for continuing a substantial
program of manned space activities into the forseeable future. Therefore it is
useful to note that not all of the options mentioned above would be fore-
closed even at the lowest probable support level for the civil space program,
although some capabilities would have to be foregone.

4. A fourth feature of a reasonable and responsible program for the
next decade would be to maintain production of the very largest NASA

~ boosters by either continuing production at a modest level, fellowing-on
after completion of the currently funded program, or by a surge of more

rapid production and stocking during the next few years. The availability
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of some limited number of these boosters (and some associated spac_ecrcﬁ)
would provide a continuing and enduring capability to undertake the
manned follow on options just noted, as well as some possible unmanned
‘space missions demanding unusual Vperfrormance. Stockpiling would also
protect against the undesirable aspects of giving up an existing capability
by default as a new Soviet super booster -~ said by NASA to be under
development -- becomes available and begins to achieve missions. It
would seem sensible and reasonable to decide now to continue production
of the largest NASA boosters until perhaps 10 to 20 of them became
available, in addition to those already funded, as a capability reserve.

This decision should be frankly viewed as a primary hedge against
the possibility of major destabilizing Soviet undertakings, even if few
specific plans for using the NASA boosters can yet be detailed. In any
case, the decision would lessen the possibility of an unduly chaotic fransition
period as the reassessment of the national space program progressed and its
future course emerged.

5. In addition to some of the intermingling possibilities for the NASA
and DoD space programs already suggested, a general review could profitably
be conducted along additional lines noted in Sec. VI. This review would
jhave to consider the consequences of time-phased program intermingling
over an extended period. That is, reasonable intermingling would almost

certainly require a transition period spanning several years if it is to be a

responsible strategy.
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The implications of a general program encompassing some of the suggestions
of the five previous items would make it highly desirable to take some actions
and make some decisions in time for FY 1971 program reviews (for example, in
the case of continuing launch vehicle production); in addition, should a program
of this sort be seriously considered, it would probably be useful to review the
compatibility of such a general program with the range and types of options
associated with the already disclosed FY 1970 NASA program and budget pro-~

posals.
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VII. NEXT STEPS FOR ANALYSIS IN DETERMINING
SPACE PROGRAM POLICY

The previous discussion of this paper has concentrated on some of the
decisions needed to validate or reformulate our national space policy for the
next decade. Two general aspects of the decision process have already been
emphasized: (a) the need for continued development of cost and schedule estima-
tion procedures, to display mulﬂ-);eor cost streams for accomplishment of
individual space projects proposed to be undertaken. Availability of improved
procedures will be highly useful and important, no matter what the character or
composition of the national space program is. (b) The desirability of an extended
public discussion to help shape space program policy for the next decade. As
has been noted previously, key issues in such a discussion are neither purely
scientific or purely budgetary; the space program is of particular imporfance
precisely because it intersects so many nationally important issues and inferests.
To lend focus for this effort, starting points for such a discussion could be con-
sideration of a range of alternative proposals for space programs, formulated by
those key organizations and individuals responsible for planning, execution,
or review of various portions of the national space program.

To support and complement such a public discussion (a discussion which, as

observed previously, may require some stimulation), concurrent analysis efforts
could be highly useful. Some of these analyses would be more qualitative ones,
providing background and c ontext for consideration of the national space program;

other analyses would be quite quantitative, and in the spirit of the PPB system
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within which NASA and DoD are now asked to plan and propose their programs.
We can order these analyses in several categories:

A. National policy issue questions, in which questions of space policy
play an important role.

Here it is probably useful to begin with a note of caution on the
intensely interesting question of space versus non-space programs. One can ask:
"Judged by some priority ranking §f national efforts, and constrained by fixed
budget levels, could some of the current expenditures for space be more bene-
ficially assigned elsewhere?" The quick and honest answer to this is: "Possibly ==
but we can't really be sure.” One reason for this is that there is no such national
priority ranking, as remarked earlier, and no evident way of generating one,
Hence there is no readily apparent public policy mechanism which would permit
such a iudgmeﬁf to be quantitatively and unequivocally made to everyone's
satisfaction. 'In the absence of such a ranking, it is necessarily uncertain, for
example, that $1 billion transferred from space to urban renewal produces a
net societal "gain" for the U.S. as a whole, anymore than it is cerfain that a
transfer of $1 billion from farm income stabilization to education, or a transfer
of $1 billion from ground transportation to economic opportunity programs, or a
transfer of one-half the funding of high~energy physics to ocean farming, would
produce a net societal "gain.” All present claimants for federal funds can avert
some urgent legitimacy to their claims; in each case, a substantial public con-
stituency is involved. In fact, r;eifher economic theory, nor any other technique
for making value judgments, is currently capable of measuring net societal "gains"

in such transfers, although such "gains" would be claimed to be obvious by some
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public sector in each case (these same circumstances make it equally, if not
more, difficult, of course, to argue that transfers to the space program will pro--
duce net societal "gains").

