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MR. WILLIAM SITTMANN

Executive Secretary Executive Secretary
Department of State National Security Council
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to the Secretary
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New Space Launch Vehicle

The Vice Pregident asked that Space Council members be informed
of the following actions taken with regard to the development of
a new space launch system.

The Department of Defense and the National Aeronautics and Space
Administration will undertake the Joint development of a new
space launch system to meet civil and national security needs.
The goal of this launch program is to greatly improve national
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‘ launch capability with reductions in operating costs and
improvements in launch systenm reliability, responsiveness and

| mission performance., The agencies will actively consider

| commercial space launch needs and factor them into decisions on

the program.

| The new launch system, including manufacturing processes and
production and launch facilities, will be designed to support a
range of medium to heavy 1lift performance requirements and to
facilitate evolutionary change as requirements evolve., The
design may take advantage of existing components from both the
Space Shuttle and existing expendable rockets in order to
expedite initial capability and reduce development costs. While
initially unmanned, the new launch system will be designed to be
"man-ratable” in the future.

The new launch system will be jointly funded and developed with
each agency providing $175 million in FY 1992, $275 million in
FY 1993, and appropriate amounts in subsequent years. The
development program will be structured in the near term toward
the goal of a first flight in 1999, However, the program should
allow for several schedule options for the first flight and
should identify key intermediate milestones. Final decisions on
the program schedule, including the date of the first flight,
will be made during fiscal year 1993, based on updated
requirements and technical and budgetary considerations at that

time.

Mark

Exegutivé Secretary
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THE VICE PRESIDENT

WASHINGTON

JANUARY 4, 1991

Last year President Bush charged the National Space
Council with nothing less than helping chart a course to a
future marked by global prosperity, a robust and protected
environment, and unprecedented scientific achievement.

He said that, “America’s space program is what
civilization needs.” America, with its tremendous industrial
and technological resources, is uniquely qualified for
leadership in space. But more important, our success will be
guaranteed by the American spirit — the same spirit that
tamed the North American Continent and built enduring
democracy.

The National Space Council’s task is to bring
coherence, continuity, and commitment to our efforts in
space. The President asked us to lead America’s national
security, civil and commercial space resources in a
cooperative effort to chart a prudent, but progressive path
toward the future. He committed the Council to integrate
the tremendous scientific, private-sector, and technological
resources of our nation in a noble cause — harnessing the
potential of space to benefit our great nation and serve all
mankind.

As Chairman, | am pleased to report that the National
Space Council has made important progress in the past year.
We have translated vision into goals and established a
conceptual foundation to mesh America’s diverse
government programs with private-sector space efforts into a
coordinated thrust forward.

Our initial effort was to define the key elements of our
national space strategy. These five areas are:

Developing space launch capability and supporting
infrastructure as a national resource

A robust, reliable, available, and affordable launch
capability is critical to success in space. We are engaged in
reviewing current and needed capabilities to meet the
nation's many objectives. This problem must be approached
from a nation-wide perspective. It is already clear that our
future fleet will consist of an appropriate mix of federal and
commercial systems using both manned and unmanned
vehicles. Diversity is important, so we are encouraging
various private and state government enterprises as well as
international efforts. Supporting the research and
development of revolutionary new space transportation
concepts such as the National Aerospace Plane and
evolutionary ones such as the Advanced Launch System are
important to a successful future in space.

Opening the frontiers of space

The President approved a major Space Exploration
Initiative that builds on the successes and expertise built up
in the Apollo, Skylab, Space Shuttle and Space Station
Freedom programs by setting the goals of returning to the
Moon to stay and exploring Mars. A comprehensive long-
term program to study the universe is already in place,
starting with the Hubble telescope, which, despite its
difficulties, will soon give us a much deeper understanding
of the universe. (Moreover, corrections will be made that
will allow the telescope to reach its full design potential.) It
includes three more Great Observatories in space. Our
planetary exploration program continues to build on the
spectacular successes of Voyager and Viking. Galileo is on
its way to Jupiter, and Magellan is orbiting Venus.
Spacecraft to explore a comet, Saturn and its moons are
being built. We are committed to the use of government
resources, in cooperation with the private sector, to
encourage dramatic innovation in exploring space and to
infuse every segment of our society with excitement over
the prospects in space. Also important is the groundwork
being laid by the Council for international cooperation, a
natural extension of the cooperation already in place for
Space Station Freedom and the majority of NASA programs
over the last 30 years.



Using space to solve problems on Earth

Americans are highly dependent today on space systems
for such commonplace functions as placing long-distance
telephone calls and watching real time news events from
across the globe on the television. But space also provides
communication, navigation, and surveillance vital to our
national security. Further, the world’s ecological, climatic
and energy crises— literally life threatening — cannot be
solved without the success of efforts such as NASA’s
Mission to Planet Earth initiatives. The Council’s review of
Landsat data sales, and its subsequent decision to maintain
federal funding, indicate the direction needed to ensure
success in this important area.

Later, based on the understanding space will give us of
the Earth, space can provide solutions to many of the
problems we face. A prime example is the potential, in the
future, for the provision of clean, limitless energy to Earth
from space, using materials mined on the Moon.

Generating economic well-being and national
competitiveness

America’s industrial and technological leadership
underpin our economic success and international
competitiveness. The opportunities for everything from
developing Earth-bound industrial capabilities based on
space technology to creating new industries in space are
likely to revolutionize America’s economy. The Council is
focusing on our commercial space policy to implement new
ideas for cooperative efforts between various industries, the
government, and civil institutions. Our goal is to ensure the
consistent, predictable implementation of that policy.
Among the promising avenues immediately at hand are
such things as global cellular telephone systems; inter-
national high-definition television; unprecedented accuracy
in aircraft and marine navigation; affordable position-
location systems for small aircraft, boats, trucks, and even
individuals; and direct broadcasting of both radio and
television to millions of homes throughout the world.
Furthermore, scientific ventures in space not only expand
our knowledge and understanding of the universe, they lead
also to the development of technologies and processes that

impact directly on commercial progress.

Ensuring freedom to use space

Space, like the oceans, is a medium of travel, an as-yet
unexploited repository of natural resources, and a
strategically useful domain. To protect the freedom of space
we must be able to do three things: First, we must be able to
see and monitor all that occurs in space. Second, we must
be able to alert and warn owners and operators of space
systems that threats exist. Third, we must develop the
capability to intervene to protect our and other nations'
space assets.

In conclusion, we have begun developing strategies for
implementing a sound program of achievement in each of
these five areas. Our efforts in each case are guided by our
belief that a broadly-based, cooperative effort involving the
national security, civil, and commercial space sectors is the
only sure path to success. The National Space Council is
seeking to infuse our space efforts with the same breadth
that has always characterized our nation’s greatest successes
— whether in science, technology, or commerce.

The time has come to look beyond brief space
encounters and to commit to a future where Americans and
citizens of all nations will live and work in space. To ensure
our institutions, strategies, and programs are on track we
organized an outside advisory committee on the Future of
the U.S. Space Program that gave us a no-holds-barred
examination of our goals and objectives in space and how
we plan to achieve them. The report clearly points out the
need for fundamental changes in our civil space program.
We will make changes. I am confident that the
recommendations of the committee will form a solid
foundation for America's space program for many years to
come.

In the attached progress report, we have detailed our
review of space policy and related issues in each of the areas
described above and have identified the paths for pursuit of
these goals. Necessarily, many of our actions are prelim-
inary, but they demonstrate the Council’s commitment to a
rational, coherent program in space and recognize that we
are now at the threshold of charting our future. We are
committed to bringing the tremendous strengths of
America’s public and private sectors to bear on this frontier,
rather than constraining or regulating them. We are
committed to cooperation at every level and to making
maximum use of every opportunity. This report tells how we
have begun to implement these commitments.

.
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Thc National Space Council is
responsible for the coordination of U.S.
space policies and strategies and for
monitoring their implementation. It was
created by an act of Congress in 1988
and was established by President Bush’s
Executive Order No. 12675 on April 20,
1989. In signing the Order, the
President said that space is of vital
importance to the nation’s future and to
the quality of life on Earth, and he
charged the Council to keep America
first in space.
The Council is chaired by Vice
President Dan Quayle, who serves as the
President’s principal advisor on national
space policy and strategy. Other
members of the Council include:
® The Secretary of State
James A. Baker, 11

® The Secretary of the Treasury
Nicholas E Brady

¢ The Secretary of Defense
Dick Cheney

® The Secretary of Commerce
Robert A. Mosbacher

¢ The Secretary of Transportation
Samuel K. Skinner

® The Secretary of Energy
James D. Watkins

¢ The Director of the Office of
Management and Budget
Richard G. Darman

® The Chief of Staff to the President
John H. Sununu

® The Assistant to the President for
National Security Affairs
Brent Scowcroft

® The Assistant to the President for
Science and Technology
D. Allan Bromley

® The Director of Central Intelligence
William H. Webster

® The Administrator of the
National Aeronautics and
Space Administration

Richard H. Truly

1990
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The Vice President invites the
participation of the Chairman of the
Joint Chiefs of Staff, the heads of other
departments and agencies, and other
senior officials in the Executive Office of
the President when the topics under
consideration by the Council so warrant.

The National Space Council is
supported by an Executive Secretary
appointed by the President. The first
Executive Secretary of the Council,
Mark Albrecht, leads an eleven-member
policy staff. The Council is further sup-
ported by a sub-cabinet-level inter-
agency Policy Implementation and
Review Committee (PIRC) composed of
senior representatives of each member of
the Space Council and chaired by the
Space Council’s Executive Secretary.
Interagency working groups, chaired by
Space Council staff, prepare policy
studies, develop strategy alternatives,
and provide advice and recom-
mendations to the PIRC. The Admin-
istration’s budget request for FY 1991
will support a dedicated Council Staff of
fourteen and a Space Policy Advisory
Board of private citizens, authorized by
the Executive Order which established

the Council.




The National Space Council carries
out activities to integrate and coordinate
. : civil, commercial, and national security
Vice President o ]
space activities and has taken major
steps toward their implementation.

The Council’s planning process

consists of four phases:

Secretary of the Treasury e Define broad goals and objectives for
the U.S. space program;

e Determine strategies to implement
those goals and objectives;

e Monitor the implementation of these
strategies; and

e Resolve specific issues that arise

during the implementation process.

Secretary of Defense

Secretary of
Transportation

Director of the Office of Chief of Staff to the
Management and Budget President

Assistant to the President Assistant to the President
for National Security Affairs for Science and Technology

Executive Secretary
Mark Albrecht

Director of Central Administrator of NASA
Intelligence
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“I believe that before Apollo
celebrates the 50th anniversary
of its landing on the Moon, the
American flag should be placed
on Mars.”

Sincc signing the Executive Order The President reaffirmed his resolve
that established the National Space in his speech at the University of
Council, President Bush has made clear Tennessee on February 2, 1990: “.. first
his resolve that this nation will lead the in space will mean first on Earth. And
world in space. His landmark speech on America intends to stay No. 1 ...Our
July 20, 1989, the 20th anniversary of goal: To place Americans on Mars —
the Apollo Moon landing, established and do it within the working lifetimes of
America’s goals in space exploration: the scientists and engineers who will be

. a long-range continuing commit- recruited for the effort today...” A
ment... first for the coming decade subsequent speech at Texas A&I
Space Station Freedom — our critical University on May 11, 1990 put a firm
next step in all our space endeavors. date — 2019 — on his goal: “I believe
And next, for the new century — back that before Apollo celebrates the 50th
to the Moon. Back to the future. And anniversary of its landing on the Moon,
this time, back to stay. And then —a the American flag should be placed on
journey into tomorrow — a manned Mars.”

mission to Mars...”

1990
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The Vice President, too, has
demonstrated publicly his strong support
for the President’s space objectives. He
enunciated U.S. National Space
Strategy in a major address to the
American Astronomical Society on
January 10, 1990: “First, we intend to
develop our space launch capability and
its related infrastructure as a national
resource ...Our second goal is to open
the frontiers of space. This includes
manned and unmanned programs.
...[Third,] the National Space Council
is committed to intensifying our use of
space to deal with problems on Earth.
...[Fourth,] we believe the exploration of
space will enhance our economic well-
being and our overall national
competitiveness, ... and the final ele-
ment of our strategy, of course, is ensur-
ing that our space program contributes
to our nation’s security...”

Having defined the Space Council’s
planning process for implementing the
President’s goals in space, the Vice
President laid before the American
people his rationale for a strong and
comprehensive civil space program. At
the U.S. Space Foundation’s Sixth
National Space Symposium in Colorado
Springs on April 10, 1990, he said “...in
the next century space may be key to
allowing us to satisfy our energy needs
from space without damaging the envi-
ronment; providing us with increased
access to rare and essential metals and
minerals; and allowing us to develop
new information services which could

further the revolution in commu-

nications which has already begun. And
of course, in the next century, research
in space could lead to new medicines or
medical treatments of incalculable
benefit to mankind...”

Three weeks later, at the Annual
Meeting of the American Institute of
Aeronautics and Astronautics in
Washington, D.C. on May 1, 1990, the
Vice President emphasized, “Our future
competitiveness will depend on
advancing technology...on educating
our young people for excellence in math
and science. The space program is a
sound investment in ensuring that these
key aspects of American competitiveness

are there when we need them.”

“Our future competitiveness
will depend on advancing
technology ..on educating our
young people for excellence in
math and science. The space
program is a sound investment
in ensuring that these key
aspects of American compet-
itiveness are there when we
need them.”
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National Space Council
Planning Process

To guide national space activities
and ensure an integrated national
space program, the Space Council
has designed a planning process
consisting of four phases.

In its first year, the National
Space Council made a strong start
toward implementing this plan-
ning process and establishing
essential strategies.

Establish broad goals and objectives
for the U.S. space program.

The Council revised the 1988 National
Space Policy and reissued it as Directive
#1. This new policy was approved by
President Bush on November 2, 1989. It
provides the basic goals and overall policy
guidance for the U.S. space program.
4 e The new directive clarifies,

z o strengthens, and streamlines policy in
< j L el

@ s

selected areas such as civil and commercial
,_remote sensing, space transportation, space
debris, federal subsidies of commercial
activities, and Space Station

ortantly, however, it

> ongoing direction of U.S.
provides a broad policy
de future U.S. space

s the nation’s
xploration and use of
national well-being
cadership requires

b in areas of space
al security and to

-, Ad

Establish strategies to implement
these goals and objectives throuwgh

an mtegrated natwn—w;de set of
activities. .«

-

The. Councxl formulated q Space
Ex;ﬂoratlon Initiative. The President
signed the‘intplementing Policy Directive
on February 13, 1990. He also signed a
second policy directive to explore inter-
nagional cooperation in this initiative.

* The Council is also currently formu-
lating a space launch vehicle policy and a
separate, but related policy on commercial
uses of space.

KEY ELEMENTS OF NATION:

Transport * ., E
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-

Resolve specific program or
policy issues arising from ambi-
guities or disagreements in

implementing the strategies.

. e . "
Monitar the implementation of
t strategies.

hnitor implementation of Presidential
policies, the National Space Council
establishes working groups consisting of
representatives of Space Council member
agencies as well as other affected depart-
ments and agencies. These working groups
review progress toward accomplishing
Space Council goals and implementing
Presidential space decisions and policies.
They then formulate position papers and
issue papers to be forwarded to the full
Space Council for information and action.
One example of Space Council
implementation monitoring is the activity
following the President's decision to
explore possible international cooperation
in our exploration initiative. In response,
a working group was formed consisting of
megghers from the involved departments
and®gencies and chaired by a Senior
Spd: Council Staff Officer. This group

meets frequently and has prepared agreed
uriruidclincs for discussions with
p ial international partners. As this
dialogue develops in 1991, the working
group will continue to monitor the dis-
cussions and forward status and decision
memos to the Space Council.

Several program issues that arose
result of changing circumstances 0
policy ambiguities were resolved.,

The Landsat remote sensi
program—the Council reco
reinstating government fu
of the government’s conti
Landsat data and the inab
private sector to obtai st
for commercial viabili

National Aerosp
the Council recom
program objective,
site technologies
test aircraft; an
of the program a

The Coungil
Commercial 8
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the competil |
activities, » 4
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Key Elements of National Space Strategy

The Space Council’s approach for implementing U.S. national space policy divides all space activities into five areas, each of

which may encompass civil, national security, and commercial activities conducted by NASA, DOD, DOE, DOT, other gover-

nment agencies, or the private sector.

The space program serves multiple objectives: preserving the nation’s security; creating economic opportunity; developing new

and better technologies; attracting good students to engineering, math, and science; and exploring space for the benefit of man-

kind. The Council’s approach is designed to achieve these objectives as an integrated national effort cutting across traditional

lines of civil, national security, and commercial programs.

Transport

The five key elements of U.S. National Space Strategy are:

I To develop U.S. space launch capability — our transportation to and from space
— as a national resource: the space transportation infrastructure will be to the 21st
century what the great highway and dam projects were to the 20th. We will ensure
that this infrastructure provides assured access to space, sufficient to achieve all U.S.
space goals.

2 To open the frontiers of space through both manned and unmanned
exploration: we will build on the successes of Viking and Voyager and proceed to
comprehensively explore the solar system with Magellan, Hubble, Ulysses, and other
ambitious unmanned programs. The President’s call to complete Space Station
Freedom, return to the Moon to stay, and the journey to Mars has finally given a
much needed focus to our manned efforts. New ideas will be synthesized into varied
approaches to undertake these premier space flight missions of the future.

3 To intensify our use of space in solving problems here on Earth: we already use
space systems to verify arms control treaties and to provide our defense forces with
warning, communications, navigation, meteorology, and other functions vital to our
national security. Satellite communication networks link peoples around the globe
and contribute to the increasingly successful fight against repression and total-
itarianism. Remote sensing from space contributes to a variety of land and ocean use
applications and helps us understand, and potentially mitigate, the process of global
climatic change.

4 To foster our economic well-being: we will capitalize on the unique
environment of space to investigate and produce new materials and medicines and
develop clean and abundant energy for all. The resulting private investment will
create jobs; boost the economy; and strengthen our science, engineering, and indus-
trial base. Along the way, new commercial space markets will be created and existing
industries will become stronger and more competitive in the world marketplace.

5 To ensure the freedom of space for exploration and development: there are
currently numerous spacefaring nations, with many others on the way. Space will
become to the future what oceans have always been — highways to discovery and
commerce. But the sea lanes must be open to be usable, and as we know from past
conflicts, they are subject to disruption. Thus, we must ensure the freedom to use
space for exploration, development, and security for ourselves and all nations.
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Resources for Space

The total U.S. Government spending on
space related activities is over $30 billion
in fiscal year 1990. To put this in context,
space spending is 2.5% of the almost $1.2
trillion federal budget. Put another way,
federal space spending is only one half of
one percent of our $5.5 trillion Gross
National Product.

Most of the funds for space activities are
divided between NASA and the Depart-
ment of Defense as portrayed by the chart
above. The chart on the right highlights
the breakout of space expenditures
according to the five elements of our U.S.
Space Strategy. As can be seen, well over
half of our space spending is directly
devoted to solving problems on earth.
The majority of the remainder of these
funds is spent in developing our space
launch infrastructure to place and operate
these systems in space.

The Council’s strategy is
designed to achieve these
objectives as an integrated
national effort cutting across
traditional lines of civil,
military and commercial
programs.

DOE
.03

Transport

S1.16
(Billions of FY’90 Dollars)
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Key Elements
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The nation today has a substantial
and diverse space launch capability, with
human access to space provided by the
Space Shuttle, and unmanned access by
four families of expendable launch vehi-
cles (ELVs). This “mixed fleet” is the
result of a major shift in national space
policy following the 1986 Challenger
accident. The new policy provides
encouragement to the young U.S. com-
mercial space launch industry.

The Space Shuttle is currently the
only U.S. launcher able to carry humans
into space and is also our largest payload
carrier to low Earth orbit. Further, it
offers unique capabilities for the repair
and recovery of payloads in space and
the conduct of human-tended exper-
iments. The current space policy limits
its use to these functions which cannot
be performed by other U.S. launchers.

Our ELVs are used for launches of
civil, commercial, and national security
payloads. Our nation’s ELV history start-
ed out in the 1950s in support of our
strategic defense needs and then pro-
gressed into meeting our nation’s need
for putting man into space. Upon com-
pletion of the Apollo missions and the
emergence of the Shuttle, government
transportation needs were to be shifted
exclusively to the Shuttle, thereby phas-
ing out ELV development and produc-
tion for the government. In May 1983,
the government endorsed and com-
mitted to facilitate the commer-
cialization of U.S. ELVs. In February
1985, the President directed DOD to
pursue an improved assured launch
capability through procurement of a
limited number of ELVs.
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Developing Space Launch Capability and
Infrastructure as a National Resource

After the Shuttle accident, the
President directed DOD to secure addi-
tional ELVs to maintain a balanced
launch capability and the ELV produc-
tion lines were resurrected in support of
our national needs. Our current military
ELV fleet carries many critical assets in
support of our nation’s communication,
navigation, surveillance, and weather
missions. There are two primary sites in
which launch operations occur; Cape
Canaveral (east coast operational
center) and Vandenberg Air Force Base
(west coast operational center). In

support of these sites, critical launch and
range infrastructure, such as ships, track-
ing sites, huge launch structures and
their associated support equipment, and
a city of support process buildings

-

(including ELV and payload assembly,
fuel storage, hospital, and fire stations)
remain essential. These facilities not
only meet our national needs, but also
support the emerging U.S. commercial
launch industry.

Commercial ELV business had its
beginning in the mid 1980s.
Arianespace and several U.S. companies
began their quest for payloads in order to
assist in supporting the expanding com-
mercial satellite demand and the sub-
sequent backlogs prior to the resump-
tion of shuttle activity. Although the
U.S. commercial launch industry is still
in its infancy, it has already become
competitive in the international launch
service market.

The Space Shuttle-reusable
manned access to space




We are already embarked on
what many scientists call the

renaissance of scientific space
exploration.

The existing commercial fleet, based
on these government-developed
vehicles, is now in the process of being
supplemented by smaller entrepreneurial
commercial launch and launch service
providers. These new companies, which
have had several flights, hope to estab-
lish a market niche for low-cost launches
of small payloads.

Several state governments are looking
beyond the provision of launch services
to the development of commercial
space-ports. Florida proposes using facil-
ities at Cape San Blas and Cape
Canaveral; Hawaii is examining the
prospects for a spaceport to service small
or medium launch vehicles; and Virginia
is exploring the establishment of a com-
mercial spaceport at the existing NASA
launch facility on Wallops Island.

To meet the expected needs of civil,
national security, and commercial space
sectors, launch costs must drop
significantly and the reliability,
robustness, and lift capacity of our
launch systems must increase. The Air
Force and NASA are jointly pursuing
research and technologies to support
future decisions on an advanced launch
system. The current focus of this
program is on propulsion technologies
and vehicle concepts, however, the
propulsion technologies are being
developed within the context of a
potential family of launch vehicles
which could be much less costly and
more reliable than current systems.

The Delta Expendable Launch Vehicle—a
commercial and government workhorse
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New Commercial Space Launch Policy

Thc Space Council recently ® Encourage technical improvements
completed a comprehensive review of by directing U.S. government
commercial space launching which agencies to actively consider
resulted in important new policy commercial needs and factor them
guidelines which will further encourage into decisions aimed at reducing the
the growth of U.S. private sector space costs and increasing the
activities. responsiveness and reliability of

The commercial space launch policy American launch vehicles.
recognizes the many benefits which a e Foster free and fair trade through

The Titan launch vebhicle commercial space launch industry negotiations with the European Space
provides to the United States, to include Agency and other launch providers.
indirect benefits to U.S. national e Provide a framework for dealing with
security. It balances launch industry non-market economy launch
needs with important national security providers and for considering the
interests and with those of other participation of the Soviet Union in
industries and establishes the long-term the Western market for space launch
goal of a free and fair market in which goods and services.

U.S. industry can compete. * Ensure that all agreements are

The policy specifies a coordinated set structured in such a way as to be

of actions for the next ten years aimed at enforceable.

achieving this goal. The elements of the o Further U.S. missile non proliferation

policy will: and technology transfer objectives.

The Atlas Launch Vehicle



Artist’s concept of the USAF/NASA
Advanced Launch System

1990
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Transport

In April 1989, the Secretary of
Defense, in developing his
revised budget, asked the
National Space Council to
review the NASP program.

1990
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Developing Space Launch Capability
and Infrastructure as a National Resource

The National Aerospace Plane

The National Aerospace Plane
(NASP) program was first announced by
President Reagan in the January 1986
State of the Union address. Its objec-
tives were to develop and demonstrate
hypersonic and single-stage-to-orbit
technologies. The program has signif-
icant potential for national security and
for furthering U.S. competitiveness and
aerospace industry leadership in the
twenty-first century.

The program is structured in three
phases: a preliminary technology and
applications analysis, a technology
development program, and then devel-
opment and flight testing of one or two

experimental flight vehicles, designated
X-30. NASP has been jointly funded
and managed by the DOD and NASA,
who will have invested together approx-
imately $800 million through the end of

FY 1989. In addition to this govern-
ment funding, U.S. aerospace corpo-
rations have invested a total of about
$550 million in NASP technology to
date and are planning to spend a total of
about $750 million by the end of the
program’s technology development
phase.

In April 1989, the Secretary of
Defense, in developing his revised
budget, asked the National Space
Council to review the NASP program.

The Space Council conducted an
interagency review which concluded
that NASP will benefit civil, com-
mercial and national security sectors,
promote industrial competitiveness, and
enhance U.S. space leadership. How-
ever, although the Council recognized
the significant technical progress that
has been made, it concluded that NASP




remains a technically challenging pro-
gram and that its technology is not yet
sufficiently mature to support a decision
to proceed with operational vehicle
design and development.

Acting on the Council’s recom-
mendations, the President approved the
following policy:

“The United States will continue the
NASP program as a high-priority
national effort to develop and demon-
strate hypersonic technologies with the
ultimate goal of single-stage-to-orbit.
The government will complete the
Phase 11 technology development
program and plans to develop an exper-
imental flight vehicle after completion
of Phase I, if technically feasible.
Performance of the experimental flight
vehicle will be constrained to the min-

imum necessary to meet the highest

Concept of the NASP experimental prototype

priority research, as opposed to oper-
ational objectives. Unmanned as well as
manned designs will be considered, and
the program will be conducted in such a
way as to minimize technical and cost
uncertainty associated with the exper-
imental vehicle.”

The President also approved reten-
tion of an appropriate joint DOD/
NASA management structure, and
asked the Space Council to review the
program again prior to initiation of
vehicle development. These actions set
the NASP program on a sound course
consistent with national policy objec-
tives. He also directed that NASP
funding be increased to the levels nec-
essary to meet the policy objectives.

Titanium composite
material fabrication

Supersonic combustion
Ramjet Engine test

4
1990
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Opening the m of Space
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The Space Exploration
Initiative is the ultimate
investment in America’s
future.

Above: One concept for a manned Mars

aceship, featuring artificial gravity,

Thc Space Exploration Initiative

was a major activity of the Space
Council during its first year. When
President Bush announced his long-
range goals for human exploration of the
Moon and Mars on July 20, 1989, he
asked the Space Council to develop a
strategy for achieving these goals.

Various detailed programs for perma-
nent settlement of the Moon and the
human exploration of Mars have been
proposed for over 20 years as logical
extensions of the capabilities we devel-
oped for Apollo and subsequent Earth-
orbit operations.

The President’s July 20, 1989
announcement firmly established the
nation’s long-range goals in the human
exploration of space: to proceed from
Space Station Freedom to a permanent
lunar presence in the next century,
followed by a mission to Mars.

The Space Exploration Initiative is
the ultimate investment in America’s
future. By responding to the human
imperative to explore, we will reap
benefits for ourselves and future gener-
ations akin to those of the voyages by
Columbus and Magellan. We will
increase our storehouse of knowledge

about the planets, including our own,

and about the nature of life itself. We
will develop new technologies, many of
which will have applications that will
improve our lives on Earth. We will
stimulate science and engineering edu-
cation in this country by inspiring and
motivating our young people. And we
will be setting the stage for eventual
permanent human habitats on other
planets. Moreover, the Space
Exploration Initiative will improve our
competitive technological position in
the world while enhancing our national
pride and international prestige. But
most importantly, the technological
capabilities we develop, the new
resources we discover, and the new
industries we find in pursuit of these
ambitious space-exploration goals will
power American economic pre-
eminence throughout the 21st century.

The Space Council was charged by
the President to define an approach by
which his space exploration goals could
be best achieved, including an assess-
ment of the possibilities for international
cooperation.

The Council received suggestions for
implementing the initiative from
NASA, the Department of Energy and
industry firms. The Council also ben-
efitted from a review of these ideas by



the National Research Council. All

concluded that the President’s goals were

achievable, but the suggested approaches
varied widely. The Council decided that
so ambitious a program would require a
systematic search for innovative con-
cepts and new technologies having the
potential to reduce costs, accelerate
schedules, and reduce risk.

The Space Council therefore
recommended to the President that such
a search be conducted and that the
Initiative first focus on technology
development. The Council also con-
cluded that at least several years should
be devoted to defining two or more sig-
nificantly different program archi-
tectures and developing and demon-
strating technologies broadly applicable
to space exploration. The President
accepted the Council’s recommendation
and on February 16, 1990 it issued a
policy directive to that effect.

