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PREFACE

or nearly o quarter of o centary, the U5, space program enjoyed what

can appropristely bee termed a “golden age.” From the launch of
Earth-arhiting eatellites, to the vigiiz by robotic spacecradt to Venos and
Mars, to the stunning achievement of landing the first human beings on
the Moon, the many successes of the space program were exciting and
awe-inspiring. The United States was clearly and unquestionahly the
leader in Sk 11:!.||]uri,|li|r|:|. and the nation 'I.'-E'E.pnl'.*d all the benefits of
pride, intemational prestige, scientific advancement, and technologicnl
progress that such leadership provides.

However, in the aflermath of the Challenger accident, reviews of our
space progeam made 118 shofcomings starkly apparent. The United
States’ role as the leader of spacelanng nations came into serous ques-
tion, The capabilities, the direction, and the future of the space program
became subjects of public discussion and professional debate.

The L. 5. civilian space program is now ul a crossroads, aspiring loward
the visions of the National Commission on Space bul faced with the
realities set forth by the Hogers Commission, NASA must reapand ag-
gressively to the challenges of both while recognizing the necessity of
maintaining a balanced space program within reasonable fiscal limits,

Two [undamental, potentially inconsistent views have emerged. Many
|'_h|:~l:l|:||,l_' belimve thal MASA should El.ll_]l:lfll 4 maj, visionary goal. Tht].-‘
argue that this would galvanize suppaort, focus NASA programs, and gen-
erale excilemeiil., Hilrl:l.‘ ilieis believe that NASA is already overcom-
muitted in the 19%900s; they argue thal the space agency will be struggling

to operute the Space Shultle and build the Space Station, and could not
handle another major program.




Buth views reflect concern over the cumment
status of the space program, but each deals with
only one aspect of the problem, The space pro-
gram needs a long-range direction; it also needs
the fundamental capabilities that would enalile
it to mova in that direction. A single goal is not
a panaces—the problems [seing the space pro-
gram muel be met head-on, not eversimplilied.
But if there are no goals, or if the goals are oo
diffuse, then there is no fecus to the program and
no frumework for decisions,

The goals of the civilian space program must be
carefully chosen to be consistent with the na-
tional interest and also o be consistent with
NASA's capabilities. NASA alone cannot =et
these goals, bul NASA must lead the discus-
sion, present technically feasible options, and
implt'mﬂnl programs Lo pursue those guu!a
which are selected

We must ask ouraelves: “Where doowe wanl to
bwe a1 the turn of the century?” and *What dowe
have to do now to get there?” Without an eve lo-
ward the furure, we flounder in the present. It

is not too early to crystallize our vision of the
space program in the vear 20000, A clear vision
provides a framework for current and future pro-
grams: it enables ns io know which technologies
to pursue, which lasunch vehicles to develop,
and which features to incorporate into our Space
Station as it evolves.

Leadership in space does not recquire that the
I_..S. }_u: I_rrvl::r;'miru-.rll ir all areas LJ&FE.-E‘E fHter-
prises, The widening range of space activities
and the increasing number of spacefaring
nations make it virtually impossible for any
country Lo dominate in this way. It is. therefore,
sasential for America to move promptly to deter-
mine ils priorities and to pursue a strategy which
would restore and sustain its leadership in the
areas deemed important.

The Ropers Commission, in its concluding
thoughts, states that NASA “constitiutes a na-
tional resource that plays o eritical role in gpace
exploration and development, It also provides a
symbol of national pride and 1echnological
leadership. The Commission applauds NASA's
spectacular achievemenis of the past and anti-
cipates impressive achievements to come.”
Only with aclear sirategy in place, and its goals
for the future defined and developed, will the
country be able to regain and retain leadership
i WL,




INTRODUCTION

I M respanse b gn I-'I.h.i.llFl'\llllll.:i".rrl aver the prmaliire aned |un5—'|£-.r|'|'| diree-
tinre of the .5 civilian space program, NASA Adminiatrator D,
James Fletcher formed a task group to define potential 1.5, space in-
itiatives, and to evaluate them in light of the current space program and
the nation’s desire to regain and retain space leadership. The objectives
of the study were to energize a discussion of the long-range goals of the
civilian space program and 1o begin to investigate overall stratepies to
direct that program to a position of leadership.

The task group identified four candidate imitiatives forstudy and evalu-
ation. Fach bulids on NASA's achievements in seience and exploration,
and each is 8 bold, aggressive proposal which would, if adopted, restore
the United States to o position of leadership in a particular sphere of
space activity. The four initimtives are: (1) Mission 1o Planer Earth,
12) Exploration of the Solar System, (3] Ouipost on the Moon, and
{4} Humanes to Mars, All foor initiatives wene developed indetail, and
1h.|- 'imrl]i:'ntirrnﬂ .e|r|d n—-rluiﬂ*rru'rlln ol l".ﬂl'!'.l were azseased.

This process was nol intended o culminate in the selection of one in-
itialive and the elimination of the other three, but mther o provide four
concrele examples which would catalyee and focus the discossion of the
E’l_li.l.]_l- and |_ri_|-_i1,-r_:l,i1.'1_-5-l. af the civilian SpSACE rOgTAm amdl the elforls rq.-qulrm:l
|1 jrursLe them.

When this activity began, several studies relevant o NASA's long-range
goals and ita ability to achieve those goals were already in progress. Some
of these studies were being conducted by agencies external w NASA;
others were internal NASA studies. This task group becasme familiar with
those efforts, and sponsored others in areas notalresdy covered. Addi-
tional information on ull these studices is provided ot the end of this repon.
The interested reader i= referred 1o the published repors for detailed
recommendations,
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The major milestones of all relevant studies Thig is not a final report. Rather, it iz a stalus

were plotted on a timeline, shown in Figure 1. report describing the work aceomplished 1o
This proved to be a useful summary for identify- date, and how this work will continue. The re-
ing the actvities and their projected completion por discusses long-term goals of the civilian
dates. A similar overview timeline should con- SPACE PROETAm, current posturing required to at-
tinue to he produced and revised, since itraizes tain these goals, and the need for a continuing
awareness of existing studies: and coordinates procesa to define, refine, and assess both the
reslatesd effort=. goals and the strategy to achieve them.
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Figure 1. NASA SimategioTong-Range Planning Activities
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LEADERSHIP IN SPACE

or two decades, the United States was the undisputed leader in

nearly all civilian space endeavors. However, over the last decade
the: United States has relinguished, or is relinguishing, its leademship in
cerinin critical areas; one such area is the exploration of Mars. With the
Mariner and Viking misaions in the 19605 and 1970s, this country
pioneered exploration of Mars — bul no American spacecraft has visiled
that planet since 1976, Our current plans for future exploration of Mars
include anly the Mars (hserver mission, 1o be launched in 1992, In con-
irast, the Soviets have announced a program of extensive robotic explo-
ration of the Martian surface, beginning in 1988 and extending through
the 19005,

The Suviels are now the sole long=term inhahitants of low-Earth orbin,
The first, and only, U.5. space station, Skylab, was visited by three crews
of astronauls before it was vacated in 1974 the 1. 5. has had no space
station since. The Soviets have had eight space stations in orbil sinee

the mid-1970s. The latest, Mir, was launched in 1986 and could accom-
mulate cosmonauts and scientific experiments for nearly a decade before
the U.5. Space Station can accommodate astronauts in 1995,

The United States has clearly lost leadership in these two areas,
and i= in danger of being surpassed in many others during the next
several years.

The National Space Policy of 1982, which “establishes the basic goala
af United States policy,” includes the directive 1o “maintain United
States space leadership.™ It further specifies that “the United States is
fully committed to maintaining world leadership in space transporta-
tion, ™ and that the civilian space progrum “shall be conducted .. to pre-
gerve the United States leadership in critical aspects of space soience,
applications, and technology,”

11



Leadership cannot simply be proclaimed - it
must be eamed. As NASA evaluates its poals
and ohjectives within the framework of the
MNational Space Policy, the agency must first un-
derstand whai is required 10 “maintain L. 5.
Space ||-.|i|:|r‘::|':‘|||:';|r.“| since that l|:|:r|1!1-_.nt1rmr|ing
will direct the selection of national u]:ljhr.ti WES,

Leadership does nol require that the LS. be
preeminent inall aress and disciplines of space
enterprise. In fact, the broad spectmm of space
activibies and the incressing number of
spacefaring nations make it virtually impossible
for any nation to dominate in this way, Being an
effective leader does mandate, however, that
this country have capabilities which enable it
aet independently and impressively when and
where it chooses, and that its goals be capable
of inspiring uthers — at home and abroad - to
supgirt them, 1t is essential for this country to
move prompily o determine its priorities and o
make conscious choices to pursoe a set of ohjec-
tives which will restore j12 leadership stats,

Leadership results from both the capabilities a
couniry has acquired and the active demonstra-
tinn of thuse capabilities; accordingly, the
Unites] States must have, and also be perceived
as having, the ability to meel its goals and
achieve ils ul_l_itu;li\'t-.'g.

A ULS, space lesdership program must have two
distinct attributes, First, it must contain 4 souwnd
program of scientific research and technology
development ~ a program that builds the na-
tion's understanding of space and the space en-
virvnmen!, and that builds its capabilities 1o
explore and operate in that environment. The
United States will not be a leader in the 21si
Century il it 12 dependent on other countries for
acess o space of for the lechnologies reguired
t explore the space frontier, Second, the pro-
gram must incorporate visible and significant
acoomplishmenta; the United States will not be
perceived as a leader unless it accomplishes
feata which demonatrate prowess, inspire

national pride, and engender international re-
spect and a worldwide desire to associate with
L5, space activities.

Mational pride and international prestige are two
ratural benelils of leadership in space, National
price grows us citizens recognize their couniry's
ahilitier and achievements; international pres-
lge rises a8 other nations recopnize those
ahilities and achievements.

Perhaps most significant, leadership is also o
process. That process invelves selecting and
enunciating prioritics for the civilian space pro-
gram and then butlding and maintaining the re-
seurces required to accomplish the objectives
defined within those priorities. NASA can con-
tribute to this process by: (1) establishing a vi-
sion and goals consistent with national space
imerests; {2} developing and recommending ob-
jectives and programs that support those goals:
(3 articulating, promuoting, and defending them
in the political aud liecal arenas; and (4) effec-
lively execuling approved programs.

Ta this md, Nﬁﬁﬂ nmhurkm! |mi.| I'u" IKT1 i =
view of ita goals and ohjectives. As NASA Ad-
ministrator Dr. James Fletcher stated, “T s our
imtent that this process produce a blueprint 1o
guide the United States to a position of leader-
chip among the spacefaring nations of Earth. ™

The first step in this necessanly lengthy process
was laken by NASA Senior Management's
Strategic Planning Council when it adopted the
statement in the box on the next page.

