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EXECUTIVE SUMMARY

The United States' civil space program was
rather hurriedly formulated some three decades
ago on the heels of the successful launch of the
Soviet Sputnik. A dozen humans have been
placed on the moon and safely returned to earth,
seven of the other eight planets have been
viewed at close range, including the soft landing
of two robot spacecraft on Mars, and a variety of
significant astronomical and other scientific
observations have been accomplished. Closer
to earth, a network of communications satellites
has been established, weather and ocean
conditions are now monitored and reported as
they occur, and the earth's surface is observed
from space to study natural resources and
detect sources of pollution.

Problems and Perspectives. In spite of these
virtually unparalleled achievements, the civil
space program and its principal agent, the
National Aeronautics and Space Administration,
are today the subject of considerable criticism.
The source of this criticism ranges from concern
over technical capability to the complexity of
major space projects; from the ability to estimate
and control costs to the growth of bureaucracy;
and from a perceived lack of an overall space
plan to an alleged institutional resistance to new
ideas and change. The failure of the Challenger,
the recent hydrogen leaks on several Space
Shuttle orbiters, the spherical aberration problem
encountered with the Hubble Space Telescope,
and various launch processing errors such as a
work platform left in an engine compartment and
discovered during launch preparations, have all
heightened this dissatisfaction.

Some of the concern is, in the view of the
Committee, deserved and occasionally even
self-inflicted. For example, the practice of
separately reporting the cost of space missions
according to accounting categories (which for
bookkeeping purposes allocates launch services
to a distinct account) results in confusion as to
what is the actual cost of a mission.

Yet, in spite of recognized current problems,
care must also be taken not to impose
potentially disruptive remedies on today's NASA
to correct problems that existed in an earlier
NASA. The much publicized sphericai
aberration problem of the Hubble Space
Telescope encountered this past year is in fact a
consequence of an assembly error left
undiscovered in tests conducted a decade ago --
in 1880. The decision to launch the Challenger

in cold weather, when the seals between rocket
motor segments would be most suspect, took
place tive years ago and has spurred NASA to
many management changes. Since the
Challenger accident, NASA has increased the
emphasis on safety, and has borne the burden
of delaying launches when reasonable questions
arose over the readiness to launch safely. On
the other hand, processing incidents during
launch preparation continue to occur in NASA
operations, and to be the cause of justifiable
concern.

Because of the intense interest in -- and
scrutiny of - America's commendably open and
visible civil space program, it is sometimes easy
to overiook the fact that technical problems such
as hydrogen leaks, faulty seals and erroneous
assembly procedures are not unique to today's
space activities, or even to NASA. Although
problems of any sort are most emphatically not
to be condoned, when comparing today's space
program with the successes of the past, it must
also be recalled that America’s first attempt to
launch an earth satellite using the Vanguard
rocket ended in failure. By the end ot 1959, 37
satellite launches had been attempted: less
than one-third attained orbit. Ten of the first
eleven launches of unmanned probes to the
moon to obtain precursor data in support of the
Apollo mission failed. Three astronauts were
lost in a fire aboard the Apollo capsule during
ground testing. A fuel cell exploded during the
mission of Apollo XIIl en route to the moon,
seriously damaging the spacecraft. During the
few months surrounding the Challenger
accident, a Delta, an Atlas-Centaur, two Titan
34-D's, a French Ariane-2 and a Soviet Proton
were ali lost.

Space missions, whether manned or
unmanned, are fundamentally difficult and
demanding undertakings that depend upon
some of the world's most advanced technology.
The Saturn V rocket required the integration of
some six million components manufactured by
thousands of separate contractors. Voyager 2
arrived at Neptune a mere one second behind its
final updated schedule after a 12-year, 4.4 billion
mile flight, approaching within 3,000 miles of the
planet's surface. The information to be gathered
by the Earth Observing System could approach
10 trillion bits of information -- about one Library
of Congress - perday. The matter of human
frailty is perhaps of even greater import: in the
case of the Apollo program, some 400,000
people at some 20,000 locations were involved
in its design, test and operation.



Concerns. Nonetheless, given the cost of
space activities, in both financial and human
terms, and their profound impact on America's
prestige throughout the world, no goal short of
perfection is acceptable. The Committee finds
that there are a number of concems about the
civil space program and NASA which are
deserving of attention.

The first of these is the lack of a national
consensus as to what should be the goals of the
civil space program and how they shouid in fact
be accomplished. it seems that most Americans
do support a viable space program for the nation
-- but no two individuals seem able to agree
upon what that space program shouid be.
Further, those immediately involved in the
program often seem least inclined to
compromise for the common good. Some point
out that most space missions can be performed
with robots for a fraction of the cost of humans,
and that, therefore, the manned space program
should be curtailed. Others point out that the
involvement of humans is the very essence of
exploration, and that only humans can fuily
adapt to the unexpected. Some point to the
need for accelerated commercialization of space
while others argue the benefits of fundamental
science -- only to be challenged in tumn to prove,
say, the tangible value of studies in astronomy -
- and so on.