The decision also stated that the
initiative be led by NASA and include a
balanced program of robotic and
manned exploration missions. To take
maximum advantage of existing capa-
bilities, however, the technological and
systems expertise of other relevant
agencies should be tapped. Therefore,
the Departments of Defense and Energy

The Council recommended that
so ambitious a program would
require a systematic search for
innovative concepts and new
technologies having the potential
to reduce costs, accelerate
schedules, and reduce risk.

An artist’s rendition of a large, man-tended
radio telescope in a crater on the moon

will play significant roles in technology
development and concept definition and
will continue to work with NASA to
develop the SEI.

To define our technology devel-
opment and architecture development
programs, the Space Council has char-
tered an Exploration Outreach and
Synthesis activity. Throughout the
summer of 1990 a number of govern-
ment agencies, professional technical
organizations, federally contracted
research centers, and private citizens
developed ideas on the technologies and
approaches which could enable us to
accomplish our exploration goals faster,
cheaper and better.

The ideas collected by the Outreach
effort are being reviewed and analyzed
by a Synthesis Group chaired by

Concept for a Mars Rover

Lieutenant General Tom Stafford (Ret.),
former Apollo astronaut and distin-

guished space expert. This panel will
report to the NASA Administrator and
the Space Council in early 1991—rec-
ommending the alternative architectures
and technology development course we
should pursue over the next few years.

The Synthesis Group recom-
mendations and the work to study the
alternative architectures in the coming
few years can shape the heart of our
exploration effort. While we are not
embarking on a costly development
program now, these efforts will allow us
to make informed decisions on how and
when to proceed affordably and most
effectively.

Concept for a commercial Lunar Outpost
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The traditional focus of our nation’s
space science programs has been to
observe and understand the universe by
accumulating scientific knowledge of the
planet Earth, the solar system, and the
universe beyond.

A prime objective of our future plans
is to open the space frontier. To create
the scientific foundation essential for
planning and conducting missions to the
Moon, Mars and beyond, we must
collect data on the surfaces of the Moon
and Mars and develop a thorough under-
standing of the long-term effects of the
space environment on human beings.

A particularly exciting facet of the
Space Exploration Initiative is the
opportunities it will offer to explore the
surfaces of the Moon and Mars and use
them for scientific purposes. The Moon,
for example, might be an ideal location
for next-generation space observatories.

We are already embarked on what
many scientists call the renaissance of
scientific space exploration. Beginning
in May 1989 with the departure of the
Magellan spacecraft to Venus, we have
launched eight successful space science
missions in the past two years. As of
October 1990, three solar system
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Opening the Frontiers of Space

exploration missions — Magellan,
Galileo, and Ulysses — had begun. The
Hubble Space Telescope was deployed.
The Cosmic Background Explorer
(COBE) had successfully examined the
background radiation of the cosmos,
collecting data that could change our
theories about the universe’s early
history. And several space physics
missions had been carried out. We plan
to launch an average of five or more
space science missions annually through
1996. During the next few years we will
expand our knowledge of the universe
more rapidly than at any other time in
human history.

Space Station Freedom

Space Station Freedom is a major
milestone in our planning for the future.
This permanently occupied orbiting base
will help to maintain U.S. space
leadership into the 21st century. It will
play a vital role in science, exploration,
and space commercialization.

Freedom will provide a world-class
multidisciplinary laboratory in space for
life sciences and materials research
which simply cannot be done on Earth.

Images of Venus from
Magellan spacecraft

It will support instruments to look out at
the universe and back at the Earth,
including those which will help us
understand the threats to Earth’s global
environment.

Freedom offers a unique facility for
developing new technologies, products,
and processes. Among the exciting
possibilities are the development of new
pharmaceutical methods and processes
and treatments for serious diseases.

Research on Freedom will help
prepare humans for the long-duration
space missions of the Space Exploration
Initiative.

Freedom could also lead to further
international cooperation with nearly
one third of the initial investment in the
station being borne by our partners in
Europe, Japan, and Canada. The agree-
ments signed by Freedom’s participants
form a possible framework on which to
build forthcoming cooperative programs
in mankind’s exploration of space.

In summary, Freedom will be an
important element in opening the fron-
tiers of space, in attracting new private-
sector users of space in such industries as
advanced materials and medical prod-
ucts, and in forging closer bonds with
our international partners.

Above Right: a view into the laboratory
module of Space Station Freedom,
Center: robots and crews will team up
for assembly and servicing on Space
Station Freedom, Below: the Space
Station Freedom modular concept




Freedom will be an
important element in
opening the frontiers of
space, in attracting new
private-sector users of
space in such industries as

advanced materials and
medical products, and in
forging closer bonds with
our international partners.




Using Space to Solve Problems on Earth

Spncc already meets many modern
day needs. It has been used to improve
the quality of life for Americans by
creating new communications, navi-
gation and other services that knit
people and businesses more effectively
than ever before; by observing the Earth
from the unique vantage point of an
orbiting satellite; by applying the results
of space biomedical research; and by

preserving the peace and security of the

U.S. via satellites for surveillance, treaty

verification, communications, and nav-
igation. In the broader context our
space efforts help people everywhere by
fueling the world’s economic engines;
advancing human health through life
sciences research; improving
communications around the globe; and
using the global perspective of space to
observe and predict weather and
ultimately to assess and ameliorate

changes in our global environment.

Mission to Planet Earth

This facet of the use of space is of
particular importance. In recent years we
have become aware that human actions
can affect the environment on a global
scale. “Mission to Planet Earth” is a
program that focuses our capabilities for
satellite remote sensing to help us under-
stand how the Earth works as an inte-
grated system. Its centerpiece is the
Earth Observing System (EOS), a fleet
of satellites which will provide compre-
hensive, long-term observations of the
whole Earth and its component parts.
EOS is a particularly important issue for
the National Space Council because it is
an effort that cuts across many agencies,
such as OSTP, NOAA, EPA, and
NASA. The primary goal of these
observations is to serve as the basis for
developing and refining predictive
models of our planet that can be used to
formulate policies for reducing any neg-
ative effects of long-term changes in the
Earth’s environment. Because such
policies could have major economic
impacts, it is extremely important that
the predictive models be as accurate and
comprehensive as possible. The Space
Council plans to build on a National
Research Council (NRC) assessment to
address the policy issues inherent in
implementing the EOS satellite system

and its ground support components.



Space Medicine

Rescurch conducted to ensure
astronaut health and safety also benefits
the health and well-being of people on
Earth. Advances made in space
medicine have been applied to detect-
ing, diagnosing, preventing, and treating
medical conditions everywhere. New
and improved surgical techniques,
devices, and medicines have also been
developed as the result of space research.
The biological and medical research
needed for human space exploration will
greatly expand our knowledge base and
potential for medical breakthroughs for
people on Earth.

Left: Global Biosphere, Bottom Right:
Nile River, Top Right: artist’s rendition
of communications satellite

Right: the Strategic Defense Initiative
will provide technology for strengthening
deterrence_solving problems on earth

Satellite Communications

Gh)bnl communications initiated
the world’s commercial use of space.
Improving and expanding on space-
based communications capabilities and
services have high priority on the Space
Council agenda. Research for space
missions is often applied to increase the
capacity and flexibility of terrestrial
telecommunications services such as live
overseas television transmissions, trans-
oceanic phone calls, and worldwide data
networks. The Space Council is in the
midst of a policy review to determine
how the federal government can best
foster an environment conducive to the
growth of communications and other

commercial space service industries.
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Satellite communications and
navigation have become an
integral part of every kind
of military mission.

Understanding how to grow food
in a closed environment
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Microgravity Science

Microgravity research is aimed at
attaining a structured understanding of
gravity-dependent physical phenomena
in areas such as materials science,
combustion science, and biotechnology.
Ultimately, microgravity research may
lead to our improving solid-state elec-
tronics and semiconductors, developing
new medicines and vaccines, creating
metal alloys and composites having
unique properties, and developing new
instruments and laboratory techniques.
The microgravity environment of the
Shuttle and some suborbital vehicles are
currently being used to make small
research quantities of highly valuable
materials during short duration flights.
The space station would allow more
extensive research. The Space Council
has reviewed plans and directions in
these programs to ensure that our policy
provides the maximum opportunity for
developing new industries and services.

The Landsat Policy Decision

One of the first tasks undertaken by
the National Space Council was a
review of the Landsat program.

NASA pioneered civil Earth remote
sensing with an Earth Resources
Technology Satellite launched in 1972
(later renamed Landsat 1). Subsequent
Landsats demonstrated this technology
and its applications so successfully that it
was declared to be operational, and
program management was transferred
from NASA to the Department of
Commerce with the intent of effecting
transition of the entire program to the
private sector.

During the past few years, however, it
became increasingly evident that priva-
tizing Landsat would not be commer-
cially feasible for a long time. Actual
market experience discredited the unre-
alistic revenue expectations on which
previous studies had been based. But
since government planning was pred-
icated on commercializing the entire
program, this lack of near-term com-
mercial viability threatened the conti-
nuity of Landsat data, which had
become valuable to its users, many of
which were U.S. Government agencies.
The Space Council was asked to revisit
existing government policy in light of
current, more realistic projections of
revenue growth and the importance of
federal applications for Landsat data.

The Council’s full interagency review
revealed that government agencies, not
the private sector, do indeed account for
the great majority of Landsat data sales.

The Council found that Landsat is an
important, but not critical, source of
data for such civilian agency appli-
cations as environmental monitoring,
global change research, economic intel-
ligence, and law enforcement. The
Landsat program is utilized by 12 nations
(and the European Space Agency)
which paid for and now uses Landsat
ground stations.



The federal agencies, in aggregate,

believe that U.S. national interests are
well served by a continuation of
Landsat-type data.

Based on these findings, the Space
Council recommended and the
President approved the policy that, “The
U.S. is committed to ensure the conti-
nuity of Landsat-type remote sensing
data to meet civil, commercial, national
security, and foreign policy needs.” The
President approved government funding
for the continued operation of Landsat
satellites 4 and 5 as well as funding to
complete and launch satellite number 6

in 1992.
National Security

The national security space sector is
a major provider and user of space
systems across a wide range of appli-
cations. For example, the importance of
space to national security was clear in
support of our military operations in
Panama and space systems continue to
prove their value daily in support of
Desert Shield. Although security con-
siderations prohibit going into detail,
the absolute necessity for and impor-
tance of space in safeguarding our
national security must be unequivocably
recognized.

Space Systems are a major source of
missile early warning for the nation and
its strategic forces and also support
tactical operations worldwide. Satellite-
derived information also forms the
cornerstone of U.S./U.S.S.R. arms-

control treaty monitoring, and
contributes to global stability by
reducing the possibility of surprise
developments, thereby allowing time for
crises to be averted.

Satellite communications and
navigation have become an integral part
of every kind of military mission. The
worldwide coverage needs of military
functions make them ideally suited for
support by space systems. The
navigation capability established for the
military is also used routinely and widely
in civil applications. Meteorological
satellites provide critical weather
information in support of world wide
military operations. While this
application is primarily defense-related,
close coordination is maintained with
civil weather satellite programs. As an
example, the Defense Meteorological
Satellite Program has proven invaluable
in tracking hurricanes in both the
Atlantic and the Pacific. Space may
also be used in the future for defensive
measures as in the case of ballistic
missile defense.

Above Right: Washington, D.C. as
seen from Landsat, Above Left:
Astronaut “Pinky” Nelson tending
a crystal growth experiment
Above: Large communications
satellites link all nations across
the globe, Right: Satellite ground
terminals are the gateways for the
global village

Long Term Impacts

In the next century, our Planet’s
resources will be increasingly taxed.
Growing demands for energy, raw
material and finished products cannot be
met without serious environmental
impact. While no one can accurately
predict how space can help provide for
earthly needs, space holds significant
promise for new sources of energy,
material and products. As we come to
understand the complex interplay of
man-made and natural effects on the
environment, space may play the crucial
role in correcting damage which has
already occurred and prevent future
problems. Space might provide
unlimited, clean sources of energy.
Resources and manufacturing in space
may be provided without environmental
damage. We might even be able to
intervene to correct environmental

problems from space.




T he real benefit of
space to the economy
will be in the creation
of new technologies,
new products, and new
services.

Geostar navigation
system in truck cab

1990
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Creating New Industrial Capability and Jobs

The emergence of a separate, non-
governmental commercial space sector,
whose importance is explicitly rec-
ognized by the National Space Policy,
holds the promise of generating enor-
mous benefits for the nation. Already,
according to the latest edition of U.S.
Industrial Outlook, 1990, “...commercial

space sector revenues are expected to
increase to $3.3 billion in 1990 from
$2.6 billion in 1989...The underlying
rate of growth is 10%, and most of the
revenues are generated by satellite-
related activity. New satellite services
for business are expanding rapidly... All
areas of space commerce are facing
increased international competition.”
Opportunities for commercial
enterprises exist in:
e ground-based infrastructure support
e commercial launch services
® space insurance
® space law
¢ telecommunications satellites
(construction and operation)
® remote sensing satellites
(satellite development and data

analysis)

e position location satellites

e materials research and processing in
space

e space-based industrial facilities

e payload processing services

e spaceport safety management

e financing services

e commercially developed launch
facilities

Of these, the space communications
industries are the most mature and
fastest growing. 1990 revenues from all
sectors of the international satellite
communications market were estimated
to be in excess of $5 billion. Although
the international arena is increasingly
competitive, U.S. satellite manufacturers
continue to produce the majority of the
world’s communications satellites,
exports of which are estimated at $1
billion this year alone. Ground station
equipment and terminals for sending and
receiving satellite signals is the fastest
growing satellite-related industry and
shipments are expected to increase to
$850 million in 1990 from $750 million
in 1989. The United States is a net
exporter of satellites, which have among
the highest “value added” of all products
built domestically.

One of the most promising
developments in space communications
is the “lightsat”. Using new technolo-
gies in sensors, electronics, and com-
puters, a lightsat weighing a few hundred
pounds or less might do the job at much
less cost. Such satellites might also be
launched on a new generation of small
launch vehicles. The United States
leads the world in developing lightsats

and small launch vehicles.




The second largest commercial space
sector is in spacecraft launch services.
For the period of 1990-1993, the
Department of Transportation’s Office of
Commercial Space Transportation —
which licenses and promotes commercial
space transportation activities —
estimates that the U.S. launch service
industry will generate $640 million in
1990, with annual revenues of at least
$450 million expected over the next
several years. Known commercial
launch contracts from 1990 through
1995 currently exceed $1.9 billion, and
$1.4 billion are for customers other than
the U.S. Government. One major U.S.
launch supplier estimates that approx-
imately 20,000 prime contractor and
major subcontractor jobs are affected by
U.S. commercial space transportation
activities. In addition, U.S. commercial
space launch companies report that they
have invested over $700 million to date.

Right: a perfect
crystal grown in space
of mercuric iodide,
Center: crystal growth
in process

Far Right: super
computer aircraft
imaging

Utilization of Space Technology

The government contributes to the
space economy by being a customer for
private-sector goods and services.
Because of their often unique or
demanding requirements, government
purchases can stimulate expansion of the
market and the industry, thus creating
jobs and generating revenue. An excel-
lent current example of this practice is
government purchasing of commercial
launch services.

For the long-term no one can predict
which industries will emerge from our
space efforts. However, we might get our
energy from space, find and extract
resources, manufacture medical products
and treatments to cure dreaded diseases,
and produce materials using the unique
attributes of space. There is also signif-
icant potential for the development and
use of space technology for non-space
commercial uses. We are on the thresh-
old of a second great era of exploration
— the expansion of human presence

into the solar system.

As with the great age of exploration
which began 500 years ago, we cannot
imagine completely the scientific and
industrial riches and benefits we will
find.

The real benefit of space to the
economy will be in the creation of new
technologies, new products, and new
services. For example, hundreds of
companies are currently investigating
ideas for new space-related commercial
enterprises through NASA’s 16 Centers
for the Commercial Development of
Space (CCDS). These consortia of
government, academia, and industry
focus market-driven research on those
technologies most viable for commercial

development.
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Strengthening the Industry Base

Thc National Space Council is
conducting a comprehensive policy
review to develop guidelines to most
effectively encourage federal govern-
ment efforts to support commercial space
sector activities. The goal of these
guidelines is to minimize unfair compe-
tition between the government and the
emerging commercial space sector and to
encourage an environment conducive to
the ultimate development of new
commercial, nongovernment-dependent
space markets.

At the same time, these guidelines
are intended to encourage innovative
efforts by agencies, such as NASA, to
continue developing innovative working
agreements with the private sector to
share costs and risks and give the
commercial space sector, as appropriate,
access to government facilities and other
capabilities. Also, the Centers for the
Commercial Development of Space
program is a growing and dynamic
initiative which currently involves 56
universities and 189 companies, and
helps move emerging technologies from
the laboratory to the marketplace by

leveraging a broad industry base to

develop product-oriented technologies.
This experience and emphasis on inno-
vation should enable U.S. firms to
compete more effectively with their
foreign counterparts. A healthy business
environment is encouraged through a
consistent and predictable regulatory
program managed by the Department of
Transportation’s Office of Commercial

Space Transportation.
Technology Development

A sound technology base is the
fundamental element upon which
commercial markets, and, ultimately,
new industries, are built. Although the
goal of federal space policy is to build a
commercial space sector which is not
dependent on government support, the
government can be very effective in
helping to build the requisite technology
base.

This role was recognized in the
National Space Council’s Commercial
Space Launch Policy which directs
government agencies to “actively
consider” private sector needs when

making decisions on improvements in




launch infrastructure and increasing

reliability and responsiveness of space

launch vehicles. ;
NASA is developing technology for Space Station Freedom will be a

direct commercial application in several laboratory for technologies and
products useful on Earth

areas. For example, the Office of
Commercial Programs is sponsoring
research into commercial remote sensing
technology at the John C. Stennis Space
Center.

The Office of Commercial Programs
is also proposing an innovative project
called the Commercial Experiment
Transporter (COMET) which is
designed to stimulate the growth of a
commercial space sector able to prepare,
launch and retrieve small space payloads
developed by the various Centers for the
Commercial Development of Space.

The Department of Defense also
operates an extensive science and
technology complex which significantly
contributes to space technology
development. For example, the Defense
Advanced Research Projects Agency
played a major role in providing seed
funding, developmental assistance, and
contracts f()r l‘dllﬂcll services \Vl‘licll lCd
to the successful April 1990 launch of

the Pegasus launch vehicle.

Left: supercomputers allow design of advanced aircraft with
less wind tunnel testing, Right: Close-up photo of thermal
barrier coating for advanced engines




The Defense Satellite Communication
System provides global command and
control information to U.S. forces
deployed worldwide

1990

Page 27

Ensuring Freedom to Use Space for
Exploration and Development

Wc already know that space will
play an increasing— if not dominant
role in the global 21st century economy.
While we hope and will work strenu-
ously for a safer world and safer outer
space environment, the very fact that
space is an economic wellspring makes it
a potential area for confrontations. The
best way to avoid those confrontations is
to have the means to prevent them, and
if they occur, have the ability to deny an
aggressor the fruits of his aggression. For
these reasons, we must have the means
to protect assets of ours and other
nations.

To protect the freedom of space we
need to be able to do three things.

First, we must be able to see and
monitor all that occurs in space. While
we have long-standing needs and
the

systems to track objects in space
United States now tracks over 7000
objects in space —we will need substan-
tial improvements in these capabilities
in the years ahead.

Second, we must develop the capa-
bility to protect our nation’s space assets.
This protection may take the form of
passive measures to enhance the surviv-

ability of critical space systems and to

warn of attacks upon space assets. In
that regard, we must be able to alert and
warn owners and operators of space
systems that threats exist. This means
we must improve our technical abilities
to quickly and reliably characterize the
purposes of space activities, and we must
be able to communicate warnings rapidly
to those who can mitigate developing
threats.

Third, we must develop the capability
to intervene to protect our space and
terrestrial (land, maritime, and air)
operations that may be threatened by
enemy space assets. We must be able to
employ active measures, e.g.,
antisatellite systems, to stop an aggressor
before he can use his space systems to
threaten objects or people in space or on
the earth.

Access to space can be denied by
many means, including antisatellite
attacks on space systems and sabotage of
ground segments. The Soviet Union has
an operational antisatellite system
deployed. The U.S. has advanced
technology applicable to antisatellite
weapons and research programs.

el - - 3

Command Centers operate 24 hours
a day to assess air and space
activities around the globe



Space is very much like the
ocean: freedom of traverse is
necessary for international
commerce and in some
instances vital to the national
security of some nations. As
has happened on the seas in
the past, some nations may
choose in future conflicts to
deny potential adversaries the
use of space.

Worldwide ground radars are the
mainstay for detecting and tracking

satellites
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The purpose of the Council’s
review is to define policy and
strategic alternatives for the
U.S. commercial space launch
industry.

Commercial Space Policy

In March 1990, the Counci
assembled an interagency working group
to review the implementation of
commercial space policy. The purpose of
the review is to assess the status of the
emerging commercial space markets; to
see how well the National Space Policy
was working in this area; and, where
appropriate, to develop additional policy
and implementation guidelines.

The policy review will develop a
working definition of commercial space
activities; identify the various ways in
which the government interacts with
the commercial space sector (e.g.,
purchase of goods and services, transfer
of technology, research and devel-
opment, advocate free and fair trade)
and seek to develop policy guidelines
within which agencies would respond to
commercial space sector initiatives.
Such a policy framework would greatly
increase the level of certainty and
predictability associated with the private
sector’s interaction with the
government.

The goal of this interagency
assessment of commercial space, the
most comprehensive ever undertaken, is
to ensure that the government takes
appropriate steps necessary to create an
environment conducive to the
formation of new space markets and
industries, rather than merely expanding
the commercial sector’s capacity to

supply government needs.

1990
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Space Transportation Policy

The National Space Policy
identifies access to space as a key
element in all U.S. space activities. It
states that U.S. space transportation
systems must provide a balanced, robust,
and flexible capability with sufficient
resiliency to allow continued operations
despite failures in any single system.
The policy identifies the following goals
for the nation’s space transportation
infrastructure:

(1) to achieve and maintain safe and
reliable access to and from space and
transportation within it;

(2) to use both piloted and
unmanned launch and recovery systems
in a manner which exploits the unique
attributes of each;

(3) to encourage the development
and use of private-sector space
transportation as much as possible
(President Bush recently announced the
National Transportation Policy which
encourages the use of commercial space
transportation services for government
space missions to the fullest extent
possible); and

(4) to reduce the costs of space

transportation and related services.

i 11) 1 e o ..

The National Space Council is
conducting a review to see how
effectively these provisions of the U.S.
policy are being implemented, and is
also developing a comprehensive
national space launch strategy. The
review is being conducted in three
phases:

Phase 1 will:

e Describe current and planned launch
capabilities (e.g. performance, capac-
ity, adequacy of infrastructure support,
resilience to launch failure, etc.)

e Identify space launch needs,
separating: 1) firm requirements
associated with continued operation of
existing space programs and other
funded programs 2) projected needs

for programs or missions which are

Pegasus being launched




under consideration but have not yet
been approved or funded, and

3) projections of commercial launch
needs.

e Compare current and planned space
launch capabilities with these space
launch needs and identify mismatches,
if any.

Phase 2 will identify and analyze
alternative government actions to
resolve mismatches and meet U.S. space
launch objectives, such as:
¢ Additional policy guidance, if

needed.

e Development and acquisition of new
systems or infrastructure.

¢ Investments in research and
technology, including the
government’s role, if any, in
development of technology for
commercial application.

e Investments in advanced (“leapfrog”)
technologies which offer the
potential for large improvements in
cost, performance or reliability.

* Modifications to procedures which
might reduce launch costs or increase

launch capacity.

Phase 3 will assess all combinations
of these policies, procedures and
investments, including appropriate
revisions in agency management
structures or in the current assignment
of space launch roles and missions.
Results of the Council’s analysis will be
incorporated in a comprehensive space
launch strategy to guide future
government actions.

Results of the Council’s
analysis will be incorporated in
a comprehensive space launch
strategy to guide future
government actions.

Left to Right: The

Space Shuttle, The

McDonald Douglas

Delta, Orbital Sciences

Pegasus, Sounding

Rocket for Research, The

General Dynamics Atlas,

The Martin Marrietta

Titan Above Right:

Artist”s conception of |
the USAF/NASA ‘
Advanced Launch Vehicle
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The Space Exploration Initiative

Thc Space Council’s activities in
this Initiative were described in some
detail earlier. The Council believes SEI
is central to our future in space, and will
maintain a continuing dialogue with the
Congress, NASA, universities, industry,
and federal laboratories on their
activities dealing with this initiative.

International Cooperation

The Council explored the feasibility
of international cooperation in the
Space Exploration Initiative in parallel
with establishment of a program policy.
This interagency review examined past
experience in U.S./foreign space pro-
gram collaboration, capabilities of
foreign spacefaring nations, the benefits
and risks of international cooperation,

and various options for the President to

Left from top: Space

lab module being

serviced, Shuttle bay

showinF international
a

space lab module,
artist’s rendition of
materials processing
module in shuttle bay,
space station module
interior, Above:
Canadian robotic arm

consider in deciding on the U.S.
approach.
The Council concluded that the
Space Exploration Initiative will be of
profound significance to all mankind;
and that international cooperation in
this endeavor is feasible and could offer
significant benefits to the United States.
Acting on the recommendations of
the Vice President and the National
Space Council, the President announced
on March 30, 1990, that:
¢ The United States will take a
sequential and orderly approach to
decisions on involving specific
countries consistent with decisions
made on the overall Space
Exploration Initiative.

¢ The United States will seek an
exploratory dialogue with Europe,
Canada, Japan, the Soviet Union, and
other nations, as appropriate, on
international cooperation on the
Initiative.

The exploratory dialogue will focus
solely on conceptual possibilities for
cooperation.

e The dialogue will be based on
guidelines expeditiously prepared by
the National Space Council, and will
be consistent with the National Space
Policy.

® The National Space Council will
ensure interagency coordination and
review during the development of
international cooperation on the
Initiative, and provide recom-
mendations to the President as
appropriate.

The Space Council has now
convened a working group on the
guidelines for exploratory dialogue.




Mission to Planet Earth Policy

Conccm about environmental
change is high in people’s minds
throughout the world. To respond to
this concern, U.S. scientific agencies
have begun the U.S. Global Change
Research Program (USGCRP), whose
objective is to understand, model, and
predict changes in our planet’s
environment. The predictive models
developed by the USGCRP can form a
basis for policies to mitigate harmful
environmental changes and prevent
future problems from developing. A
critical element of this program is
NASA’s Mission to Planet Earth (MPE).

MPE’s objective is to collect the data
needed for the USGCRP’s climate
models. The program includes both
small satellites (known as Earth Probes)
and large Earth Observing System
(EOS) satellites, as well as suborbital
observation techniques. EOS currently
plans for six satellites over 15 years, with
two in orbit at any given time, to be
launched starting in the late 1990s. In
addition to the two U.S. EOS satellites
and replacements, the European Space
Agency and the Japanese will each
launch one environmental monitoring
satellite and follow-on replacements.

EOS represents a major commitment
of resources over 20 years. It will be the
largest scientific program ever
undertaken by NASA. EOS isa 1991
new start.

Because of the central role played by
EOS in the USGCRP, the National
Space Council has begun an in-depth
study of the program. The objective of
this study is to ensure that EOS and
other space-data collection and analysis
systems will provide the USGCRP with

the most timely and cost-effective

The Earth Observing System—the window
into the environment

support possible. The Space Council
tasked the National Research Council to
respond to the following questions:

(1) Does EOS collect the
environmental parameters that are
reflected in the USGCRP research
priority framework?

(2) EOS is premised on the
assumption that it is essential to collect
data on various environmental
parameters simultaneously. How
important is data simultaneity to the
ultimate utility of the data? Can the
requirements for simultaneity be applied
more narrowly than proposed?

(3) Depending on the outcome on
the question of simultaneity, are the
EOS platforms, as currently configured,
the optimum means for collecting this
data, or are there better alternatives that
are more cost-effective or timely? These
alternatives could include, for example,
smaller multiple platforms flying in
formation or additional near-term
precursor missions that are capable of
flying subsets or preliminary versions of
EOS instruments.

(4) Does the proposed EOS Data
Information System represent the
appropriate approach to support the
long-term data collection and
monitoring effort? (EOS will produce a
data flow at least ten times larger than
any previous space or ground system).

The National Research Council has
provided its input on these questions.
The Council endorsed the EOS
program, indicating it was responsive to
the USGCRP research priorities. The
NRC also agreed with the need to
collect certain data simultaneously, and

supported the requirement for at least

one large observing platform. Finally,
the Council assessed and endorsed the
proposed EOS Data Information System
approach. The Committee on Earth and
Environmental Science (CEES), a part
of the Federal Coordinating Committee
on Science, Engineering and Technology
(FCCSET), is examining the NRC
report on the EOS program in the
context of the total USGCRP.

EOS represents a major
commitment of resources over
20 years. It will be the largest
scientific program ever
undertaken.
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Summary and Conclusion

he National Space Council is ,
evaluating alternative strategies for @
using space to benefit mankind.

Council activities have focused on
validating, expanding and articulating
the National Space Strategy and
extending its guidance to specific
opportunities throughout the space
community.

Our efforts are guided by several
specific principles. First, the United
States plans to develop and pursue its
opportunities in space. Space
exploration and the application of space
technologies is as much an imperative
for the continued development of the ,
nation as was exploration of the
continent by our forefathers.
America’s future is inevitably and {
irrevocably linked to our efforts in ‘
space. This reality underlies the
Council’s sense of urgency in
approaching its tasks.