Thiz statement reflects the belief that NASA em-
haodies the human spint’s desire to discover, to
explore, and 1o understand. [t should be noted
that the Space Shuttle and Space Station are not
viewed as ends in themselves, but as the means
taward achieving the broader goals of the na-
tion’s space program. Transportalion and orbital
facilities sl and enalile our elfors 0 sci-
ence, exploration, and enterprise,

12
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The next step in this process should be o articu-
late specific objectives and to identify the pro-
grams required to achieve these objectives. (f
course, in some areas of study the programa
have already been identified and are well
under way, For example, The Hubble Space
Telescope, a general-purpose astronomical
observalory inspace, is an element of NASA's
program to increase our understanding of the
universe in which we live; the redesign and re-
gualification of the Space Shuttle’s solid rocket
booster puint is part of NASA’s program to return
the Space Shutile to light status. However, in
other areas, such as piloted exploration, our
obyjectives have not been clearly identified.
Does this country intend to establish a lunar out-
post? To send an expedition to Mars? What are
NASA's major objectives for the late 20th and
early 21sl Centuries? The Space Shuttle and
Space Station will cleary support the objec-
tives, bul what will they be supporting?

Thess questions cannot, of course, be answered
by NASA alone. But NASA should lead the dis-
cussion, propose technically feasible options,
and make thoughtiul recommendations. The
choice of abjectives will shape, among other
things, NASA"s technology program, the evolu-
tion of the Space Station, and the charaeter of
Earth-to-orhit transportation.

13






STRATEGIC OPTION
DEVELOPMENT

hes statement adopted by the Strategie Planning Council describes
NASA's mission, its vision, and the scope of ils activities. But the
next step in the process cannot be aken in the absence of a comprehen-
sive strutegy for the civilian space program. Without a coherent formu-
lation of the United States” intentions and priorities, there is no conlext
in which to evaluate the relevance or the importance of any propuossd
imitiatives .

T lay the foundation for the definition and articulation of such a strategy,
NASA is currently developing a process to systematically assess the pos-
ture of sur space program and to refine and assess candidate strategies

1o direct its future. This process, strategic option development, 1= still

in its early stages; nevertheless, the development of the process has
yielded some interesting insights into existing and potential space
stralegies,

The application of strategic option development to charting the future of
the L. 5. space program initially evolved from analogies drawn from rel-
evant aspects of business theory, Although it is unconventional to think
of space endeavors in terms of s business, many concepts from the busi-
ness world are applicable and quite useful.

Leadership in business is possible at any time during a product’s life
cyele. When a new product is introduced (the innovator stage) there is

no competition. If the product is successful, the firm becomes the market
leader by default. The drawhack, of course, is that innovators must ac-
cepl the high cost and high risk associated with being first. The space
program in the early 19645 was an innovator's markei. Nearly every suc-
cessful effort produced a “first,” but the risks, as well as the number of
failures, were very high.

The leainch of America’s first astronaut in space, Alan B. Shephard Jr.,
o the Mercury Redstone Il from Cape Canaveral on May 5, 1961,

#
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In o mature business market (the late mupirily
alage) there existe o balance, as many firms
compete for some share of the marker. At this
stage, itis still possibile to be a market leader

by ezarvimg ount a particular niche of that marke
or by delivering the highest quality or best
value, The launch vehicle market, for example,
1% H.I:IFII‘IJH!‘I‘IiI‘IEJl mure malure stage, and many
countres will be vying for leadership in

Phs 1 TP,

A firm engaged in more than one market must
develop an integrated strategy which provides
the flexibility to be both an innovator in 6 new
market and the leading competitor in a mature
market; this principle should be applied to a

apace: program as well,

The buginess of space has expanded consider-
ably ginece the 1960k, The areas of scientific
research, space technology, space exploration,
and spiace services are stll open to leadenship
through innovation, but some are also now open
tee leadership in more mature markeds, In foer,
mational apace programs must now leok at four
stuged of space leadership: (1) the pioneer stage,
innowvation in some particular area of research,
technology, or exploration; (2) the complex ser-
ond stage, a continuation of a pioneering effort,
but with broader, more complex objectives; (31
the aprrational stage, with relatively mature and
routine capabilities: and (4) the commercially vi-

abde singe, with the patential for profit-making.

The activities of a apace program can b charae-
terized by phyvsical regiona of space: (1) deep
space, (2] the ower aolar avatem (the planets
beyond the asteroid belt), (3) the inner 2olar sys-
tem (the inner planets, the Moon, and the Sun),
4] high-Farth orhit, and i5) low-Earth arbit.
Supparting technologies, such as launch
capabilities and orbital facilities, are required
o ndertake all programs.

The complex concept of space leadership may
be broken down into logical elements to form a

two-dimensional matriz. The columne of the
matrix are delineated by the four leadership
stages outlined previously; the rows are the live
physical regions of possible space activities,
wilh n sixth row for supporting technologies and
trunsporistion. Each square of the matrix de-
fines o particular arca of possible leadership.

This matrix analysis provides a way Lo concep-
tualize alternative courses of action and can be
use] 1o describe and assess the space programs
ol spacefaring nations, It is possible e be a
leader in a single square through any of a
number of diflerent programs, Figure 2 illus-
frafes zeveral programs which, if undenakenin
the 1990, would result in leadership in one
ares of space endeavor, For example, o country
could be a leader in the highlighied area of a
vomplex second effort in the inner solar system
by suecesstully establishing a lunar outpost or
by sending sophisticated rovers to other worlds.

Mot all the aquares will be accessible in the next
decades, Technolugy has not progrezsed to the
point that any nation is able to contemplate., for
example, commercial prospects in the outer
solar ayatem. Thia ligure does nol represent a
particular strategy; rather, il represents a col-
lection of potential programs.

Being a leader in one area no longer results in
overall space leadership. In the enrly 1960z, the
United States and the Soviet Union were the only
competilors, gnd only the calla in the lower lafi
porner of the mutris were aceeagible. Az
tl:'chil.f.llll.l.g;lr advanced and nationa gained ex-
perience 10 space, the opportunities began to
expand. In the 1960s, the 1.5, learned 1o send
satellites to geosvnehronous orhit, scientific ex-
perimentz 0 low-Earth urbit, spacecraft to
Maurs, and even astronauts (o the Moon, America
was undeniably the leader in space exploration,
bt the range of space activities was (by today’s
atandards) relatively limited. Inthe 1980=, not
only has the number of spacefaring nations in-
ereased, but so has the range of activities that

I




an inlerested nation might undertake.

The buginess of space has expanded and
branched, and now encompasses such diverse
and mature fields as remole sensing, microgray-
ity materials research, commercial communica-
tions, and interplanetary exploration. [t appears
virtually impossible for a single nation to domi-
nate in all gpace endeavors. Since the U, 5. can
no langer reazonably expect 1o lead the way in
all activities, it is now important to adogt &
strategy to strive for leadership in carelully cho-
sen areas,

If nations engage in similar activilies {occupy
the same space on the matrix) the conditions
exisl fur either rivalry or conperation: il a nation
engages in distinct activities (oecupies a space
alone), the conditions exist for uncontested
11_-.:|L|!-r1"!1h:ip.

Thig matrix was used to broadly charactenze the
sprice programs of the United States and other

spacefaring nations during two periods of the
ﬁ.Fm{:q:ug_n;u b 195T ﬂm_mgh 1977, illustrated by
Figure 3; and (2) 1978 through 1990, illus-
tratesd by Figure 4.

The major programs, U.S5. and non-U.5., were
identified and placed in the appropriate
squares. Thig is by no means a comprehensive
compilation, but the selected activities are rep-
resenintive of space efforts dunng these periode.
An admittedly subjective assessment was made
of whether the public pereeived the LS, or non-
1.5, efforts to be the leaders in a given square.
Each square was then shaded either blue orred:
blue il the 1.5, was judged the leader, red if not.

A comparison of the two matrices graphically
displays the diference belween these two
perids of time. In the carly years of the space
age, fewer areas were accessible and the U5,
was the elear leader in maost: the matrix repre-
senting the 1980 illustrates the decline of U5,

leadership.
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Examining the programs of the spacefaring na-
tions shows the basic character of each, The
LS. space program has historically been com-
posed of pioneering efforts — significant firsts
and complex second efforts, which emphasized
advanced research, technology, and explora-
tion. The general trend can be characterized as
revolutionary, producing spectacular events,
rather than moderate, evolutionary advances.
Even the United States Space Shuttle, though
designed to be operational, was a revolutionary
concept— it did not evolve from sxisting launch
vehicles,

The Soviet space program, which is radically
different from the American program, can be
characterized as systematic and evolutionary,
The primary foous is not an advanced research
and technology, but on incrementally developed
operational capahilities, achieved through a
strang commitment to & robuat infrastructoure,
The Saviets have steadily evolved toward this
operational state and they are now beginning to
build on that operational hase to move slowly
into the commercial arena.

The Europeans and the Japanese appear to be
pursuing strategies that combine desires to pur-
sue science in selected areas and to achieve
commercial viability in others. The launch sys-
tem Ariane, the remote-sensing satellite SPOT,
and the Japanese JEM (which will be devoted 1o
malerials science research ) are all examples of
elements in these siralegies.

These abservations suggest that there is no one
“eorrect” strategy; rather, there are many dis-
tinct strategic options. Clearly, each nation
should choose and pursue a strategy which is
consistent with ita own national ohjectives.

What should our choice be? Do we want 1o ma-
ture our operational Earth- orbiting capabilities
to a viable commercial enterprise? Should we
continue our leadership role in solar system and
desp-space exploration? Or should we focus on
wenturing ever further outward from Earth with
human expeditions to the planets?

18
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LEADERSHIP IN SPACE

or two decades, the United States was the undisputed leader in

nearly all civilian space endeavors. However, over the last decade
the: United States has relinguished, or is relinguishing, its leademship in
cerinin critical areas; one such area is the exploration of Mars. With the
Mariner and Viking misaions in the 19605 and 1970s, this country
pioneered exploration of Mars — bul no American spacecraft has visiled
that planet since 1976, Our current plans for future exploration of Mars
include anly the Mars (hserver mission, 1o be launched in 1992, In con-
irast, the Soviets have announced a program of extensive robotic explo-
ration of the Martian surface, beginning in 1988 and extending through
the 19005,

The Suviels are now the sole long=term inhahitants of low-Earth orbin,
The first, and only, U.5. space station, Skylab, was visited by three crews
of astronauls before it was vacated in 1974 the 1. 5. has had no space
station since. The Soviets have had eight space stations in orbil sinee

the mid-1970s. The latest, Mir, was launched in 1986 and could accom-
mulate cosmonauts and scientific experiments for nearly a decade before
the U.5. Space Station can accommodate astronauts in 1995,

The United States has clearly lost leadership in these two areas,
and i= in danger of being surpassed in many others during the next
several years.