Second, and closely related to this contentious
yet fundamental matter, our Committee believes
that NASA is currently over-committed in terms
of program obligations relative to resources
available -- in short, it is trying to do too much,
and allowing too little margin for the unexpected.
As a result, there is the frequent need to revamp
major programs, which in tum sometimes results
in forcing smaller (scientific) pursuits to pay the
bill for problems encountered in larger
(frequently manned) missions. Of major
importance, in our view, is the fact that margins
needed to provide confidence in maintaining
cost, schedule, performance, and especially
reliability, too often are minimal or absent.

Third, continuing changes in project budgets,
sometimes exacerbated by actions needed to
extricate projects from technical difficulties,
result in management inefficiencies. These
demoralize and frustrate the individuals pursuing
those projects -- as well as those who must pay
the bills.

Fourth, there is the matter of institutional aging
and the concern that NASA has not been
sufficiently responsive to valid criticism and to
the need for change.

Fifth, the personnel policies embodied in the
civil service system are, in the opinion of the
Committee, hopelessly incompatible with the
long-term maintenance of a leading-edge,
aggressive, confident, and able work force of
technical specialists and technically trained
managers that will be needed by NASA in the
years ahead.

Sixth, it is a natural tendency for projects to
grow in scope, complexity, and cost. Deliberate
steps must be taken to guard against this
phenomenon if programs are not to collapse
under their own weight -- often, as already
noted, taking a toll on the smaller projects that
must share in the budget.

Seventh, the material foundation of any major
space project is its "technological base.” It is
this base that produces the key building blocks,
or "enablers,” that make major missions possible
-- new materials, electronics, engines and the
like. The technology base of NASA has now
been starved for well over a decade and must be
rebuilt if a sound underpinning is to be regained
for future space missions.

Eighth, space projects tend to be very
unforgiving of any form -of neglect or human
failing -- particularly with respect to engineering
discipline. Spacecraft incorporating flaws are
not readily “"recalled” to the factory for
modification. It is this category of problem that
has evoked much of the criticism directed at
NASA in recent years, although with new
technology there are growing opportunities for
systems that are "self-healing.”

Finally, ninth, the civil space program is overly
dependent upon the Space Sthuttle for access to
space. The Space Shuttle offers significant
capabilities to carry out missions where humans
are uniquely required -- as has been the case on
a number of occasions. The Shuttle is also a
complex system that has yet to demonstrate an
ability to adhere to a fixed schedule. And
although it is a subject that meets with
reluctance to open discussion, and has therefore
too often been relegated to silence, the
statistical evidence indicates that we are likely to
lose another Space Shuttle in the next several
years ... probably before the planned Space
Station is completely established on orbit. This



would seem to be the weak link of the civil space
program -- unpleasant to recognize, involving all
the uncertainties of statistics, and difficult to
resolve.

The Space Shuttle differs in important ways
from unmanned vehicles -- on the positive side it
provides the flexibility and capability attendant to
human presence and it permits the recovery of
costly launch vehicle hardware which would
otherwise be expended. On the negative side, it
tends to be complex, with relatively limited
margins; it has not realized the promised cost
savings; and should it fail catastrophically, it
takes with it a substantial portion of the nation's
future manned launch capability and, potentially,
several human lives.

The Committee recognizes the important role
of the Space Shuttle for missions where there is
the need for human involvement, and notes that
the Space Shuttle is absolutely essential to
America's civil space program for the next
decade or more. Necessary steps to assure the
viability of Space Shuttle operations this decade
should therefore proceed. Nonetheless, the
Committee believes in hindsight that it was, for
example, inappropriate in the case ot Challenger
to risk the lives of seven astronauts and nearly
one-fourth of NASA's launch assets to place in
orbit a communications satellite.

Agency Responsibilities. Against the
backdrop of these and other concerns, the
Committee was asked to consider whether some
aitogether new form of management structure
should be established to pursue portions of the
nation's civil space program, as has been
recommended by various observers. Such a
model might include an altogether separate
agency patterned after, say, the Strategic
Defense Initiative Organization of the
Department of Defense, which would be
established to pursue major new initiatives such
as the Mars exploration program. Another
possibility occasionally proposed is to separate
the Space Shuttle's operation from NASA so as
to permit the space agency to focus upon the
pursuit of advanced technology and new
leading-edge missions.

The conclusion of the Committee is that
changes of such sweeping scope are
inappropriate. First, in spite of imperfections, by
far the greatest body of space expertise in any
single organization in the world resides within
NASA. Further, in the case of Space Shuttle
operations, the maturity of the system is neither

compatible with a (potentially disruptive) shift to
a new operator nor, in the opinion of the
Committee, is it ever likely to be -- even though
in principle we favor private sector operations
over government operations whenever
practicable. NASA and its predecessor, NACA,
have followed this practice with regard to the
aeronautics program -- producing unmatched
technology that helped make America's
commercial aircraft industry preeminent in the
world. A similar effort is needed with respect to
space activities -- but the Space Shuttle is not, in
our opinion, the correct mechanism for
accomplishing this objective.