Second, one of the greatest strengths
of this nation is its ability to meld the
efforts of its technological, industrial,
academic, and governmental
institutions toward a common cause.
The Council’s policies and plans for
space capitalize on this strength by

seeking to map a course that
o harnesses the innovative,

' creative and analytic




prowess of all American institutions.
Consequently, the Council treats each
goal, each objective, and each initiative
as a joint undertaking.

Finally, the Council’s actions
recognize that what is needed is not
leadership in space per se, but
leadership in using space to address
im human concerns. Space
of imited potential for improve-
ment in almost every area of human
endeavor; such as in medicine, where
microgravity may offer new and
undreamed of pharmaceuticals and
cures; in industry, where productivity
may be increased and made more
affordable; and in national security,
where space capabilities allow us to
verify arms treaty provisions and
threats to the nation’s well-

coun

beingiiBpace also offers tremendous

poter™8l for new sources of needed
materigls and clean, unlimited energy.

Thiikxcitement and challenge of the

space [ogram, both manned and
robotidian be a powerful motivator
for yodMyg people to enter science,

engineering, and technology fields.
This was clearly shown during the
Apollo moon program, when advanced
degrees in these fields rose dramatically
in response to the program’s invest-
ments. The Space Council plans to
continue to emphasize education as an
integral part of the space program.

The President and Vice President

have given America a clear vision of a
brighf@ibrosperous future. It is a vision
based™®n the unlimited potential of

space to benefit mankind; but one that

can be realized only if all Americans
commit themselves to U.S. leadership
of a global campaign to explore space,
understand and appreciate it, and
harness it in service to mankind.

Today, America is faced with
tremendous, all-pervasive challenges —
in medicine, in energy, in industrial
competitiveness, in national security, in
the environment, and elsewhere. How
well we meet these challenges will
determine how we and all citizens of
the world live in the future. The real
questions that confront us are whether
we appreciate their urgency, whether
we understand the potential of space in
meeting them, and, understanding that
potential, whether we as a nation are
willing to make the major
commitments necessary to engage in
the exploration of space with the
dedication and seriousness that these
challenges demand.

Fortunately, America and the world
now have new opportunities to
consider and act on these challenges.
The relaxation in world tensions and
the resulting spirit of cooperation
permeating all of Europe, extending
even to the Soviet Union, offer
unprecedented opportunities for
realigning our nation’s scientific and
technical resources toward space and
for achieving true cooperation among
nations. Surely now is the time to
capitalize on these opportunities.

It is with these thoughts in mind
that the National Space Council has
undertaken its efforts during the past
year. While the Council recognizes the
urgent need for increased commitment
in space, it also appreciates the
unrelenting need to put our national
and international space activities on a

sound footing once and for all. Only
such a foundation can effect an
efficient transition from a space effort
geared toward research to one that
applies the potential of space to solve
mankind’s problems and assure our
nation’s future.

To begin the process of establishing
that sound footing, the council
implemented its charter by setting up a
plan that identified four phases: setting
broad goals and objectives for America
in space, establishing strategies for
achieving those goals and objectives,
monitoring the implementation of
those strategies, and resolving specific
program or policy issues.

To undertake these functions we
articulated America’s space strategy as
a set of critical elements for attaining
the benefits space offers. In the
preceding pages we have defined these
major elements and outlined the
various investigations we have
conducted or are in the process of
undertaking. The sole purpose of all
our activities is to determine where we
are and where we must go to take
maximum advantage of the
opportunities offered by space
exploration and exploitation.




-

0 ]




NASA Briefing to National Space Council
on

The Advisory Committee on the Future
of the U.S. Space Program Recommendations

Richard H. Truly
Administrator

January 11, 1991



« Chronology

« NASA Action on Advisory Committee

— Recommendations
— Items for Consideration
— Emphasized Text

P2
1



THE ADVISORY COMMITTEE ON THE FUTURE OF THE U.S. SPACE PROGRAM

CHRONOLOGY

1990

1991

Event

JUL |AUG | SEP | OCT | NOV | DEC

JAN

FEB

MAR

APR

MAY

JUN| JUL

AUG

SEP

OCT | NOV

DEC

Advisory Committee Appointed by
Administrator with 120 Day Charter

Vice President, Admiral Truly, and
Committee Members Initial Meeting

Advisory Committee Results Presented to
Admiral Truly and Vice President

Advisory Committee Results Presented to
NSpC

Advisory Committee Meeting with NASA
Senior Management

Committee Report Officially Released

Advisory Committee Revisit on
Implementation Status

NSpC Mesting on Implementation

a A

KEY

& 2

Schedule for
Completion

Proposed




THE ADVISORY COMMITTEE ON THE FUTURE OF THE U.S. SPACE PROGRAM
NASA ACTION PLAN

1991
Advisory Committee Action NASA
Recommendation Position JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
1 Science First Priority Funded at NASA Concur BUDGETED
Current Fraction
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C. NASA Re-establish Environmental NASA/ Concur
Satellite R & D; NOAA Fund Doc (Define L e SASAASIN SOOHENA DN
Production and Operation with NOAA) m@ RI L
4 Reaffirm Ultimate Goal of SEIl as White Support
Human Exploration of Mars House e B It
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Program House
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Two-Way Capability Review |
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12 National Space Council Executive White e
Committee House
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Advisory Committee Action NASA
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Instruments and Projects
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Process House
4 Assess Feasibility of Commercial White —_—
Operator for Environment and Land House
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5 Space Station Continue as Initial NASA Concur K ON-GOING MANAGEMENT ACTION
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Exploration Program
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Flight Program House
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Agent for Civil Space House
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AUGUSTINE COMMITTEE RECOMMENDATIONS

Recommendation 1: That the civil space science program should have first priority for
NASA resources, and continue to be funded at approximately the same percentage of the NASA
budget as at present (about 20 percent).

Recommendation 2: That, with respect to program content, the existing strategic plan for
science and applications research proposed by NASA with input from the science community
be funded and executed.

Recommendation 3;: That the multi-decade set of projects known as Mission to Planet Earth
be conducted as a continually evolving program rather than as a mission whose design is
frozen in time. A combination of different size spacecraft appears to be most appropriate
to meet the needs of simultaneity, accuracy, continuity and robustness. NASA also should
re-establish research and development in support of environmental satellites to meet NOAA-
stated requirements. NOAA, for its part, must budget adequately to finance the
operational costs of spacecraft and instruments, as well as related day-to-day support
activities.

Recommendation 4; That the Mission from Planet Earth be established with the long-term
goal of human exploration of Mars, underpinned by an effort to produce significant
advances in space transportation and space life sciences.

Recommendation 5:; That the Mission from Planet Earth be configured to an open-ended
schedule, tailored to match the availability of funds.

Recommendation 6:; That NASA, in concert with its International partners, reconfigure and
reschedule the Space Station Freedom with only two missions in mind first, life sciences
experimentation (including the accrual of operational experience on very long-duration
human activities in space) and, second, microgravity research and applications. 1In so
doing, steps should be taken to reduce the station’s size and complexity, permit greater
end-to-end testing prior to launch, reduce transportation requirements, reduce extra-
vehicular assembly and maintenance, and, where it can be done without affecting safety,
reduce cost. The planned ninety days may prove an inadequate period of time to conduct so
significant a reassessment. Such time as is required should be taken.
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Recommendation 7: That technology be pursued which will enable a permanent, possibly man-
tended outpost to be established on the Moon for the purposes of exploration and for the
development of the experience base required for the eventual human exploration of Mars.
That NASA should initiate studies of robotic precursor missions and lunar outposts.

Recommendation 8: That NASA, in concert with the Office of Management and Budget and
appropriate Congressional committees, establish an augmented and reasonably stable share
of NASA’s total budget that is allocated to advanced technology development. A two- to
three-fold enhancement of the current modest budget seems not unreasonable. In addition,
we recommend that an agency-wide technology plan be developed with inputs from the
Associate Administrators responsible for the major development programs, and that NASA
utilize an expert, outside review process, managed from headquarters, to assist in the
allocation of technology funds.

Recommendation 9: That the Administration promptly establish and fund a firm program for
development of an evolutionary, unmanned but man-rateable, heavy lift launch vehicle.
This system should reach operational capability in time to support all but the initial
phase of the Space Station deployment.

Recommendation 10: The Committee recommends that the procurement of an additional Space
Shuttle orbiter, for a five-orbiter fleet operation, not be undertaken at this time, but
spares procurement should continue. If an orbiter is lost in the relatively near future,
the decision on whether to procure another orbiter should be made in the context of the
availability of the new heavy lift launch vehicle and the demands on the remaining orbiter
fleet.

Recommendation 11: That NASA initiate design effort so that manned activity in the Space
Station could be supported in the absence of the Space Shuttle. Crew recovery capability
must be available immediately, and provision made for the relatively rapid introduction of
a two-way personnel transport module on a selected expendable launch vehicle.
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Recommendation 12: That a Space Council Executive Committee, chaired by the Vice
President and consisting of the Administrator of NASA, the Directors of the Office of
Management and Budget and the Office of Science and Technology Policy, the Secretary of
Defense and the Director of Central Intelligence, be institutionalized. Other Space
Council principals should participate in the Space Ex-Comm meetings when appropriate, at
the invitation of the Chairman. Major issues would continue to be addressed by the Space
Council as a whole.

Recommendation (13):; That NASA management review the mission of each center and
consolidate and refocus centers of excellence in currently relevant fields of science and
technology with minimum overlap between centers. An appropriate balance between in-house
and external activity also should be developed.

Recommendation 14:; That NASA should be designated a "pathfinding" agency for the
implementation of an advanced personnel management system. Under this system the current
legislative package would be expanded to include "pay for performance"; more flexibility
in senior executive hiring, evaluation and removal; additional cost reimbursement for
relocation; and a capability for handling extended temporary duty costs. NASA management
should propose to OPM the personnel package it deems appropriate in the above regards.

Recommendation 15: That the Office of Personnel Management provide NASA the full
flexibility permitted by law regarding dual compensation waivers, and that OMB allocate to
NASA a significant portion of the 800 now approved "world-class" positions. NASA also
should fully utilize the authority granted by the Space Act and fill all 425 "critical"
personnel positions, thus helping redress locality pay inequities that will not be
alleviated quickly enough by pay reform. New legislation should authorize NASA broad
authority to establish, set the pay of, and ill up to 10 percent of its positions with
"critical skills" appointments. In the event that recent and planned civil service
reforms do not promptly alleviate the shortcomings of the NASA personnel system, then NASA
should initiate the process of selectively phasing additional centers into the Jet
Propulsion Laboratory model; that is, affiliate them with a university as Federally Funded
Research and Development Centers.




AUGUSTINE COMMITTEE "BOLD TYPE" SUGGESTIONS

Suggestion I: We conclude, therefore, that Research and Analysis Programs, Mission
Operations and Data Analysis Programs, and the Advanced Technology Development Programs
should be viewed as equally essential to the overall research program as are hardware
projects themselves; that a "fast track" procurement process be devised for such programs;
and that the resources allocated to these support activities not be used as "contingency"”
resources for unexpected problems encountered on large flight projects.

Suggestion II: We urge that universities, other organizations and their Investigator teams
be used increasingly as "prime" contractors for space research instruments and projects.

Suggestion III: The Committee believes that a review of the decision-making process for
Mission to Planet Earth, including its relation to the U.S. Global Change Research
Program, should be carried out for the national Space Council by a group from government,
industry and academia, headed by the Director of the Office of Science and Technology
Policy (OSTP). The review should consider interagency aspects, the role of the CEES, and
international dimensions, and make recommendations aimed at ensuring the success and
continuity of the program.

Suggestion IV: Consequently, the Committee urges that the National Space Council,
together with OSTP and OMB, undertake a feasibility study to determine if a single
commercial entity could provide more cost-effective management for operational
environmental and land remote-sensing satellites. The prospects for an international
consortium should be evaluated.

Suggestion V: Although warranting reconfigurration and probably rescheduling, the Space
Station remains, in our judgment, the essential initial building block of the manned
exploration program.

Suggestion VI: Even so, the relatively modest expenditures needed to move the NASP
initiative briskly forward towards a technology demonstration flight program with an X-
vehicle are worthwhile, given the potential for major breakthrough capability. This is
exactly the kind of revolutionary program NASA should undertake, although we do not assign
it high schedule urgency.




Suggestion VII: That NASA should continue to be the nation’s principal agent for carrying

out its civil space program, under policy guidance from the Space Council, and drawing as

appropriate on other government resources and the capabilities of the private sector and
academia.




AUGUSTINE COMMITTEE MANAGEMENT RECOMMENDATIONS

Item A: That a Systems Concepts and Analysis Group be formed in the NASA headquarters to
serve the Administrator. This group would consist of a small elite civil service staff
supplemented by a new or existing Federally Funded Research and Development Center
(FFRDC) .

Item B: That an independent cost analysis group be formed to serve the Administrator and
the Administrator’ staff. This group should be charged with the responsibility of
providing to the Administrator a recommendation on all significant cost estimates provided
to the Congress or to the Office of Management and Budget. Their cost estimating
procedures should include contingency analysis techniques.

Item C: That an Associate Administrator for Exploration be established with
responsibility for both robotic and manned exploration of the Moon and Mars, the humans-
in-space portion of life-science studies, and technological foundations for manned and
unmanned exploration of the Moon and Mars.

Item D: That the Space Station and other space flight development programs report to a
NASA Associate Administrator for Space Flight Development.

Item E: That an Associate Administrator for Space Flight Operations be established whose
responsibilities initially would include Space Shuttle operations, existing ELV
operations, and tracking and data functions. Prior to implementing any such change, a
detailed transition plan should be prepared and afforded full safety review and approval.

Item F: NASA should begin the deliberate process of planning for the transition of the
Space Shuttle from development to a more nearly operational status at Kennedy Space Center
with continuing technical support from other centers, and with appropriate certification
of safety considerations at each step of the transfer process.

Item G: That NASA adopt as standard for the management of multi-center programs, a
headquarters project manager and staff located at or near the "Primary Center" involved in
the undertaking. A key attribute of such a project office would be its systems
engineering capability.



Item H: NASA should concentrate its "hands-on" expertise in those areas unique to its
mission, and avoid the excessive diversion of technical or mission specialists to
functions which could be performed elsewhere. Contract monitoring is best accomplished by
a cadre of professional systems managers with appropriate experience. Increased use of
performance requirements, rather than design specifications, will further increase the
effectiveness of this approach.

Item I: That the Legislative and Executive Branches should review the combined effect of
current laws, executive orders and circulars on the efficiency of high-technology research
and development operations. After review, pilot test acquisitions should be conducted
with as many of the non-critical, procurement-related objectives removed as possible. The
intent should be development of a more efficient process permitting both swift technical
progress and sound business management. The results of the study and the pilot tests
should be reported to the President and the Congress. Appropriate actions by the
Legislative and executive Branches should be recommended.

Item J: Given the above, the Committee would emphasize the importance of the U.S.
Government following as closely as practicable the model established by the NACS/NASA
successes in the aeronautics industry in order to encourage the fullest commercial use of
space. Examples wherein further government actions can be helpful include ensuring that
procurements are based on "best value" rather than lowest cost; on the related experience
and past performance of the contractor; on functional requirements, not on detailed design
specifications; on accepting, whenever appropriate, commercial production and quality-
assurance standards and techniques; and on using commercially offered space products and
services whenever possible. Of particular importance is that in its commercial
contracting, the government recognize the need for credible long-term contracts.

Item K: That an Associate Administrator for Human Resources be established at NASA
headquarters who shall be responsible for the recruitment to ANSA of persons with critical
skills, for ensuring that NASA maintain competitive compensation and personnel development
policies to retain such people, and for working with OPM, OMB and the Congress on
additional reforms to remove impediments to the recruitment and retention of talented and
motivated people.
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U.S. COMMERCIAL SPACE POLICY GUIDELINES

A fundamental objective guiding United States space activities
has been space leadership, which requires preeminence in key
areas of space activity. In an increasingly competitive
international environment, the U.S. Government, consistent with
national security and foreign policy interests, international and
domestic legal obligations, including U.S. commitments to stem
missile proliferation, and agency mission requirements,
encourages the commercial use and exploitation of space
technologies and systems for national economic benefit.

United States space activities are conducted by three

separate and distinct sectors: two U.S. Government sectors --
the civil and national security -- and a non-governmental
commercial space sector. The commercial space sector includes a
broad cross-section of potential providers and users, including
both established and new market participants. There also has
been a recent emergence of State government initiatives related
to encouraging commercial space activities. The commercial
space sector is comprised of at least five market areas, each
encompassing both earth and space-based activities, with varying
degrees of market maturity or potential:

Satellite communications - the private development,
manufacture and operation of communications satellites and
marketing of satellite telecommunications services,
including position location and navigation;

Launch and Vehicle Services - the private development,
manufacture and operation of launch and reentry vehicles,
and the marketing of space transportation services;

Remote Sensing - the private development, manufacture and
operation of remote sensing satellites and the processing
and marketing of remote sensing data;

Materials Processing - the experimentation with and
production of organic and inorganic materials and products

utilizing the space environment; and

Commercial Infrastructure - the private development and
provision of space-related support facilities, capabilities
and services.

In addition, other market-driven commercial space sector
opportunities are emerging.
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The U.S. Government encourages private investment in and broader
responsibility for space-related activities that can result in
products and services that meet the needs of government and
other customers in a competitive market. As a matter of policy,
the U.S. Government pursues its commercial space objectives
without the use of direct federal subsidies. A robust commercial
space sector has the potential to generate new technologies,
products, markets, jobs, and other economic benefits for the
nation, as well as indirect benefits for national security.

Commercial space sector activities are characterized by the
provision of products and services such that:

o private capital is at risk;

o there are existing, or potential, non-governmental
customers for the activity;

o the commercial market ultimately determines the
viability of the activity; and

o primary responsibility and management initiative for
the activity resides with the private sector.

Implementing Guidelines

The following implementing guidelines shall serve to provide the
U.S. private sector with a level of stability and predictability
in its dealings with agencies of the U.S. Government. The
agencies will work separately but cooperatively, as appropriate,
to develop specific measures to implement this strategy. U.S.
Government agencies shall, consistent with national security and
foreign policy interests, international and domestic legal
obligations and agency mission requirements, encourage the
growth of the U.S. commercial space sector in accordance with the
following guidelines:

o U.S. Government agencies shall utilize commercially
available space products and services to the fullest extent
feasible. This policy of encouraging U.S. Government
agencies to purchase, and the private sector to sell,
commercial space products and services has potentially large
economic benefits.

-- A space product or service is "commercially available”
if it is currently offered commercially, or if it could
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be supplied commercially in response to a government
procurement request.

"Feasible" means that products and services meet
mission requirements in a cost-effective manner.

"Cost-effective" generally means that the commercial
product or service costs no more than governmental
development or directed procurement where such
government costs include applicable government labor
and overhead costs, as well as contractor charges.

However, the acquisition of commercial space products
and services shall generally be considered cost-
effective if they are procured competitively using
performance-based contracting techniques. Such
contracting techniques give contractors the freedom and
financial incentive to achieve economies-of-scale by
combining their government and commercial work as well
as increased productivity through innovation.

U.S. Government agencies shall actively consider, at
the earliest appropriate time, the feasibility of their
using commercially available products and services in
agency programs and activities.

U.S. Government agencies shall continue to take
appropriate measures to protect from disclosure any
proprietary data which is shared with the U.S.
Government in the acquisition of commercial space
products and services.

Government agencies shall promote the transfer of U.S.

Government-developed technology to the private sector.

U.S. Government-developed unclassified space technology
will be transferred to the U.S. commercial space sector
in as timely a manner as possible and in ways that
protect its commercial value.

U.S. Government agencies may undertake cooperative
research and development activities with the private
sector, as well as state and local governments,
consistent with policies and funding, in order

to fulfill mission requirements in a manner which
encourages the creation of commercial opportunities.

With respect to technologies generated in the
performance of government contracts, U.S. Government
agencies shall obtain only those rights necessary to

3
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meet government needs and mission requirements, as
directed by Executive Order 12591.

U.S. Government agencies may make unused capacity of space
assets, services and infrastructure available for commercial
space sector use.

. Private sector use of U.S. Government agency space
assets, services and infrastructure and services shall
be made available on a reimburseable basis consistent
with OMB Circular A-25 or appropriate legislation.

U.S. Government agencies may make available to the

private sector those assets which have been determined to be
excess to the requirements of the U.S. Government in
accordance with U.S. law and applicable international treaty
obligations. Due regard shall be given to the economic
impact such transfer may have on the commercial space
sector.

The U.S. Government shall avoid regulating domestic space
activities in a manner that precludes or deters commercial
space sector activities, except to the extent necessary to
meet international and domestic legal obligations, including
those of the missile technology control regime.

Accordingly, agencies shall identify, and propose for
revision or elimination, applicable portions of U.S. laws
and regulations that unnecessarily impede commercial space
sector activities.

U.S. Government agencies shall work with the commercial
space sector to promote the establishment of technical
standards for commercial space products and services.

U.S. Government agencies shall enter into appropriate
cooperative agreements to encourage and advance private
sector basic research, development, and operations.
Agencies may reduce initial private sector risk by agreeing
to future use of privately supplied space products and
services where appropriate.

- "Anchor tenancy" is an example of such an arrangement
whereby U.S. Government agencies can provide initial
support to a venture by contracting for enough of the
future product or service to make the venture viable in
the short term. Long-term viability and growth must
come primarily from the sale of the product or service
to customers outside the U.S. Government.
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- There must be demonstrable U.S. Government mission or
program requirements for the proposed commercial space
good or service. In assessing the U.S. Government’s
mission or program requirements for these purposes, the
procuring agency may consider consolidating all
anticipated U.S. Government needs for the particular
product or service, to the maximum extent feasible.

—— U.S. Government agencies entering into such
arrangements may take action, consistent with current
policies and funding availability, to provide
compensation to commercial space providers for future
termination of missions for which the products or
services were required.

o The United States will work toward establishment of an
international trading environment that encourages market-
oriented competition by working with its trading partners
to:

o establish clear principles for international space
markets that provide an atmosphere favorable to
stimulating greater private investment and market
development;

= eliminate direct government subsidies and other unfair
practices that undermine normal market competition
among commercial firms;

— eliminate unfair competition by governments for
business in space markets consistent with domestic
policies that preclude or deter U.S. Government
competition with commercial space sector activities.

The U.S. Commercial Space Policy Guidelines are consistent with
the National Space Policy and the U.S. Commercial Space Launch
Policy which remain fully applicable to activities of the
governmental space sectors and the commercial space sector.

Reporting Requirements

U.S. Government agencies affected by these guidelines are
directed to report by October 1, 1991, to the National Space
Council on their activities related to the implementation of
these policy guidelines.
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0.5, COMMERCTIAL SPACE POLICY GUIDPELINES

A fundamental cbjective guiding United Statas space activities
has been space leadership, which requires preeminance in key
areas of epace activity. In an increasingly compaetitive
international environment, tha U.S. Government, consistent with
naticnal security and foreign policy interasts, international and
domestic legal obligations, including U.S. commitments to stem
missile proliferation, and agency mission requirements,
encourages tha commercial use and exploitation of space
technologies and systems for national economic benefit.

United States space activities are conducted by three

separate and distinct sectors: two U.S. Government sectors =--
the eivil and nationa. security -~ and a non-governmantal
commercial space sector., The commercial space sector includes a
broad cross-section o potential providers and users, including
both established and new market participants. There also has
been a recent emergence of State government initiatives related
to encouraging commercial space activities. The commercial
space sector is comprised of at least five market areas, each
encompassing both ear:h and space-based activities, with varying
degrees of market maturity or potential:

e

gatellite communications - the private davelopment,
manufacture and operation of communications satellites and
warketing of satallite telecommunications services,
including position location and navigation;

Launch and Vehicle Sexviceg - the private development,
manufacture and operation of launch and reentry vehicles,
and the marketingy of spaca transportation services;

Ramote Sansing - the private development, manufsctura and
operation of remote sensing satellites and the processing
and marketing of remcte sensing data;

ging - the experimentation with and
production of organic and inorganic materials and products
utilizing the space environment; and

Commercial Infristructure - the private development and
provision of spice-raelated support facilities, capabilities
and services.

In addition, other market-driven commercial spaca sector
opportunities are emerging.
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The U.S. Governmant ensourages private investment in and broader
responsibility for space-related activities tbat can result in
products and services :hat meet the neads of government and
other customers in a competitive market. As a matter of policy,
the U.S. Governmaent pursues its commercial space objectives
without the use of diract federal subsidies. A rcbust commercial
space sector has the potential to ganerate new technologies,
products, markets, jobs, and other economic banefits for the
nation, as well as indlrect banefits for national security.

Commercial space sactor activities are characterized by the
provision of products and services such that:

© private capital is at risk;

o there are exlisting, or potential, non-governmental
customazrs for the activity;

° tha commercinl market ultimately determines the
viability of the activity; and

© primary responsibility and managament initiative for
the activity resides with the private sector.

luplementing Guidelines ST T e e

The following implementing guidelines shall serve to provide the
U.8. private sector with a level of stability and predictability
in its dealings with sgencies of the U.8. Government. The
agencies will work ssparately but cooperatively, as appropriate,
to develop specific measures to implement this strategy. U.S.
Government agencies stall, consistent with national security and
foreign policy interests, international and domestic legal
obligations and agancy mission requirements, encourage the
growth of the U.S. cocnmarcial space sector in accordance with the
following guidelines:

(-] U.8. Government sgencies shall utilize commercially
available space products and services to the fullest extent
feasible. This policy of encouraging U.S. Government
agencies to purchase, and the private sector to sell,
commercial space products and services has potentially large
economic banefiti .

~-= A spaca procduct or service is "commercially avalilable"
if it is currently offered ccmmercially, or if it could

20245623978 4
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be supplied commercially in response to a government
procurement ragquest.

- "Feasible" maans that products and services maeaet
nission regquiramants in & cost-effective manner.

-~ "Cost-effective" genarally means that the commercial
product or sarvice costs no more than governmantal
daevelorment or directed procursment where such
governmant costs include applicable goveranment labor
and overhead costs, as well as contractor charges.

-- However, the acquisition of commexrcial space products
and sarvices shall generally ba considered cost-
effective if thay are procured ccmpaetitively using
performance-based contracting techniques. Such
contracting techniques givae contractors the freadom and
financial incentive to achisve economies-of-scale by
combining thair government and commaercial work as well
as increased productivity through innovation.

-- U.8. Governmant agencies shall actively consider, at
the sarliest appropriate time, the feasibility of their
using commercially available products and services in -
agency programs aad activities.

-- U.8. Government agencies shall continue to take
appropriate measures to protect from disclosure any
proprietary data vhich is shared with the U.S.
Government in the acquisition of commercial space
products anc services.

° U.S. Government sgencies shall promote the transfexr of U.S.
Government-developad technology to thae private sector.

-= U.8, Governnent-developad unclassified space technology
will be transferred to the U.S. commercial space saector
in as timely & mannaer &as gonaiblo and in ways that
protect its commercial value.

-- U.B. Governnent agencies may undartake cooperative
research and development activitles with the private
sector, as vell as state and locikl governments,
consistent with policies and fundiag, in order
to fulfill nission requirements in a manner which
encourages the creation of commercial opportunities,

-~  With respecl to technologies genarated in the
performance of government contracts, U.8. Government
agenciaes shull obtain only those rights necessary to
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meet goveramont needs and mission requirements, as
directed by iIxecutive Order 12561.

o U.8. Government ajencies may make unused capacity of space
assets, services and infrastructure available for commercial
space sector use.

- Private sector use of U.8. Government agency space
assets, services and infrastructure and services shall
be made avalilable on a reimburseable basis consistent
with OMB Circular A-25 or appropriate legislation.

o U.8. Government agencles may make available to the
private sector those assets which have been determined to be
excess to the reguirements of tha U.S. Government in
accordance with U.5. law and applicable international treaty
obligations. Dus regard shall be given to the economic
impact such transfer may have on the commercial space
sector.

o The U.8. Governmant shall avoid regulating domestic apace
activities in a manner that precludes or deters commercial
space sactor actiwvities, except to the extent necessary to
meet international and domestic legal obligations, including
those of the misslle technology control regime.

Accordingly, agenclies shall identify, and propose for
revision or elimination, mpplicable portions of U.S. laws - —
and ragulations taat unnacessarily impede commercial space
sector activities.

o U.8. Government agJencies shall work with the commercial
space saector to promote the establishment of technical
standards for comnarcial space products and saxvices.

o U.8. Governmant agencies shall enter into appropriate
cocperative agresmants to encourage and advance private
sactor basic resexrch, development, and operations.
Agencies may reduce initial private sector risk by agreeing
to future use of privately suppliaed space products and
sexvices where appropriate.

==  "Anchor tenancy"” is an example of such an arrangement
whareby U.S. Government agencies can provide ianitial
support to & venture by contracting for enough of the
future produckt or serxvice to make the venture wviable in
the short term. lTong-term viability and growth must
coma primarily from the sale of the product or saervice
to customers outside tha U.S. Government.
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==  Thers must bin demonstrable U.S. Government mission or
program raegqul.rements for the proposed commercial space
good or service. Ia assessing the U.8. Government’s
migsion or program requirements for these purposes, the
procuring agancy may consider consolidating all
anticipated 1.8, Government neads for the particular
product or sorvice, to the maximum extent faasible.