The National Space Policy of 1982, which “establishes the basic goala
af United States policy,” includes the directive 1o “maintain United
States space leadership.™ It further specifies that “the United States is
fully committed to maintaining world leadership in space transporta-
tion, ™ and that the civilian space progrum “shall be conducted .. to pre-
gerve the United States leadership in critical aspects of space soience,
applications, and technology,”
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Leadership cannot simply be proclaimed - it
must be eamed. As NASA evaluates its poals
and ohjectives within the framework of the
MNational Space Policy, the agency must first un-
derstand whai is required 10 “maintain L. 5.
Space ||-.|i|:|r‘::|':‘|||:';|r.“| since that l|:|:r|1!1-_.nt1rmr|ing
will direct the selection of national u]:ljhr.ti WES,

Leadership does nol require that the LS. be
preeminent inall aress and disciplines of space
enterprise. In fact, the broad spectmm of space
activibies and the incressing number of
spacefaring nations make it virtually impossible
for any nation to dominate in this way, Being an
effective leader does mandate, however, that
this country have capabilities which enable it
aet independently and impressively when and
where it chooses, and that its goals be capable
of inspiring uthers — at home and abroad - to
supgirt them, 1t is essential for this country to
move prompily o determine its priorities and o
make conscious choices to pursoe a set of ohjec-
tives which will restore j12 leadership stats,

Leadership results from both the capabilities a
couniry has acquired and the active demonstra-
tinn of thuse capabilities; accordingly, the
Unites] States must have, and also be perceived
as having, the ability to meel its goals and
achieve ils ul_l_itu;li\'t-.'g.

A ULS, space lesdership program must have two
distinct attributes, First, it must contain 4 souwnd
program of scientific research and technology
development ~ a program that builds the na-
tion's understanding of space and the space en-
virvnmen!, and that builds its capabilities 1o
explore and operate in that environment. The
United States will not be a leader in the 21si
Century il it 12 dependent on other countries for
acess o space of for the lechnologies reguired
t explore the space frontier, Second, the pro-
gram must incorporate visible and significant
acoomplishmenta; the United States will not be
perceived as a leader unless it accomplishes
feata which demonatrate prowess, inspire

national pride, and engender international re-
spect and a worldwide desire to associate with
L5, space activities.

Mational pride and international prestige are two
ratural benelils of leadership in space, National
price grows us citizens recognize their couniry's
ahilitier and achievements; international pres-
lge rises a8 other nations recopnize those
ahilities and achievements.

Perhaps most significant, leadership is also o
process. That process invelves selecting and
enunciating prioritics for the civilian space pro-
gram and then butlding and maintaining the re-
seurces required to accomplish the objectives
defined within those priorities. NASA can con-
tribute to this process by: (1) establishing a vi-
sion and goals consistent with national space
imerests; {2} developing and recommending ob-
jectives and programs that support those goals:
(3 articulating, promuoting, and defending them
in the political aud liecal arenas; and (4) effec-
lively execuling approved programs.

Ta this md, Nﬁﬁﬂ nmhurkm! |mi.| I'u" IKT1 i =
view of ita goals and ohjectives. As NASA Ad-
ministrator Dr. James Fletcher stated, “T s our
imtent that this process produce a blueprint 1o
guide the United States to a position of leader-
chip among the spacefaring nations of Earth. ™

The first step in this necessanly lengthy process
was laken by NASA Senior Management's
Strategic Planning Council when it adopted the
statement in the box on the next page.

Thiz statement reflects the belief that NASA em-
haodies the human spint’s desire to discover, to
explore, and 1o understand. [t should be noted
that the Space Shuttle and Space Station are not
viewed as ends in themselves, but as the means
taward achieving the broader goals of the na-
tion’s space program. Transportalion and orbital
facilities sl and enalile our elfors 0 sci-
ence, exploration, and enterprise,

12
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The next step in this process should be o articu-
late specific objectives and to identify the pro-
grams required to achieve these objectives. (f
course, in some areas of study the programa
have already been identified and are well
under way, For example, The Hubble Space
Telescope, a general-purpose astronomical
observalory inspace, is an element of NASA's
program to increase our understanding of the
universe in which we live; the redesign and re-
gualification of the Space Shuttle’s solid rocket
booster puint is part of NASA’s program to return
the Space Shutile to light status. However, in
other areas, such as piloted exploration, our
obyjectives have not been clearly identified.
Does this country intend to establish a lunar out-
post? To send an expedition to Mars? What are
NASA's major objectives for the late 20th and
early 21sl Centuries? The Space Shuttle and
Space Station will cleary support the objec-
tives, bul what will they be supporting?

Thess questions cannot, of course, be answered
by NASA alone. But NASA should lead the dis-
cussion, propose technically feasible options,
and make thoughtiul recommendations. The
choice of abjectives will shape, among other
things, NASA"s technology program, the evolu-
tion of the Space Station, and the charaeter of
Earth-to-orhit transportation.
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PROGRAMMATIC ASSESSMENT

Em-hnl"ﬂm initiatives described in the previous section is a worth-
while program. Although each has something different 1o offer, each
falls within the framework of NASA s vision, each builds on and extends
existing capahilitics, and each elicits the reaction, “America ought o
be doing this.™ In the absence of fiscal and resource constrainis, the
United States would undoubtedly adopt all four. Inthe presence of those
very real constraints, and the additional constraints imposed by the currem
state of our civilian space program, this course of action is nol possible.

In its desire o revitalize the civilian space program, NASA must avoid
the: trap identified by the Rogers Commission during ils investigation of
the Challenger accident: “The attitude that enabled the sgency o pul
meeti o Lhe moon and 1o build the Space Shuttle will nol allow it 1o pass
g an -t-_'l.r_:i!]ng |_:||a."|:~11£4—: — Byan ”ll!ll.sll acoepiling the L!I]H.lIE'I'LEE may
drain resources from the more mindiane (bul necessary | aspects of the
program.” The Commission further observed (in reference to the Shuttle
fMight rates): “NASA must establish a realistic level of expectation, then
approach it carefully,”

To establish a realistie level of expectation, NASA must consider the exr-
rent condition of the space progriom, 115 strengthes amnd limitations, and

1= 1'|]|1ﬁh|-.|iti¢-:-| tor p'l:iwrh, ."q.n}- |:'p|;|||:| initiative Ilﬂsi [{F] h"p_‘lr‘l. h'ilh..l'll'll." then
build on loday's space program, which unfortunately lacka some funda-
mental capabilities. Forexample, our most critical commodity, Earth-to-
orhil tranapartation, is easential to each of the initiatives. But the Space
Shuttle is prounded until at least June of 1988, and when it does retum

to flight status, the flight rate will be considerably lower than that pro-
jected before the Challenger accident (o four-Shuttle fleet i= estimuted

to be capable of 12 to 14 flights per vear).
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In hindsight, it 1s casy to recognize that it was

a crippling mistake to decree that the Space
Shuttle would be this country’s only launch
vehicle, Several studies sinee the r.'ﬁrlﬂﬁngﬁr
pccident have recommended that the civilian
apace program include expendables inits fleet
of launch vehicles. This strategy relieves some
of the burden from the Shuttle, gives the country
a broader, more flexible launch capability, and
makes the space program less vulnerable in the
event of an accident.

The problem of limited launch capability or
availahility will be magnified during the assem-
]:ﬂ].' and opeeralion of the S-]_rm‘:!’! Siation. Cur-
rently, NASA plans to use anly the Space Shut-
tle to tranaport cargo and people to and from the
Space Station. This places a heavy demand on
the Shuttle (six to eight flights per year}, but
more important, it makes the Space Station ab-
solutely dependent on the Shuttle, If Shutile
launches should be interrupted again in the
mid-1990s, this nation must still have access o

TRANSPORTATION

NASA transportation needs for the 1990s and
beyond received considerable attention from
the task and commillees examining
agency goals and future program (hrosts. The
consensus of their findings i= that if the
Nation iz to open a “Highway to Space,” we
musl regain regular and sssured access 1o
space and expand launch capacity based on
expendable and reusable vehicles.

“NASA should, on a most urgent basis, in-
itiate a program to incorporate o diversified
family of expendable launchers into its space
flight program, 1o inclide o heavy-lift ELV.
Payloads should be aff-loaded from shuttle
onto ELY s wherever passible.” Repart of the
Task Force on [ssues of a Mixed Fleer, 1987

“The U.5. should continue to expand its
launch capacity based on a mixed fleet of ex-
pendable and reusable launch vehicles o
pr:nlud:mlalm]:iﬂmman}'m:luunnh EYE-
tem, so that the present manned and unmanned
launchers will remain operationally healthy
until the next generation of vehicles is fully
developed.™ [.5. Conl Space Program: An
ATAA Assessment, 1987

REQUIREMENTS

“The use of a mixed launch Neet will allow
humans to fly when they are needed on & mis-
sion and allow unmanned vehicles to be the
carrier of choice for other missions. .. ver-
sty will algo allow a better matching of the
grientific requirements of a mission with the
launch capability needed 1o meet these re-
quirements, rather than forcing the mission (o
meel the constraints of 4 single inflexible
launch system.”™ The Crisis tn Space and
Earth Science, 1986

“The shuttle fleet will become obsolescent by
the turm of the century. Reliable, sconomical
launch vehicles will be needed o provide
Nexible, routine access to orbit for cango and
passengers al reduced eosts ... 1o reduce
space operation costa as anon as possible, the

iasion recommends that three major
space transport needs be met in the next
15 years: cargo transport to low Earth
orhit; passenger to and from low
Earth orbit; and round-trip transfer beyond
low Earth orbit.™ Pioneering the Space
Frontier, 1986




space and the means o transport cargo and
people to and from the Space Station. The im-
portance of this capability was emphasized by
the National Commission on '.‘j-pnuur Mg LES report,
Pioneering the Space Frontier: * Above all, it is
imperative thal the US maintain a continuous
abality to put both humans and cargo into
orhil. ™

From now until the mid- 1990s, Earth-to-
orhit transportation is NASA’s most press-
ing problem. A space program that can't get to
arhil has all the effectiveness of a navy that can't
gel to the sea, America must develop a cadre of
launch vehicles that can first meet the near-term
commitments of the civilian space program and
then grow to support projected programs or in-
itiatives.

Expendable lounch vehicles should be provided
for payloads which are not unique to the Space
Shuitle — this is required just to implement curment
plans and o satisly fundamental requirements.

A Shuttle=derived cargo vehicle should be de-
\'&I-l‘.lpl;'ﬂ i r'nﬂii:-lltl.lz.'. A Shutile=derved vehicle
i allraclive hﬂt:ﬁ.uﬁ-& ol ils I:i’l ::uf:l.;,ll::il:}'. 1=
synergism with the Space Tranaportation Sys-
tem, and its potential to be available for service
in the early 1990s. This cargo vehicle would re-
duce the payload requirements on the Shuttle for
Space Station support and would aceelerate the
Space Station assembly sequence.

The United States should also seriously consider
the advisability of a crew-rated expendable o
lift & crew capsule ora logistics capaule to the
Space Station. The logistics vehicle, for Space
Station resupply and/or instrument retumn,
wonld be developed with astodocking and pre-
cision reentry capabilities. The crew capsule
would carry only crew members and supplies,
would launch (with or without a erew) on the ex-
pendable vehiele, would have autodocking capa-
bility, and might also be used for crew rescue.