Briefly stated, the Committee believes that
NASA, and only NASA, realistically possesses
the essential critical mass of knowledge and
expertise upon which the nation’s civil space
program can be sustained -- and that the task at
hand is therefore for NASA to focus on making
the self-improvements that gird this responsi-

bility.

A Space Agenda. The question then arises:
"What should be the U.S. space program?”
Although it may be tempting to lay out an
accelerated plan to accomplish the
unaccomplished and to attack the unknown, to
do so in the absence of fiscal and technical
realism would be a disservice, and would only
magnify the problem of management
“turbulence” that already has been so costly to
the space effort -- both in money and morale.

The question thus becomes one of what can
and should the U.S. afford for its civil space
endeavors in a time of unarguably great
demands right here on earth, ranging from
reducing the deficit to curing disease and from
improving education to eliminating poverty. The
answer to this question is made all the more
difficult because the space program touches so
many aspects of our lives and contributes to the
accomplishment of goals ranging from improving
education to enhancing our standard of living
and from assuring national security to
strengthening communications among the
peoples of the world. The space program
produces technology that enhances
competitiveness; the largest rise and
subsequent decline in the nation's output of
much-needed science and engineering talent in
recent decades coincided with, and some say
may have been motivated by, the build-up and
subsequent phase-down in the civil space

program.



Global understanding has been enhanced
through the establishment of widespread
satellite telecommunications. Countless lives
and considerable property have been saved
through advanced weather forecasting and the
use of spaceborne search and rescue systems.
Basic scientific knowledge has been obtained
that addresses such important questions as why
one planet evolves to become altogether
uninhabitable, while another nurtures lite.

It can be argued that at least some of these
benefits can be reaped by other more direct
means. If the objective is to stimulate education,
then why not give the money being spent on
space to our schools? If the objective is to study
the stars, then why not build more and better
telescopes here on earth? To ease poverty,
give aid to those in need. Yet perhaps the most
important space benefit of all is intangible -- the
uplifting of spirits and human pride in response
to truly great accomplishments -- whether they
be the sight of a single human orbiting freely
around the earth at 18,000 miles per hour, or a
picture of Uranus' moon Miranda transmitted 1.7
million miles through space, and taking some 2-
1/2 hours merely to arrive at our listening
stations even when traveling literally at the
speed of light. Such accomplishments have
served to unite our nation, hold our attention,
and inspire us all, particularly our youth, as few
other events have done in the history of our
nation or even the world.

Our Commitiee conciudes that America does
want an energetic, affordable and successful
space program, a predilection to which we as
individuals unabashedly confess. This support
has been evidenced in the gradual growth in
space funding for nearly two decades (Figure 1).
The question remains, however, "What should
we afford?” in this regard, a historical
perspective is helpful. At its peak, during the
Apollo years, America spent 0.8 percent of its
gross national product on its civil space program
(Figure 2). This level amounted to about 4.5
percent of federal spending at the time (Figure
3) and, perhaps more importantly, about 6
percent of the discretionary portion of the federal
budget (Figure 4). Today, we as a nation are
spending about one-third of the Apollo peak
spending as a portion of the GNP ... and the
fraction of the increasingly pressured total
discretionary budget has declined to 2.5 percent.

Presumably reflecting public support, both the
Executive Branch and the Congress have
recently shown a willingness to increase civil
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space spending on the order of 10 percent per
year (real growth) for a well-executed program.
This, therefore, is the baseline selected by this
Committee to assure at least a first order fiscal
test in our proposals. A larger budget wouid
obviously permit a more energetic space
program -- while the converse also is true. We
recommend an approach which can
accommodate, within limits, either contingency.
Our specitic assumption is that the civil space
budget will grow by approximately 10 percent
per year in real dollars throughout most of this
decade, leveling out at about 0.4 percent of the
GNP. This is a budget that can enable a strong
space program -- but only if funding is
predictable and programs are carefully managed
and consistently executed. As a reference, civil
space spending recently approved for 1991
represented 8.5 percent real growth over the
prior year's spending.

In detining a space agenda we believe it is not
sufficient merely to list a collection of projects to
be undertaken in space, no matter how
meritorious each may be. It is essential to
provide a logical basis for the structure of the
program, including a sense of priorities.

A Balanced Space Program. It is our belief
that the space science program warrants highest
priority for funding. I, in our judgment, ranks
above space stations, aerospace planes,
manned missions to the planets, and many other
major pursuits which often receive greater

visibility. It is this endeavor in science that
enables basic discovery and understanding, that
uncovers the fundamental knowledge of our own
planet to improve the quality of life for all people
on earth, and that stimulates the education of
the scientists needed for the future. Science
gives vision, imagination, and direction to the
space program, and as such should be
vigorously protected and permitted to grow,
holding at or somewhat above its present
fraction of NASA's budget even as the overall
space budget grows.