-= 0.8. Governmant agencies entering into such
arrangements may take action, consistent with curreat
policies and funding availability, to provide
compensation t¢ commercial space providers for future
termination of missions for which the products or
services weris required.

o The United States will work toward establishment of an
international trading environment that encourages market-
orientad competition by working with its trading partners
to:

-=  @astablish clear principles for international space
markets that provide an atmosphere favorabla to
stimulating greater private investment and market
davelopment;

~~ @liminate direct government subsidies and other unfair
practices that undermine normal market competition
among commeri:ial firms;

==  @liminate unfair competition by governments for
business in space markets consistent with domestic
peolicies that preclude or deter U.8. Governmant
competition with commercial space sector activities.

The U.S. Commercial Space Policy Guidelines are consistent with
the National Space Pollicy and the U.S. Commerclal Space Launch
Policy which remain fully applicable to activities of thea
governmental space seciors and the commercial space sector.

leporting Requirements

U.S. Government agencies affected by these guidelines are
directed to report by October 1, 1991, to tha National Space
Council on their activities relatad to the implementation of
thase policy guidalinas.



ADVANCE COPY

OF THE

SUMMARY AND PRINCIPAL RECOMMENDATIONS
OF THE
ADVISORY COMMITTEE ON THE FUTURE OF THE

U. S. SPACE PROGRAM

DECEMBER 10, 1990




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 spherical
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 1980. The decision to launch the Challenger

in cold weather, when the seals between rocket
motor segments would be most suspect, took
place five 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 overlook 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 of 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 Xl 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 all 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 -- per day. 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 concerns 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 should 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 should 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 fully
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 turn 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 turn 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 Shuttle 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 of 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
altogether 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 life.

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 Committee concludes 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

PERCENT OF FEDERAL OUTLAYS

EIGURE 1.

NASA Budget Trend
(Dollars)

25
7
g 20 1991 Constant Dollars
:
o1s
&
w
Q
S
<5
g

Then-Year Dollars
Ol‘ill"lllllllll LI

L2 | I ) LI L U
1960 1965 1970 1975 1980 1985 1990
FISCAL YEAR

Source: NASA

EIGURE 2.
NASA Budget Trend
(Percent of GNP)

0.9

0.81
0.74
0.6
0.51
0.4

PERCENT OF GNP

0.3
0.2

0.1

O T TTTTTTTTT T

T U A e PR R i S
1960 1965 1970 1975 1980
FISCAL YEAR

T

T T
1985 1990

Source: Congressional Budget Office - GNP
NASA - NASA Budqet

EIGURE 3.

NASA Budget Trend
(Percent of Federal Spending)

>

©»

n

-
I

LS00 A NS, B 0 I W N S e

L v
1960 1965 1970 1975 1980 1985 1990

FISCAL YEAR
Source: NASA



EIGURE 4,

NASA Budget Trend
(Percent of Total Discretionary
Federal Spending)

~

L

@

I'S

9@

»

-»

PERCENT OF DISCRETIONARY FEDERAL OUTLAYS

L L L LA L L B L L
1965 1970 1975 1980 1985 1990

FISCAL YEAR

...
® o
3

Source: Congressional Budget Office -
Total Discretionary Federal Spending
NASA - NASA Budget

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 would
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 specific 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 defining 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 _Balan Program. It is our belief
that the space science program warrants highest
priority for funding. It, 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 o Planet Earth, as we would define it, 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
should 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 no human flight. Our
answer is a resounding "no." There js a
difference between Hillary reaching the top of
Everest and merely using a rocket to loft an
instrument package to the summit. There js 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 Station 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
justifying 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 to 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 should
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 Shuttle 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 to 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 launch manned and unmanned spacecraft,
including those that one day will travel to the
moon 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 technology
program. This program, augmented by new
propulsion technologies, will provide the
elements to enhance our current and evolving
launch vehicle 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.
should 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
all-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 altogether 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 also
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 a 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 excellence. We should strive for
perfection. We should 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.

Principal A iations C a5
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
Principal R ati o .
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 prepared
with strong input from the mission offices,
and that it be funded




» Space Shuttle missions be phased over to 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
reconfigured to reduce cost and complexity;
and the current 90-day time limit on redesign
should be extended if a thorough reassess-
ment is not possible in that period.

* a personnel module be provided, as
planned, 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

Wﬁwm“ 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 of 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 skills;
or, if 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 overlap 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:

e That the current headquarters structure be
revamped, disestablishing the positions of
certain 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 for 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 to 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 of 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 Ill).

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).

In 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
Propulsion 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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Laurel L. Wilkening Dr. Wilkening is the Provost and Vice President for Academic Affairs of the
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Astronomy. Prior to going to the University of Washington, she was Vice President for Research and
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‘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
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joining Congress in 1963. He is a member of the National Aeronautics and Space Administration's
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TERMS OF REFERENCE

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 Council.

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 Il
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 Committee 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 himself 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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MEMORANDUM FOR THE VICE PRESIDENT
FROM: MARK RECHT

SUBJECT: Stgfus of the Space Advisory Committee

Norm Augustine’s Committee is beginning to reach
conclusions. While still very preliminary, it looks like their
recommendations will involve significant changes in both current
programs and the internal management of NASA. Probably the most
remarkable result so far has been the degree of consensus among
the Committee members. I have attached some Committee working
papers which outline their current thinking. Some of the
tentative findings are:

o Manned missions to Mars are inevitable and a proper
objective for the civil space program but the schedule
needs to be relaxed to allow exploration to proceed at
a steady and affordable level of funding.

o] Don’t buy any more space shuttles. We need to make the
current shuttles work, focus them on carrying people
and begin development of another launch vehicle to
carry cargo.

o Continue the space station but reconfigure it to be
more evolutionary, less dependent on the shuttle and
more realistic in terms of cost, schedule and
performance.

o Change NASA’s management structure, both within
headquarters and in the way programs are assigned to
and managed by the NASA centers in order to increase
accountability and predictability and reduce government
overhead.

Attachment

Tab A: Preliminary Discussions



PRELIMINARY DISCUSSIONS
RESOLVE SET

- Manned Mars is inevitable --- only timetable is issue
- Steady-state funding --- flexible schedule
- Must have Space Station (life sciences)
= In Parallel
-- Robotic Missions to Mars
-- Colonize Moon

TRANSPORTATION

- Must make Shuttle work -- dependent upon it for a decade+ of
manned space flight
- Focus Shuttle on man-related missions
- Begin an unmanned launch vehicle to support Space Station and
do truck missions and if possible do SEI first stage
- Don't buy 6th orbiter
- Revalidate need for ASRM (if go with Shuttle-cC)
- Build (AF/NASA) technology for HLV -- go do new engine
- Nuclear stage technology
- New launch vehicles must support DOD and NASA
-= Purpose:
-—-- More payload for Space Station
--- First stage for Moon and Mars
—==-= Back-up Shuttle as a truck

--- Save $
- Country civil space program needs a new heavy lift LV
capability
-—- AF and NASA together (only one family)

-- Use:
-=-- Parallel Shuttle
--- Space Station
--- SEI

—-- Stable funding -- long-term commitment; Fence the resources

SPACE STATION FREEDOM AS STARTING POINT

- SSF is important element
= SSF program must be reconfigured to comport with budget
realities, support long-range space goals, and increase
confidence level
-- Mission priority:
--- Learn to live and work in space
--- Life Sciences/Life Support
=== Microgravity (clearly second)

(Look at near term alternative sources for some of data)
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(Not justified by science, not transportation node, not
manufacturing)
-- Work with international partners on any changes
-- See evolutionary approach to achieving goals
(1) Earlier limited use
(2) Flexibility for growth
-- Reassess match of SS assembly to launch vehicle strategy
-- Reconfigure program to introduce more margin (conservatism)
(power, weight, cost, schedule, complexity)
-- Reduce Shuttle dependence insofar as practicable

SPACE STATION MANAGEMENT

Problem: Management overload, lack of systems engineering,
geographically dispersed and fragmented
Recommendation: Correct problem above. A possible model is:
1. Carefully consider providing dedicated management to Space
Station and Shuttle with both reporting to Administrator
2. Establish at Houston a project management office (not under
JSC management) with OWN staff
--- Strengthen systems engineering capability with JSC
people (and contractors if required)

GENERAL MANAGEMENT

Criteria: Should be able to answer readily

1. Who is in charge (responsible)

2. Do they have necessary authority and resources

3. Are requirements separate from implementation

In General: Design programs to minimize inter-center and
contractor interfaces

Prefer lead center concept when more than one center has major
role

Don't do day-to-day project management of major programs from
Headquarters

Reduce diversification of centers; Establish Centers of
Excellence

FCRC systems concepts and analysis support at Headquarters
Stronger independent cost estimating (civil service)

Also need a need a ten-year cost plan

Have new AA for Exploration (manned and unmanned)

PERSONNEL

Premise: To undertake challenging space program, NASA must
have share of nation's most capable people.

Problems:

-- Civil service constraints

== Lack of leavening with new blood at middle and higher level
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(conf. of int.)
-- Discouragement from oppressive management system
-- Lack of clear change for "victories" e
- Solution:
-- Preferred: "Fix" civil service (make NASA a lead "path-
finding" agency for advanced personnel management)
--- Salaries
--- Hire/Fire
-—-= Move (cost covered)
-=-- Pay for performance
--- Real bonus system
--- Double dipping in critical cases (?)
- If Not:
-- Limited exceptions for key NASA positions, e.g., 10%
and
-- Phase some centers to JPL model; First Ames, then perhaps
Langley and Lewis
- Need
—-— Career development program (enhance)
-— Scholarship Program (Holloway)
-- China Lake experiment
== "NRL" support for colleges

INTERNAL MANAGEMENT APPROACH

- Must have in-house hands-on expertise

- But should focus on leading edge, long-term, "infrastructural"
tasks not available elsewhere (University and Industry)

- Not reasonable nor appropriate to expect significant increase
in NASA civil service staffing (in spite of NASA's desire)

- Contract out more on a prime basis those space elements where
industry and academia have capabilities (more analogous to
national security space program) (Examine Government rule as
integrating contractor)

- Civil servants focus on advanced technology and critical
contract monitoring

- Tie report to external responsibilities
-- Education
-- Competitiveness
-- Motivation

EXTERNAL: Oversight of NASA

- Space Council sound structure but role is policy not management
- Don't create a new agency (a la SDI) --- NASA is the civil
space focus --- make it work
- Make NASA Administrator "DCI"™ of all civil space
-— NASA does development and NOAA as operator, funder and must
learn to procure hi-tech
== Launch vehicles joint with DOD




NOTE: NASA has a NACA responsibility in space...for technology
(not always operation)...ATC, Wx, Comsat, ...

>

EXTERNAL: CONGRESS

- Congress - managing long-term programs
- Congress could help by:
== Need a consensus on goals and affordability
—-= Help provide funding stability (agency and OMB, also)
--- Civil Sservice
--= Procurement policy
- NASA must provide more realistic cost information to Congress
including launch and operations, including margins
~ NASA should seek to fund/budget more by project and function
and less by infrastructure elements
Note: NASA needs a “"TYNpP" (NASA "FYDP")

SCIENCE, TECHNOLOGY, AND APPLICATIONS

- Science Program is good, but
—-= Execute the strategic plan
-=- Science/technology program of approximately current % level
gets first priority for NASA dollars
-— Establish fast-track procurement process for small
activities
-- Use universities as primes more often, if they wish and are
. capable
- Management: Augment current accounting system to provide much
greater visibility into total cost of projects. Allocate costs
to end item insofar as possible. This does not necessarily
require changing the day-to-day budgeting system.

EXTERNAL RESPONSIBILITIES

- Premise: NASA has responsibilities beyond flying its missions
—-- Strengthening Education =-- Seek to put work in
universities

—= Enhance Technological Competitiveness of U.S.
=== Encourage technology transfer
——= Put meaningful work in industry wherever excellence

exists
- Notes:

—- The NACA and NASA model in aeronautics is an outstanding
example of government helping the private sector build
premier competitive positions. This should be done for

space.
—= NASA becoming competitive with U.sS. industry is the wrong
model




OPERATIONS

Problem: Repetitive operations, especially shuttle, likely to

take increasing portion of NASA time away from leading-edge

activities, but.....

Shuttle is manned (with all that entails), largely non-routine,

relatively fragile, and critical to the U.S. space program

Hence

—— Establish dedicated AA for shuttle operations reporting
directly to Administrator

== This can be core of a future operations organization (which
can also provide input to future designs)

In meantime, seek to reduce gradually manning support of

launches

In long term future, launch systems design should be compatible

with spinning mature, repetitive operations out of NASA to

others, e.g., industry, government corporation, etc.



DRAFT

President’ mm
Draft Talking Points for the President
4-16-90

Good morning, and welcome.

I asked to meet with you today to talk with you -- and to
listen to you -- about something vital to our nation’s
future, including our children’s future -- our space
program.

Let’s talk about where the space program should be headed,
and how we might join together to set a strategy to get us
there.

Our national space program is based on the long-standing
premise that it is vitally important to maintain American
leadership in space.

= This leadership advances our national security, foreign
policy, scientific, and economic interests. Leadership
ensures a vigorous, aggressive, and forward-leaning
space program.

Investment in space is one of the best single investments we
can make. There are real and tangible benefits:

= For our generation, it has revolutionized
communications and computerization, and created
thousands of industrial materials and medical advances.

- For our children and grandchildren, it will continue to
do all this and more -- for example, space holds the
promise of being the ultimate and long-sought source of
clean, abundant, and safe energy.

More specifically, advances in space technology keep us
competitive in an increasingly competitive world:

- It pushes education.
= It creates jobs.

= Space technology spinoffs create new businesses and new
markets that we can’t afford to lose to the Japanese
and the Europeans, both of whom are catching up with
us.

- All of these space benefits create a higher quality of
life for all Americans.

= They also brighten America’s beacon of hope to
developing nations of the world, including Eastern
Europe.
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= Space is a showcase of U.S. economic, military, and
moral leadership in the world.

- Finally, space cooperation plays an ever-increasing
role in promoting international goodwill, peace, and
stability.

— I’ve put before the Congress a large increase in military
and civil space spending from roughly $29 to $33 billion for
FY 91. That includes an increase for NASA from $12.3 to
$15.2 billion.

i It supports several of our program priorities:

-- First, Space Station Freedom -- America’s laboratory
for advanced space research, and our post-2000 outpost
for human exploration of the Solar System in the next
century. It is imperative that we find funding this
year to keep this program moving forward.

= Mission to Planet Earth -- America’s new initiative to
understand and chart ways to curb the ecological abuses
that we and all humanity are heaping upon the Earth.

- The Moon-Mars Initiative -- America’s return to human
space exploration that will allow us to push on with
the job that the Apollo Program began.

e So this is why we need to press forward. This is why I
asked the Vice President to head the new National Space
Council and to formulate this aggressive and much needed
step into our nation’s future.

=i Dan, why don’t you take a few moments and brief everyone on
where we stand on the work of the Space Council.

(Vice President speaks for 3 minutes)

-- Thank you, Dan. As you can see, we have a dynamic,
integrated, and visionary space program to carry this
country forward into the 21st Century.

-- I know there are many competing priorities, but we simply
must find ways to keep it on track and moving vigorously
ahead.

- (Discussion)
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Thank you, Mr. President.

With your strong support, and that of many Congressional
leaders here today, the National Space Council has moved
ahead vigorously during its first year of operation --
essentially along three tracks:

- First, a rescue effort to keep vital programs going --
We’ve found ways to save the remote sensing LANDSAT
program, the National Aero-Space Plane, and to lend
support to the Space Station program.

- Second, a long-range plan to provide much-needed
leadership, sharp focus and real pay-off for the U.S.
space program as we head into the next century.

Keys here are Mission to Planet Earth and your Moon-

Mars Initiative -- your goal of returning to the Moon
to stay, and sending manned expeditions to the planet
Mars.

— Third, development of a comprehensive strategy for the
entire space program that provides a rational and
balanced framework for all space activities.

In carrying out these activities, we are emphasizing several
priorities:

= A balanced mix of manned, and unmanned, scientific, and
exploratory missions. This is the strong backbone of
our space program.

= Pursuit of our initiatives in ways that -- in a phrase
that says it all -- are "faster, better, cheaper, and
safer." This means creativity, imagination, and
excellence -- it also means challenge, risk, and even
occasional failure.

- Pushing space technology in ways that will keep this
nation on the cutting edge of space leadership and
technological competitiveness.

Finally, a few words about the President’s Moon-Mars
Initiative.

- Why are we doing it? Why have we ever done anything
that is so fundamentally in our national interest, that
continues the countless benefits of the space program
and sends them to every part of our national security,
foreign policy, scientific, technological, and economic
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well-being.
- What’s the approach? We need a modest $180 million in

FY 91 to begin the technology development that will
lead to alternative ways for better, faster, cheaper,
safer ways of achieving our goals on the Moon and Mars.
This is not a new program start. It is instead the
beginning of a 2-3 year technology development effort
leading to a better understanding of what’s involved.
This may ultimately save us ten times over its actual

cost.
- What does this buy us? It buys answers to our
questions: What, How, How Much, When, etc. That is,

the best and most cost-effective ways of going back to
the Moon and on to Mars. It will tell us the best,
fastest, cheapest, and safest way to do it.

- What are we asking for? We are asking for money and
time to answer the critical questions the President has
put before the nation. Can we feasibly achieve our
goals? What are the alternative approaches? How much
will they cost? How long will they take? What ideas
do other spacefaring nations have? Can we make this a
comprehensive effort? We are not asking the Congress
to commit to a program this year. What we are asking
for is money to answer these and other questions
fundamental to our understanding of our options and
possible approaches.

= Wh are th ff f nyin he funding? Let me
make it very .clear: Denial of the funding is akin to
killing the Moon-Mars Program. This is because the
funding provides the basis for understanding the cost
and approach that will be required -- the very data
essential for making sound decisions in 2-3 years on
whether to undertake and fund the exploration program.
So, denial of the technology development funding --
$180 million in FY 91 -- effectively kills the Moon-
Mars Initiative.

So we need your support for the President’s space program.
We know it is not easy to find the funding. But a great
nation has many goals.

Thank you.
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Objective

The purpose of the meeting is for the President to show support
for the FY 91 space budget by calling an unprecedented meeting

with the House and Senate leadership. Secondarily, its purpose
is to support the Space Exploration Initiative (Moon-Mars), the
President’s major new space initiative. Being a new program --
and the President’s program -- it is an obvious target for cuts.

General Background

Since the Apollo program, the civil space program has had little
active or demonstrable Presidential support. Prior to President
Bush, no recent President has given high priority to space. It
has been kept alive largely through an alliance of a handful of
Congressmen and a succession of top level NASA officials and
center directors.

This budget cycle will put a major stress on the ability of that
alliance to deliver on the Administration request. First,
because the President’s request is for a 24% increase for NASA,
the largest percentage increase for any government agency.
Second, last summer the President announced a new space
initiative (Moon-Mars) which, like any new initiative, will
require careful nurturing to survive.:

There has not been a Presidential meeting with the Leadership
specifically devoted to space in at least a decade. Senators
Garn and Mikulski have been asking for some kind of a conference
with the President since last year, so this meeting is, in part,
a response to their request.

Invited members of Congress include:

Leadership:
Senate: Mitchell and Dole
House: Foley and Michel

Civil Space Authorizing Committees:
Senate (Commerce, Science, and Transportation):
Hollings and Danforth
House (Science, Space, and Technology) :
Roe and Walker

Appropriations:
Senate: Byrd and Hatfield
House: Whitten and Conte

Appropriations Subcommittees:
Senate (HUD, VA, Independent Agencies):
Mikulski and Garn
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House (HUD, VA, Independent Agencies):
Traxler and Green

rren

The current thinking on the Hill, absent a negotiated arrangement
with the Administration, is that the budget allocation for NASA
and science and technology -- Function 250 -- will take a $1
billion cut. Further, the lion’s share of this would come out of
the NASA budget since the FY 91 requested increase is so large (a
$2.9 billion or 24% from $12.3 billion to $15.2 billion).

Of that $2.9 billion increase, $180 million of new money is
dedicated to the Moon-Mars Initiative. (Of the $1.3 billion
total aggregated under the Moon-Mars initiative, the remainder is
for ongoing programs like National Aerospace Plane and the
Advanced Launch System.) By contrast, $1 billion of this $2.9
increase is for the Shuttle program, $700 million is for Space
Station, and $200 is for Mission to Planet Earth, a new start.

On the Senate side, the two subcommittee appropriators --
Senators Garn and Mikulski -- are generally supporters of the
civil space program. Especially in Mikuski’s case, this support
has come at the expense of strong support for housing and
veterans programs which compete for funds in that subcommittee.
Though both Garn and Mikulski have given support to the general
desirability of human space exploration, they think it’s a pretty
large frog to swallow in a difficult budget year, in the face of
a $1 billion cut. Both are sending early signals that the Moon-
Mars program is extremely vulnerable absent strong intervention
by the White House.

The House side is a little rougher. Congressman Green is not
only unsympathetic to the Moon-Mars initiative, he is opposed to
manned space programs in general, including the Space Station.
Traxler’s position is more flexible, but still difficult.
Fighting off competing demands from veterans and housing is a
challenge in his subcommittee. In addition, he is said to be
squeamish about arguing the merits of space exploration to his
constituents in Michigan when "the highways are falling apart."

Space Station is also vulnerable to cuts, in part because of
recent attention focused on future operations and maintenance
costs. Over the past few weeks, internal NASA reports have
surfaced that put current design requirements for extra-vehicular
activity (EVA) at over ten times the optimal amount.

Mission to Planet Earth, on the other hand, is less vulnerable
to large cuts since it has been more of a "congressional"
initiative.
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The Space Exploration Initiative began with the President’s
speech on July 20, 1989 commemorating the 20th Anniversary of the
Apollo 11 Moon landing. 1Its objectives are to return to the Moon
to stay and then send manned missions to Mars and beyond. In
that speech, the President tasked the Vice President to lead the
National Space Council in determining specifically what the
program would require, including cost and schedule, and the
feasiblity of international cooperation for this program.

The President has recently approved two sets of policy decisions
for the initiative, the first outlining the approach to the
program design, and the second outlining the approach to
international cooperation.

The President’s decisions on the program approach will give early
focus to technology development and will include investments in
high leverage innovative technologies. Further, the program will
take at least several years defining two or more significantly
different reference architectures. This approach might lead to
breakthroughs in technology which could significantly improve the
cost, schedule, and risk profile that would otherwise result from
using technology available today. The President’s program
approach also called for the involvement the Departments of
Defense and Energy -- in addition to NASA -- in order to ensure
consideration of the widest possible array of technical
alternatives.

The President’s decisions on international cooperation in space
exploration were that it is feasible and could provide
significant benefits. This cooperation will begin with a
dialogue with other space-faring nations including the USSR.
Many in Congress have supported international cooperation as the
way to lower overall cost for the program. Indeed, some have
said that the only exploration program they would support is an
international one.

Space Station Freedom

FY 91 is the year actual construction of Space Station Freedom
begins. The Station budget request calls for an increase to $2.6
billion from a 1990 level of $1.9 billion. 1In order to retain
the schedule for first element launch in 1995, NASA will need
essentially the entire request. If significant cuts are mandated
the schedule will, in all probability, be delayed.

Such a delay would not only increase the overall cost, but would
have severe ramifications for our Space Station partners (Europe,
Japan and Canada). Significant pressure was placed on Congress



last year to maintain funding. However, Congress cut about 10%
from the Administration’s request. The resultant rephasing of
the Station construction schedule caused our foreign partners
considerable concern which they made known through high level
diplomatic channels.

The Station budget will be particularly difficult to maintain
this year in light of recent public controversy surrounding our
ability to maintain the Station once it is built. NASA had
identified in March a potential maintenance problem, which they
believe is serious but under control.

Mission Plan Ear

The Mission to Planet Earth program is designed to obtain data
from spacecraft which can be used understand the earth’s
environment, predict negative changes caused by manmade and
natural sources and from this understanding devise solutions to
those problems.

Mission to Planet Earth is part of the $50 billion, 25 year U.S.
Global Change Research Program. It is also the most expensive
portion, representing over 75% of the cost. 1In FY 1991 the
Administration has requested an increase from $415 million to
$636 million for Mission to Planet Earth. The bulk of this
increase is to begin a new start on the Earth Observing System, a
series of large satellites which form the heart of the Mission to
Planet Earth program -- the first of which is scheduled for
launch in 1997. Congress is very supportive of this program, but
some members question whether the satellite observations cannot
be made sooner and more cheaply. The National Space Council is
conducting a study to determine the best and fastest approach to
answering environmental questions from space.
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Status of Exploration Outreach Program
April 16, 1990

NASA has prepared and coordinated their proposed outreach program
with Space Council staff. The objectives of the Outreach program
are to solicit the widest possible range of inputs, synthesize
the inputs and produce a several year program plan by the fall.
This plan will include at least two alternate architectures to be
examined and validated for the next several years, a technology
development program to pursue the most promising cost reduction
and increased performance approaches, and a set of near term
technical milestone experiments which will show visible progress.

The outreach effort is divided into two overlapping phases. The
first is designed to solicit technical and concept inputs and
collate these for analysis. The second phase will synthesize the
inputs and come up with a coherent program plan.

The solicitation phase will involve three efforts. The first has
already begun and it consists of a program managed by the
American Institute of Aeronautics and Astronautics (the key
technical aerospace engineering society in the country) to
solicit ideas from the members. This effort will culminate in a
technical meeting in late summer. The second effort will involve
a NASA-led interagency team to visit and identify all government
lab efforts which may be relevant to space exploration. The
third will involve a public solicitation to industry as well as
private individuals to be run and coordinated by the RAND
Corporation.

The three solicitation efforts will feed into a synthesis
"commission" consisting of the best and brightest U.S. experts.
This will involve both government and non-governmental experts
and will be chaired by someone outside NASA.

All of these efforts will be multi-agency, but led by NASA. NASA
has coordinated their plan with staff from DOE and DOD. 1In the
next few weeks NASA Administrator Truly, DOE Secretary Watkins,
and DOD Deputy Secretary Atwood plan a meeting with the Vice
President to finalize the plan.

This plan is identical to the approach recommended by the
Aerospace Industries Association -- who were tasked by the Vice
President to recommend the best approach.

Funding for the outreach and synthesis effort is a problem. The
total cost for FY 1990 will be about $3 million. Although NASA
officials had promised Space Council staff that they had the
necessary resources in January, these were committed to further
work at the Johnson Space Center. One approach now would thus
have been to reprogram money from other NASA programs. However,
this would have required Congressional approval of the
reprogramming. In order to avoid the reprogramming, NASA chose
to use existing exploration-related funds in the Pathfinder




technology line and to recall some of the funds committed to

Johnson Space Center activities. They also reduced the money
requirements by holding off on contracts to support internal

studies.

NASA officials did believe, however, that they should inform
Congress of their plans. NASA staff briefed Congressional staff
last week. Appropriations Committee staff, particularly in the
House strongly objected to NASA’s actions, claiming that the
outreach was a new activity which Congress had never authorized
and which did require a reprogramming. NASA and OMB believe that
this is not the case, but are reluctant to anger Congress in
light of other requests they are making such as for supplemental
resources to cover pay requirements. Admiral Truly intends to
call Congressman Traxler and Senator Mikulski personally to
persuade them to relent in their opposition. However, this
effort may well fail.

While Congress’ position is relatively weak on the argument that
exploration is a new activity, their case is not based on
legality arguments. Rather, Congressional staff have told Space
Council staff that they simply do not want us to start the
exploration outreach. They fear that the outreach program will
"stir up" the technical community to pressure Congress to proceed
with the exploration program. This in turn will present Congress
with an even worse problem in finding funds for other NASA
programs such as Space Station Freedom.

A solution to the dilemma would be to convince key Congressional
leaders that the exploration program is of highest priority to
the President and Vice President. To this end a "Space Summit"
has been scheduled with Congressional leadership and the
President and Vice President on Wednesday, 18 April.
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NATIONAL SPACE COUNCIL

EXECUTIVE OFFICE OF THE PRESIDENT
WASHINGTON, D.C. 20500

March 22, 1990

MEMORANDUM FOR THE POLICY AND IMPLEMENTATION REVIEW COMMITTEE
FROM: MARK

SUBJECT: Commercial Space Launch Policy and Strategy Review

At the March 19, 1930 meeting to the Naticnal Space Council, the
Vice President directed that a review of commercial space launch
policy implementation be completed by June 1, 1930 to provide-a
context for considering issues associated with growing non-market
competition. The working group established to assess issues
associated with the proposed spaceport at Cape York, Australia
will undertake this review under the guidance of the PIRC. A
draft task statement for the review is attached. It will be
coordinated through the working group over the next several days
and a final version provided to you within about ten days.

The scope of the ad hoc working group’s activities have been
expanded somewhat and you may wish to modify your agency’s
representation accordingly. However, as this will be a very fast
paced review, I ask that you restrict your agency’s participation
to no more than two representatives and insure that those
representatives are able to accurately reflect your views and
those of your Space Council principle.

This review will be closely coordinated with the National Space
Council’s ongoing reviews of commercial space policy
implementation and national space launch strategy. We had
intended to address the commercial space launch issues within the
context of those two reviews but time constraints associated with
the acceleration of the schedule make that infeasible.