TECHNOLOGY

Rebuilding the Nation's technology base is
essential for the successful achisvement of
any long-term apace goal. 11is widely agreed

thugl we are living off the interest of the A polls
era technology investment, and thal it is time
to replenish eur technology reservair in order
to enhance our range of technical options.

“The Nation has allowed its technology base
to erode, leaving it with little capability to
maves cal in new directions should the need
arise.” Letier from Daniel J. Fink (Chairman,
NASA Advisory Council ) 1o James Fletcher,
dated Auguat 14, 1986

“Space technology advancement underlies
present course is a status-quo caretaker path
with no potential growth. New commilmenis
arc called for in key technologies such as
propulsion, automation and robotics, flight
compulers, informalion syslems, sensors,
power generalion, materials, structures, life
supporl syslems, and space processing. We
support the recommendation by the National
Commission on Space for a three-fold in-
crease in this relatively low-budget but ex-
tremely important sres of space lechnology
advancement, especially in view of strong
foreign commitmenis wo such lechnology de-
velopment.” LS, Cizll Space Program: An
AIAA Assessmeni, 1987

*Research must be pursued on a broad front,
to identify and quantify technical possibili-
ties before their usefulness can be judged.
Such a research and technology program i=
therefore properly concetved as opportunity
generating, not directed toward

tions,” Pioneering the Space Frontier, 1986
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These Lrafis portatio l.'d.l.l:d'_ll.]i.tJL'h are redq wired
just bo launch. assemble, operate, and safely 1n-
habit the Space Station, and to have some pros-
pect of being able to suppor future initiatives,

Wilkout scamad, reliable Earib-to-ohil Lranspor-
tation available (o Ll e U :-F-:_an:_'H_':'._ljl_.
scienlists, amd F.'.JI]!JIHI.‘\ ll.r-e.lll.:lll. H W ||| fiial fies
1 H.J.H.I-hl“ull L i.’li!l'r'\,l'l.-'!-a."ll'f-!r]? I.HJI.‘-IJI.'"i."'i|||+‘|'.-°'|_'lur'rtl'l-'_.
L1 L':l.|1|1.ll';.11.l.l.|l1. We have stated that EraLrs PRt
fton is ot ll*.l]'#l.lu] — bt it 15 sesential tothe swe-
cesslul pursuit of whatever goals we choose., 1f
wit do mid make a commitment now o rebold
and brogden sur launech capability, we will not
have the opion of pursuing any of the four in-
itiatives described in the previcus section,

IIllhll\' SGERR LR ET] IH‘. I"-Illl'i fi'lr i‘ll']"«'.i“'rl"'i‘l ||"I"I'||'|I:'IIII‘;E:|.'
The Mational Commission on .""'-[r:tl'r' ohserved
that “NASA 15 atill |ivi||__|z on the investmenl
made [during the Apolio era), but cann con-
tine to do s if we ave to maintain Urnited States
leadership in space.”™ Several recent studies
concur, concluding that our technology base has

PATHFINDER

Tl-.'-e:.r:.':r.'.llu,:.:'.'.-::.'u r'n.]:r.llr.hlr'rf II.I_'I .I“I"I{ﬂ-:"l!'! Fu.l'nrlg.'iru.llr.l'.

ermeded and I:H:I:|!:l.r|1JEI1':1] researel sl IIt!'.'t"IrJI-
ment are underfunded. The technology required
for bold ventures bevond Earth’s orbil has not yvet
been developed, and until it is, human exploration
of the inner solar system will have o wail,

Project Fathlinder has been developed by
'."I-qF';-jl.!‘ t]llll:l_" ||1 '\.-I'_'II_I:I]{Il_Il.II:_'ﬂ .\.Illi_l :':‘IJ‘\-II-L'."
.IIHI:'.IIIII\..IIIrﬁ:l- i -:'1|||_i||||-:'|1-a-|| [ I-l|| |-'1-.]|-=r|.- i I,hl-'
Lunar and Mars iniliatives. Pathfinder would
ey ide the I:-r'l:l'll1|||1|',=:li1-':-'\. toenabile bold missions
bevond Farth's orbit: |I'-'l:'hII1l|l.:lg:l. fior Al romoLs
eyetems and robotica, for lunar and planetary
advanced propulsion systems, and for extraction
of useful matenals from lunar or planetary
pourees, [ also deals ina significant way with
thes hurman ability o live and work in space, by
developng lechnologies for Iife-suppor systems
and the homan/machine imedace, Until ad-
vaneed '|1'|"|'|uu|||;-::r [EOETRmS like |"'r\-||.i1'|'r
Pathfinder are initiated, the exeiting goals of
human exploration will always remain 1010 20
vears in the future,

Life sciences vescarch is also critical to any pro-
grams involving relatively long periods of
human habitation in space. Because the focus
of pur life sciences research for the last several
vears has been on Space Shuttle flights, which
anly last for five to ten days, there has been no
immediate need for a program to study the
physiological problems associated with longer
Mights. Without an understanding of the long-
tetm elflecls of I.'t-HI.E.I”iI."\nHH:\H on Lhe ]ll,.l1:|li_:|l|
|.m||_1.'. LI s :El.l.:ll of hiirmian 1".I.!I.|1.ll:i1|illl1 o thie sular

syslem s Sy u:n-l} conslrained.

Before astronants are sent into space for long
przrineds, research most be done to anderstand
the physiological effects of the microgravity and
raciation envirnments, o develop measwres T
counternet any adverse ellects, andio rlr'\4-|||1'|
r'|'|-:'-e‘|i|"."|.| tl\."'ll"l‘lll:ll.iiu'.i L1 F:u"r!'-::ll'rrl rouih L ,'l.r||||
emergency health care abwoard apacecrall,

Project Pacer, 1||"|.¢'||q|¢-1.| ]r:. MNASA's (Hhce of
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lomg-duration testing 15 begun, we will lack the
knowledge necessary o design and conduet
piloted interplanetary flights or to inhabit lower-
gravity sudace bazes, Although the research
conducted prior to the occupation of Space Sta-
tion cannot provide definitive answers to several

Space Seience and Applications, is a focused
program designed to develop that understanding
and provide the physiological and medical
foundation for extended spaceflight. This re-
search winild be conducted in laboratories and
on Space Shuttle missions in preparation for the

eritical long-term experiments to be conducted

on the Space Station.

Until the Space Station is occupied, and actual

key queations, it is an essential precuraor to the
research and technology development on the
Space Station.

LIFE SCIENCES RESEARCH

The prospect of an exténded human presence
in gpace on the Space Station and later on ex-
tended missions 1o the Moon or Mars requires
a commitment to better understand and re-
spond to hiomedical, psychological, and
human engineering challenges. Although
there ia great confidence that we will eventu-
ally establish a presence on other bodies in
the solar system, there remains uncertainty in
the medical community about the implica-
tions of such joumeys for human health,
safety, and productivity. A number of recent
studies highlight conceme and identify aress
requiring additional research.

"'S]mr.: medicine is unique in the context of
the other space sciences — primarily becaise,
in addition to questions of lundamental in-
terest, there is a need 1o address those issnes
that are more of a clinical or human health
and safely natire ... il this country is commil-
ted 1o a fulure of humans in space, particu-
larly for long periods of time, it is essential
that the vast number of uncertainties about
the effects of microgravity on humans and

“Many crucial issues in the three major arcas
of 'qulth life support, and operational
::npal:ililjm remin o be resol ved before the
sifety of humans working in space over
manths and years can be assured. Certain as-
pects of physiological adaptation to micro-
gravity may he life-threatening, eapecially
over the long-term ... Areas such as medical
care, radiation profection, environmenial
maintenance, and human ivity are
equally serious, but the research and de-
velopment activities associated with these
areas have at least begun on a modest seale,
Tuuﬁ]nﬁuqﬂﬂ:mmmlﬂm
risky. and parallel research activities are re-
commended.” Adranced Missions with Hu-
mans n Space, 1987

“M paramount praclical importance are
human safety and performance. Long-dura-
tion Mlights on the Space Station will increase
MMIMETLBEMU[H}EWE
envimnment on peeple and other living sys-
tema. Problems of bone demineralization and
loss of muscle mass persist. and effective em-

other living b recognized and vig- pirical solutions are unlikely to be found soon

orously addressed. Not to do so would be im- - Iis stive that basic research on this

prudent al best — guite possibly, imresponsi- continue, both on the grovnd and in

ble.™ A Strategy for Space Biology and Med- space.” Pioneering the Space Frontier, 1986
 ical Science, 1987
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Both technology development and lifie
achenees rescarch are pacing elements in
buman exploration.

The four initialives represond wile]:r \-.H.rri.hﬁ
levels of complexity and commitment. As pan
of the development and evaluation of the initia-
tives, an assessment was performed to estimate
their relative complexities and therefore their
relative impacts on the agency and its resources.
The mitiatives, and results from related studies,
were reviewed to identify the required technol-
ogy, lransportation, on-orbit lacilities, and
precursor seience. This assessment vielded the
elements comprising each initiative = the build-
ing blocks of that initiative.

The asaesament sought to define the initiatives
to a reasonable level of detail through 2010, At
this ime, the mitiatives would be in different
stagea of development. All Earth observing plat-
forms would be in space with their chserving
systems operating; they would be serviced
perindically, and would continue to transmit
data to Earth for vears, The final mizsion of the
Planetary initiative would be complete; this in-
itiative is not defined past 2010, The Lunar out-
post would be well established, with most sur-
face elements developed and deliversd; it would
receive continuing logistics support, but would
be somewhat sell sustaining, and have consid-
ternl,;lll_-. _E,lnul-f-nli.'-tl ri,ll' E,h;rwtll u.hd for sl gaproirt afl
further exploration activities. In 2010, the na-
thom’s Mars program would have just finished its
human reconnaissance phase, and would be
prepared to embark on the establishment of an

EIIJ[FI-EI!I.

To provide a common starting point for each in-
itialive, this analysis assumed the currently
planned NASA space program as a foundation.
That is, each initiative must be built from the
foundation of a Meel of four Space Shuttles and

a Phase 1 Space Station; everything else that
would have to be added 1o accomplish the initia-
tive, including additional Space Station mod-

ules, new transportation elements, unschedaled
precursor science missions, eio. , was assumed
to be parl of that initiative.

Some of the elements of each initiative would be
developed solely for that initiative; many others
could be common 1o other intitiatives as well.
An example of the former is the lunar oxygen
plant designed o extract oxygen from the lunar
soil. Although similar technologies might even-
tually be needed at a Mars outpost, the element
itsell exials only in the Lunar initiative. An
example of an element which could be common
1 several programs is the space lransfer vehicle
of the Earth imtiative, Although it would lifi
geastationary platforms from the Space Station
i their final orbit, this vehicle could also be
used 1o deliver other cargo (enrelated 1o the
Earth initiative} to geosynchronous orbit, or it
could be the basiz of a lunar transfer vehicle.
Each initiative has elements which could be

FLAMETARY | EAKTH LLIMAR HMAERS
# EARTH TOORET YEHICLES
-SPACETHITTLE . ™ w .
PERSONE. CARRES, . -
HEALLUFTLNPCHYECE | @ " . -
DFTDAEEANCHYEI0E] = "y " -
GGMFICANT RETURNED o .
CARED
§ SACE TRANSFER VEHICLES
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CASN L ] L ]
- TR0 T SR " " &
EMPENIMBLE PPER 3T AES - [ * o
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Table 1.
Trandportaticn Requirements for the Initiatives




common o other programs, as well as initiative-
specilic elements,

An overview of the rransportation elements re-

quired for the initiatives is shown in Table 1.