Having thus established the science activity as
the fulcrum of the entire civil space effort, we
would then recommend the "mission-oriented”
portion of the program be designed to support
two major undertakings: a Mission to Planet
Earth and a Mission from Planet Earth. Both, we
believe, are of considerable importance. The
Mission tg Planet Earth, as we would define i, is
the undertaking that in fact brings space down to
earth --- addressing critical, everyday problems
which affect all the earth's peoples. While we
emphasize the need for a balanced space
program, it is the Mission to Planet Earth which
connotes some degree of urgency. Mission to
Planet Earth, as we would define it, comprises a
series of earth-observing satellites, probes and
related instruments, and a complementary data
handling system aimed at producing a much
clearer understanding of global climate change
and the impact of human activities on earth's
biosphere. This effort will provide us with a
much better understanding of our environment,
how we may be affecting it, and what might be
done to restore it.

The Mission from Planet Earth is principally,
but not exclusively, focused upon the exploration
of space. This is where most of the manned
space undertakings are to be pursued and as
such this tends to be the most costly aspect of
the civil space program.

Today, America's manned space program is at
a crossroads. The Committee believes that a
focus must be given to this program now if it is
not merely to drift through the decade ahead.
Although there is no particular timetable that can
in good conscience be assigned to this pursuit, it
nonetheless sorely needs agreement as to
direction.

At least in part because of its cost, the
manned space program has been at the very
hub of controversy swirling around the nation's
civil space activity. It can be argued that much



of what humans can perform in space could be
conducted at less cost and risk with robotic
spacecraft -- and in many instances we believe it
shouid be.

But are there not activities in space which
properly should be the province of human
intelligence, flexibility and being? The
Committee found it instructive in this regard to
ask whether we would be content with a space
program that involved ng human flight. Our
answer is a resounding "no." There s a
difference between Hillary reaching the top of
Everest and merely using a rocket to loft an
instrument package to the summit. There s a
difference between the now largely forgotten
Soviet robotic moon explorer that itself returned
lunar samples, and the exploits of astronauts
Neil Armstrong, Buzz Aldrin, and Mike Collins.
The Committee thus wholeheartedly endorses a
far-reaching, but we believe realistic, under-
taking in manned space activity, carefully paced
to the availability of funds.

But if there is to be a manned space
undertaking, what should it be? Surely the goal
is not merely to provide routine transportation of
cargo to and from space. In this regard, we
share the view of the President that the long-
term magnet for the manned space program is
the planet Mars -- the human exploration of
Mars, to be specific. It needs to be stated
straightforwardly that such an undertaking
probably must be justified largely on the basis of
intangibles -- the desire to explore, to learn
about one's surroundings, to challenge the
unknown and to find what is to be found. Surely
such an endeavor must be preceded by further
unmanned visits, and by taking certain important
steps along the way, including returning for
extended periods to the moon in order to refine
our hardware and procedures and to develop the
skills and technologies required for long-term
planetary living.

The Committee offers what we believe to be a
potentially significant new approach in the
_ planning of human space exploration. Although
we appreciate the arguments for setting a "date
certain” for many or even most of our space
goals, as did President Kennedy with respect to
going to the moon, we believe that a program
with the ultimate, long-term objective of human
exploration of Mars should be tailored to
respond to the availability of funding, rather than
to adhering to a rigid schedule. This does not
demean the importance of the manned space
program, but rather is a consequence of the fact

that we simply cannot know with any exactness
the cost or obstacles which may impede a Mars
mission. We do know that, whatever the cost is,
it can be spread over many years, and that it will
have to endure the changing emphasis of a
series of Presidents and Congresses as well as
of economic circumstances. We also believe
that this is a challenge that could be
constructively shared among a number of
nations. The challenge, from a management
standpoint, is to tailor a program, the first step of
which is to generate needed technology
building-blocks, which can adapt to the
availability of funds. The availability of funding
would then determine mission schedule --
because the converse is neither economically
nor politically practical. Unforeseen fiscal
demands would be borne by the program itself
rather than off-loaded to other important but
smaller (science) programs.

Using this management approach, the
Committee believes that a sound, long-term
human exploration program can be pursued. It
provides an important companion to Mission to
Planet Earth and clearly states America's
intention to stay in space with humans.

But fundamental uncertainties remain with
respect to the feasibility of long duration human
spaceflight, uncertainties that revolve around the
effects of solar flares, muscle deterioration due
to weightlessness, the loss of calcium in human
bone structure, and the impact of galactic
cosmic radiation. These basic issues need to be
resolved before undertaking vast projects -- by
means of long-duration operations involving
humans in space. We thus arrive at what we
believe is the fundamental reason for building a
space station: to gain the much needed life
sciences information and experience in long
duration space operations. Such information is
vital if America is not to abdicate its role in
manned spaceflight.

We do not believe that the Space Station
Freedom, as we now know it, can be justified
solely on the basis of the (non-biological)
science it can perform, much of which can be
conducted on earth or by robotic spacecraft for
less cost. Similarly, we doubt that the Space
Station will be essential as a transportation node
- certainly not for many years. However, the
Space Station is deemed essential as a life
sciences laboratory, for there is simply no earth-
bound substitute. The Space Staticn is a critical
next step if the U.S. is to have a manned space
program in the future. At the same time, the



Space Station can also provide a capability for
important microgravity research, and for
practical experience in manufacturing under low-
gravity conditions. While not, in our opinion, a
sufficient justification of Space Station in and of
itself, microgravity research does represent an
altogether valid element of America's economic
competitiveness program.