If you have any questions please contact me.
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DRAFT

' . v} Consider national security, economic, trade and foreign
| affairs implications.

e Based on the findings of the previous phase, define policy
and strategy alternatives to achieve the U.S. national interest
relative to the U.S., commercial space launch industry. These
alternatives should be sufficliently broad to provide a policy
framework for considering future issues associated with:

0 U.S. Government investments in support of the
commercial space launch industry.

o Rules of the road negotiations with ESA or other
governmental entities relative to the provision of space
launch services.

o Non-market competition including the sale of Soviet and
PRC space launch vehicles or launch services, launched
either from those countries or from third countries such as
Australia or Brazil.

o Internaticnal sale or transfer of space launch vehicles
or means of production,

o U.S. government procurement of space launch vehicle
hardware and space launch services.

o Commercially provided space infrastructure, both U.S.
and foreign.

4. Analyze these alternatives in terms of:
0 Implications for achieving the national security,
foreign affairs, economic and trade objectives of the United
States.
o Implications for the U.S. satellite manufacturing
industry, the telecommunications industry and other U.S.
space~-related industries.

o Implications for ballistic missile proliferation.

o Implications for the transfer of critical or sensitive
technologies.
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DRAFT

TASK STATEMENT
COMMERCIAL  SPACE LAUNCH POLICY REVIEW

The ad hoc working group will review implementation of
current commercial space launch policy and will develop policy
and strategy alternatives for consideration by the National Space
Council, The review will:

p Describe the current state of the United States commercial
space launch industry.

e} Corporate involvement and current and projected
capabilities and limitations.

o Estimated level of private sector investment and
current and planned government supports,

o} Current and projected market for United States ELV’s.
- United States government payloads.

- Foreign or commercial payloads for which the U.S.
industry is competitive.

o Foreign competition,

- Current and projected capabilities and
limitations.

= Estimated level of private investment and
government supports.

- Unique markets such as foreign government owned
satellites or other payloads which, for political
! reasons, will not be available to the U.S. industry.

0 Characterize the current and projected competitiveness
of the U.S. commercial space launch industry on the
international market for non-U.S. government payloads.

- Define competitiveness and identify the criteria
by which 1t can be measured,

2. Determine if the U.S. national interest is best served by
relying, to the maximum extent feasible, on the private sector
provision of launch services., If 80, determine if that national
interest extends to insuring that the industry achieve, or

maintain, any particular level of competitiveness in the non-
governmental market,
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NATIONAL SPACE COUNCIL

EXECUTIVE OFFICE OF THE PRESIDENT
WASHINGTON, D.C. 20500

March 13, 1990

MEMORANDUM FOR ED ROGER

FROM: MARK A CHT
SUBJECT: Spacg Council Update

As I promised, in order to keep you informed of Space Council
activities, I enclose here a few things you might find of
interest:

1. A copy of the press release announcing the President’s
program policy decisions for the Space Exploration
Initiative, and a copy of the decision memorandum.

2. A National Research Council report issued last week,
: prepared at the request of the Vice President. He had asked
the NRC to prepare an assessment of the contents of the NASA
90-day study on the Space Exploration Initiative.

The report is wholly consistent with and supportive of the
President’s program policy decisions.

The NRC press release announcing the report is also
enclosed.

3. Copies of the Terms of Reference for the two new studies the
Space Council is undertaking:

- National Space Launch Strategy Review
e Commercial Space Policy Implementation Strategy Review

Enclosures



THE WHITE HOUSE

Office of the Press Secretary

For Immediate<Release March 8, 1990

STATEMENT BY THE PRESS SECRETARY

On July 20, 1989, in a speech commemorating the 20th anniversary
of the Apollo Moon landing, the President announced three major
space policy objectives of the Administration: the completion of
Space Station Freedom, a return to the Moon to stay, and a manned
expedition to Mars. In that speech, he asked the Vice President
to lead the National Space Council in developing policies and
plans to accomplish these objectives.

The President announced today he has approved the first of a
series of policy decisions for the longterm Space Exploration
Initiative he announced on July 20. Acting upon the
recommendation of the Vice President and the National Space
Council, the President has approved a program that will give
early focus to technology development and a search for new and
innovative technical approaches to the Moon and Mars missions.

The policy consists of the following elements:

o) The Initiative will include both Lunar and Mars program
elements.
o The early program will focus on technology development with

a search for new/innovative approaches and technologies.

o The program will include investment in high leverage
innovative technologies with potential to make a major
impact on cost, schedule, and/or performance.

o The program will take at least several years defining two or
more significantly different human space exploration
reference architectures, while developing and demonstrating
technology broad enough to support all; selection of a
baseline program architecture will occur after that time.

o The program will perform mission, concept, and system
analysis studies in parallel with technology development.

0 °~ The program will include robotic science missions.

o By spurring research and development in high technology

fields, the space program will help promote American
economic leadership.

o] The program will require the efforts of several agencies.
NASA will be the principal implementing agency. The




Department of Defense and the Department of Energy will also
have major roles in the conduct of technology development
and concept definition. The National Space Council will
coordinate the development of an implementation strategy for
the Exploration Initiative by the three agencies. To
facilitate coordination, the Department of Energy will be
added as a formal member of the National Space Council.

44

Contact: Elizabeth Prestridge
395-6175
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THE VICE PRESIDENT
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ACTION

MEMORANDUM FOR THE PRESIDENT

FROM: THE VICE PRESIDENT

SUBJECT: SPACE COUNCIL RECOMMENDATIONS ON THE SPACE

EXPLORATION INITIATIVE PROGRAM

Purpose

This memorandum forwards for your review the National Space
Council recommendations regarding the Space Exploration
Initiative program.

Backaround

In your speech last July 20 commemorating the 20th Anniversary of
the Apollo 11 Moon landing you asked me to lead the National
Space Council in determining what’s necessary for our next round
of space exploration.

Your budget submission to Congress for FY 1991 contains $1.266
billion for the Space Exploration Initiative directed at the
manned exploration of the Moon and Mars. These resources will be
divided between investments in technology, new and better means
to launch payloads into space, and unmanned scientific
exploration of the Moon and Mars. The overarching goals of this
program are to advance U.S. leadership in the exploration and use
of space for scientific, technological, and economic purposes.

In addition, your budget request includes $2.627 billion to begin
construction of Space Station Freedom.

Recommendation

The National Space Council recommends that you appfove the -
following policy for the Space Exploration Initiative: .

o The Initiative will include both Lunar and Mars programy
elements. ‘

o The early program will focus on technology developments with
a search for new/innovative approaches and technology.

o The program will include investment in high leverage.]
innovative technologies with potential to make a major impact on
cost, schedule, and/or performance. '




° The program will take at least several years defining two or
more oignifloantlzldiffo:ont human space exploration reference

architectures, while developing and demonstrating technology
broad enough to support all; selection of a baseline program
architecture will occur after that time.

° The program will perform mission, concept, and systea
analysis studies in parallel with technology development.

-] The program will include robotic science missions.

o By spurring research and development in high technology
fields, the space program will help promote American economic
leadership.

o The program will require the efforts of several agencies.
NASA will be the principal implementing agency. The Department
of Defense and the Department of Energy will also have major
roles in the conduct of technology development and concept
definition. The National Space Council will coordinate the
development of an implementation strategy for the Exploration
Initiative by the three agencies. To facilitate coordination,
the Department of Energy will be added as a formal member of the
National Space Council.

ides expanded discussion of these.broposed

The Attachment pr
policy features.

rove QSQmended Disapprove

| b"
7/,l

Tab A Expanded Discussion of Proposed Policy

Approve

Attachment



Attachment -- Expanded Discussion of Proposed Policy
Space Exploration Initiative

° The initiative will include both Lunar and Mars program
elements.

o The early program will focus on technology development with
a search for new/innovative approaches and technologies.

Spurred by the focus on technology development, the early
program would provide ancillary benefits such as
strengthening U.S. capabilities in key industries,
stimulating science, engineering and mathematics education,
and promoting excellence in science and engineering
disciplines.

o The program will include investment in high leverage
innovative technologies with potential to make a major impact on
cost, schedule, and/or performance.

() The program will take at least several years defining two or
more significantly different human space exploration reference
architectures, while developing and demonstrating technology
broad enough to support all; selection of a baseline program
architecture will occur after that time.

o The program will perform mission, concept, and system
analysis studies in parallel with technology development.

The early stages of the program, lasting at least several
years, would be devoted to laying a solid foundation for the
Space Exploration Initiative. During this early phase, we
would develop mission objectives, explore technology
options, and analyze alternative mission scenarios and
architectures. These studies would not involve formal
system definition work.

The baseline architecture for human space exploration would
not be selected for at least several years. In the ensuing
period, a range of potential program architectures would be
studied. These architectures would incorporate different
technical approaches and performance capabilities (e.gqg.,
nuclear propulsion, heavy lift launch vehicles,
lightweight/inflatable structures, etc.).

An integral part of the early stage of this program approach
would be aggressive research to develop technology.
Technology development looking at both evolutionary
technologies and new/innovative approaches that could have
significant effects on human exploration schedule, cost,
risk, and/or performance, would be undertaken subject to the
availability of funds for such efforts. Industry,
universities, Federal laboratories, and other sources




outside NASA would be approached by NASA for ideas. An
outside organization would be tasked to establish a review
panel, composed of some of the nation’s top scientists,
engineers, and industry leaders, to evaluate promising
alternatives. This approach, in addition to stimulating
technology development, would allow the eventual
architectural baseline to incorporate the benefits of all
available aspects of technology innovation.

o The program will include robotic science missions.

The program would include robotic science missions as a
critical element. The robotic science missions, in addition
to significantly advancing scientific knowledge of the Moon
and Mars, will obtain data needed to assist in the design
and development of subsequent human exploration missions and
systems and demonstrate technology and long-communications-
time operations concepts.

Three specific robotic science missions have already been
approved as part of the President’s FY 1991 Budget. These
three missions, undertaken for their intrinsic scientific
value, also make essential contributions to the data base
required prior to undertaking manned missions to the Moon
and Mars. These are: a significant enhancement of the
previously approved Mars Observer which is scheduled for a
1992 launch; and two new missions, Lunar Observer and
Lifesats (a series of satellites for biological research).
Lunar Observer is scheduled for a 1992 launch; and Lifesats
beginning in 1994. These three missions will be necessary
regardless of the architecture chosen for any manned
mission. Other missions will be studied before making new
start decisions.

o By spurring research and development in high technology
fields, the space program will help promote American economic
leadership.

The Space Council will review alternative approaches to
implementing the Space Exploration Initiative in order to
enhance U.S. economic competitiveness. 1In addition, early
Moon-Mars Initiative planning will emphasize the
identification of a range of technologies and services that
could be offered by, or in conjunction with, the private
sector. Within one year, the Space Council will make
recommendations concerning private sector participation in
the program.

o The program will require the efforts of several agencies.
NASA will be the principal implementing agency. The Department
of Defense and the Department of Energy will also have major
roles in the conduct of technology development and concept
definition. The National Space Council will coordinate the
development of an implementation strategy for the Exploration



Initiative by the three agencies. To facilitate coordination,
the Department of Energy will be added as a formal member of the
National Space Council.

The Space Exploration Initiative will involve technical
capabilities relevant to programs other than civil space
activities. Government agencies outside NASA have
considerable expertise in areas which could significantly
lower the exploration program’s cost, improve its
performance, and bring the schedule forward. The
President’s 1991 budget request identifies DOD space launch
vehicle technology efforts (the Advanced Launch System and
the National Aerospace Plane) being done in concert with
NASA and the SP-100 space nuclear power development program
between DOD, DOE, and NASA as multi-agency portions of the
exploration program. In addition to these efforts, both DOE
and DOD have classified programs with considerable promise
and relevance. The proposed policy would formalize this
involvement and provide a vehicle for expanded multi-agency
efforts.

NASA, DOD, and DOE have unique capabilities to develop and
analyze mission concepts and to conduct technology
development activities. By fully utilizing the expertise,
technical capabilities, and perspectives of the three
agencies, the government will ensure that a full range of
ideas and options are considered and that the Space
Exploration Initiative will be implemented expeditiously and
efficiently.



March 7, 1990
TERMS OF REFERENCE
NATIONAL SPACE LAUNCH STRATEGY REVIEW

PURPOSE: To review implementation of the space launch provisions
of United States National Space Policy and develop a
comprehensive national space launch strategy for Space Council
consideration.

BACKGROUND ; The National Space Policy identifies access to
space, sufficient to achieve all United States space goals as a
key element of national space policy. It states that United
States space transportation systems must provide a balanced,
robust, and flexible capability with sufficient resiliency to
allow continued operations despite failures in any single system.
It further identifies the goals of United States space
transportation policy as: (1) to achieve and maintain safe and
reliable access to, transportation in, and return from, space;
(2) to exploit the unique attributes of manned and unmanned
launch and recovery systems; (3) to encourage to the maximum
extent feasible, the development and use of United States private
sector space transportation capabilities; and (4) to reduce the
costs of space transportation and related services.

SCOPE: This strategy review will comprehensively address all
aspects of United States civil, commercial and national security
space launch activities and the facilities and infrastructure
which supports them. It will be coordinated with a parallel
National Space Council review of commercial space strategy.

METHODOLOGY: The review will be conducted in three phases.
Phase 1 will focus on defining the current launch situation. It
will:

- Describe current and planned launch capabilities (e.qg.
performance, capacity, adequacy of infrastructure support,
resilience to launch failure, etc.)

- Identify space launch needs, separating: 1) firm
requirements associated with continued operation of existing
space programs and other funded programs, 2) projected
needs for programs or missions which are under consideration
but have not yet been approved / funded, 3) Commercial
launch needs (as provided by the commercial space strategy
review) .



= Compare current and planned space launch capabilities
with these space launch needs and identify mismatches, if
any.

- Assess the extent to which space launch capabilities
sized to provide assured access to space for all currently
defined launch needs will result in a robust national
infrastructure capable of providing affordable and available
access to space. Determine if any additional capabilities
should be provided in order to enable new, currently
unplanned, applications and, if so, what capabilities and
how should they be financed?

Phase 2 will identify and analyze alternative actions available
to the USG to resolve mismatches and meet U.S. space launch
objectives. These may include, but not be limited to:

- Additional policy guidance, if needed.

- Development and acquisition of new systems or
infrastructure.

- Investments in research and technology including the
government’s role, if any, in development of technology for
commercial application.

- Investments in advanced ("leapfrog") technologies which
offer the potential of large improvements in cost,
performance or reliability.

- Modifications to procedures which might reduce launch
costs or increase launch capacity.

Phase 3 will assess various combinations of policy, procedure and
investment actions, including, if appropriate, revisions to
management structures or changes in the current assignment of
space launch roles and missions, to meet U.S. space launch
objectives. Results will be incorporated in comprehensive space
launch strategy alternatives for Space Council consideration.

P ESS: The review will be conducted under the guidance of the
National Space Council’s Policy Implementation Review Committee
(PIRC), by an Ad Hoc interagency working group, chaired by a
member of the Council staff. Sub-groups or task teams may be
established, as required, by the working group chairman. The
review will be coordinated with, and will support, a parallel
National Space Council review of Commercial Space Strategy.

SCHEDULE:; The review will be conducted in accordance with the
following schedule:



March 1990, Begin review.
June 1990, Council review of phase 1
September 1990, Council review of phase 2

October 1990, Council review of phase 3



MARCH 7. 1990
TERMS OF REFERENCE
COMMERCIAL SPACE POLICY

IMPLEMENTATION STRATEGY REVIEW

PURPOSE:

To assess the status of the commercial space market, review the
implementation of the commercial space provisions of U.S.
National Space Policy and develop a comprehensive commercial
space strategy for National Space Council consideration.

BACKGROUND :

In the National Space Policy, the overall commercial space goal
is to encourage continuing U.S. private sector investment in
space and related activities in accordance with the following
principles: (1) The U.S. shall encourage and not preclude the
commercial use and exploitation of space technologies for
national economic benefit. These commercial activities must be
consistent with national security interests, and international
and domestic legal obligations; (2) the U.S. will, as a matter of
policy, pursue its commercial space objectives without the use of
direct Federal subsidies; and (3) the U.S. shall encourage other
countries to engage in free and fair trade in commercial space
goods and services.

The policy directive also states that the U.S. government: (1)
shall not preclude or deter the continuing development of a
separate non-government Commercial Space Sector; (2) shall not
conduct activities with potential commercial applications that
preclude or deter Commercial Space Sector activities except for
national security or public safety reasons; (3) supervise and
regulate commercial space sector activities only to the extent
required by law, national security, international obligations and
public safety; (4) shall purchase commercially available goods
and services to the fullest extent feasible; (5) encourage, to
the maximum extent feasible, the development and use of U.S.
private sector space capabilities, including space
transportation; and (6) encourage the development of commercial
systems which image from space, competitive with or superior to,
foreign operated civil or commercial systems.

The National Space Policy has implementing guidance on the
several areas including, definition and utilization of
commercially available goods and services, cooperative agreements



with the private sector that protect the commercial value of
intellectual property, pricing of government-provided goods and
services, access and reimbursement for use of government
facilities, and identification or elimination of laws and
regulations that unnecessarily impede commercial space
activities.

ISSUES:

There are a broad range of key concerns associated with the
emergence of the non-Governmental Commercial Space Sector. These
concerns include, but are not limited to:

o The nature and scope of international competition in
commercial space and development of an appropriate
response to foreign government assistance to their
commercial space activities.

o) Free and fair trade in international commercial goods
and services, particularly with regard to the entry of
goods and services from non-market or centrally-
controlled economies.

o) Interpretation of the policy definition of "commercial
goods and services."

o] Government practices that inhibit the commercial
development of space -- such as procurement and risk
management.

o} Private sector role, investment, involvement, and risk

sharing in agency programs such as Space Station,
Mission to Planet Earth, and the Space Exploration
Initiative, as well as in USG planning for future
national space infrastructure and transportation needs.

SCOPE:

This strategy review is intended to assess the status of the
commercial space market and develop a long-term comprehensive
strategy to encourage continuing U.S. private sector investment
in space and related activities consistent with the provisions of
the National Space Policy. In cases where current implementation
does not meet those objectives, alternative implementation
strategies will be developed and evaluated for National Space
Council consideration. This review will be coordinated with a
parallel National Space Council review of National Space Launch
Strategy.

METHODOLOGY :
The strategy review will be conducted in three phases.

.




Phase One - Characterize the Commercial Development of Space

o Develop an operational definition of commercial space
activities.
o Characterize the markets for commercial space goods and

services in terms of: size of markets, amount of private
investment, current and emerging space activities, barriers
to entry, interaction with Government, and competitive
environment -- including the role of governments in
supporting their respective space industries.

o) Describe the U.S. Government implementation of National
Space Policy to facilitate the commercial development of
space.

-- Agencies will identify and describe specific activities,
including inter-sector coordination, that implement or are
aimed at future implementation of the National Space Policy.
Relevant programs include, but are not limited to --
research and development, regulatory, procurement practices,
international trade agreements, risk management, use of
Government facilities.

o Identify mismatches between the commercial space provisions
of the National Space Policy and agency implementation of
those provisions. This assessment will include, but not be
limited to review of the following:

o Agency implementation of free and fair trade policy
objectives including the status of international
consultations on launch services (PRC, Europe).

o) Procurement and regulatory policy and practices,
including commercial space transportation.

o Commercial access to government resources including
transportation, facilities, intellectual property,
research and development, and reimbursement.

o) Private sector participation in agency programs and
plans for the future.

Phase Two - Identify and analyze alternative actions available to
the USG to resolve the identified mismatches and to facilitate
commercial development of space.

Phase Three - Develop and compare various combinations of actions
identified in Phase Two and provide comprehensive strategy
alternatives for National Space Council consideration.

3




PROCESS:

The review will be conducted, under the guidance of the National
Space Council’s Policy Implementation Review Committee (PIRC), by
an interagency working group, chaired by a member of the Council
staff. Sub-groups or task teams may be established, as required,
by the working group chairman. In conjunction with the working
group, the chairman will determine the format of the various
analyses generated by the working group’s activities. The review
will be coordinated with a parallel National Space Launch
Strategy review.

HEDULE ¢

The review will be conducted in accordance with the following
schedule:

March 1990, Review begins.
April 1990, Council review of Phase I

June 1990, Council review of Phase II

September 1990, Council review of Phase III




Date: March 1, 1990
Contact: Susan Turner-Lewis or Gail Porter,
(202) 334-2138

FOR TMMEDIATE RELEASE

PANEL IDENTIFIES MISSING ELEMENTS
IN PLANS FOR MOON/MARS MISSIONS

WASHINGTON -- While the National Aeronautics and Space Administration's
(NASA) overall plans for a lunar base and expeditions to Mars appear "reasonable," a
National Research Council committee today said* other strategies still must be
studied and several major needs addressed. A new generation of vehicles to replace
the space shuttle, the development of artificial gravity, and the potential use of
nuclear propulsion and power are among the critical technologies that should be
considered.

Stressing the preliminary nature of its review of plans by NASA and others,
the committee said that any program for exploring the moon and Mars must "incorporate
ideas from a variety of concepts, some that now exist and others that will arise in
the future."

"This is an initial discussion to offer direction for helping the program
get under way," said H. Guyford Stever, committee chairman and former presidential
science adviser. "Certainly more intense scrutiny and evaluation of the options must
take place before decisions are made regarding mission architecture."

Among crucial items that must be considered is the method of transportation

(OVER)

*The committee's report, Human Exploration of Space: A Review of NASA's 90-Day Study

and Alternatives, is available from the Committee on Human Exploration of Space at

the mailing address in the letterhead/telephone (202) 334-2855. Reporters may obtain
copies from the Office of News and Public Information, also at the letterhead
address.
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to be used. Though NASA does not discuss eventual phaseout of the space shuttle in
its "Report of the 90-Day Study on Human Exploration of the Moon and Mars,” the
committee stressed that the shuttle fleet will have to be replaced by a highly
reliable, less labor-intensive system. "Continued access of humans to space will
require that planning begin soon for a new transportation system that will first
supplement and then assume the shuttle's role . . . sometime between 2000 and 2010,"
the committee said.

In addition, NASA should place even more emphasis than it now does on
developing technology to ensure the well-being of astronauts. Intensified research,
on the ground and in space, is critical for determining how low-gravity environments
affect human performance and adaptability after long time spans, the committee said.
Likewise, the development of artificial gravity should be included on the list of key
research needs. Plans for building the nation's first space station, Freedom, may
have to be supplemented or enhanced to conduct the needed research, the committee
said.

NUCLEAR PROPULSION AND POWER

The NASA study mentions, but does not underscore, the need to develop safe
nuclear power and propulsion for use in space. The committee, however, said nuclear
power is "essential" for meeting the heavy demands for electricity on the moon and
Mars. It described nuclear propulsion as a potentially important technology for
reducing weight and travel time to Mars.

The 1l4-member panel was established in January at the behest of Vice
President Quayle, chairman of the National Space Council, who is charged with making
recommendations to President Bush regarding the best plan for sending humans to the
moon and Mars. Bush announced his commitment to the project, known as the Human
Exploration Intiative (HEI), last July on the 20th anniversary of the Apollo moon
landing. The National Research Council committee examined the NASA study, a concept

developed by the Lawrence Livermore National Laboratory called "The Great

(MORE)
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Exploration,” and several other strategies for implementing the HEI during a recent
five-day meeting in Washington, D.C.
TARGETED DATES

The NASA plan would place humans on the moon in 2001 and on Mars by 2011,
at the earliest. But the Research Council committee emphasized that these early
dates depend on accelerating completion of Space Station Freedom, and that could
result in higher risks and costs.

The Livermore Laboratory proposal, "self-described as 'reward- and risk-
intensive'," suggests that the same objective could be achieved by the year 2000 at a
cost of $10 billion by using available technologies and less-expensive inflatable
modules. The committee disagreed with that claim, however, saying "it underestimates
the many practical and difficult engineering and operational challenges involved."
The Livermore plan suggests possible use of lightweight inflatable structures made of
a Kevlar-type material. Theoretically, those modules could be hauled into space in
collapsed form, then inflated and outfitted for various uses. The proposal also
depends heavily on "off-the-shelf" technology that might not perform well in space,
on the moon and Mars, the committee noted.

A plethora of unknowns exists regarding the scope and the pace of the HEI
regardless of the "mission architecture" decided upon, the committee said. Moreover,
the project will entail new technologies that do not yet exist. For that reason,
cost estimates are extremely difficult to ascertain, the committee concluded.

HEALTH AND SAFETY

Likewise, not much is known about the effects of extended space travel on
the human body. "Significant unanswered scientific questions exist" concerning the
body's ability to adjust to gravity following an extended period in a weightless
environment, the report says. "It has not been demonstrated that after long duration
spaceflight individuals can readjust rapidly to gravity without serious physiological

consequences."  Research should be undertaken to develop "artificial gravity" and

(OVER)
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countermeasures -- a combination of special space suits, cardiovascular exercise,
medication -- to minimize "unacceptable risks to the crew."

In addition, the role robotics should play in minimizing human exposure
the extreme environment of space and in enhancing productivity must be more fully
explored, the report says.

The president's mandate for building Space Station Freedom, as outlined

the NASA report, is a crucial first step, the committee said, "essential for

conducting research on human performance" in a low-gravity environment. The National
Space Policy calls for an operational space station in lower-Earth orbit by the mid-
1990s.

The committee also said that instead of establishing a base on Mars itself,
as proposed in the NASA study, for early missions consideration should be given to
exploring the planet from a space station based in Mars orbit.

TRANSPORTATION NEEDS

In addition to replacing the space shuttle, a new generation of launch
vehicles will be needed to lift massive equipment into lower-Earth orbit. The new
system should incorporate all-liquid propellants to replace solid boosters, the
committee said. Solids have distinct drawbacks: They cannot be tested before use
and they pollute the atmosphere with chlorides. Since the Moon and Mars program will
signal an increase in the number of launches, a new generation of liquid propellants
should be developed to eliminate those shortcomings, the committee said.

Although the NASA study relies heavily on chemical propulsion for
transporting astronauts, the committee said nuclear propulsion would slice travel
time from Earth to Mars by one-third to one-half. "If safety concerns can be
successfully addressed, and feasibility demonstrated, the committee believes that use
of nuclear power and propulsion can meet many needs in the human exploration of
space," the report notes.

While the technological uncertainties limit the ability to place a price

(MORE)



tag on the project, the cost of the Apollo program offers some insight, the committee
said. During the peak spending year for Apollo, NASA's budget amounted to 0.8
percent of the Gross National Product. In comparison, today NASA's budget is equal
to about 0.2 percent of GNP (or about $12 billion a year). Increasing the budget by
"a few tenths of 1 percent of annual GNP should be sufficient to achieve and sustain
the goal of the Human Exploration Initiative," the committee said. In fact, the HEI
probably could be undertaken for a percentage of GNP less than what was spent on
Apollo because that was a "ground-breaking program that incurred substantial cost to
build facilities and institutions."

An underlying issue is the need to garner long-term public support for
"what could be an unprecedentedly long commitment to a national space goal." The

report echoes a 1989 National Research Council white paper calling for a strong,

stable space policy in the form of a basic program, and special projects -- Space
Station Freedom and missions to the moon and Mars, for example -- to be funded
separately.

MANAGEMENT CONSIDERATIONS

The success of the project in large part would depend on how well it is
managed, the committee said. "Recent experience on programs such as Space Station
Freedom has demonstrated the difficulties that result when a program's entire
management team is consumed by phasing, rephasing, planning, replanning, rescoping,
and descoping a program in ceaseless variations." Long-range objectives must be set
and followed, and innovative uses of other federal agencies, "the private sector,
universities and federally supported research centers" must be considered.

The potential exists, too, for collaboration on the project between the
U.S. and international entities including the European Space Agency, Japan, Canada,
and the U.S.S.R., the committee said. However, benefits and drawbacks to such an
endeavor should be carefully weighed beforehand: cost-sharing and peaceful

cooperation versus U.S. dependence on foreign countries for critical activities and
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concern over broad-based technology transfer.

Serving with Stever on the committee were Robert H. Cannon Jr., Charles
Lee Powell Professor and chairman, department of aeronautics and astronautics at
Stanford University, Stanford, Calif.; Joseph G. Gavin, senior management consultant,
Grumman Corp., Bethpage, N.Y.; Jack L. Kerrebrock, Fairchild Distinguished Scholar,
California Institute of Technology, Pasadena, and R.C. Maclaurin Professor of
Aeronautics and Astronautics, Massachusetts Institute of Technology, Cambridge; Louis
J. Lanzerotti, distinguished member of the technical staff, physics division, AT&T
Bell Laboratories, Murray Hill, N.J.; Elliott C. Levinthal, associate dean for
research and professor of mechanical engineering, Stanford University, and director
of the Stanford Institute for Manufacturing and Automation; James W. Mar, J.C.
Hunsaker Professor of Aerospace Education, Massachusetts Institute of Technology;
John H. McElroy, dean of engineering, University of Texas at Arlington; Duane T.
McRuer, president and technical director, Systems Technology Inc., Hawthorne, Calif.;
William J. Merrell Jr., president, Texas A&M University, Galveston; Robert H. Moser,
vice president for medical affairs, The NutraSweet Co., Deerfield, Ill.; Eberhardt
Rechtin, professor of engineering, University of Southern California, Los Angeles;
Thomas P. Stafford, Lt. General, USAF (ret.), former astronaut during the Gemini and
Apollo programs, and head, Defense Technologies Inc., Oklahoma City, Okla.; and
Laurence R. Young, professor of aeronautics and astronautics, Massachusetts Institute

of Technology. JoAnn Clayton served as study director.

stl: a,b,c,f,g,h,i,1,m
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In Memoriam

General Samuel C. Phillips, who had agreed to serve on the Committee
on Human Exploration of Space and who had begun preparatory work for
the study, died on January 31, 1990. He had a long and distinguished career
that included directing the Apollo program from 1964 through the lunar
landing in 1969, commanding the US Air Force Space and Missile Systems
Organization, directing the National Security Agency, and heading the Air
Force Systems Command. General Phillips later served as a Vice President
for TRW. He performed many analyses of critical US space issues, and only
recently was a valued member of a National Academy of Sciences/National
Academy of Engineering study of US space policy. General Phillips’ death
is a great loss to the nation and to his colleagues who worked with him
through the years.
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Summary

President George Bush on July 20, 1989, announced a US commitment
for humans to return to the Moon and to journey to Mars; the Vice Presi-
dent in his capacity as Chairman of the National Space Council (NSC) was
charged with making specific recommendations about how the President’s
initiative could best be achieved. The National Aeronautics and Space Ad-
ministration (NASA) then prepared a document, based on earlier NASA
analyses, to aid in the decision-making process. Subsequently, the Vice
President requested that the National Research Council (NRC) assess the
scope and content of the NASA document as well as alternative approaches
and various technology issues. The Vice President presented the NRC with
a challenging set of questions that resulted in this report.