The Earth and Planetary initatives make the
most modest demands on transportation, in
termns of both ezsential new capabilities and fre-

quency of use. But each of the initiatives re-
quires an Earth-to-orbit transportation avatem
comprised of more than just a Space Shuttle
el

A heavy-lilt launch vehicle is either enabling,
or significantly enhancing, 1o all the initiatives.
4 Shuttle-derived vehicle would have sufficient

The Phase | Space Station will be a perma-
nently staffed *laboratory in space™ by 1996,
Other capabilities, such as an assembly sta-
tiom or a fueling depat, will not be included
in the initial phase, but could be accommo-
dated later if a need for those [unctions is
clearly identified.

A key question for the not-too-distant future
i# “How should the Space Station evalve?”
Since the Space Station is a means to pursue
our goals, the answer depends on what those
goals are. [Lis important to understand what
each initiative demands of the Space Station,
For example, the Flanelary initiative makes
few demands on the Space Station; the Mars
initiative makes substantial demands.

NASA"s Office of Space Sation has set up a
Strategic Plans and Programs Division whose
charter is to understand how the Space Station
wald be required to evolve under a variety
of scenarios for the future, and what provi-
sions must be made in the design of the Phase
| Space Station to ensure thal the evolution

ia possible.

Space Station evolution workshops, held in
September 1985 and July 1986, laid the
foundation for understanding how to accom-
medate a variely of users whose requirements
may not be compatible. These workshops rec-

SPACE STATION EVOLUTION

Artist's conception of the Phase | Space Stafion.

ognized, for example, that a laboratory in
space, [eaturing long-term access to the
microgravily envirenment, might not be com-
patible with an operational assembly and
checkout facility, as construction operations
cuuld disturb the scientific environment,

Space Station evolution planning will include
an assessment of the implications of each of
the four initiatives. 1l is important o have
specific scenarios, with a level of technical
definition behind them, toserve as a basis for
these assessments. It is also important that
restlts from these assessments feed back into
the initiative scenarios. This iteralive ap-
proach is required 1o establish reasonable
evolution scenarios and initiatives that are
compatible with the proposed evolution.
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capacity for the Earth and Planetary initialives,
It would alsa utisl’:. thie J:'l-':l.|uir|fm|-mlu l,lF l]'u:
Mars and Lunar initiatives through the 198x,
although shortly after the turn of the century
both would need a vehicle with a lift capacity of
15400, (WD o 200,066 pounds. This higher lifit
capacity is needed primarily to supply the large
armounts of propellant required for each initia-
tive (about 2.2 million pounds to low-Earth orbit
for each Mars sprint mission; 200, 000 pounds
tor low-Earth orbit for each lunar irek).

The: Lunar and Mars initiatives also have a erit-
ical need for the eapability to transport person-
nel 1o and from the Space Station. This need
could be filled by a personnel module sdded 1o
the Shuttle, or by aome other personnel carrier.
The additional erew members would perform on-
arhit assembly of the cargo and crew vehicles.
Although there is currently no gond estimate of
the size of the crew required to assemble and test
avehicle in orbit, it is likely that the Lanar in-
itiative, if it develops as projected in Phase 11T,
wonld require more than 30 people in low-Earth
orbit by the year 2010, It builds to this peak
gradually, though, and the carly assembly re-
quirements (2000 to 2005} can be phased in

slow] ¥.

All the initiatives have other needs os well. The
Planetary initiative's needs are limited to ex-
pendable atages, and possibly an Orbital Man-
envering Vehicle for the recovery of a returned
Mars sample. The Earth initiative makes more
subatantial uae of Earth-orbital ransportation,
including n transfer vehicle to lift fully assem-
bled obrerving platforms from the Space Station
tir geasynohronons orbit, and sophisticated Or.
hital Maneuvering Vehicles to aid in platform
servicing, The Lunar and Mars initiatives are
mare demanding. Bath are likely to require Or-
bital Maneuvering Vehicles to transport person-
nel from the Space Station 1o orbital assembly
aites. Moat signilicant, both require substantial
space tranafer vehicles 1o transpor crews from

low-Earth orhit to either the Mosn or Mars. Al-
thouph the lunar transfer vehicle could be a de-
rivative of a transfer vehicle o geosynchmnous
orbit (or ¥ice versa). at this lime it appears (hal

the Mars transfer ¥ehicle will demand a different

design,

The orbital Facilities required for each initiative
are shown m Table 2. The Planetary initiative
beas Timited requirements in this area; the ather
three have extensive needs thal begin with the
Phase 1 Space Station. The Phase | Space S1a-
tion includes polar plutforms and attached
payloads for the Earth initiative; it serves oz a
technology and systema teat bed for the Lunar
initiative: and it will be a crocial laboratory for
life zaienees research and technology develop-

ment [or the Mars ir

sy e,

PLANETARY

EARTH

u LOW-EARTHCREIT
FACILITIES

Ea PPAlETATON

SPACETATION ADDTICIE

LFE STEMNCERESERRDy

S ROLATIORN

ST TRANETE VEHCLE
ASEMELY AMD DFERA TR

ELOATIONAL (REW

RCOFEUANTSIORAGE |

-POLAR ALATRORME

¥ GECATATIONARY
FACILITES

-PLATROASR

/ !.'.FH'HJ{'J.'EM

¥ LUMARFACILITES

=—mrs. 2
SERNECESTATION

- — -

COMMUNCATIONS

» MARSFACLITES ]
ARG VEHCIE DREIT AL

FERATIGHS

Tahle 2.

Dvbatal Focilities Required for the Inttiatives

R




All the initiatives reguire that the Space Station
evalve additivnal :;a.p;,ll:i]ilit-.h, Lt the needs of
the Planetary inilialive (a sample return module)
and the Earth iniative (servicing capability,
operalion of a space transfer vehicle) are rela-
tvely modest. The Lunar inthalive requires
gradual evolution to support the assembly., ser-
vicing, and checkoul of lunar transfer vehicles.
This requires more people in orbit (and therefore
mure Space Station modules and logistics traf-
fic), spaceport facilities, and a propellant depot,
The Mars initiative alse reliez on those
spaceport facilities and additional crew accom-
modaetions, and although it will not eceur guite
a5 2o0n as in the Lanar initiative, the assembly
of the large Mars cargo and piloted vehicles will
b n significant task.

The Lunar initiative includes significant surface
facilities such as habitation modules, laboratory
modules, and an oxvgen plant; the Mars initia-
tive lonks toward an eventual outpost (after
2015}, but while similar surface facilities would
be necessary at that time, they have not been in-
cluded in the assessment to 2000, The Lunar
and Mars initiatives both require landers, as-
cent vehicles, and rovers, These would mos
likely use some common technologies and soh-
systems, but they would not be identical.

The initiatives also require invesiments in
technology development, and investiments inin-
atitutional and human resources. This suppor
early in the life of an initiati ve is vital w its swce-
cess. The level of investment required is di-
rectly proportional o the magnitude and com-
plexity of the initiative. The Earth and Planetary
imitiatives woild be expectad o have relatively
midesi needs; the Lonar and Mars initiatives
wodtld demand substantial technology develop-
ment programs, and significant increases in
highly skilled personnel and instimational
facilities. The need for a dedicated, enthusias-
tic, and technically competent workfores must
not be minimized: the Lunar and Mars initia-

tovess would both requine a significant increass
in huméan resources,

The current level of definition of the initiatives,
particularly the Lunar and Mars initiatives, is
mod adequate to reasonably estimate their costs,
Bt while it was not appropriate to attempt to de-
termine the absaolute level of resources required
I‘:l_'!.' each, il was reasonable lo estimate the rela-
bive levels ‘thh‘ulg’l‘l 2000, For esch ini:liul;:iw:,
alter the elements ot included in curren MASA
plans were identified, the mass and size of each
were estimated inorder o determine the trans-
portation requirements for that initiative, There
was no attempt. at this early stage, to oplimize
the transportation system.

Figure 14 compares the resources required by
the four inftiatives during the next five vears. It
is important to understand the level of effort
needed to support a new initiative during this
period., since the country will also be relying on
the civilian space program to return the Shuttle
to flight. to reinvigorate its ransporiation sys-
tem, and to continue serious preparations for the

Space Station.

The Lunar, Earth, and Planetary initiatives
wirtilil Lake aboan the same level of investment
through 1992, The investment in the Lunar in-
itiative would be primanly in technology and in
warly transporiation development; in the Earth
imitiative, it would be largely in the development
of the polar platforms, data handling system,
uni transportation; in the Planetary initiative, it
would be primarily in technology, and in ready-
ing the Comet Rendezvouws Asterowd Flyviy mis-
aiom for a 1993 launch.

The Mars initiative requines the largest commil-
ment in the early years, This would be primarily
an investment in transporation elements and in
life acience related additions to the Space Sta-

tinn. Transportation and Space Station use have
not heen optimized, 30 some reduction might be
possible. The message, however, would naot
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change: the country would have to make a major
investment in the next five years to land people
on Mars in 2005,

The complexity of both the Lunar and Mars in-
iiatives in the vear 2000 demands technology
developments early in the program. Thus,
through 1992 the majonity of the Lunar initia-
tive, and a significant portion of the Mars initia-
tive, would be comprised of those technology ac-
tivities which lay the groundwork for the initia-
tive, Like early work in transportation, thers is
considerable synergism in the early technology
requirements of these two initialives,

Figure 15 compares the initiatives through
2010. The Lunar and Mars initiatives are nearly
an order of magnitude greater in programmatic
scope than the Planetary and Earth initiatives,
The levels of investment in the Earth and Plan-

elary iniliatives peak in the early-to-mid- 19 0s,
and then decrease to levels which remain fairly
conatant through the first decade of the next cen-
tury. The Lunar initiative does not require ex-
traordinary resources through 1992, but the
commitment builds substantially in the mid-
1990s. It peaks in ahout 2000, at the time of this
initiative's first human landing. and stays high
through 2010 as the outpost is developed into &
permanent base, The total level of effort through
2010 i= large, and reflects the ambitious ap-
proach to the construction of the lunar base.
However, the nature of this initiative allows con-
siderable Oexibility. For example, the outpost
materials could be delivered 1o the surface
rapidly or at a more deliberate pace; cerain
capabilities of the outpost could be emphasized
ard developed before others: or the transition
from a temporanly occupied oulpost to a large
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permanently staffed base could be delayed. Any
of these options would significantly reduce the
investment through 2010,

Although the Mars initiative offers the greatest
amount of human and rechnological drama, it
also demands the greatest investment. The Mars
initiative definition included only those ele-
ments required for the three sprint missions, the
last in 2010, 50 the level of investment shown

is artificially low between 2005 and 2000, The
magnitude of the initative indicates a lage
commitment of resources, and the timescale
dictates that the investment peak in about 2000,

Tt is pussible 1o reduce the early investmenl 1o

a level comparable to that of the other three
initiatives by allowing the lirst human landing
o peeur in 2010, rather than in 2005, The 2005
landing was selected at the outset to achieve the
major milestone within two decades, but this
analysis suggests that this ground rule may not
be appropriate for the Mars initiative.
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EVALUATION OF INITIATIVES

o this point, we have been considering four specific initiatives, each

of which would, if adopted, provide leadership in a particular area
of epace endeavor, Now il is important o differentiate between an
initiative and a strategy. A stralegy provides an overall lramework and
direction; il identilies and prioritizes goals, and defines a course wo attain
them. An iniliative should be an element of a strategy: a part, bot only
a part, of the larger picture. Initiatives would, of course, be best judged
in the context of a strategy.