Given these conclusions, we believe the
justitying objectives of the Space Station
Freedom should be reduced to two: primarily life
sciences, and secondarily microgravity
experimentation. In turn, we believe the Space
Station Freedom can be simplified, reduced in
cost, and constructed on a more evolutionary,
modular basis that enables end-to-end testing of
most systems prior to launch, and reduces
extravehicular flight requirements along the lines
NASA is now considering. We also believe that
steps must be taken to mitigate dependence on
the Space Shuttle.

Given all of this, we would encourage NASA
and the Congress not to be bound by the 90-day
restructuring period for Space Station Freedom
recently directed by Congress. Redesign is
simply too important to take less than whatever
time may be needed for a thorough
reassessment and the establishment of a
configuration that can earn stable, long-term
funding support.

Having thus defined a Mission 1o Planet Earth
(MTPE) and a Mission from Planet Earth
(MFPE) as the keystones we recommend for
America's future civil space program, there
remain two vital elements of space infrastructure
to which attention must be devoted. This
infrastructure underpins the nation’s ability to
actually undertake advanced space missions,
and is addressed in two parts: first, the
technology base, and second, the earth-to-
space transportation system. Great space
pursuits should not be undertaken without
proper attention being devoted to these more
mundane but critical aspects of the space
endeavor.

First and foremost in this foundation-laying
effort is the technology base which absolutely
must be replenished. America has not initiated
development of a new main rocket engine -- the
muscle of any space pursuit -- in nearly two
decades. Work on advanced space power
systems has been modest; on very high specific
impulse propulsion devices even more limited,
on advanced concepts such as aerobraking only

formative. In fact, the overall technical base
underpinning the space program has been
permitted to languish in terms of funding for
several decades. This effort has not, in recent
years, enjoyed the support of the Legislative
Branch, or, in earlier years, of the Executive
Branch. This must be corrected.

The second element of space infrastructure
concerns the provision of high-confidence,
reasonable-risk transportation to space. In this
regard, the U.S. will be unalterably committed to
the Space-Shuttle for many years hence. Thus,
NASA simply must take those steps needed to
enhance the Shuttle’s reliability, minimize wear
and tear, and enhance launch schedule
predictability. Cost reductions also are desirable
but secondary to the preceding objectives.

We further conclude that NASA shouid
proceed immediately to phase some of the
burden being carried by the Space Shuttle to a
new unmanned (but potentially man-rateable)
launch vehicle that offers increased payload
capacity and is derivable wherever practicable
from existing components to save time and cost.
Presumably, some of these components could
be obtained selectively from the Shuttle system
itself, including launch facilities. Future
enhancements would use elements derived from
the Advanced Launch System technology
program in progress under the cooperative
management of NASA and the Department of
Defense. Such an evolving heavy-lift launch
system should be designed to produce
substantial reductions in launch costs; a major,
albeit moderately declining, portion of NASA's
budget.

It should be recognized that the substantial
near-term costs of developing any new heavy-lift
launch vehicle make a purely financial argument
for its existence not particularly compelling.
Rather, the objective is to attain a reliable,
unmanned vehicle that complements the Space
Shuttle and that can be used for routine space
trucking, saving the Space Shuttle for those
missions requiring human presence. The
resulting reduced demand for the Shuttie will
help relieve the schedule pressures which have
contributed to some of the problems the program
has encountered.

Even though selected Space Shuttle compo- -
nents and existing launch facilities might be
used for the proposed new launch vehicle, the
hazards of coupling failure modes between
these two vehicles can be reduced to what we



believe is an acceptable level. In short, we must
buttress the civil space program’s capacity and
means of access 10 space as soon as possible.

Over the longer term, the nation must turn to
new and revolutionary technologies to build
more capable and significantly less costly means
to faunch manned and unmanned spacecratt,
including those that one day will travel to the
meon and Mars. However, the type of launch
vehicle and the specific operational concept that
will be needed to propel spacecraft from the
earth's surface to orbit and on to the moon and
Mars will depend on the results of mission
architecture studies now underway. In the
meantime, while we await the definition of the
future spacecraft and launch vehicle
requirements, the nation must maintain a
vigorous Advanced Launch System technoiogy
program. This program, augmented by new
propulsion technologies, will provide the
elements to enhance our current and evolving
launch venhicle fleet and eventually provide the
basis for completely new and revolutionary
launch systems.