In examining the NASA Report of the 90-Day Study on Human Ex-
ploration of the Moon and Mars and alternative concepts, the committee
concluded that the appropriate framework in which to consider alternative
approaches to meeting the President’s initiative has at least four compo-
nents. The committee’s major findings and conclusions follow, presented
in that framework.

MISSION CONCEPTS

Questions arise about the appropriate pace for the President’s ini-
tiative; the scope of initial human exploration missions; and the level of
long-term support that will be required for what could be an unprecedent-
edly long commitment to a national space goal. Development of policy,

ix
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advanced technologies, and mission concepts will probably be a continu-
ing and iterative process. However, there is a need for guidance at an
early date regarding the scope and pace of the early stages of the Human
Exploration Initiative (HEI).

e As directed by the President, the space station is an integral first
step in the HEI, but its present design may not meet all of the requirements
for the HEIL

e The mission concepts in the NASA 90-Day Study prudently build on
proven concepts and methodical research, development, and demonstration
of new technology. The concepts are comprehensive and robust, implying
relatively low risk.

o The Great Exploration, a concept developed by the Special Projects
Office of the Lawrence Livermore National Laboratory, proposes to use
available terrestrial equipment, accelerated administrative and procurement
procedures, and a potentially feasible technology (inflatable modules) in an
aggressive approach to reach Mars at the earliest possible time, but entails
relatively high risk. The concept contains technical ideas that should be
pursued, but the committee believes it underestimates the many practical
and difficult engineering and operational challenges involved.

e [t appears likely that the eventual choice of mission architecture
will incorporate the ideas from a variety of concepts, some that now exist
and others that will arise in the future. One concept, for example, would
place the permanent human habitat in orbit, rather than on the surface
of Mars. The variety of concepts should be regarded as a “menu” of
opportunities.

HUMANS IN SPACE

Significant unanswered scientific questions exist concerning the fea-
sibility of long-duration human spaceflight in a low-gravity environment.
While it has been demonstrated that the human body adjusts remarkably
well to the absence of gravity for short-duration flights, it has not been
demonstrated that after long-duration spaceflight individuals can readjust
rapidly to gravity without serious physiological consequences. The capa-
bility to send humans into space, maintain them in a physical condition
that permits them to work productively, and return them to Earth in good
health is central to the HEL

e A program of scientific research on the effects of microgravity on
human performance and welfare is critical for determining the mission
architecture for the HEIL
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e Development of technology for artificial gravity and countermea-
sures to mitigate zero-g exposure should proceed in parallel with studies of
the physiological effects of microgravity.

e An emphasis on advanced human/machine systems can enhance
the productivity of humans in space and increase their safety.

TECHNOLOGY DEVELOPMENT

Strategies are needed to develop and employ new technologies that
will enable more rapid or cost-effective access to and habitation in space.
Developing these strategies implies making trade-offs among alternative
approaches. An important factor in these decisions is the level of human
and technical risk that is acceptable. While major aerospace undertakings
usually entail risks, recognizing them early in the planning stages of a major
initiative may help identify choices that offer opportunities to manage
the risks. A balanced technology development program with emphasis
on critical long-term technologies can help to reduce risks and provide
important options for the future.

Second to the need for scientific research and technology develop-
ment to support humans in space is the need to advance national space
transportation capabilities.

e A new generation of heavy lift launch vehicles is needed to transport
massive cargoes to low Earth orbit (LEO).

e To transport humans to space, the nation must rely on the space
shuttle for at least 10 years, and it is essential that the existing shuttle
fleet be maintained in a fully operable condition. A new vehicle eventually
will be required to transport humans and other precious cargo to LEO,
emphasizing high reliability, robustness, and efficient ground operations.

e Nuclear rocket propulsion could make an important contribution
to the HEI if it proves feasible and safe and can gain public acceptance.

e To meet the heavy demands for power on the Moon or Mars,
nuclear electric power eventually will be essential.

SCIENCE GOALS

Another set of considerations concerns the expansion of knowledge.
While the cardinal goals for the HEI may be related to leadership im-
peratives and to revitalizing the national research and development effort,
important information can be gained about ourselves and our planet, about
ongoing and past physical and biological processes, and about the history
of the universe.
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e Scientific research required to enable the initiative includes robotic
precursor missions to learn more about the Moon and Mars as well as
critical studies in the life sciences.

e Other research opportunities can be enabled by the HEI, for ex-
ample, astronomical studies from a lunar base and geological studies of the
Moon and Mars.

e Research that may become possible because of the HEI should be
evaluated in the context of research strategies for the respective scientific
disciplines, and with consideration of alternative ways of conducting the
research. This analysis should be based on detailed scientific discussions
and strategy development.

e Before defining scientific research for a lunar base, evaluations
are needed on the effects of an inhabited lunar environment on scientific
objectives and on instrumentation.

ADDITIONAL CONSIDERATIONS

The committee assumed that, independent of a program for human
exploration of space, a vigorous base of civil space programs will exist,
including astronomical research, solar and space physics, unmanned plan-
etary exploration, and Earth remote sensing, supported in the near term
by both expendable launch vehicles and by the space shuttle. In addition,
technology will be developed, operational experience gained, and valuable
scientific information obtained by the space programs of Europe, the USSR,
and Japan, as well as by our own military space programs.

The climate for international cooperation is changing and is likely to
continue to change. A detailed assessment is needed of the opportunities
for international cooperation that may be available and the means to
overcome technical and institutional barriers. It would be prudent to
remain alert to future opportunities that may arise. At the same time, care
must be taken that any enabling agreements are supported at the highest
possible levels in the participating governments, with as much breadth as
feasible, and that detailed technical agreements are not made final before
all partics understand and agree on the requirements for the HEI or
missions associated with it.

Finally, the nation is at a very early stage in the development of
an HEIL None of the analyses to date—the NASA 90-Day Study, The
Great Exploration, or, indeed, this report—should be regarded as providing
anything other than a framework for further discussion, innovation, and
debate. The HEI is an ambitious undertaking that requires development
and implementation of new technology. Accurate cost estimates are only
practical in circumstances where experience with the technology exists.
Currently, the technologies and the HEI mission architectures are unknown.
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While the nation has experience with estimating costs of some aspects of
HE]I, derived from experience with the costs of past space systems, at this
time mission cost estimates should only be taken as suggesting the rough
order of magnitude of the eventual costs.




Contents

INTRODUCTION

Background, 1
Procedure, 2
Approach, 3

I.  ALTERNATIVE MISSION CONCEPTS

The Space Station as a First Step, 5

The NASA Report of the 90-Day Study on Human
Exploration of the Moon and Mars, 6

The Great Exploration, 7

Other Architectures for the Human Exploration Initiative, 9

[1. SPACE TRANSPORTATION: LAUNCH SYSTEMS,
PROPULSION, AND POWER

Human Transportation to and from Orbit, 12
Unmanned Launch Systems, 12

Nuclear Thermal Propulsion, 14

Nuclear Electric Power, 15

III. OTHER CRITICAL TECHNOLOGIES FOR THE
HUMAN EXPLORATION INITIATIVE

The NASA 90-Day Study, 17

11

17




Xvi CONTENTS

Artificial Gravity, 18
Advanced Human/Machine Systems, 19

IV. SPACE SCIENCE AND THE HUMAN EXPLORATION
INITIATIVE 21

Scientific Knowledge as a Prerequisite for Human Exploration, 22
Life Sciences, 22
Physical Sciences, 24

Research Opportunities to be Derived from Prolonged Human
Space Missions, 25

V.  NONTECHNICAL CONSIDERATIONS 27

Infrastructure Considerations, 27
The Responsible Federal Entity, 27
The NASA Infrastructure, 28
International Considerations, 29
Cost for the Human Exploration Initiative, 30

VI. SUMMARY RESPONSES TO QUESTIONS POSED BY
THE VICE PRESIDENT 33

Scope of the Report of the NASA 90-Day Study, 33
Content of the Report of the 90-Day Study, 35

BIOGRAPHICAL SKETCHES OF COMMITTEE MEMBERS 39
BIBLIOGRAPHY 45

ACRONYMS, ABBREVIATIONS, AND TECHNICAL TERMS 49

APPENDIXES
A December 4, 1989, Letter from Vice President Dan Quayle

to Dr. Frank Press and Dr. Press’ Response 53
B List of Participants 58

C  Excerpts from the President’s July 20, 1989, Speech and
the November 2, 1989, National Space Policy 61




Introduction

BACKGROUND

On July 20, 1989, the President of the United States affirmed a national
space policy that emphasized the expansion of human presence and activity
beyond Earth orbit. His vision included completing Space Station Freedom,
returning permanently to the Moon, and eventually sending humans to
explore Mars. In response to the President’s declaration, the National
Aeronautics and Space Administration undertook a review of the main
elements of such a program, characterized as the Human Exploration
Initiative (HEI). The review, entitled the Report of the 90-Day Study on
Human Exploration of the Moon and Mars, was based on feasibility studies
that NASA had conducted in the past. The report contains five “reference
approaches” that are intended as a data base for planning, or as a starting
point for future discussions involving technical, budgetary, or scheduling
options. The primary audience for the report was the National Space
Council, headed by the Vice President of the United States.

Subsequently, the Vice President invited members of several scientific
and industrial communities in the US to participate in considering the
best ways to address the national HEL. On December 4, 1989, the Vice
President wrote to the Chairman of the National Research Council (NRC)
asking for a review of the scope and content of the NASA report including
the questions of whether the “report addresses the widest possible range
of technically credible approaches to meeting the President’s exploration

1
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goals,” the reasonableness of NASA's technical assumptions, whether the
report has overlooked possible innovative uses of existing technology or
alternative ways to accomplish human space exploration, and whether the
range of both desirable and enabling scientific objectives was appropriate.
The committee was not asked to approve or endorse any aspect of the
Human Exploration Initiative. (See Appendix A for the Vice President’s
request and the NRC response.)

PROCEDURE

In accordance with its practice and procedures, the NRC organized a
committee of experts to prepare a report responsive to the request. The
committee contains expertise ranging across many scientific and technical
space disciplines. (Biographical data on committee members is found at
the end of the report.) On January 4, 1990, several members, constituted
as a steering committee, met in Boston to plan the undertaking. On
January 17-21, 1990, the full committee and several invited technical and
scientific advisors convened in Washington, D.C. The committee received
a series of technical presentations on alternative mission scenarios and
technical approaches from persons from private industry, universities, the
Department of Defense, and national laboratories, and heard elaborations
on the 90-Day Study and analyses from the NASA Administrator, several
Associate Administrators, and other NASA representatives. In addition,
the committee invited experts to brief them about four areas of space life
sciences and also briefers to discuss the space nuclear power and propulsion
programs run by NASA, the Department of Defense, and the Department
of Energy. (A list of invited presenters and guests is contained in Appendix
B.)

The committee considered a number of approaches to the HEI and
its elements. These included the set of reference approaches addressed
by NASA in its 90-Day Study and relevant programmatic information; an
alternative approach called The Great Exploration, put forward by the
Special Studies Program of the Lawrence Livermore National Laboratory;
a concept that would utilize identical modules for a space station and
the lunar and Mars missions; and several suggestions for improvement of
launch and space propulsion capabilities. An extensive library was available
to the committee, and key documents are listed in the bibliography.

Following two days of briefings on these matters, the committee spent
two and a half days in discussion to begin preparation of the findings and
conclusions in this document.
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APPROACH

The committee regards the NASA 90-Day Study, currently available
alternative mission scenarios, and the identified scientific and technical
alternatives as starting points. It did not limit its deliberations to a re-
view of the technical approaches in the NASA report and the alternative
presentations, but extended its considerations to a number of interrelated
nontechnical and institutional subjects, some of which are also addressed
in the 90-Day Study.

The President’s July 20 statement established a long-term objective
of returning to the Moon and advancing humans to Mars. The President
stated this policy in terms of an opportunity, not a race. (Excerpts from
the July 20 statement and the subsequent National Space Policy document
of November 2, 1989, are found in Appendix C.)

The pace at which the initiative should proceed, while clearly influ-
enced by scientific and technical considerations, is inherently determined
by social and political decision-making processes in which nontechnical
constraints, such as the sustainable level of resource commitment and ac-
ceptable level of risk, are paramount. Within practical limits, technical
analysts can develop alternative mission scenarios to achieve the stated
goals under various sets of constraints, which provide ground rules for
design. While scientists and engineers contribute to the policy debate, it
is up to the political decision makers to establish the ground rules, which
depend in turn on technical options.

To date the ground rules are unclear; as a consequence, technical
analysts have presented mission scenarios based on differing assumptions.
Many mission scenarios to establish bases on the Moon have been sug-
gested, not only within NASA, but throughout the engineering and scientific
communities of the US and the world. In its deliberations, the committee
was exposed to only a few of these. Collectively, the committee is aware
of many other possible scenarios, but lacked the time to examine them in
detail. Some mission scenarios project a deliberate pace, extending current
technology along foreseeable paths in order to minimize technical risk and
maximize human safety. Other visions place higher emphasis on minimizing
the time to get humans to Mars, incurring higher levels of technical and
human risks. Clearly, there is need for guidance at an early date regarding
the scope and pace of the early stages of the HEL

In its reviews of alternative mission architectures and the underlying
scientific and technical challenges, the committee also recognized a num-
ber of other issues inherent to achieving the President’s goal. One was the
challenge of educating, recruiting, training, and maintaining a technically
competent work force. Another was the requirement for an appropriate
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industrial infrastructure to carry out the work. Still another was the man-
agerial and administrative challenge of mounting a project of this nature,
one that will certainly take many years to accomplish and presumably will
result in a sustained program supporting the presence of humans in space.




I
Alternative Mission Concepts

The Committee on Human Exploration of Space examined NASA's
approaches to the HEI and a number of alternatives. However, a wide
range of possibilities for program architectures and mission configurations
exists that is yet to be examined in detail. The scope of early HEI missions
can be defined, but, given the scientific and engineering unknowns, it is
too early in the process to focus upon a single, final plan for a permanent
return to the Moon and voyages to Mars. The need to bring innovative
ideas to the planning process is widely recognized.

THE SPACE STATION AS A FIRST STEP

The President’s policy incorporates Space Station Freedom (SSF) as
the first step to achieving the ultimate goals of Moon settlement and Mars
exploration. Although it is technically feasible to go to the Moon and Mars
without the intermediate step of establishing a permanent station in low
Earth orbit (LEO), most of the mission architectures under consideration
employ a station for assembly of vehicles for travel beyond Earth, for storing
fuel and supplies, and as a human transfer facility. In the near term, a
facility in LEO is essential for conducting research on human performance
and well-being in zero or fractional gravity as well as long-term confinement
in zero gravity. It also can serve as a testbed for the life support system
that eventually will be needed on the Moon and Mars, and can house
experiments with artificial gravity, should that become a requirement for
the journey to Mars.
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Thus, the first major step to be taken in human space exploration is
establishment of a station in LEO. The current station could meet some,
but not all, of the requirements of the HEI Proceeding with the HEI,
therefore, would require continued development of the station to meet the
demands of the initiative, including the conduct of life science research and
use of the station as a spaceport. In the long term, the compatibility of the
many functions to be performed on the station may be a serious question.

A more precise interpretation of the goals surrounding the return to
the Moon and the advance to Mars, as defined by the social and political
decision-making process, will help to determine the nature, magnitude, and
pace of the lunar and Mars ventures. The question even arises whether
an additional station, complementary to the first and designed as a trans-
portation node, will eventually become necessary to accommodate the later,
more demanding missions.

THE NASA REPORT OF THE 90-DAY STUDY
ON HUMAN EXPLORATION OF THE MOON AND MARS

The NASA Report of the 90-Day Study provided descriptions of five
reference approaches:

Approach A is formulated to establish human presence on the Moon
in 2001, and the Moon is used as a learning center to develop the capability
to move on to Mars. An initial nuclear power unit and lunar oxygen
production demonstration hardware are added in 2003 to reduce lunar
logistics requirements. Research is planned in geologic and geophysic
exploration, geophysical and particle physics, and astronomy, as well as in
the life sciences. The first Mars expedition is a 30-day stay on the surface,
followed by a 600-day visit beginning in 2018, during which many scientific
experiments are foreseen. This scenario involves advancing completion of
SSF to 1997, requiring a heavy lift launch vehicle.

Approach B is basically the same as Approach A, except that it ad-
vances the first human Mars landing to 2011 and limits the degree to which
lunar experience could affect the design of the Mars transportation and
surface systems. It delays lunar science activities, but advances those on
Mars.

Approach C is akin to Approach A, except it advances to 2005 the date
by which lunar oxygen is available, requiring earlier development of nuclear
power system capabilities. By accelerating lunar activities, the knowledge
learned can be applied to Mars missions.

Approach D is also based on Approach A, except that all milestones are
delayed two to three years, with a return to the Moon in 2004. Approach
D does not require accelerating SSF and permits incorporation of new
technology developments in plans for Mars excursions.
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Approach E envisions a scaled-down, human-tended lunar base, and
does not require that SSF be advanced in time. It includes a 600-day Mars
simulation activity on the Moon. A lunar outpost is established in 2004,
and three human expeditions to different locations on Mars begin in 2016,
preceeding establishment of a permanent base.

The reference approaches in the NASA 90-Day Study are largely
variations on a theme and have certain common features: They depend
on heavy lift vehicles to LEO and on SSF for assembly in LEO and as a
transportation node. They employ unmanned robotic precursor missions,
reusable transfer vehicles to lunar and Martian orbits, and excursion vehicles
at surface bases. Each features sequential Moon and Mars programs,
assumes zero gravity in transit to Mars and requires a decade or more
of research on adaptability of humans to low or zero gravity, depends
on aerobraking (using atmospheric drag to slow a vehicle for capture in
the planetary gravity field), and requires new chemical propulsion engines
using cryogenic fuels. Proceeding from initial habitats to constructible
bases, these reference approaches all provide an extensive, reusable orbital
transfer capability and infrastructure designed for permanent occupancy of
the Moon and Mars.

The approaches described in the NASA study are relatively low in
risks, in that each would proceed in methodical steps after earlier steps
have been proven and after scientific and engineering questions inherent
in the architecture (e.g., nuclear propulsion, aerobraking, Mars surface
habitability) are answered. The study recognizes the need for substantial
advances in technologies such as those relating to the life sciences and
nuclear power and propulsion. The committee believes the reference
missions provide a useful background of possible mission configurations
against which new ideas and concepts can be compared, and against which
various cost and schedule scenarios can be analyzed.

The architectures of the reference approaches, however, were built
upon the presumed objective of returning to the Moon permanently and
establishing bases on the surface of Mars. Therefore, the reference missions
do not provide explicitly for an option that may entail less risk: a habitable
station in orbit around Mars from which exploration initially could be
conducted by telerobotics and later by human excursions to the surface.
Considerable energy is required to transfer mass to Mars orbit from the
surface, so it would be prudent to minimize the need for such transfer. In
this context, it appears that a station in Mars orbit requires a less demanding
infrastructure than a surface base and might serve a useful purpose in the
early stages of human space exploration.

An important aspect of the NASA Mars reference approaches is the
reliance on aerobraking, a technology that has not yet been demonstrated
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in the dilute Martian atmosphere. An aerobraking vehicle will require
large surfaces, new materials, and precise controls to avoid descending
too rapidly or deflecting from the atmosphere back into space. The final
decision regarding aerobraking should await technology demonstration and
further knowledge about the Martian atmosphere, as well as information
regarding the weight trade-offs between successful aerobraking materials
and fuel for propulsive braking, especially were nuclear propulsion to be
available. Aerobraking has the potential for reducing the initial mass of a
spacecraft by 20 to 50 percent, however, and demonstrations are needed to
bring this technology to fruition.

Last, in these reference scenarios, extensive extravehicular activity
(EVA) is implied for space construction and assembly. Human experience
in space suggests that less EVA means safer missions, owing to the limited
maneuverability and flexibility of astronauts in currently available space
suits. Emphasis on teleoperations or more synergistic human/machine
interactions can provide substitutes for extensive EVA. But to facilitate a
wide range of human activities in space, it seems desirable to develop an
improved space suit for necessary EVA tasks.

THE GREAT EXPLORATION

The most characteristic features of The Great Exploration concept are
its success-oriented pace, the estimated low total costs projected by its pro-
ponents (permanent bases on the Moon and Mars by the year 2000 at an
estimated cost of $10 billion to the launch of the Mars excursion vehicle),
and the use of essentially identical, preassembled, inflatable structures for
an Earth-orbiting space station, for propellant storage, and for structures
for the Moon and Mars. The technology of space-based inflatables has
been studied extensively, but has not been demonstrated in space. It also
appears in the NASA study, in less critical applications. Clearly, prior
to commitment to the use of such structures, there would be a need for
advanced development and demonstration of space-based inflatables and
of specific techniques for incorporating the necessary expandable hardware
and fixtures in such structures. The potential advantage of inflatables is the
reduced requirement for lifting mass to LEO, perhaps even reducing the
requirements for a new heavy lift launch vehicle. However, if preassembled
inflatable modules prove not to be useful for one or more of the applica-
tions envisioned in this mission architecture, modules of traditional, rigid
construction would have to be substituted, presumably with considerable
effect on the mission concept.

A number of critiques have been performed on The Great Exploration
concept and its proponents have prepared responses. The committee’s
judgments have benefitted from this exchange of information and analyses.
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However, it might be noted that the projected economies of time and cost
proposed for The Great Exploration depend, in part, on using off-the-shelf
technologies and “standard terrestrial machinery and equipment.” The
committee is not convinced that off-the-shelf, terrestrial technology will
perform as required in the environment of space, the Moon, and Mars, nor
that the technology meets requirements for reliability that should govern
human-rated space systems. For example, the development of machines and
apparatuses and their operation must take into consideration the adhesive
and abrasive nature of the lunar soil, which is well known from earlier lunar
landings. Further, The Great Exploration proposes no robotic precursor
missions to learn more about the environments of the Moon or Mars or
to identify safe or scientifically interesting landing sites. The committee
believes The Great Exploration underestimates the many engineering and
operational challenges involved in bringing its technical concepts to practical
realization.

The Great Exploration strategies are self-described as intentionally
“maximally time-compressed” and “reward- and risk-intensive” to achieve
the ultimate goals as quickly as possible, on the premise that “there has
never been a successful 25-30 year Federal technology program.” Special
priority procurement processes and waivers that are not otherwise available
in unclassified civilian programs are required in order to meet the demand-
ing schedule. Such procedures may not be acceptable in an open project,
especially if there are international partners.

Nevertheless, the committee believes there may be technologies in this
alternative to the NASA approaches that should be further investigated,
for example, the use of space-based inflatables for at least some of the
required functions and modules.

OTHER ARCHITECTURES FOR
THE HUMAN EXPLORATION INITIATIVE

Many other approaches exist for accomplishing the HEI. A concept
was presented that featured advanced bases on the lunar surface and in
Mars orbit essentially identical to SSF core modules. Modules, assembled
on SSF as complete bases, would be mated with expendable propulsion
systems to be launched intact and unmanned from LEO. The concept
relies on the existing space shuttle for transport to orbit of relatively
lightweight, valuable cargo and personnel and on a heavy lift launch vehicle
for fuel and major unit (modules, nodes, spacecraft) transport. Mars orbit is
selected as a preferred base from which to explore the planet, in the belief
that it would be a more predictable and controllable environment than
one of the Martian moons, and less dangerous than the planet’s surface.
The principal obstacle to going to the surface is that the space station
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replica would not survive Mars atmospheric entry. Separate vehicles, also
chemically propelled, are required for rapid transport of personnel.

In this concept the similarity of the space station, lunar, and Mars
modules implies less development time and cost and indicates that Mars
might be reached sooner for early exploration than if the Mars flights had
to await technology validation by aerobraking research and development
and nuclear propulsion demonstrations. The committee did not study this
concept in great detail, but it appears that the principal unknown in this
scenario concerns the stability of such modules in transit.

Among other early architectures that might be considered are the
NASA baseline concept, with the initial Mars base in orbit rather than on
the surface and the NASA baseline with separate cargo and crew transport
systems, the latter with high-speed, staged chemical propulsion and even
Earth launch of lunar and Mars missions. The committee is convinced that
other alternatives will arise as concept development proceeds. The report
of the National Commission on Space, Pioneering the Space Frontier, for
example, contains stimulating discussions of future approaches to human
exploration of space.

From the committee’s brief exploration of these alternative concepts,
it appears likely that the eventual choice of mission architecture will incor-
porate ideas from a variety of concepts, some that now exist and possibly
some new ones. While the scenarios thus far described vary substantially in
schedules, technologies, and in the need for research and development, all
would benefit from advances in space transportation and in technologies
critical to the support of humans in space. The committee found imagi-
native and worthwhile components in all of the presentations, and, at the
same time, recognizes the value, at this time, of encouraging the search for
new ideas.



II
Space Transportation:
Launch Systems, Propulsion, and Power

The committee concurs with NASA's view and the general consensus
that robust and reliable transport to LEO and beyond is essential to the
success of HEI Further, it believes that the currently available launch
systems and their derivatives will not meet these criteria in the future.
Improved capabilities are required for transport of humans and high-
value cargo to and from LEO; transport of large unmanned components,
propellants, and expendables to LEO; and orbital transfer to the Moon
and Mars.

For reasons of cost and reliability, the transport of humans and other
precious cargo will require a different launch system than those for the
transport of more ordinary or bulk cargo. Because operations of the space
shuttle will continue to be labor-intensive and expensive, because the system
is not robust, and because the system probably will reach the end of its
useful life sometime between 2000 and 2010, the committee believes that a
successor to the shuttle eventually will be necessary for human transport to
orbit. For at least the next 10 years, however, the nation will necessarily rely
upon the shuttle for this role, and it is essential that the existing shuttle fleet
be maintained in a fully operable state. As indicated in the NRC report,
Post Challenger Assessment of Space Shuttle Flight Rates and Utilization, at
least one additional replacement orbiter is likely to be required every 5
to 10 years to offset inevitable attrition of the present fleet. But orbiter
replacements should not impede the emergence of a new capability for
launch to LEO. Eventually, a plan for a graceful phasing out of the shuttle
system should be prepared.

11
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An important aspect of reducing costs, when considering the design
of new launch systems, should be the efficiency of activities on the ground
that are required to prepare vehicles and payloads for launch.

HUMAN TRANSPORTATION TO AND FROM ORBIT

The space shuttle system now appears to be operating satisfactorily,
and there is reason to believe that with continued scrupulous adherence
to proper manufacturing, maintenance, and operating procedures, it can
continue to do so. It does, however, have a limited design life, like any
high-performance system. It requires continuing refurbishment and in due
course it will require major replenishment, or it will have to be supplanted.
Continued access of humans to space will require that planning begin soon
for a new human transportation system that will first supplement and then
assume the shuttle’s role in human transport to and from orbit, sometime
between 2000 and 2010. The best available technologies should be used to
produce a system that is robust, highly reliable, reasonably cost-effective,
and that has minimum requirements for ground support and preparation
for launch.

At present, the most likely configuration of the required system is a
two-stage rocket powered vehicle, with a fly-back first stage, an orbiter with
substantial cross range capability, and a thermal protection system or hot
structure that allows reuse without major refurbishment. It may be that
some of the technologies being developed in the National Aerospace Plane
Program (NASP) will find application in this system.

UNMANNED LAUNCH SYSTEMS

In light of the evident requirements for lifting mass to LEO, a modern
launch system with heavy lift capability will be essential. It does not exist
in this country at this time. Therefore, a family of launch systems based
perhaps on the interagency Advanced Launch System (ALS) or similar
technologies should be defined and committed to development. The design
of these systems, although not requiring a safety rating for humans, should
still emphasize reliability and robustness over performance, as measured,
for example, by the ratio of payload weight to gross weight. The level
of reusability should be selected similarly to optimize the reliability and
robustness of the systems and to minimize cost on the basis of realistic
utilization rates. More reliable technologies can be used, at a given overall
cost, if some of the critical components are recovered. It is the committee’s
view that if these criteria are met, substantial improvements in launch cost
will accrue, relative to those for current systems.