A process to define and evaluate candidate strategies for the civilian
space progeam is being developed at NASA, This process will seek 1o
identify possible strategies, then assess the likelihood of sueeess and
possible implications of each. They will he evaluated in relation 1o the
existing and prujﬂ'lt'd environment, and to the varous conditions which
may influence their success, such as:

® NASA's sirenglhs, ils weaknesses, and its cultore

[ ] E.:l,h:n'l.ul 1hn-.a.ht [ 1T .[,.-.5. |1‘rﬂ|:|:‘!rﬂhi]:r

® (Opporlunities o exercise leadership

® Optimistic and pessimistic scenarios of uncontrollable factors

which influence NASA and its ability to carry out its charer
® The existing U.5. space policy

A successful Mars Rover/ Sample Return mission blasts aff, carrying ies
cargo of Martian samples back 1o Earth,

49



As potential strategies are modified i light of
these factors, the resull should Be 4 setof two

or three distinet, viahle strsiegies whoge
resouree requirements, threats to suceess, and
implications o0 NASA and the nation are well
defined and understood, Although this process
is being developed at NASA, itis not NASA's
role to determine the overall strategy for the
nation’s civilian apace program: that must bea
national decision. NASA should, lwwever, be
prepared to present viable aptions. The paten-
tial benefit of this process is evident. It can re-
ault in a cohesive strategy that is consistent with
national goals, is based on a realistic appraisal
of NASA’s sirengths and weaknesses and the na-
tion's willingness to pursue it, and is resilien
to changes in the international environment.

Ideally, of course, a strategy would alremdy be
in place. Then ecach initistive could be judged
in light of its compatibility with the overall plan.

While siressing the need for a comprehensive
strategy, we can nevertheless conduct a prelimi-
nary isaeasment of the imtialives, recognigng
that the impartant considerations are the quality
of the program, NASA s ahility bo carry it oul,
and the public’s willingness to support it In the
process of this evaluation, we can see the ele-
ments of a potential strutegy begin o emerge,

Exploration of
the Solar System

In the 19605 and 1970s, planetary exploration
was a vital and important component of the
United States space program. However, while
ather nations are now vigorously pursuing solar
system exploration, the U5, has lounehed no
planetary missions sincs 197H,

What does the next decade hold in store? The
Soviets have announced their intent 1o launch
three ambitious flights to Mars by 1995, and a
Mars sample return mission by 2000, Tl they are
successful with their new-generation space-
craft, and can continue to forge cooperative ag-
reements with European nations, they will

clearly have the greater momentum in the ex-
ploration of Mars by the mid-1990s,

The Chairman of the NASA Advisory Couneil’s
Solar System Exploration Comminees has ex-
pressed his coneermn about more than the explo-
ration of Mors: “I we do nol continue o carry
out these challenging missions o the outer plan-
ets and eomets and asteroids, we will quickly
lose the limited momentium still remaining ™

The Sular System Exploration Committee has
devisen] a strategy for planetary exploration
through the year 2000, which presented “the
minimum-level program that could be carmied
oul in a cost-effective manner, and would vield
continuing retumn of scientific results.” NASA
should embrace this Core Program.

The Mars RoverlSample Return mission is the
centerpieee of the Solar System Exploration
Commillee's recommended augmentation o its
Core Program. This is a mission of bold scien-
tific exploration and high technological drama,
and a necessary precarsor o the human explo-
ration of Mars. The option for a 1998 launch (two
vears later than the 1996 date proposed in the
imitiative) should he preserved.




Although the Mars Rover/Sample Return was
presented as a 1.5, mission in this initintive, i
could he performed in cooperation with onr al-
lies andfor in coordination with the Soviet
Union. In fact, planctary exploration is well
suited to international cooperation, The 11,5,
could benefit significantly by coordinating irs
Mars Observer with the three sophisticated
Soviet migsions to be launched for Mars over the
next seven vears. Coordination of these early
ﬂi.EJ‘IIE. anl :.-:w.lmnﬁn il h!s.ull.i.l'lg dats, wanld
leave the U.S. better prepared o undertake a
Muars RoveriSample Return mission, whether in
coordination with the Soviets or alone.

Planetary exploration need not be NASA's pri-
mary fodsus, but it olfers opportunities o exer-
cise leadership in the international arena
through organizing and participating in coali-
tinns 10 achieve objectives which are consistent
with U5, goals, and it can provide important
precursor information for either of the larger
human exploration initisives.

Robotic planetary exploration should be actively
supported and muriuired within NASA. Although

it does not have the immediate elevance of the
Mission io Manet Earth, or the excitement of
human explormation, it is fundamental acience tha
challenges our lechnology, extends our presence,
and EIVES Us il glimp&e of other wordds, Assuch,

it enjovs widespread public interest and suppor.
Although not necessarily at the pace suggested in
this initiative, planctary exploration must by 2ol
idly supported through the 1990,

Mission to Planet Earth

Mizsion b Planet Earth is not the sort of major pro-
grum the public mirmally sssociates with an
agency famouws for Apollo, Viking, and Vovager.
But this initialive is a great one, not because it
offers tremendous excitement and adventure, but
becanse of its fundamental importance o human-
ity's future on this planet.

This initintive directly addresses the problems
that will be facing humanity m the coming
decades, and its continuous seientifie returm will
produce reankts which are of major significanee 1o
all the residents of the planet, The benefils are
clear to o public that is increasingly concemned
about global environmental problems like oeone
depletion, buildip of greenbouse gases, and
poidification of lakes and forests. And a3 the
environment and ita preservation become mone
pressing issues, the initiative retains its impor-
tance for many generations to come,

For thiz reason it should enjoy sustained public
anid Congressional aupport and interest, The UL,
ia the only coumtry cumently r'upuhbﬂ of leading

a Miasion to Flanet Earth, an the program is
designed around, and requires, international
cooperation. Admittedly, the initintive's intermo-
tional scope could complicate its eosrdination amd
implementation, but the concept embodied in the
initiative enjoys widespread intermational sup-
port. As more and more countriea are facing
ceological problems, ther: is increasing interest in
n global approach. In fact, this concept 15 sup-
purted by several international organizations, and
may emerge as a theme for the Intemational Space
Year, 1992, This initiative represents an impor-
tant opportumity for the United States to exencise

leadership in an increasingly significant aresi.

As the Earth System Sciences Committes
suggesis, NASA isa natural leader fora Mission
to Planet Earth. The National Science Foundation
and the National Oceanic and Atmospheric Ad-
ministration will play importint roles, and intera-
geney coordination is crucial. But since the major
focus is on ohservations from space and the coor-
dination and analysis of these {and ground-based)
chservations, NASA 15 uniquely suited to lened thee
effiart. T isa natural use for, and extension of, our
low-Earth orhital facilities and capabilities, and
wotld not severchy drain resources from exisling
programs. This is an initiative well within NASAs

-
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capabilities, and could be camied ou with oar
tradifional commitment o excellence.

Should NASA do it? Vidually evervone exposed
1o this initialive recognized its fundamental im-
|.1u.|:1.uj:::1.-, and .&._E:'ea‘-n'] that “whatever we do. we
have todo this™; but some Felt it may not be bold
and visionary enough to stimulate the increased
funding necessary. The National Commission
on Space conducted numerous public sessions
on the space program, and solicited and re-
ceived comments from a wide cross-section of
Americans. The Commission’s report lists a
series of points “brought forward repeatedly”™ in
those public sessions, One of these was the con-
cern thal “any new push into space must supple-
ment living on Earth.... Don’t abandon our

home plame!

Plans are already under way within NASA 1o
undertake a subset of this program, The Eurth
Observing System, which consizts of two NASA
polar platforms, is being coordinated with the
corresponding sctivities of the European Space
Agency and Japan. The first NASA platform is
part of the Phasse | Space Station, The second
platform, the instruments, and the payloads
remain unapproved. And although the Earth
(hserving System would repreaent a major start,
il is nat sufficient w fulfill all the objectives of
this initiative. Critical activities for the
immediate future include the coordination of
Federal agencies, and the sirengthening of
international agreements to facilitate the coordi-
nation of this intemational effort.

NASA should embrace Mission to Planet Earth,
This initiative i responzive, ime-critical, and
shows a recognition of our responzibility o our
home planet. Do we dare apply our capabililies
Lo explore the mysteries of other worlds, and not
alao apply those capabilities w explore and un-
derstand the mysteries of our own world — mys-
teries which may have important implications
for our future on this planet?

Humans to Mars

Eqplm-'ing, prospeciing, anid -.-u;*ll:]inE Mars are
clearly the ultimate goals of the next several
decades of human exploration. But what strat-
epy should be followed to attain those poals?

Any expedition to Mars 15 a huge underaking,
which requires a commitment of resources
which must be sustained over decades. This
task group has examined only one possible
seenario for 8 Mars initialive = a seenario
degigned to Land humane on Mars by 2005, This
limescale requires an early and signilicant
invesiment in technology; it also demands a
heavy-lift launch vehicle, a larger Shuttle flee,
and a transpartation depot at the Space Station
near the tarn of the century. This would recquire
an immediate commitment of resources and an
approximate tnipling of NASA™ bodget duning
the mid- | 900k,

More important, NASA would be hard pressed
to carry the weight of this ambitious initiative in
the 1990s without severely taxing existing pro-
grams, NASA’s available resources were
strained to the limit flying nine Shuoitle flights
im one year, [ will be difficult 1o achieve the op-
eralions -I:H.IH’H::il].‘ b banane-h aned eondrd 1200 14
5]1”"!: HiEI'IIH [er year, a.rHI Mn]rjm Le=sl, .ﬂhl]:
1.‘1.|l:|li.|:|Ln|.||.lu.|'_|.' operale an].'m-I:r. Sation in the mid-
19900, Tt would not be wise o embark on an am-
bitious program whose requirements could over-
whelm those of the Shuttle and Space Station
during the criical next decade.