Accordingly, it would probably be unwise to expect that, as a
general rule, one could bolster the qualitative and informal judgments, provided
through informed intuition and experience and already at work in comparing
space and non-space expenditures, by significant or wholly convincing quantita-
tive arguments. That is, one would likely have to be content with plausibility
arguments in answer to questions of whether there is a "natural” budget level
for the space program, or a budget level for the space program which does not
"ynduly compromise" aftacks on more clearly socially relevant national concerns,
etc.

There is, however, one question of considerable potential background
interest in an); discussion of space versus non-space programs which is susceptible
to rather quantitative analysis. The space industry is highly labor-intensive -~
there is a heavy use of manpower relative to the cost of the product, and there

“are undoubtedly rather substantial secondary employment effects on other industries.
A ratio of the order of $13,000 to $15,000 in governmental spending per employed
worker, and in turn the secondary impacts of the subsequent spending, would seem
already to represent a rather good diffusion of economic benefits throughout the
civil sector -- an economic flow which it might be difficult to improve on. It
appears possible to trace fhroughlfhis flow in some detail and to compare it with
several other spending inputs into the national economy, to get a measure of

the relative performance of space spending vis-a-vis other governmental expenditures
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in terms of the breadth of the impact of such expenditures in the national
economy.
B. General questions of space policy.

Here there are at least three questions of choice which have both a
strong operational flavor and a substantial economic impact. In these three
questions a significant amount of quantitative analysis can be undertaken.

1.  We have argued for a long-term commitment to a national
space program, once the basic character of the program has been decided on.

A long-term commitment not only permits much more effective planning, but is
also an explicit recognition that enhancing the returns, in an economic sense,
from the space program requires a protracted and broadly based effort extending
over many years which considers many factors not directly related to the space
program per se.

Many of the most difficult problems involved in making this
come about lie not so much in the aerospace devices and techniques themselves,
as in insuring that the relevant civil or governmental sector can capitalize on or
effectively exploit the available knowledge and information. This implies that
studies of the economic impact of the space program must consider the total
mechanism by which a potential user of space derived information can directly
and efficiently relate the information to his needs, and in turn implies a consider-
able broadening of the economic return studies performed to date.

Also, whether ;r not technological fallout can have been a

central justification for investment in space enterprises in the past, there seems



~95-

every reason to believe that careful studies will indicate that a different and

more directly useful technological fallout would likely follow after development’
of space systems that more powerfully emphasized long-term cost-effectiveness
considerations, rather than performance effectiveness alone (as has generally been
the case in the past).

In short, support for a long-term commitment to a national
space program could be powerfully influenced by the availability of studies such
as those indicated.

2.  We have emphasized previously at some length that study of
the operational and economic aspects of some degree of program mingling of the
NASA and DoD space programs seems highly desirable. Here we will merely
reiterate that such a study is both highly important and largely susceptible to
quantitative avnolysis.

3-. It is obviously difficult to judge the probability of some active
space program cooperation of significant magnitude between the U.S. and the
USSR during the next decade. Nevertheless, it would seem useful to study in
broad outline the possibilities for enlargement of space experiment capabilities
and/or cost reductions inherent in several different assumptions of the lével of
such a shared space effort.

C. Questions of space policy which impact strongly on science and
technology, or on general R&D strategy.

Here we are considering primarily two major questions internal to
the space program. These questions will necessarily involve considerable com-

ponents of qualitative judgments, and are not fully susceptible to rigorous
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quantitative argument. Further, there will be many shades of opinion on these
questions.
We have argued two points in this paper:
1.  That there would most likely be a net long-term advantage,
in the breadth and scope of the space capabilities ultimately achieved, as well
as in the indirect technological impacts of the space program, to a space program
structured around several major de\;elopment activities (but developments which
are mission-relevant), rather than one which chooses as a focus a single major
mission. We have noted earlier some of the.development courses which appear
attractive. It would seem cnhpropriofe to study in some depth the advanced
developments now accessible to our space program, since it appears that our
technology is sufficiently mature to provide many interesting future development
opportunities. |
2; That selection of a program putting more emphasis on selection
of advanced development activities will also enhance the overall scientific and
exploration returns from the space program. This seems intuitively eminently
“plausible (if for no other reason than that such a strategy decreases the pressures
to compensate for the inevitable cost and schedule perturbations experienced
by most major programs by conversion of "secondary" program resources to support
the "primary" program), but this conclusion could be analyzed in more convincing
detail by studies drawing on other historical experience.
It would perhaps be <.:n interesting study in this area to explore the

possibility of structuring a total program which has a mix of both advanced
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development activities and a major mission goal (but with considerably more
relative emphasis on the former and substantially less relative emphasis on the
latter, contrasted with the comparable non-Apollo and Apollo-oriented programs
of the current decade), since the proponents of the single major mission approach
will argue, with some justice, that a single major mission goal provides a strong
focus for a concerted orgcniza’rionql thrust,