The family of launch systems envisioned is likely to accommodate the
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upper range of payload masses projected by the Department of Defense,
as well as the heavy lift requirements of the HEI This can be done by
clustering modular liquid propulsion systems with staging appropriate to
the particular launch requirement. Key features of the required new launch
systems will be the use of modern materials and technologies. The engines
probably will operate at chamber pressures below those of the space shuttle
main engine and will be manufactured using advanced technologies, such
as precision casting, which lower costs while improving quality. Guidance
and control will take advantage of modern electronic technology to provide
fault tolerance and largely eliminate single point failures. Even with these
improvements, it will be desirable to configure the vehicles so that missions
can be completed after loss of one engine early in a launch. With the higher
performance that will be available, such robustness should be affordable.

The committee favors this approach for three reasons: First, if devel-
oped to the criteria outlined, such liquid bipropellant systems will have a
higher level of reliability than do the solid boosters utilized on the shuttle.
The engines can be test fired prior to launch, an engine-out capability is
feasible, and engine shutdown in flight is possible if a fault is detected.
Second, pollution of the atmosphere by chlorides, as occurs with solid
propellants, would be eliminated. This is likely to become an increasingly
serious issue as launch rates rise in the buildup of the HEI Finally, the
committee believes liquid bipropellant systems have the potential for signif-
icantly lower recurring costs compared to solids. Thus, for the long term,
the committee anticipates reliance on liquid rockets.

There are several alternatives to the above strategy. One considered by
the committee is a flexible family of launchers that would use existing fully-
developed solid propellant motors in clustered arrangements, providing up
to four stages and a wide range of payloads to LEO or to higher orbits.
Such launchers are certainly feasible. Their development costs would be
lower than those of the ALS-class systems discussed above, and their
recurring costs would probably be lower than the Titan, shuttle, or Shuttle-
C. The committee has three concerns about this concept: First, with a
large number of solid motors, this system is not likely to be as reliable as
those using liquid rocket technology. Second, the recurring costs are likely
to be substantially higher than for an all-liquid system, and, finally, the
solid upper stages would present environmental problems with injection of
chlorides at very high altitudes.

The committee notes, however, that the universal launch system com-
plex being designed for this family of launchers, based on oil platform
technology, has very attractive features such as modular construction of
assembly buildings and a launch platform that can be elevated. An elevat-
able launch platform avoids the construction of flame ducts and can serve
a variety of launch vehicles. These should be considered carefully if a new
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launch complex is needed. This concept could be applicable to manned or
unmanned systems and could reduce costs for the entire launch complex.

Another alternative is single-stage-to-orbit rocket launch systems,
which have been proposed many times. This option has been raised
again in the present context in a configuration that conceptually would
offer engine-out capability, a safe abort at any point in the launch, and
full recoverability. The committee’s brief review of this concept has led
to the conclusion that it is founded on unrealizable assumptions regard-
ing structural weight and propulsion system weight. Dramatic advances
in single-stage structural technologies and in materials, even beyond those
anticipated in current programs such as NASP, would be required to make
this a viable concept.

A sea-launched, two-stage, fully recoverable system with pressure-fed
engines has also been suggested, with the projection that the components
could be reused up to 25 times. In any launch system, optimistic reuse
projections can lead to attractive, but unrealistic, estimates of costs, and in
the committee’s judgment, such extensive reuse is improbable due to the
effects of the marine environment. Ocean operations can pose more of a
problem than an aid. Very large pressure-fed systems are also difficult to
deal with and require very large nozzles. Further, this concept currently
lacks a credible plan for recovery of the second stage, which would reach
full orbital speed.

NUCLEAR THERMAL PROPULSION

Although the reference approaches in the NASA 90-Day Study rely on
chemical propulsion, NASA has included nuclear thermal propulsion as an
option to be considered for orbital transfer to Mars. Several possibilities
have been mentioned within this general class of systems, all of which offer
higher specific impulse than chemical rockets and employ hydrogen as the
propellant.

The alternative nuclear propulsion technologies differ in the temper-
ature to which the hydrogen is heated by the fissioning nuclear fuel; the
pressure level in the thrust chamber (which along with the temperature
determines the extent of dissociation of the hydrogen to atomic form); and
the power density assumed to be achievable in the reactor. The tempera-
ture and pressure determine the specific impulse, while the power density
largely determines the thrust-to-weight ratio of the propulsion system.

The baseline capability is taken to be the NERVA class technology,
the technical feasibility of which was demonstrated in the late 1960s. In
the NERVA program, a reactor was tested on the ground for periods
longer than required for operation, at power densities that would yield
thrust-to-weight ratios on the order of five, and at temperatures giving
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specific impulse as high as 850 seconds. This technology is available for
full-scale development. It should be evaluated for injection to Mars in
competition with hydrogen-oxygen chemical systems. The higher specific
impulse of the nuclear rocket results in a smaller propellant expenditure
for a given total impulse, but the propulsion system weight is higher, so that
its attractiveness depends on the velocity change needed, and whether the
system is reused. A major advantage of nuclear propulsion is its ability to
enable transfer between Earth and Mars in one-half to one-third the time
required with single-stage chemical propulsion systems. This advantage
could be critical, pending the outcome of research on human performance
in space for long periods. The use of nuclear technology in space faces
formidable barriers of public acceptance, however, especially if employed
in Earth orbit. Therefore, issues of safety are paramount in research and
development.

An advanced reactor design has been partially evaluated experimentally
that offers much higher power densities, hence much higher thrust-to-weight
ratios, than the NERVA class technology. If proven feasible, this class of
technology will make the nuclear rocket more attractive relative to chemical
propellants. The risk involved in this technology development appear very
high at present, but the committee urges a feasibility test be carried out
to determine what thrust-to-weight ratio is practically achievable. It also
recommends that the potential of the technology be reviewed by a senior
group experienced in nuclear rocket technology.

The 90-Day Study mentions gaseous-core nuclear rockets as offering
much higher specific impulse levels. A number of gaseous-core reactor
concepts were carefully evaluated in the years between 1959 and 1970,
but none was found to be technically feasible. Unless a new idea has
appeared, which is always a possibility, the committee believes the gaseous-
core nuclear rocket technology is too speculative at this time and should
be dismissed as a possibility.

If careful systems studies, using thrust-to-weight ratios and specific
impulse known to be feasible, show a significant advantage for nuclear
rockets in trip time or in weight to orbit, an in-space demonstration of
this technology should be done as soon as possible—taking into account
requirements for crew, ground personnel, and public safety covering all
phases of launch and flight, including mission abort. It will not be feasible
to select the nuclear rocket as a baseline in a system architecture until such
a demonstration has been conducted.

NUCLEAR ELECTRIC POWER

The committee believes that nuclear power eventually will be essential
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for lunar and Mars bases. The NASA reference approaches incorporate
nuclear power; The Great Exploration does not.

At present, the only active technology program applicable to this need
is the SP-100 thermoelectric space reactor, which has been pursued under
a tri-agency program for several years. SP-100 was initiated in the absence
of a definite mission requirement as a general purpose space power source.
This program should be redefined in light of the requirements of the
HEI and committed to development; nuclear thermionic research should
continue to be pursued as well.

Consideration should be given to demonstration of the nuclear elec-
tric power system as the power source for an electric propulsion system,
which may have application to science missions with large launch veloc-
ity requirements. (In fact, a number of outer planet missions have been
suggested, including a Jovian system grand tour, that will require such
advanced power sources.) Here, as with the nuclear rocket, considerations
of safety must be incorporated into research, development, and demonstra-
tions and factored into assessments of overall systems performance. The
nuclear electric system might be demonstrated within these constraints by
a mission in which the system is launched to a high orbit, say 600 miles,
before it is operated. The orbit could then be raised by nuclear-electric
propulsion to geosynchronous orbit or beyond.

If safety concerns can be successfully addressed, and feasibility demon-
strated, the committee believes that use of nuclear power and propulsion
can meet many needs in the human exploration of space.




[
Other Critical Technologies for the
Human Exploration Initiative

Ongoing development of certain specific technologies is essential to the
HEI and offers potentially high payoffs in capabilities and long-term cost
savings. The committee assumes that HEI technology development will
complement rather than displace the NASA program of basic research and
technology development in such areas as materials and structures, sensors,
air-breathing engines, and data processing.

THE NASA 90-DAY STUDY

The Technology Assessment section (Chapter 8) of the 90-Day Study
lists seven technologies (regenerative life support systems, aerobraking,
advanced space engine, surface nuclear power, in-situ resource utilization,
radiation protection, and nuclear thermal rocket propulsion). It continues
with “other technology needs, briefly sketched” under titles like “humans
in space.” Although the NASA Figure 8-1 envisions focused research that
does not continue after five years, ongoing advanced technology research
will clearly be characteristic of the HEI for many years.

The committee agrees that these technologies are important, but be-
lieves that strategies for development of technologies should take account
of the lead times required and incorporate priorities according to whether
the technologies are essential to the HEI, or serve to enhance capabili-
ties. For example, provision of radiation protection, life support, and crew
safety are survival imperatives for all human space-based modes, and must
be addressed as major architectural considerations. Research on artificial

17
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gravity should be added to this list. On the other hand, aerobraking, in-situ
resource utilization, and nuclear thermal rocket propulsion technologies
may offer significant advantages in certain mission scenarios, but are not
essential for human missions in general.

There are other specific new technologies, not in NASA’s list of seven
critical technologies, that can profoundly simplify and enhance opera-
tions in every mission scenario. Two clear examples are (1) advanced
human/machine systems for tasks in space, in order to improve the ef-
ficiency of humans, and (2) far more capable information management
systems for mission decision making. While the 90-Day Study recognizes
advances in information systems and automation and robotics as being im-
portant to the success of the HEI, the emphasis should be on technologies
that go one step farther, to greatly advanced computer-aided mechanical
extensions of human performance, i.e., human/machine systems.

ARTIFICIAL GRAVITY

Artificial gravity was not included in the NASA list of critical tech-
nologies. With the current state of knowledge, a multiyear exposure to
weightlessness, even with on-board exercise and countermeasures and an
intermediate stay on the surface of Mars, presents unacceptable risks to
the crew. Adaptation to microgravity makes return to a gravity environ-
ment dangerous and renders human performance on the surface of Mars
problematical. The questions of whether artificial gravity will be required
and, if so, how it will be provided are critical. The nation has no strategy
for research to determine the need for or provide artificial gravity.

Several alternative approaches to addressing the problem can be con-
sidered. In one, an early commitment could be made to provide artificial
gravity in the transfer vehicle to Mars. This option is not included in the
90-Day Study, but has been reviewed by NASA in the past and found to
increase the mass of a Mars transit vehicle by no more than 20 percent,
under the most conservative assumptions.

Another alternative is to determine the requirements for artificial
gravity by testing humans in a variable-gravity research facility in LEO. Such
a facility should permit research on human physiological deconditioning
and countermeasures, including different artificial gravity radii and rotation
rates, in order to determine the optimal combination of gravity levels and
exposure times. Because of time considerations in human deconditioning
phenomena, an operational research period lasting two to six years must be
anticipated before definitive answers about artificial gravity can be expected.

Short of undertaking long-duration research on human performance
in space, any research strategy for minimizing human risk of irreversible
or incapacitating deconditioning should make maximum use of ground and
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space station facilities for relevant life science research. Ground bed-rest
studies and incremental duration exposure of subjects in a space station
must be integrated with animal research in orbit, including use of the
SSF on-board centrifuge. In parallel with these tests, the effectiveness of
several candidate countermeasures to deconditioning should be evaluated
in controlled experiments. If the deconditioning is unacceptable and the
simpler countermeasures are ineffective or onerous, full-scale space-based
artificial gravity evaluation and facility development become imperative.

Another alternative approach, which is less thorough than the use of a
variable-gravity research facility but which could be carried out in parallel
with a lunar base development, is an investigation of the effectiveness of
lunar gravity as a long-term countermeasure. This approach would provide
deconditioning data at three levels: 0, 1/6, and 1 g. It would not, however,
help with the question of gravity gradient or contribute to any of the
engineering issues regarding a spinning spacecraft for Mars transit. This
approach is the most limited and time consuming. It also carries with it
the risk of negative results that would require the eventual, but delayed,
artificial gravity investigations described above.

ADVANCED HUMAN/MACHINE SYSTEMS

Mechanical and computer-aided extensions of human (astronaut) man-
agers can provide enhanced efficiency in inspection, assembly, maintenance,
repair, and exploration tasks. The most powerful approaches to human ex-
ploration will integrate humans with machine systems to accomplish more
than either can do alone. These approaches can range from low-level,
hand-in-glove teleoperation, through higher-level object-motion commands,
to planned task commands by a distant astronaut. Application of the many
automation and robotic systems needed to integrate humans and machines
can range from some of the early systems developed for space station man-
agement and operations, to precursor nonhuman missions, to advanced
synergistic systems of humans and machines operating on another planet.

Advanced human/machine systems are not merely an enabling tech-
nology, but a requirement for practical HEI operations. Technical advances
can extend profoundly the human role as master of highly flexible human
surrogates, but obtaining such potential benefits will require more than
complex robotry and automation. NASA presentations based on the 90-
Day Study implicitly recognize this by grouping operations in functional
categories. Systems that integrate automation and robotics with humans
permeate the arenas of vehicle maneuvering; vehicle servicing in space;
in-space and surface assembly and construction; planetary rovers; surface
operations; extravehicular activity and exploration; sample acquisition, anal-
ysis, and preservation; and scientific probes and penetrators. Reduction of




1A%
Space Science and the
Human Exploration Initiative

The NASA 90-Day Study reflects an initial attempt to identify the
scientific components of the HEIL It identifies five themes around which
the science elements of the initiative are developed and states that the
“fundamental scientific themes . . . can be uniquely addressed by the
Human Exploration Initiative.” Several specific examples are presented of
scientific objectives in precursor flights to the Moon and Mars. The 90-Day
Study provides evidence of NASA's intention that scientific research be an
integral part of the HEI. Nevertheless, it is clear that much of the research
in the NASA scientific themes does not require an HEI.

It is useful to divide the scientific research issues into three broad
categories. First, there are scientific studies to enable the initiative—
those that must be done before humans can travel to Mars, perform
useful tasks, and return safely. Second are studies and experiments that
can only be conducted as a result of the envisioned long-term human
missions. Third are studies that may be undertaken in association with those
missions, but could be carried out otherwise if necessary. Any scientific
knowledge that might be obtained in association with long-term human
missions should be evaluated in competition with other modes of gathering
the same information (e.g., human-tended, telerobotics) and with other
scientific research goals. This competitive category of scientific research
should not be used as, nor considered to be, the primary justification for a
national commitment to human exploration of space.

21
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SCIENTIFIC KNOWLEDGE AS A
PREREQUISITE FOR HUMAN EXPLORATION

The most important issues of prerequisite scientific knowledge concern
those matters that are critical to human health and safety, including micro-
gravity effects on physiologic functions, the effects of radiation, controlled
environment life support systems, site-selection and contamination issues,
and the psycho-social aspects of prolonged exposure in a confined habitat.

In every pioneering effort there are risks, known and unknown, that are
intrinsic to the endeavor. Those responsible must make the fullest efforts
to reduce the known risks to reasonable levels and make clear the levels of
risk that remain. Potential hazards must be explored and countermeasures
devised to reduce risk. Research is required to explore the range of risk
and to devise reasonable countermeasures.

Life Sciences

Microgravity Issues

Data are incomplete regarding the effects of the microgravity environ-
ment on human physiology (including the cardiovascular, vestibular, and
immune systems); more research is also necessary on adequate counter-
measures. As noted in the NRC Strategy for Space Biology and Medical
Science, “If this country is committed to the future of humans in space,
particularly for long periods of time, it is essential that the large number of
uncertainties about the effects of microgravity on humans and other living
organisms be recognized and vigorously addressed.” The 90-Day Study
envisions research to develop countermeasures to the effects of very low
gravity and to promote the basis for designing artificial gravity environ-
ments, if required. A rigorous research program would be based largely on
facilities available in an Earth-orbiting station, designed to gain an under-
standing of the effects of a microgravity environment on humans. As NASA
indicates, the results of this research will have significant implications for
mission architectures and mission time profiles.

Radiation Issues

Radiation from solar and galactic sources poses serious potential haz-
ards to human health. Predictions of solar flares and of solar flare particles
remain uncertain, but successful predictions are not prerequisites to human
spaceflight, if adequate shielding is provided. Research on prediction tech-
niques, one of NASA's objectives, should be vigorously pursued in parallel
with human exploration programs. The intent would be to provide the
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earliest possible warnings, with minimal false alarms, of impending solar
flares and flare particles.

As the 90-Day Study indicates, it is important to learn more about the
relative biological effects of radiation fluences, particularly high-Z galactic
cosmic rays and solar flare electrons and protons, and their relationship
to cancer and cataract induction, for example, in order to set meaningful
guidelines for radiation protection. The question of appropriate shielding
in flight, at an Earth-orbiting station, and on the Moon and Mars is complex
and requires further study. For example, NASA suggests that for modest
thicknesses of shielding, the secondary radiation arising from the interaction
of galactic cosmic radiation may be more harmful to living tissue than the
primary dose. Consideration should be given to undertaking early flights
during solar minimum conditions.

Controlled Environment Life-Support Systems

The 90-Day Study recognizes the challenge of providing a reliable,
cost-efficient life-sustaining environment in locations that are devoid of
food, air, water, and nutrients. NASA’s vision of the HEI uses closed-
loop systems where practical to reduce logistic requirements and open-loop
systems where limitations in technology or operational capabilities dictate.

It would be useful, but not mandatory, to have fully-closed life-support
systems for brief visits to the Moon and to Mars. However, even for a
brief visit, it is desirable to recycle water. For prolonged stays on the
Moon and Mars, a completely closed regenerative system would be highly
desirable to reduce requirements for resupply. Several terrestrial closed-
loop experiments are under way and must be reviewed in the context of
the HEI and refined until they are successful. The next step should be
a test bed of a closed life-support system in microgravity on or near an
Earth-orbiting station.

Contamination and Back Contamination

Evidence from the Viking missions to Mars suggests that terrestrial
microorganisms have little or no probability of growth on that planet, but
that does not rule out the possibility that life exists or may have existed
there in the past. Although organic compounds and liquid water have not
been detected on Mars, there is no basis for precluding their existence.
There is, moreover, strong evidence that liquid water in large quantities
existed in the Martian past. Furthermore, new discoveries about unusual
biological niches on Earth, such as deep ocean thermal vents, illustrate the
diversity of biological habitats.

International law requires that activities in space be conducted to
avoid the harmful contamination of celestial bodies as well as introduction
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of changes in the Earth’s environment by extraterrestrial matter. For
example, a Mars robotic lander raises concerns about contamination of
Mars (referred to as forward contamination), while a Mars sample return
mission must deal with concerns about contamination of Earth (called back
contamination).

The NASA 90-Day Study envisions a series of unmanned precursor
missions to Mars to determine characteristics of the planet. The knowledge
to be obtained is necessary for detailed mission planning, including dealing
with the contamination issue. The Great Exploration concept does not
include such precursor missions. The committee believes that, before
humans go to Mars, there will have to be a highly capable set of precursor
missions, whose precise definitions, numbers, and configurations require
detailed research strategy development. Such precursor missions will allow
assessment and management of some of the risks of carrying out a manned
mission. The risks are not limited to concerns simply with pathogens. While
the risk of pathogens is admittedly low, the potential costs are possibly very
high.

Psychological Issues

As noted in the 90-Day Study, psychological effects arising during long-
duration sequestering of humans have been documented, for example, in
nuclear submarines and research programs in Antarctica. Although these
terrestrial analogs are useful, they do not adequately simulate conditions of
long-duration missions to Mars. NASA appropriately envisions continuing
research in the selection process for spacefarers. Issues of spacecraft
habitability, training and command structure, as well as crew mix require
study, including simulation. A review of research results to date indicates
that more is known about avoiding undesirable crew characteristics than is
known about selecting crew for desirable traits. Clearly, the psychological
profiles for individuals and for crew composition should be well understood,
to reduce risks on long voyages. As is the case with most risks to humans
arising from long stays in the microgravity environment, technological
advances in nuclear and other propulsion systems could alleviate some
adverse effects by reducing mission duration.

Physical Sciences

Because the use of local resources is likely to be an essential feature
of the mission architecture, additional scientific knowledge will be required
about surface materials, features, and structures, both on the Moon and
Mars. Four of the five reference approaches in the 90-Day Study incorpo-
rate extraction of oxygen from lunar materials.
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Present knowledge of lunar and Martian surface features is adequate
for lander modules, provided that high-resolution imagery is incorporated
for terminal guidance to a landing that can be directed over a sufficiently
large target radius. Additional knowledge will be required for site selection,
however, if the astronauts will be expected to carry out significant research
while on the surface. Uncertainties also exist concerning the bearing
strength of the Martian surface in areas of possible landing sites.

In the case of the Moon and a possible long-term lunar base, the flux
of micrometeorites and its variability are major uncertainties that can affect
the livability of a lunar station. As described in both the 90-Day Study
and The Great Exploration, covering the station with lunar regolith is one
possible way to reduce the hazards from micrometeorites and radiation.

A fuller examination of research emphases in this area is needed before
precursor mission concepts are developed.

RESEARCH OPPORTUNITIES TO BE DERIVED FROM
PROLONGED HUMAN SPACE MISSIONS

The NASA 90-Day Study describes a variety of opportunities presented
by the HEI to advance scientific understanding through both the robotic and
human exploration phases of the HEI The opportunities are organized into
a series of scientific themes. Several themes pose questions that challenge
astronomers, and NASA notes, for example, that the Moon offers a number
of advantages as a site for astronomical observatories.

The committee believes the Moon could offer potentially unique re-
search opportunities for a number of space science disciplines, including
astronomy. However, the concept of an astronomical observatory on the
Moon needs to be examined more critically than was suggested in the
NASA report. Specifically, lack of seismic activity does not seem to be a
major feature in determining whether the Moon should be used for inter-
ferometry. Attractive features include the dark and cold sky advantages
that come from being away from the Earth, and the advantages of building
large structures in fractional gravity.

Before establishing a lunar base to be used for scientific research, a
number of significant issues need to be understood in order to ensure the
long-term utility of the base for research purposes. For example, depending
upon the specific research objectives, evaluations should be made of the
effects on instrumentation of such features as the micrometeorite flux,
the solar wind and solar flare particles, and the electric and magnetic
environments on the surface at different lunar phases. In addition, attention
will have to be given to the interactions between a human presence and
specific scientific instrumentation (e.g., outgassing, vibration, dust, and
electromagnetic interferences).
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Additional research opportunities on and from both the Moon and
Mars are sketched in the 90-Day Study. There will undoubtedly be op-
portunities for the HEI and the space sciences to advance together. Each
scientific opportunity to be derived from human space exploration should
be defined and evaluated, with consideration of its relative priority in the
research strategy of the appropriate discipline, and an assessment of the
most effective means to achieve it.



Vv
Nontechnical Considerations

In addition to questions of the technical and scientific merit of specific
approaches, the committee examined challenges to the HEI concerning
infrastructure and management, ways in which HEI might stimulate the ed-
ucational process, questions of international cooperation and collaboration,
and ways to look at the costs of such an undertaking.

INFRASTRUCTURE CONSIDERATIONS

The Responsible Federal Entity

Under the Space Act of 1958, NASA was assigned the lead federal
responsibility for the conduct of the nation’s civil space program for research
and exploration. In support of its assigned role, it also undertakes selected
developmental and operational functions with Administration direction and
budgetary approval.

NASA is currently well below the peak manpower and budget that it
had during the Apollo era, yet it carries a number of demanding tasks.
These include the operation of the Space Transportation System (STS); the
conduct of a major series of Earth-orbital and planetary scientific missions,
including Galileo, the Hubble Space Telescope, and Mission to Planet
Earth; the operation of a major space and terrestrial communication system;
the aeronautics research and development program; the development of
Space Station Freedom; and a large number of smaller programs.

27
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The major responsibilities listed above leave little room to assume
responsibility for a program that could, in some variants, equal in size and
complexity nearly all of the existing programs in aggregate. This raises
questions of whether NASA should be expanded (via some combination
of increases in civil service manpower, contractor support, or support from
other federally supported entities), whether the responsibilities for HEI
should be spread across several agencies, or whether all or some of the
responsibilities should be transferred to a new or existing organization.

In the committee’s view, NASA has the organizational expertise and
demonstrated capability to conduct human space exploration. The devel-
opment of that expertise and the associated laboratories and other facilities
has been hard won at great national expense. To attempt to replicate such
expertise elsewhere would be costly and time consuming. Yet, the long-term
human exploration initiative will require that NASA and the nation develop
a whole new generation of management and technological leadership.

The NASA Infrastructure

This is not to say that NASA should automatically be authorized to
return to Apollo-era civil service staff levels (or even greater) to lead
the HEI, although an increase may be part of some options. To proceed
effectively with the HEI, the Administration should develop a plan to
incorporate other federal resources that can support the HEI, as well
as devise innovative uses of the private sector, universities, and federally
supported research centers. It is conceivable that a new federally supported
center in the mold of Bellcom, the Jet Propulsion Laboratory, the Mitre
Corporation, or the Aerospace Corporation may have a role to play in
various aspects of the program, although this requires further examination.

Efficient conduct of the HEI will require a number of management en-
hancements, some of which must counter difficulties that are government-
wide.

First, NASAs procurement process should be carefully scrutinized to
identify means of expediting it so it is less burdensome to both NASA
and those bidding for NASA tasks. Some procurement processes, which
are not unique to NASA, absorb time and increase costs. Administrative
procedures must be subjected to the same cost-benefit analysis as technical
approaches. Solutions to this difficulty are not within NASAs author-
ity, although NASA can lead an analysis for joint NASA-Administration-
Congressional action. NASA now has an opportunity to study and possibly
implement techniques to simplify and improve procedures, and these ap-
proaches should be included in the HEI or any de novo program.

Second, it is too costly for the nation to rethink its objectives in
space on an annual basis. Long-term objectives must be set and technical
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program managers given the consistent support required for the efficient
pursuit of the challenging engineering and scientific objectives to meet the
President’s goals. Recent experience on programs such as Space Station
Freedom has demonstrated the difficulties that result when a program’s
entire management team is consumed by phasing, rephasing, planning,
replanning, rescoping, and descoping a program in ceaseless variation.

Third, proceeding with the HEI will require that the Administration
and Congress give serious attention to restoring or at least retaining the
basic attractiveness of NASA employment, including competitive salaries.
While NASA has exciting programs that interest the nation’s engineering
and science communities and many young people, NASA—Iike other fed-
eral agencies—is losing its appeal as an employer. In addition, the skills
of NASA personnel, who offer an important long-term continuity in the
execution of programs, need continual enhancement.

Fourth, positive steps are needed to encourage young people to enter
science and engineering careers, some of whom will enter NASA, space-
related industry, or university programs. A program of the size and scope
of the extended human exploration of the Moon and Mars will severely tax
a US educational system that is already strained and that is producing a
declining number of trained engineers and scientists. Early in the history
of the US space effort, a direct stimulus expanded the participation by uni-
versities in space activities and increased the number of graduate students
studying and researching space-related subjects. It again appears essen-
tial to revitalize such activities if the human resources are to be available
that the exploration mission will require. Such a revitalization could have
the additional benefit of attracting more young people into scientific and
engineering careers.

International Considerations

The committee considered the goals and proposed implementation
of the HEI from the viewpoint of US interests and national capabilities
only, using the same assumptions as the NASA 90-Day Study in this
regard. Thus, the findings and conclusions here are consistent with an
all-US exploration program. However, it is apparent that several important
benefits could accrue from international cooperation and collaboration on
these programs.

The current technical and political climate is different from that which
existed earlier in the space age. The European Space Agency (ESA) has
developed considerable applicable expertise for human space flight through
Spacelab and its development of Columbus and Hermes. Japan has sim-
ilarly developed expertise in pressurized modules. Both ESA and Japan
have independent launch capabilities and growing expertise and interest
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in space exploration. Canada’s contribution in remote manipulators and
robotics could prove very valuable in remote lunar and Mars exploration.
Other nations less active in previous joint space ventures may also wish to
participate in this long-term venture. Most importantly, the USSR has sub-
stantial relevant capability, demonstrated continued interest in Mars, and
an apparent strong desire for cooperation with the US in Mars exploration.
The USSR has substantial experience in long-duration (one year) human
exposure to weightlessness, and the capability, with its space station Mir,
to undertake multiyear studies and evaluations of countermeasures. The
Energia has a considerable heavy lift capability, launched from its current
facility. This capability would be reduced were Earth orbit rendezvous with
Space Station Freedom desired because of the power and maneuverability
required to dramatically change the spacecraft orbit.

Several potential advantages of international participation in HEI are
evident. These include cost sharing, additional technical expertise, and
peaceful cooperation in a multidecade program of interest to all mankind.
Some potential disadvantages include possible dependence on foreign coun-
tries for critical activities, concern over transfer of US technology, and more
complex management interfaces.

Considerations of the advantages and disadvantages should recognize
that international collaboration requires long-term policy stability, and
that the US record is not exemplary in this regard. If collaboration is
contemplated, care must be taken to ensure that the enabling agreements
are supported at the highest possible levels in the participating governments,
with as much breadth as is feasible, and that detailed technical agreements
are not made final before all parties understand and agree on requirements
for the HEI or missions associated with it.

As noted earlier, the climate for international cooperation is changing
and is likely to continue to change. A detailed assessment is needed of
the opportunities for international cooperation that may be available and
the means to overcome technical and institutional barriers. It would be
prudent to remain alert to future opportunities that may arise.