This suggesks Lhiat we shoald revise the Emurul
m]l:'ls '.1.11!_] 1,11rmi|:||;-'r :_llllE'l' a.ppn.l-arhﬂﬁ- Lis hiaman
exploration of Mars. One altermative is to retain
the scenano developed here, but to proceed at

a more deliberate {but still agpressive) pace, and
allow the Grst human landing to occur in 2010,
This spreads the investment over a longer
penod, and though it also delays the significant
milestones and extends the length of commil-
ment, it greatly reduces the urgency for Space




Station evolution and growth, and consequently
for transportation capabilities as well.

We must pursue a mere deliberate program; this
implies that we should aveid a “race to Mars.”
There is the very real danger that if the U.5. an-
nounces a human Mars initiative al this time, it
could escalate into another space race, Whether
such o mee was real or perceived, there would
bse constant pressure to sel a imetable, to aceel-
erate it il possible, and to avoid falling behind.
Schedule pressures, as the Rogers Commission
noted, can have a very real, adverse effect. The
presaure could make it difficult w design and

implement a program which would have a strong
ﬁ:ll.l:ru atiom and H.-I'J.HIIIIEII.-E' e nbum to sustain
ilsell beyond the first few piloted missions. This
crould turm an iniliative that envisions the even-
tual development of a habitable outpost into
anuther one-shot spectacular. Such a dead-end
veniure does not have the support of most NASA
personnel. Neither, according to the National
Commission on Space, does it have the support
of the public. A “theme brought forward re-
peatedly” in the Commission’s extensive public
sessions was “a strong wish that our next goal
fur piloled space activity nol be another 4 polle
~ u one-shol foray or a political stunt,™

During the majority of this work, thers wis no
foaal povint within NASA for studies on humun
exploration, Recognizing this deficiency, amd
adopting one of the carly recommendations of
this study, the NASA Administrator has es-
talslished the Oilice of E:p]malil.m o fund,
direct, and coordinate studies related to
human explotation.

Both of the human exploration initiatives de-
seribed in this work were generated ina work-
shop or task force envirenmenl. The three to
four months devoted to their formulation were
adequate only to develop the starting poind for
in-depth studies. The (Hfice of Exploration
will b responsible for coordinated mission
studies to develop these and other scenarios,
lis assess mission concepts and schedules,
and to study trade-offs in requirements,
technology, transportation, and facilities

THE OFFICE OF EXPLORATION

pertation regquirements cannot be developed
ina vacuum, These mission studies will pro-
vide a context for planning technology and
transportation development and Space Sta-
tivn evolution {and studies in these areas will,
of course, feed hack into the mission

The establishment of the Office of Explora-
tlmwaumlmpm't.lnt A&:qun.tcm.ppnﬂ
of the (Mfice will be 'I:q'l.l.lj]]" important, and

will be an indication of the commitment o
long-term human exploration. There is some
concern among ohservers that the Uffice was
created only to placate critics, not to provide
a serious focus for human exploration.
Studies relating to human exploration of the
Moaon or Mars currently command only about
03 pereent of NASA"s budget (approximately
I dollar out of 3000); this is nol enough.




The scenario described in this report 15 a
eational, sustained program, leading to an oul-
past and eventual permanent base on Mans. Hut
there is some fear that it is suseeptible to trans.
formation into a stunt. This could morgage the
viable B TOETACT Wi L||||'|-e- o have in the
1P M bs fanr "-:I g la r.h" which may have {few
lasting benefits.

S‘-I;I.'J“]!_!_ M ars shasild b our eventual EML but

it :g.hl_ﬂﬂﬂ il e woner el El.r»a.l- st‘:lll'“.t'lg |.'Hf_‘l|:l|:i|:i.‘

I .;|||_|,| [Fam 1'|-T:_|.rb: is mil Lhie 1.II:I|_:. issue tnvolved.,
Understanding the requirements and implica-
1iiEris of |!|||1]1|irrE anil .-.u-.-tai:|.m!x a pcmun:m
brse on anither world is |:I.EI.I.E|J.|.:-' jm’.u'.rrlunl. We
should adopt & strategy of natural progression
which leads, step by step, in an orderly, unhur-
rien] way, inexorably toward Mars,

Outpost on the Moon

The Lunar initiative is a logical part of a long-
ramge siralegy lor human |-'l:|h|||!.ulmll. The Na-
tional Commission on Space recommended that
the U5, follow a “natural progression for future
apace activitiea within the solar system.” and
concluded that the natural progression of human
exploration leads next to the Moon,

The establishment of a lunar outpost would be

a significant step outward from Earth — a step
that combines adventure, science, I4ﬂ1:']|n-:h|.|.r;|_.';:|-.
ﬂnl'_! !'_I-l!_'"rl'l.“p! ”II" !‘ul"l"i].d Ilrl"““'l'E:lrihl'- F:!’IFII.I'H'irI.E
.emr_] [Prues e 'EirlE [!1:- HIH.HI & |4='=| I'|'|ir'|.|‘.': P RNET L |.ill'.|EJ"
rEsCMITES and work within lunar constraints.
would provide the experience and expertise
MECERRATY fior lurther human 1*1]1]maiiﬂn of the

golar ayalem.

The Lunar miliative is 8 major undertaking,
Like the Mars initiative, it requires a national
commitment that spans decades. i, oo, de-
munds un carly investment in advanced technol-
oy, Earth-to-orhil transportation, and a plan for

Space Station evolution. Even considening its
gradual evolution over the first five years, the
ambitious buildup of the lunar outpost en-
visioned in this seenaro would require a high
level of effort in the mid-to-late 19908, and
would place substantial demands on trangporta-
tion and orbital facilities. Thiz iz a period when
resources may be searce,

However, this inttiative is |.||.lil-|" flexible.

Ita pace can be conteolled, and more im-
portant, adapted to capability. It is possible to
lay the foundation of the outpost in the vear
20013, then build it gradually, to case the burden
on transportation and Space Station at the tum
of the century.

The Lunar initiative is designed to be evolution-
ary, ol revolulionary, Relyving on the Space
Station for evslems and subsvstems, [or opera-
tions expenence, and for technelogy develop-




ment and testing, it builds on and gradually ex-
tends existing capabilities. Many of the systems
needed for reaching outward to Mars could be
developed and proven in the course of work in
the Earth-Moon region. It is not absolutely
necessary 1o establish this stepping stone, but
iteertainly makes sense o gain experience, ex-
pertize, and confidence nearer Earth first, and
then to set out for Mars.

This study did not include an assessment of the
level of public support for these initiatives.
However, there is considerable sentiment that
Apollo was a dead-end venture, and we have lil-
te lefl to show for it. Although this task force
found some who dismissed this initiative be-
cause “we've been to the Moon,” it found many

more whao fee] that this generation should con-

tinue the work begun by Apallo.

Although explorers have reached the Moon, the
Moon has not been fully explored. This initiative
would push back frontiers, not 1o achieve a blaze
of glory, but to explore, 1o understand, to leam,
and to develop; it would place the Apollo Pro-
grum into a broader context of continuing ex-
ploration, spanning several generations of
Americans. And it fita beautifully into a natural
progression of human expansion that leads
“from the highlands of the Moon to the plains of
Mars.™
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CONCLUSION

Owr the lust 25 years, as a resull of the success of programs like
Apallo, Skviab, Viking, Voyager, and the Space Shuttle, the Amer-
ican public hus come to expect this country o lead the world in space
science, space exploration, and space enterprise. But during the 1980s,
membership in the once-exclusive club of spacefaring nations has grown,
and ocur leadership is being challenged in many areas.

L today’s world, America clearly cannot be the leader in all space en-
deavors. But we will be the leader in very few unless we move prompily
to develop 4 strategy to regain and retain leadership in those areas we
desm important.

Leadership results from both the capabilities a country has acquired and
the active demonstration of thuse capabilitics. Thus, the strategy we
choose must lay a strong foundation of scientific research and technology
development, and must include visible, significant accomplishments
that demongirate the successful pursuil of our stated goals,

To stimulate a discussion of the future of the U, 5. civilian space program,
four potential leadership initistives were developed. Each fits comfuort-
ably under the umbrella of NASA's charter, each contains visible mile-
stones within the next two decades, and each requires a solid foumndation
of technology, transporiation, and orbital facilities,

It would not be good strategy, good science, or good palicy for the L5,
to select a single initiative, then pursue it single-mindedly. The pursuit
of a single initistive to the exclusion of all others results in leadership
in only o limited rarge of space endeavor,

A strategy for the U5, space program must be carefully selected to he
comsistent with our national aspirations and consistent with NASA’s
capabilities. It is not NASA’s role 1o determine the strategy for the civil-
jan space program. Butitis NASA's role 1o lead the debate, (o propose
technically feasible aptions, and to make thought{ul recommendations.

_____———_—_
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It 13 in this ﬂ-p-i.ril theal we sLiggeal the wtline of
oI i!:l:'altﬁ"__i' — & iitahl-mr al evolulion .'1.r|r|| k=
ral progression. The sirategy would begin by in-
creasing our capabilities in transportation anmd
technology — not as goals in themselves, but as
the necessary means to achieve our goals in sci-
ence and exploration. The most enitical and im-
rriedizte needs are related to advanced transpor-
tation systems lo supplement and complement
the Space Shutile, and advanced technology o
enable the bold missions of the next century.
Until we can get people and cargo to and [rom
orbal reliably and efficiently, our reach will ex-
ceed our grasp: until we begin the technologies
proposed by Project Pathfinder, the realization
of our aspirstions will remain over a decade
away.

The strategy emphasizes evolving our capa-
hilities in low-Enrth orbit, and nsing those
cupabilities to study our own world and explare
othiers. With these capabilities. we would po-
siliom ourselves to lead in characterizing and un-
derstanding planet Earth; we would also posi-
tion vurselves (o continue leading the way in
husman r::pim'ﬂrim:.

Avcording 1o the NASA Advisory Council's
Tagk Force on Goals, "Recognized leadership
abealutely requires the expansion of human life
bevond the Earth, since human exploration s
ome of Uthe mest challenging and compeling dis-
plays of our spacefaring abilities,”™

W e should explore the Moon for what it can tell
us, and what it can give ua - as a acientific lab-
oratory and observing platform, as a research

and lechnology test bed, and o= o proteniial
soiuree of important resources, While exploring
the Moon, we would learn to live and wirk on

a hoatile world bevond Earth. This should be
dene in an evolulionary manner, and on a time
sedle that is consistent with our developing
capushilities.

The natural progression of human exploration
then leads o Mars, There is no doubt that
exploring, prospecting, and setiling Mars
should be the ultimate objectives of human ex-
ploration. Bul America should not mish head-
long toward Mars; we should adopt a strategy to
eontinue an orderly expansion outward from
Earth.