D. Questions regarding the direct economic returns from space activities,
and the developmental and organizational implications of steps to realize such
returns most effectively.

Many of the important questions in this area are even now susceptible
to rather quantitative analyses via techniques already employed in PPB studies,
and the attainable precision of such analyses will surely increase pronouncedly
in the near fufure. Several kinds of specific studies seem desirable:

1. Studies which determine how best to enhance further those
space applications which have already achieved some significant operational
capability. For example, if agriculture is to benefit in an important way from
the global meteorology provided by satellites, an expanded meteorological
satellite program will be essential; and other vital elements —- not yet f)rovided
for -- include the ability, using the satellite inputs, to furnish accurate multi-
week forecasts by a suitable prediction model, and the capability to produce
and disseminate such forecasts fo.fhe user, the farmer, quickly and effectively --
perhaps on a daily basis. Such considerations suggest that, among other things,

an important part of each and all of the economic benefit studies will be to
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determine to what extent the space program should subsidize the development
of the user's exploitation capabilities.

2. Studies which will help choose among the potential future
applications activities in some order of priority. One method for doing this is
that described in Sec. V —- to assess possible space systems in terms of user
requirements, and to place priority on those systems which either meet such
requirements in a unique way, or which promise "cross-overs" (in terms of costs
to achieve given performance or benefits compared with alternative techniques
to meet the user's requirements) in the relatively near term or within relatively
accessible technology.

3.  Studies which identify and relate both the user's detailed
requirements and the cost (ina general sense, the present user resources which
the user would be willing to transfer to space applications, or the additional
resources whi;h the user would be willing to utilize to exploit new capabilities
from space applications) to meet those requirements. Requirements need always
to be measured against the costs to meet them. For the space systems themselves,
 these studies would provide guidelines for the technical boundary conditions
(e.g., in earth survey systems studies one would produce guidelines on resolution,
timeliness, lifetime, etc.), as well as for the R&D costs and schedule.

4.  Studies which describe the mechanism by which the user's
steady state demands can best be satisfied. The preceeding three kindls of

studies will define and identify, at least in a preliminary way, the following:
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a,  An ordered list of space applications which it makes
sense to develop.

b.  The total system involved (e.g., including that part
of the system which permits the user to apply the space-derived information
to his direct requirements).

c.  The costs which must be borne by R&D programs, and
the costs which the user should be willing to assume, based on either replacement
at a lower cost of existing user techniques or the user willingness to assume new
costs to achieve hitherto unavailable capabilities.

d.  The schedule of effort required to make the space
applications self-sustaining (i.e., what has to be done to induce identifiable
users to assume the steady state operating costs of the particular space systems
involved).

With the information of a. through d. available, it will be possible to consider
the operating arrangements preferred to manage any particular space applications
program. It would be assumed that the necessary space R& D would in general be
undertaken by the existing space organizations. Differences in operating arrange-
ments could well result from different kinds of users (e.g., arrangements by civil
airlines to utilize air traffic control and navigation satellites could presumably
substantially differ from those employed by ACDA to utilize any prospective
satellite arms monitoring systems).

Several kinds of space applications operating arrangements are

conceivable:
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o Operation by an existing governmental agency (e.g., as the
Weather Bureau now does).
o Operation by a semi-public organization (e.g., COMSAT).

° Operation by an existing commercial contractor (as is in
effect done in some cases where the government is the user).

) A flexible operating arrangement, where the system is developed
in a turn-key fashion, with the intention of transferring oper-
ating responsibility to an organization other than the R&D
organization, but where the selection of the operating organi-
zation can be deferred initially.

In general, there would seem to be merit in ultimately maximizing to
the practicable, legally allowable extent the role of the private sector in operating
applications systems for the benefit of the private and governmental sectors.

Space applications systems can most plausibly be considered to have come of age,
in an economic sense, when they can be viewed more as commercial enterprises

displaying sound returns on investment rather than primarily as exotic and glamor-

ous technical tours-de-force.
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