International Pursuits. NASA's accomplish-
ments over the years in space science and
technology have helped motivate other nations
to pursue space programs of their own. The
success and interests of these new participants
in the civil space arena places NASA's role in a
somewhat changed context as we approach a
new millennium, one where our nation must both
cooperate and compete. International
cooperation can serve to demonstrate
leadership, to forge productive relationships and
to broaden the range of available opportunities
for accomplishment, as has been shown through
a long and successful history of NASA-
supported international partnerships. But
international agreements can also lead to
bureaucratic constraints and delays where many
levels of approval are required for each decision.
The Committee notes that international
commitments must be made carefully, supported
by all affected parts of the government prior to
consummation, including the Congress, and
thereafter honored scrupulously. We emphasize
that international cooperation should continue to
be an integral part of the U.S. civil space
program. But we also emphasize that the U.S.
shouid retain management control for critical in-
line program elements in certain long-term
undertakings such as human space exploration,
and that the U.S. must continue to have a fully
competitive stance in areas such as the access
to space itself, i.e., launch vehicles which have

broad impact on the fundamental viability of
America's civil and commercial space programs.

Some Final Observations. This, then, is the
space program that our Committee
recommends. A number of further
recommendations are offered in the text
concerning management improvements, and the
ali-important matter during the years ahead of
attracting to and retaining within NASA a share
of the nation's most capable people.
Organization charts and improved management
practices will prove aitogether hollow if NASA is
not permitted to attract the extraordinary people
needed to successfully pursue the energetic
goals prescribed herein.

Many of the recommendations we offer deal
with the seemingly mundane aspects of the
space program -- but, in our view, are of no less
importance than the higher-impact recommen-
dations we also offer. These recommendations
and suggestions are included in the text and
address such matters as enhancing cost
estimating capabilities, increasing cost, schedule
and performance margins, and strengthening
systems engineering.

How shall we pay the bills for all of this? First,
as already noted, we assume growth in civil
space funding for the next decade. We aiso
recommend a redesign of the Space Station, in
part, to reduce cost. We would propose
diverting funds from the planned additional
Space Shuttle orbiter (but not from support
hardware needed to assure the Space Shuttle's
continued operational viability) to enable
construction of the new unmanned heavy-lift
launch vehicle. We believe that a2 new
unmanned launch vehicle itself can produce
substantial savings .. but not in the near term
and in the longer term only if we change our
processing philosophy and manpower. We
recommend configuring the long-term manned
exploration program, which focuses on Mars but
has critical stepping stones along the way in the
form of the Space Station and a lunar base, to a
schedule that adapts to the availability of
funding. And we propose a number of
management enhancements that should
produce efficiencies and modest attendant cost
savings. The most important of this category of
improvement, however, is not fully within NASA's
wherewithal to implement -- namely, the
provision of predictable and stable funding. This
will require the support of other parts of the
Administration and the Congress. The essential
role of this support cannot be overemphasized if



- the U.S. is to have a successful civil space
program.

it should also be noted that NASA has a
number of other responsibilities to which it must
attend. Foremost among these is the continued
support of a strong aeronautics program -- the
linchpin of America's competitiveness in civil
aviation. NASA should also continue to help
nurture a commercial space industry, as it has in
recent years. The Committee is strongly
committed to the free enterprise system and
believes NASA should do only those things that
cannot be satisfactorily performed in the private
sector, including academia and industry. There
are, of course, many matters which can only be
done within the government, including, to name
but a few, the pursuit of leading-edge, high cost
research with uncertain or long-term payoff;
planning and providing specialized joint-use
facilities; and administering contracts and
monitoring the performance of contractors.

Finally, in regard to NASA's other
responsibilities, we applaud its on-going efforts
to enhance the nation's mathematics and
science programs.

We believe that the legacy our generation
should leave to the future is that we pioneered
the exploration of space, and thereby made
important discoveries that will prove of benefit to
all mankind. However, space activity is
inherently difficult -- involving advanced
technology and taking place over great
distances. It demands reliance upon machines,
often very complex machines, which are
designed, tested and operated by mortals. It
involves rewards which may be intangible.

As we labor under such challenges, we should
insist upon excelience. We shouid strive for
perfection. We shouid demand the utmost of
those to whom we entrust our space endeavor.
But we should be prepared for the occasional
failure. If we as a nation are to place a greater
premium on letting nothing go wrong, on not
making errors, and on ridiculing those who strive
but occasionally fail, than we place upon seeking
potentially great accomplishments, then we have
no business in space.

PRINCIPAL RECOMMENDATIONS

This report offers specific recommendations
pertaining to civil space goals and program
content as well as suggestions relating to inter-
nal NASA management. These are summarized
below in four primary groupings. In order to
implement fully these recommendations and
suggestions, the support of both the Executive
Branch and Legislative Branch will be needed,
and of NASA itself.