The National Commizsion on Space urges 2 1ai
Century Amenca “To lead the exploration and
development of the space frontier, advancing
seience, lechnology, and enterprise, and baild-
ing institutions and svatemns that make accesai-
Ll vaest mew resources and support human set-
tlements bayond BEarth orbie, from the highlanda
of the: Moon to the plains of Mars.” The United
Stutes space program needs to define a course
to make this vision o reality.
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EDUCATION

An informed public is essential to both the
near-and long-term interests of the nation's
civilian space program. The public needs an
appropriate base of knowledge of scientific
and technological issues in order to make
educated decisions on space-related goals.
Additionally, today’s educational system
must produce the hiﬁh caliber seientizls, &n-
gineers, technicians, social scientists, and
humanists that will actually manage the
large-scale space programs that are now en-
visioned. This means capturing the imagi-
nations and interests of young people at an
early stage in their educational caresrs and
encouraging them to pursue studies that will
prepare them 1o actively participate in the
SpPACE Program.

“Unless the vouth of this nation are strongly
motivated o seek their careers in the often
difficult fields of science and technology —of
which space is a particularly exciting and re-
warding constituent — no amount of federal
program emphasis can by itsell sustain a
long-term leadership role for the U.5. in civil
space activities.” U8, Civil Space Program.:
An AIAA Assessment, 1987

“As revealed in @ recent national survey of
student achievement, an estimated 90 per-
cent of America’s high school graduates may
not be capable of accomplishing even the
most routine high-technology tasks in the fu-
ture. While up to 90 percent of high school
graduates in other countries enjoy a profi-
ciency in math and science, & mere 6 percent
of 1.2, graduates attain the same aptitudes.

. + » This challenge exists at every level from
elementary through graduate education.”
Pioneering the Space Frontier, 1986

“Thus, a strong educational system is an es-
sential component of a vital science without
which scientific progress would come to a
rapid halt. It is most important 1o ensure that
students are being broadly educated in con-
cepts and skills which will be useful through-
out their careers.” The Crisis in Space and
Earth Science, 1986

*“The future of space biology and medicine
will depend on the quality of the young people
altracted to the field. NASA should expand
its fellowship programs to encourage predoc-
toral and postdoctoral training at Univer-
silies, rescarch institutes, and NASA re-
search centers. Even in a period of reduced
Might opportunities, there is exciting impor-
tant rezearch o be done in groumd-based
laboratories.” A Strategy for Space Biology
and Medical Science, 1987

39



ADDITIONAL STUDIES

i."":;":'-rrrl wlipfies paow el <ignifican | inpubs fothe work describsed b report, Breel svoopees of the studies are provided
w.

Btady: The New Giant Leap in Spoce: Ar Agende for Internarional Conperation
Sponsor: The United Mations Association of the 15 A.
Ohjectives:  As part of the UNA-USA" Multilateral Froject, io provide an nr?mmmily Ty privade cilizens W panicipesis
in an examination of the posaihilities for intermational cooperation in the peaceful nses of space; examine programs
and policy sptione und 1o develop o list of recommendations for the 15, to porsoe.
Stady: Ihe Crisiz in Space and Earth Scicnce
Sponsor:  Space and Earth Scence Advsory Commines, NASA Advisory Councl
Dbjectives: Todetermine the nature of the changes under way in the environment of Space and Eanth Beience programs;
to understand the impliml:ic-nﬁ il e -:.'|'|.|:|.I|Eu|°| wnd b migke recommendations bo crable NASA i l'rl'lH‘:l'.H‘E with & '|nng-
terma, productive ?mgam inn Space and Earth Sciences; 1o develop o more mationud proveas for making decisions, espocially
concerming U selection of meaier new initiatives; v detenmine how wooptimize the use of Hinited wvadloble resoumees
i wuch & way s o construct the best possible scientific program,
Srudy: NASA Miced Fleet Stindy
Sponsory (Miice of Space Flight, NASA Headoguarers
Objectives:  Taolurmulate an overall NASA inived fee Bunch steategy and polies for the periods 1988-1995 and 1995
2000, The tasks e loded an assessment of mission needs; s launch sehicle dats base; launch vebiche’payload capiures
||1nf|}1il; mixed flest soenario defindtion: and mined fles alFalegy il r-:li-,-:,.,

Studyr NASA Life Setences Warking Group
Spunsor: Admimstrater’s Long Range Flening Office, NASA Hesdquarters
Ohjectives:  Toidentify the specific questions which must be angwered i the lile seienees related o lammans o leag-
duration space Tight; fooutline the research progrom required to resolve each issue; to gasess NASA s program in fermes
al the 1-:r|1|.|||u.||:| 1'H!Tl'!l1!|'!|- Erven e ench issue.
Stwdy: Nowioual Commission o Space Privatzmtion S
Spunsor: Aenmpace [ndustnes Associaten of Amerca, Ine.
(hjestivea:  Todevelop eriteria o decaude wheres, in the Nabona] Comamizaism on Spiac e road map, indusiry is hkely
o desire privatization; w identify moar atraetive candidates in KCOS repor for privatizationg o suggest NASA actions
anvd ground riles which will erease industry intereal in priviidzaten.
Stadyv: U5 Cild Space Program;: An AM44 Asseszment
Sponsor:  American Instinde of Acroaubics and Asronadics
jectives: Toconduct an onalyzsiz and detailed dizcussion of both wrgent (near-te-mid-term) and selecied long-term
isss affecting the 1. 5. civil space program. Four categories of issues were addressed: restéring mmentum, maiiaining
st leudership, organizing and managing the civil space program, and building for the future,
fl-l.'l.l.d:r: Tosk Foree on Jasuwes af i Meved Flewi i Laenesh Sysdems
ﬂpunnnrl MASA ﬁ.ﬂrinurj Comineil
Dhjectives:  Toexamine the issues and qouestions, and make recommendations 1o NASA concerning a new palicy o
conduct the nation's space (light program with s mixed Beetof vehioles. The Taek Foree addressed three principal iseuos:
an approprate mis of Shutile and expendable launch vehicles; apprspriate polivies and practices for NASA 1o use in
FII.I:I.I1|I'iI1E aned [lrm‘ir]lnp; launch services; the role NASA should pl.l:l' wilh respect fo current elfarks o jlnrmiie Turther
commersialization of space lbunch sernces,

Stody: Anenment of the Srevel Space Progrom
Sponsor: Adminisiator’s Long Range Planning (dfice, NASA Hesdguariems
(hjestives:  Toamlerake a bechnical review of the capabilities of the Soviel space progrom i include s pordation
ared bnunch systens, pibated programs, and space science prsgrams,

Study: Task Force on Space Program (aals
Sponsurr NASA Advisory Couneil
Ohjectives: Tonssess the work conducted by NASA to responed b e Waliong] Comimission on Space report and advise
ir the formulation of any plans, with the emphasic on nearer-term goals, shiectives, prsgram thrsts, and broad palicy
iz identified by the task foree,
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Study: Microgrovity Materials Seience Arsesomend Task Foree
Sponsar:  Administratnr's Long Range Planning (ifier, NASA Headguaners
Objectivess To determine NASA'S rale in rosearch, technology development, smi handware deved £ i idemtiify
gesential grems of rscanehs 1o assess NASA S mlbes in assisting ity custemens mierestod a0 the 5T3; w0 lop o plan
for using U Shunle, Spacelal, froe-flyers, and Fjllﬂ‘ Stntion for micrograyily prssesaing research.
Stdyr A Strtegy for Spoce Hiology and Medieal Science
Sponsort Space Soience Board, Natimal Academy of Sciences
Objectives:  To develop & .-l:rntin- far space biolngy and medial scienoe for the 1960s and 1990s; w0 idemily and
describe those areas of lundamental scientific investigation in apace biology and medicine tht are both exciting and
important o pursses b develop the foundation of knowledge uﬂnunderumdin;lhu will make lsng-term paloted space
habitution and/or exploration feasible.
Swady: Educarionel Affairs Fie-Year Plan
Sponsor: Educstone] Affars Dhvision, NASA Headeuariers
Ohjectives: To develop a five-yenr plan (o improve the quality of science, muthematics, and iechnology rdusation
in the nation's sohiol systems and inoreose the tlem pool of professional und technical persannel weeded o I|:l‘ fields
of acrmantics and space.
Study: Committes n Space Technology Needs for the Future
Spowsor:  Aernmutics and Space Enginesring Board, Notional Academy of Sciences
Objectives: Toidentify enabling and enhancing 1echnalogy requared 1o suppoart an aggressive civilian space progrm
fiar the next 30 vears, considering both mission goals and the need for reduced costs for aequisition and operntions in
BPACEL TEVIW probable sets of space scienee, military. space applications, and pilated fl'plﬂﬂl'i-ﬂﬂ mmisndsne; identify
technnlagies needed to realize snd suppont the defined missions; identify sreas where new and innovative approaches
are likely 1o produce exceptivnal sy=teme, benefits, or new enpabilitics: define and prioritize o research and technobogy
devebupment program ansl ideniily peajects and in-space resewrch and technology needs w bring the necessary technolagy
lui & alnte of readiness.
Simdyt Space Scionce in the Twendy-Firs Cenbiry: T925-2015
Sponsor: Space Scwsiee Foand, National Academy of Scienoes
Objectives:  To alanify the mapor directions for space science For the years 19952015, The shidy wa= devated 1o
the review of six major discipline groups: Fundamental Physices snd Chemistry, Planetary/Lanar Exploration, Astronemy!
Astrophysics, Earth Sciences, '-:'-ﬂul.ng.pn.r.e Plussas, and Lile Sciences.
Study: 05T Comments and Reeommendations on the Nationol Commission an Space
Sponsart  (Mice of Scienes and Technology Policy, NASA Hendguarters

Objectivest  Todevelsp a strategy on how to nspond 1o the recommendations comlsined in the Natronal Crmmission

on Spice report. This is intended to inchde a review of the current space-relited palicies and directives, as well ps
b develap Presidential direction to appropriate agencies W exomdne the Reguor and develop potential implementation
plans.

Swrdy: Task Force an International Policy and Progrom fanes
Spunser: NASA Advisory Cooncil
Objectives: T consider the long-range plans of NASA, other nalions, and internshonal bodies, with emphnsis o
opportunities for cooprrative ctivities and allerative lorms of such conperation, as well as aress of present and potential
compedition; consider the use of internatinal activines as instruments of foreign polic.

Studyr Lafe Science Sirategic Plunmag Study Commenies
Spousor: NASA Advisory ol
Ohbjectivess  Characrerize present NASA life scienve programs; recommind majur NASA lile science research gaals
and ubijectives: project foreseeable progress in relevant life scivhees and technologies; determine whal rescanch and
development shoubd be supported: fomulate 1echnical and scientific stmieges o accomplish the aclocied olvjeatives
and goals.
Stdy: Natinnal Space Transportation and Sipart Study
Spomsor: (Hfice of Spare Flight, NASA Headquartens; Department of Delense
Dhjectives: To stsdy the development af & steamnd-generation space transporiation system-—making e of pileted

and autsmated sysies i meet the regquirements of all users, A full range of aptions will be studied, including Shuttlo-de-
vl telaminlogges and others. The: ﬂhlrh will examine the 15200000 time frame,
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