Prinipal A iations C ng S
Goals

It is recommended that the United States’
future civil space program consist of a balanced
set of five principal elements:

» a science program, which enjoys highest
priority within the civil space program, and is
maintained at or above the current fraction
of the NASA budget

+ a Mission to Planet Earth (MTPE) focusing
on environmental measurements

- a Mission from Planet Earth (MFPE), with
the long-term goal of human exploration of
Mars, preceded by a modified Space Station
which emphasizes life-sciences, an explo-
ration base on the moon, and robotic
precursors to Mars

« a significantly expanded technology devel-
opment activity, closely coupled to space
mission objectives, with particular attention
devoted to engines

"+ a robust space transportation system
E » . ! E ! r- : N .
Programs

With regard to program content, it is recom-
mended that:

« the strategic plan for science currently under
consideration be implemented

- a revitalized technology plan be prep_ared
with strong input from the mission offices,
and that it be funded



« Space Shuttle missions be phased overto a
new unmanned (heavy-lift) launch vehicle
except for missions where human involve-
ment is essential or other critical national
needs dictate

+ Space Station Freedom be revamped to
emphasize life-sciences and human space
operations, and include microgravity
research as appropriate. It should be
recontigured to reduce cost and complexity;
and the current 90-day time limit on redesign
shouid be extended if a thorough reassess-
ment is not possible in that period.

* a personnel module be provided, as
pianned, for emergency return from Space
Station Freedom, and that initial provisions
be made for two-way missions in the event
of unavailability of the Space Shuttle

Wmmm“ abil

It is recommended that the NASA program be
structured in scope so as not to exceed a
funding profile containing approximately 10
percent real growth per year throughout the
remainder of the decade and then remaining at
that level, including but not limited to the
following actions:

« redesign and reschedule the Space Station
Freedom to reduce cost and complexity

+ defer or eliminate the planned purchase of
another orbiter

« place the Mission from Planet Earth on a
"go-as-you-pay" basis, i.e., tailoring the
schedule to match the availability of funds

Principal A ati c .
Management

With regard to management ot the civil space
program, it is recommended that:

« an Executive Committee of the Space
Council be established which includes the
Administrator of NASA

+ major reforms be made in the civil service
regulations as they apply to specialty skiils;
or, it that is not possible, exemptions be
granted to NASA for at least 10 percent of its
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employees to operate under a tailored per-
sonnel system; or, as a final alternative, that
NASA begin selectively converting at least
some of its centers into university-affiliated
Federally Funded Research and
Development Centers

+ NASA management review the mission of
each center to consolidate and refocus
centers of excellence in currently relevant
fields with minimum overiap among centers

It is considered by the Committee that the
internal organization of any institution should be
the province of, and at the discretion of, those
bearing ultimate responsibility for the perfor-
mance of that institution. Hence, the following
possible internal structural changes are offered
for the consideration of the NASA Administrator:

» That the current headquarters structure be
revamped, disestablishing the positions of
centain existing Associate Administrators in
order that:

- an Associate Administrator for
Human Resources be established,
whose responsibilities include
making NASA a "pathfinding”
agency in acquisition and
retention of the highest quality
personnel tor the federal
government.

- an Associate Administrator for
Exploration be established, whose
responsibilities include robotic and
manned exploration of the moon
and Mars.

- an Associate Administrator for
Space Flight Operations be
established, whose responsibilities
include Space Shuttle operations,
existing expendable launch
vehicle operations, and tracking
and data functions.

- an Associate Administrator for
Space Flight Development be
established, whose responsibilities
include Space Station Freedom
and other development projects
such as the Advanced Solid
Rocket Motor and the new Heavy
Lift Launch Vehicle.



* an exceptionally well-qualified independent The Committee would be pleased 10 meet

cost analysis group be attached to head- again in perhaps six months should the NASA
quarters with ultimate responsibility for all Administrator so desire, in order to assist in the
top-level cost estimating including cost implementation process. In the meantime,
estimates provided outside of NASA. NASA may wish to seek the assistance of its
regular outside advisory group, the NASA
* a systems concept and analysis group re- Advisory Council, to provide independent and
porting to the Administrator ot NASA be ongoing advice for implementing these findings.
established as a Federally Funded Research
and Development Center. Each of the recommendations herein is sup-
ported unanimously by the members of the
« multi-center projects be avoided wherever Advisory Committee on the Future of the U.S.
possible, but when this is not practical, a Space Program (see Appendix lil}.

strong and independent project office
reporting to headquarters be established
near the center having the principal share of
the work for that project; and that this project
office have a systems engineering staff and
full budget authority (ideally industrial fund-
ing - - i.e., funding allocations related
specifically to end-goals).

|n summary. we recommend:

1) Shifting the priorities of the space pro-
gram to place primary emphasis on
science.

2) Obtaining exclusions for a portion of
NASA's employees from existing civil
service rules or, failing that, beginning a
gradual conversion of selected centers
to Federally Funded Research and
Development Centers affiliated with
universities, using as a model the Jet
Propuision Laboratory.

3) Redesigning the Space Station Freedom
to lessen complexity and reduce cost,
taking whatever time may be required to
do this thoroughly and innovatively.

4) Pursuing a Mission from Planet Earth as
a complement to the Mission to Planet
Earth, with the former having Mars as its
very long-term goal -- but relieved of
schedule pressures and progressing
according to the availability of funding.

5) Reducing our dependence on the Space
Shuttle by phasing over to a new
unmanned heavy-lift launch vehicle for
all but missions requiring human
presence.
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has previously served as the Under Secretary of the Army, Assistant Secretary of the Army for Research
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Secretary of Defense. He is an Honorary Fellow and former President of the American Institute of
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Edward C. (Pete) Aldridge, Jr, Mr. Aldridge is currently President, McDonnell Douglas Electronic
Systems Company, in McLean, Virginia. Prior to this position, Mr. Aldridge was Secretary of the Air Force
from 1986-1988. He joined the Reagan Administration in 1981 as the Under Secretary of the Air Force, in
which one of his key responsibilities was coordinating the Air Force and national security space activities.
Mr. Aldridge was in astronaut training before the Challenger accident. He has held numerous
management positions in government (Office of the Secretary of Defense, Office of Management and
Budget) and the aerospace industry (System Planning Corporation, LTV Corp and Douglas Aircraft Co.).
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Aeronautical Engineering from Texas A&M University and an M.S. in aeronautical engineering from the
Georgia Institute of Technology.
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to salvage equipment from space. Dr. Allen also served at NASA Headquarters as Assistant Administrator
for Legislative Affairs from 1975-1978. He is the author of Entering Space, a personal account of the
space flight experience, and has published widely in the fields ot science education and nuclear physics
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Earth Science Advisory Committee, and the Department of Commerce Committee on Commercialization
of Landsat. He is President of the Oceanography Society and a Fellow of the American Association for
the Advancement of Science. Dr. Baker has published more than 80 papers on oceanography and space
and held positions at the University of Washington and Harvard University. He has a B.S. in physics from
Stanford University and a Ph.D. in physics from Comnell University.

Edward P, Boland Congressman Boland was elected to the U. S. House of Representatives in 1953
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Committee on Appropriations and was a member of the Independent Offices (now the VA, HUD, and
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Committee on Intelligence overseeing the budgets of the Central Intelligence Agency, and other
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His honors and awards include the DOD Distinguished Service Award, the NASA Distinguished Public
Service Medal and the Collier Trophy (for his work on Landsat). He is an Honorary Fellow of the American
Institute of Aeronautics & Astronautics and a former President. He received his B.S. and M.S. in
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from the University of Florida with a degree in agriculture economics. He also has honorary doctorate
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ADVISORY COMMITTEE ON THE FUTURE U.S. SPACE PROGRAM

Purpose

The purpose of the Advisory Committee on the Future U.S. Space Program is to
advise the NASA Administrator on overall approaches NASA management can use
to implement the U. S. Space Program for the coming decades.

Task Statement
The Committee shall have a broad charter to:

* Review the future of the civil space program, including both management issues
and program content.

* Assess alternative approaches and make recommendations for implementing
future civil space goals, including such factors as:

- Appropriateness of planned activities

- Organizational balance and structure

- Adequacy of overall skill base of work force

- Balance between roles of government and private sector
- Possible contributions by other government agencies

- The need to maintain a strong R&D capability

- Assurance of mission success

Schedule

The Committee shall report its findings within 120 days from the date of its
inception. |

Membership

The Committee shall be comprised of approximately 12 individuals selected for their
knowledge of space activities and management expertise. Membership shall
provide as broad a set of experience backgrounds as practicable. Ex-officio members
may be added to the Committee upon approval of the Administrator of NASA with
the concurrence of the Committee's chairperson.

Reporting Procedure

The Committee will operate as an independent entity, reporting to the
Administrator of NASA, and will submit its findings to the Administrator of NASA



and, with the Administrator, to the Vice President of the United States, in his
capacity as Chairman of the National Space Coundil.

Support
Administrative support will be provided to the Committee by NASA.

Legal Determination

Based on the objectives and purposes of the Task Force, the NASA General Counsel
has determined that the activities of the Task Force fall within the scope of the
Federal Advisory Committee Act (5 USC APP 1 et seq.). It is neither intended nor
anticipated that any of the Board's activities will concern "particular matters” within
the meaning of Section 208 of Title 18, U.S. Code.



Appendix I
LEGAL COMPLIANCE

Some members of the Committee, through their private employment,
have interests in the aerospace community and, consequently, the
activities of NASA. This factor was taken into serious consideration when
they were appointed to the Committee and, pursuant to applicable laws, it
was determined that the need for the individuals' services outweighed the
potential for a conflict of interest. it was the further determination of the
appointing authority that the private interests of the individuals appointed
to the Committee were not so paramount as to impede their objectivity or
integrity as members of the Committee. These determinations were made
by the appointing authority only after coordinating with the office of
Government Ethics to ensure full compliance with existing laws and
regulations regarding the avoidance of conflicts of interest. A government
attorney sat in on all sessions of the Commitiee at the request of the
Committee Chairman.

In addition, the members of the Committee, recognizing there was an
important concern as to avoiding even the mere appearance of a conflict of
interest, endeavored throughout their Committee activities to minimize,
wherever possible, any such possible appearance.

In this regard, because of his role as Chairman of the Committee and his
position as a senior executive with an aerospace company, the Chairman of
the Committee elected to disqualify himselt from any decisions as to
whether and how the Committee would address the issue of a new launch
system. The deliberations and decisions as to this matter were handled by
the Vice Chairman.
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