Cost for the Human Exploration Initiative

By any measure, HEI will represent a major commitment of the na-
tion’s resources; it will be a multiyear program; it will involve deliberate
risk, often difficult to identify and quantify; and it will use major portions of
the careers of many dedicated people. For HEI to be undertaken success-
fully there is a clear need for a unique long-term commitment by successive
Administrations and the Congress. In the committee’s view, estimates of
the costs likely to be incurred in carrying out the HEI are uncertain—and
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are likely to remain so for some time. The initiative is an ambitious under-
taking that requires development and implementation of new technology.
If the costs or schedule of an ambitious, daring technical advance can be
estimated accurately, it is probably using obsolete technology and is nei-
ther ambitious nor daring. Accurate cost estimates are only practical in
circumstances where experience with the technology exists. Currently, the
technologies and even the HEI mission architectures are unknown. While
the nation has experience with estimating costs of some aspects of HEI,
derived from experience with the costs of past space systems, at this time
mission cost estimates should only be taken as suggesting the rough order
of magnitude of the eventual costs.

Analyses of past major programs have shown that there is an optimum
rate of activity that results in minimum total cost. If the pace is faster,
it costs more. If the program is stretched out, the total cost can also be
greater. In most past experiences, space projects based on the logic of
development and mission requirements usually have required high peaks
in the funding profile and have resulted in demands for annual funding
greater than was considered acceptable. Therefore, most programs have
been stretched out and the total cost has not been optimized.

At this stage it may be useful to think about costs in terms of the level
of effort that is both reasonable for making progress toward the President’s
goal and sustainable as a commitment of national resources over the long
run. In the peak spending year of the Apollo program, which was in the
nature of a race to the Moon, the NASA budget amounted to about 0.8
percent of the gross national product (GNP), or 3.85 percent of the total
federal budget. The total expenditure for Apollo (which averaged about 0.2
percent of the GNP) was approximately $24.5 billion ($118.1 billion in 1991
dollars). Apollo was a ground-breaking program that incurred substantial
cost to build facilities and institutions; government and industry put forth
a unique effort to fulfill the vision of President Kennedy. The HEI will
presumably build on this capacity and will almost certainly take longer.
President’s Bush’s vision includes a permanent presence in space, requiring
a continuing commitment of resources.

The committee believes it should be possible to return people to the
Moon and establish a human presence on Mars, at a measured pace, at a
relative rate of annual expenditure that is less than that of the peak Apollo
commitment. NASASs current budget is between 0.2 and 0.3 percent of
the GNP. The committee believes an additional national commitment of
resources of a few tenths of one percent of the GNP should be sufficient to
achieve and sustain the goal of the HEI, the permanent presence of humans
in space. A commitment of this sort, which extends far into the future,
could enable the selection of an appropriately phased mission architecture
as well as research and development strategies and would enable managers
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to establish practical schedules. Continuing analysis of the relationship
between rates of expenditure, technology development, and mission profile
is obviously warranted.

HEI will involve a continuing commitment and, for such an approach
to succeed and to maintain support from the American people, it should
set milestones and demonstrate visible accomplishments, for example every
two to three years.

A White Paper published by the National Research Council in early
1989 recommends that NASA maintain a balanced, stable base program to
ensure US competence in fundamental space activities such as astronomy,
planetary exploration, and Earth remote sensing. The committee believes
that this base program should be assured as the nation undertakes additional
large, special initiatives such as the human exploration of the Moon and
Mars. The committee believes that it is important for the funding support
for HEI and other major initiatives to continue to be distinct from that
for the remainder of the NASA budget, to avoid eroding the base of other
essential space and aeronautical capabilities.



VI
Summary Responses to Questions
Posed by the Vice President

In his charge to the committee, the Vice President posed a series of
specific questions. The committee’s responses, taken from the body of the
report, follow:

SCOPE OF THE REPORT OF THE NASA 90-DAY STUDY

1. Does the report address the widest possible range of technically cred-
| ible approaches to meeting the President’s exploration goals? If not, what
| additional areas warrant exploration?

The NASA report addresses a reasonable set of technological and
| strategic approaches, but not all of the technically credible approaches
} have been analyzed. Other approaches have been discussed in the past, and
| many of those have been examined by NASA. The National Commission
on Space, for example, included in its recommendations cycling spaceships
between Mars and Earth orbits using electric propulsion.

Regarding additional areas that warrant consideration, the committee
believes it prudent to await better understanding of significant life sciences
issues before deciding the detailed architecture for sending humans to
Mars. The committee further believes that precursor missions, such as the
Mars Observer, are essential to understanding the Martian environment
and to determining appropriate landing sites, for example for exploratory
landers that might be sent from a Mars orbiter.

e
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2. [Over the next 30 years] what are the likely areas for technical break-
throughs relevant to space exploration? Has the report fully taken these
into account?

Likely areas for technical advances include nuclear power, propulsion,
and conversion technologies for space applications; controlled environmen-
tal life support systems; sophisticated human/machine systems; physiologi-
cal and psychological countermeasures to the space environment; effective
artificial gravity; and the intertwined technologies in computer science
and artificial intelligence that provide for better information management.
Technologies to lower the cost of access to space probably will become
available, including advanced materials and a new generation of cryogenic
engines. Some of the breakthroughs and evolutionary development will
come principally from human exploration research and development; oth-
ers will evolve whether or not humans explore space, but can benefit from
the exploration initiative.

The NASA report is prudently based largely on incremental advances
in technology and does not depend on breakthroughs. Aerobraking tech-
nology is scheduled for demonstration in the near future. Nuclear propul-
sion, although not critical to the reference approaches, would represent a
breakthrough and will require demonstration prior to commitment to its
use.

3. Is the range of science goals and objectives commensurate with the
proposed technical capability? Does the report distinguish between critical
or enabling science and complementary science?

Clearly, technical capabilities are of paramount importance to the HEL
Nevertheless, worthwhile research can be done in conjunction with the HEI
if research strategies are developed by weighing (1) the scientific priority
of a given research activity, and (2) whether that research might best be
accomplished by another means.

Although not well distinguished from complementary science in the
NASA report, the enabling research in life sciences is crucial to productive
and safe human occupancy of space. Other areas of enabling science
include research on the nature of the Martian atmosphere and research
and technology development for the use of in-situ resources.

4. Are there implications (infrastructure-institutional/other national in-
terest) that have not been considered?

The NASA study recognizes the need for personnel, facilities, and
equipment to fulfill the HEI. As noted in the report, NASAs current
facilities and civil service personnel complement may need augmentation
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to address the HEIL The program, led by NASA, should be designed to
draw on the resources of other federal agencies. The HEI needs to be
conducted with greater efficiency than are most federal programs. As
the NASA report notes, the HEI “. . . presents a unique opportunity to
demonstrate the viability of streamlined administrative and management
processes.” Procurement and budgeting obstacles are also recognized in
the report.

NASA believes that international partners should be included in the
early definition of HEI. While it is important to work together with other
nations, the committee believes it is necessary to understand the HEI mis-
sion designs and architectures before making commitments. The report de-
fines varying approaches to international cooperation, including “separate,
but coordinated,” “augmentation through cooperation,” “interdependence
with clear interfaces,” and “joint development and operation,” but NASA
will need policy guidance about the right approach to employ as the HEI
progresses.

CONTENT OF THE REPORT OF THE 90-DAY STUDY
1. What are the report’s technical assumptions? Are they reasonable?

The report assumes continuing dependence upon the space shuttle and
shuttle-derived vehicles. Some of the reference approaches assume accel-
eration of the availability of Space Station Freedom (SSF) and all assume
that the station will become operational by the late 1990s. Operation of the
station by the late 1990s appears to be a reasonable assumption. Present
plans for the station, however, are not adequate to satisfy HEI life sciences
needs. At this time, it is also uncertain whether the station will be the most
appropriate staging base for the Moon and Mars.

The report does not assume that the Advanced Launch System will
materialize, but observes that such vehicles could be used to great advantage
were they available. It does not assume nuclear rockets or power, but
indicates that they could be useful were they available.

2. Are there innovative uses of existing technology that the report has
overlooked?

There undoubtedly will always be new ways to do things based on
existing technology. That said, however, none were obvious in reviewing
the NASA report and alternative scenarios. In considering this question,
the committee did not regard paper studies to be existing technology, due to
the uncertainties involved in experimentally proving the concepts. Inflatable
space modules, on the other hand, have had several NASA prototypes; but
the applications for which they can be used are uncertain. SSF modules
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do not yet exist, but the nation has built a space station before and knows
a lot about how to do it. Use of SSF modules for bases and orbiters is a
concept based on use of existing technology.

3. Are the cost estimates and schedules reasonable?

NASA has conducted exercises to estimate the order of magnitude of
costs of the HEI using several cost models derived from experiences with
past space systems. Accurate cost estimates, however, are only possible
in circumstances where experience with the technologies exists and where
objectives are clear. As a general rule, the greater the technical risk
inherent in a mission approach, the larger the uncertainty.

The HEI schedule will take into consideration other national resource
commitments, which should be set by the social and political process,
with scientific and technical input. The schedules presented in the NASA
document are therefore not highly relevant, but do serve as a backdrop
against which to assess various cost scenarios and mission options.

It will not be possible to meet cost or schedule estimates without a
clear, long-term commitment from the executive and legislative branches
of government. In addition, a program subjected to repeated phasing and
rephasing cannot meet schedule and cost targets.

e Are there alternative ways the schedule might be moved forward
to provide visible, near-term accomplishments?

NASAs Reference Approach B represents one option that advances
Mars exploration from 2018 to 2011, but it depends upon accelerating
completion of Space Station Freedom. For technical and cost reasons, such
acceleration seems unlikely.

Concepts such as the Great Exploration, using as yet unproven in-
flatable technologies and expedited procurement procedures, and concepts
based on using space station modules for orbiters and bases could poten-
tially enable a return to the Moon and human exploration of Mars earlier
than the NASA reference missions. However, an adequate infrastructure
for potential future needs would need to be built separately.

Another alternative is a scenario where initial missions to Mars would
have limited capabilities. Beyond questions of technical feasibility, the
question of how elaborate the initial human missions need to be should be
examined. This could involve trade-offs between up-front investments for
technology development (which can reduce long-term operating costs for
many future missions) and low up-front investment focused on near-term
objectives, an approach that will save money in the present but that may
eventually lead to more expensive operating costs.

The committee believes that almost any approach to HEI can have
visible, near-term milestones. Humans living and working on the Moon,
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construction of habitats, and scientific and mining facilities can all provide
evidence of accomplishments in space.

e Similarly, are there alternate routes which could dramatically in-
crease performance, lower costs, move the schedule forward, or reduce
risks? If so, what levels of programmatic and technical risk do they have?

The alternatives that the committee examined to move forward the
schedule for lunar and Mars bases entailed higher levels of programmatic,
technical, and human risk than the NASA reference approaches, as well as
lesser capabilities.

The levels of uncertainty in estimating costs for these alternatives are
so high that it is not possible to determine which among the approaches
reviewed offers the potential for lower costs. Once again, the most dramatic
alternate route to increase performance would be the development of safe
nuclear propulsion for interplanetary travel.

4.  Are the overall approaches/architectures described in the report rea-
sonable? For example, are the key elements of NASAs plan consistent,
i.e., availability of the space station, heavy lift vehicles, etc.?

Yes, the committee believes the overall approaches described in the
report are reasonable. The treatment of nuclear power and propulsion,
however, appears to be somewhat ambiguous. Nuclear power on the Moon
is seen as essential in the 90-Day Study, but scenarios are also provided
that rely on solar dynamic power. Nuclear propulsion is listed as a critical
technology for development, yet none of the reference approaches call for
it. Given the developmental and societal uncertainties concerning nuclear
power, however, the treatment of this matter is not unreasonable.

In general, the key elements of the NASA document are consistent.
For example, a given scenario does not rely on the station or technology
development without considering the time needed for it to be established
or developed. A space station in LEO is considered essential for all of the
scenarios; however, the requirements of the HEI may not be fully met by
Space Station Freedom.

Last, the committee believes that, whatever the selected architecture
for HEI, there is a need for a new emphasis on advanced technology
development and that it is highly desirable to continue to cast a wide net
for innovative concepts.
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Acronyms, Abbreviations, and

Technical Terms

ALS Advanced Launch System

ESA European Space Agency

EVA extra vehicular activity

gl-g gravity; equivalent to one times the acceleration
of gravity

GNP Gross National Product

HEI Human Exploration Initiative

LEO low Earth orbit

NASA National Aeronautics and Space Administra-
tion

NASP National Aerospace Plane

NRC National Research Council

NSC National Space Council

SEALAR Sea Launch and Recovery vehicle

SSF Space Station Freedom

SSME Space Shuttle Main Engine

STS Space Transportation System

aerobraking Use of a planet’s upper atmosphere as a brake

to slow the entry of a spaceship, rather than
braking by propulsive methods.

Cross range capability The maneuvering capability of a spacecraft in
orbit as well as after reentering the Earth’s
atmosphere. The shuttle, for example, has rea-
sonably good cross range capability, due largely
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cryogenic fuels

specific impulse

ACRONYMS, ABBREVIATIONS, AND TECHNICAL TERMS

to having wings, while the reentry capsules em-
ployed in the early US space program had lit-
tle maneuverability and were dependent on the
trajectory of their orbit.

Fuels stored at very low temperatures to max-
imize the energy density per unit volume of
storage capacity. The fuels typically are gases
at room temperature, but are stored at temper-
atures at which they are liquids.

The measure of an engine’s efficiency; the ratio
of pounds of thrust produced per pounds of
fuel flowing through the engine each second.
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Appendix A

* *
THE VICE PRESIDENT

* * WASHINGTON

December 4, 1989
Dear Dr. Press:

As you know, President Bush charted a bold new course for the
U.S. space program when he proposed on July 20, 1989, a long-
range, continuing commitment to manned exploration -- first, to
complete Space Station Freedom, to return permanently to the
Moon, and then explore the planet Mars. At that time he also
asked me, as Chairman, to lead the National Space Council in
determining the necessary resources and timetables, and the
feasibility of international cooperation for meeting these geoals.
It will take time to evamine these ncomplex issues comnletely,
assess alternative approaches, and build the consensus necessary
to proceed. The National Research Council represents a vital
national resource in this process and I would like to solicit

your help.

To respond to the President’s tasking, the Council now has
several analyses underway. The key ones are, first, an
assessment of the approaches that might be taken to the program
design, and how the variables of technology development,
schedule, and cost can shape that design. The second is an
assessment of the approaches to international cooperation -- what
types of participation might be invited by the U.S. government,
and what the implications of each type might be. Lastly, the
Council will assess approaches to management -- what types of
structures and functions will be required to manage this complex,
long-term program.

A NASA team, led by Johnson Space Center Director Aaron Cohen,
has submitted a report to NASA Administrator Richard Truly which
was commissioned by Admiral Truly after the President’s July 20
speech. 1Its purpose is to provide a database for the Space
Council tc refer to as it considers strategic plannino issuec.

Among other things, the NASA report describes five notional
mission approaches to the Moon/Mars Initiative. The five
approaches are not exhaustive, but rather a starting point for
future studies and analyses. They do not represent decision
options for the President, but rather reference cases. The Space
Council intends to examine the approaches described in the
report, as well as a range of robust technical alternatives and
approaches to mission planning.

At a recent Space Council meeting, it was agreed that a review of

the NASA report by the National Research Council would be most
valuable.
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It would be most helpful if, in its review, the National Research
Council addressed the following questions. In considering these
questions, we encourage your consideration of alternative
approaches and other options, or range of options, for the human
exploration concept. NASA will continue to seek alternative
approaches to this initiative; we would appreciate National
Research Council assistance in examining them as they become
available.

g f the R rt,

L Does the report address the widest possible range of
technically credible approaches to meeting the President’s
exploration goals? If not, what additional areas warrant
exploration?

2 Over the course of the next thirtv years, much
technical progress will be made. What are the likely areas
for technical breakthroughs relevant to space exploration?
Has the report fully taken these into account?

33 Is the range of science goals and objectives
commensurate with the proposed technical capability? Does
the report distinguish between critical or enabling science
and complementary science?

4. Are there implications (infrastructure-
institutional/other national interest) that have not been
considered?

Content,
1. What are the report’s technical assumptions? Are they
reasonable?
2. Are there innovative uses of existing technology which
the report has overlooked?
3l Are the cost estimates and schedule assumptions

reasonable? Are there alternate ways which the schedule
might be moved forward to provide visible, near-term
accomplishments? Similarly, are there alternate routes
which could dramatically increase performance, lower costs,
mcve the overall schedule forward, or reduce risk? If =5
what levels of programmatic and technical risk do they nave:z
4. Are the overall approaches/architectures described in
the report reasonable? For example, are the key elements of
NASA’s plan consistent? i.e. availability of the Space
Station, heavy lift vehicles, etc.?

To meet our schedule of deliberations on the initiative, it would
be useful to have your responses by February 28, 1990.
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I expect that this review will be only the first of many
interactions with the National Research Council on the various
aspects of the initiative. I understand that both the Space
Studies Board and the Aeronautics and Space Engineering Board
have begun to examine the general question of manned space
exploration. In addition, the Committee on Space Policy looked
into management issues in their 1988 report. Further reviews in
this area may be warranted over the next year. Clearly these
will be continuing studies. Any comments you might have on the
NASA concept will of course be understood to not represent a
position of the National Research Council or its Boards on the
value of or Administration approach to space exploration.

Sincghly 7

Dafi Quapl

Dr. Frank Press, Chairman
National Research Council

2101 Constitution Avenue, N.W.
Washington, DC 20418
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NATIONAL RESEARCH COUNCIL

2101 CONSTITUTION  AVENUE WASHINCTON, D. € 20418

December 26, 1989

OFFICE OF THE CHAIRMAN

The Honorable Dan Quayle

Vice President of the United States

Office of the Vice President of the United States
0ld Executive Office Building

Washington, DC 20501

Dear Mr. Vice President:

The National Research Council is pleased to accept your
request that it undertake a review of the NASA "Report of the 90-
Day Study on Human Exploration of the Moon and Mars." We are
working hard to fill your need to have our report by February
28th; and have already made considerable progress in constituting
the committee.

The Governing Board of the National Research Council, as
well as those to be directly involved in the task, understand its
importance and complexity, and the inherent limitations imposed
by a very demanding schedule. 1In that light, while we look
forward to performing this task, we concur wholeheartedly with
your letter, which notes that this study is necessarily a
circumscribed examination of the general question of human space
exploration, that this study is only the first of what must be a
larger examination of the question, and that, therefore, this
initial work should not be interpreted as an endorsement by the
NRC of any particular approaches to human space exploration.

Our review will comment on the technological feasibility of
the options provided in the report, and will to the extent
possible consider alternative approaches. The latter will again
be limited by the time and information available to us, and
therefore our consideration of alternative approaches cannot be
inclusive.

Of course, in the final analysis, the nation's program in
human exploration, including the applicable technology, will be
shaped by concern about the health of the crew on long space
missions and by its purposes, of which a fundamental one is
scientific exploration. This latter purpose accords with the
goal of the U.S. civil space program "to expand knowledge of the
Earth, its environment, the solar system, and the universe." The
logistics of the mission cannot be uncoupled from those
scientific purposes. Therefore, we are in complete agreement
with your injunction that examination of a program of human space
exploration must consider whether the range of scientific goals
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The Honorable Dan Quayle

Vice President of the United States
December 26, 1989

Page 2

and objectives is commensurate with the proposed technical
capability. Indeed, the institution already has underway
explicit examinations of the scientific issues associated with
human space exploration. We will be pleased to keep you apprised
of this work as it proceeds.

Again, we are pleased to accept this task and are most
appreciative of your confidence in the work of this institution.

Yours sincerely,

» ey

B il e slok
Frank Press
Chairman

bc: Robert M. White
Joann Clayton
David Bodde
Myron Uman
Richard Hart
Dean Kastel
Louis Lanzerotti
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List of Participants

NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION REPRESENTATIVES

Admiral Richard H. Truly (Ret.), Administrator

Mr.

Mr.

Mr.

Dr.

Arnold D. Aldrich, Associate Administrator, Office of Aeronautics
and Space Technology

Joseph Alexander, Assistant Associate Administrator, Office of Space
Science and Applications

Darrell R. Branscome, Director, Advanced Systems Development,
Office of Space Flight

. Aaron W. Cohen, Director, Johnson Space Center
- Lana M. Couch, Director for Space (Act.), Office of Aeronautics and

Space Technology

. Mark W. Craig, Director, Lunar and Mars Exploration Office,

Johnson Space Center

. Leonard A. Fisk, Associate Administrator, Office of Space Science

and Applications

. Leonard A. Harris, Chief Engineer, Office of Aeronautics and Space

Technology

. Richard H. Kohrs, Director, Space Station Freedom Program, Office

of Space Station
William B. Lenoir, Associate Administrator, Office of Space Flight
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Mr. John C. Mankins, Pathfinder Program Manager (Act.), Office of
Aeronautics and Space Technology

Dr. Franklin D. Martin, Assistant Administrator for Exploration

Dr. Albert R. Miller, Assistant Associate Administrator, Office of Space
Operations

Dr. Arnauld E. Nicogossian, M.D., Director, Life Sciences Division, Office
of Space Science and Applications

Dr. Douglas A. O’Handley, Deputy Assistant Administrator, Office of
Exploration

Mr. Lewis L. Peach, Jr., Deputy Director, Strategic Plans and Programs
Division, Office of Space Station

Mr. Gregory M. Reck, Director, Mars Initiative Technology Team, Office
of Aeronautics and Space Technology

Dr. John R. Rummell, Program Manager, Exobiology, Office of Space
Science and Applications

Dr. Frank Sulzman, Chief, Space Medicine and Biology Branch, Life
Sciences Division, Office of Space Science and Applications

OTHER BRIEFERS AND GUESTS

Dr. Mark Albrecht, Director, National Space Council (NSC)

Mr. Ivan Bekey, NSC

Dr. Timothy Coffey, Director of Research, Naval Research Laboratory

Dr. Michael J. Fry, Oak Ridge National Laboratory

Dr. Michael D. Griffin, Strategic Defense Initiative Organization

Lt. Gen. Harry Griffith (Army Ret.), Senior Vice President and Head of
Washington Office, Brown & Root Co.

Lt. Gen. Richard C. Henry, Brown & Root Co.

Dr. Harry Holloway, M.D., Uniformed Services University of the Health
Sciences

Mr. Maxwell W. Hunter, Consultant

Dr. Rod Hyde, Lawrence Livermore Laboratories

Dr. Yuki Ishikawa, Lawrence Livermore Laboratories

Dr. Harold Klein, Santa Clara University

Dr. Stephen J. Lanes, Department of Energy

Lt. Col. Roger Lenard, Department of Defense

Dr. Thomas O. Paine, Thomas Paine Associates

Dr. Harrison Schmitt, Consultant

Dr. Earl Wahlquist, Department of Energy

Dr. Peter Wilhelm, Naval Research Laboratory

Dr. Lowell Wood, Lawrence Livermore Laboratory, University of
California

Col. Simon P. Worden, NSC
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Dr. Richard Young, Vice President, Rockefeller University (Ret.)

NATIONAL RESEARCH COUNCIL

Dr. Frank Press, Chairman, National Research Council (NRC)

Dr. Robert M. White, President, National Academy of Engineering (NAE)

Mr. Philip M. Smith, Executive Officer, NRC

Mr. Edward J. Barlow, NRC Report Review Monitor

Dr. Alexander Flax, NAE Home Secretary

Dr. Richard L. Garwin, Fellow, IBM Thomas J. Watson Research Center

Dr. Richard C. Hart, Acting Associate Staff Director, Space Studies Board
(SSB)

Mr. Dean P. Kastel, Director, SSB

Dr. Robert H. Korkegi, Director, Aeronautics and Space Engineering
Board

Mr. Norman Metzger, Deputy Executive Officer, NRC

Dr. Myron E Uman, Assistant Executive Officer for Special Projects, NRC
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EXCERPTS FROM REMARKS BY THE PRESIDENT AT THE
20TH ANNIVERSARY OF THE APOLLO MOON LANDING
JULY 20, 1989

... And space is the inescapable challenge to all the advanced nations
of the Earth. And there’s little question that, in the 21st century, humans
will again leave their home planet for voyages of discovery and exploration.
What was once improbable is now inevitable.

The time has come to look beyond brief encounters. We must commit
ourselves anew to a sustained program of manned exploration of the solar
system—and yes—the permanent settlement of space. We must commit
ourselves to a future where Americans and citizens of all nations will live
and work in space. . . . And our goal is nothing less than to establish the
United States as the preeminent spacefaring nation.

... Today we don’t have a crisis. We have an opportunity.

To seize this opportunity, 'm not proposing a 10-year plan like Apollo.
I'm proposing a long-range, continuing commitment.

First, for the coming decade—for the 1990’s—Space Station Freedom
—our critical next step in all our space endeavors.
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And next—for the new century—back to the Moon. Back to the future.
And this time, back to stay.

And then—a journey into tomorrow—a journey to another planet—a
manned mission to Mars.

Each mission should—and will lay the groundwork for the next.

... And today I'm asking my right hand man, our able Vice President,
Dan Quayle, to lead the National Space Council in determining specifically
what’s needed for the next round of exploration—the necessary money,
manpower, and material—the feasibility of international cooperation—and
develop realistic timetables, milestones along the way. The Space Council
will report back to me as soon as possible with concrete recommendations
to chart a new and continuing course to the Moon and Mars and beyond.

EXCERPTS FROM THE NATIONAL SPACE POLICY
(EMPHASES ADDED)
NOVEMBER 2, 1989

.. . The overall goals of the United States space activities are: (1)
to strengthen the security of the United States; (2) to obtain scientific,
technological and economic benefits for the general population and to
improve the quality of life on Earth through space-related activities; (3) to
encourage continuing United States private-sector investment in space and
related activities; (4) to promote international cooperative activities taking
into account United States national security, foreign policy, scientific, and
economic interests; (5) to cooperate with other nations in maintaining the
freedom of space for all activities that enhance the security and welfare
of mankind; and as a long-range goal, (6) to expand human presence and
activity beyond Earth orbit into the solar system.

... The objectives of the United States civil space activities shall be (1)
to expand knowledge of the Earth, its environment, the solar system, and
the universe; (2) to create new opportunities for use of the space environ-
ment through the conduct of appropriate research and experimentation in
advanced technology and systems; (3) to develop space technology for civil
applications and, wherever appropriate, make such technology available
to the commercial sector; (4) to preserve the United States preeminence
in critical aspects of space science, applications, technology, and manned
space flight; (5) to establish a permanently manned presence in space; and
(6) 1o engage in international cooperative efforts that further United States
overall space goals.
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CIVIL SPACE SECTOR GUIDELINES—Space Exploration

Human Exploration. To implement the long-range goal of expanding
human presence and activity beyond Earth orbit into the solar system,
NASA will continue the systematic development of technologies necessary
to enable and support a range of future manned missions. This technology
program (Pathfinder) will be oriented toward a Presidential decision on a
focused program of manned exploration of the solar system.

Unmanned Exploration. NASA will continue to pursue a program of
unmanned exploration where such exploration can most efficiently and ef-
fectively satisfy national space objectives by, among other things: achieving
scientific objectives where human presence is undesirable or unnecessary;
exploring realms where the risks or costs of life support are unacceptable;
and providing data vital to support future manned missions.

Permanent Manned Presence. NASA will develop the Space Station
to achieve permanently manned operational capability by the mid-1990s.
Space Station Freedom will: (1) Contribute to United States preeminence
in critical aspects of manned spaceflight; (2) provide support and stability
to scientific and technological investigations; (3) provide early benefits,
particularly in the materials and life sciences; (4) promote private sector
experimentation preparatory to independent commercial activity; (5) allow
evolution in keeping with the needs of Station users and the long-term
goals of the United States; (6) provide opportunities for commercial sector
participation; and (7) contribute to the longer term goal of expanding
human presence and activity beyond Earth orbit into the solar system.
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NATIONAL SPACE COUNCIL

" EXECUTIVE OFFICE OF THE PRESIDENT

20245623978 2

WASHINGTON, D.C. 20500

March 7, 1990

MEMORANDUM FOR MR. J. STAPLETON ROY

SUBJECT:

Executive Secretary
Department of State
MS. EMILY L. WALKER
Executive Secretary
Department of Treasury

COL GEORGE P, COLE, JR.
Executive Secretary
Department of Defense

MR. THOMAS MURRIN
Deputy Secretary
Department of Commerce

MS. RUTH KNOUSE

Director, Executive
Secretariat

Department of
Transportation

GOV, JOHN H. SUNUNU
Chief of Staff
to the President

MR. ROBERT MATHIAS
Executive Assistant
to the Secretary
Department of Energy

MR. GARY EDSON
Chief of Staff

U.S. Trade Representative

MR. G. PHILIP HUGHES
Executive Secretary
National Security Council

MR, FRANK HODSOLL

Associate Director

Office of Management
and Budget

DR. ALLAN BROMLEY

Director

Office of Science and
Technology Policy

BRIG GEN THOMAS WHITE

Executive Assistant
to the Chairman '

Joint Chiefs of Staff

MS, JESSIE HARRIS

Executive Officer

National Aeronautics and
Space Administration

MR, H. LAWRENCE SANDALL

Executive Secretary

Central Intelligence
Agency

MRS. BARBARA STARR

Executive Secretary

Arms Control and
Disarmament Agency

National Space Launch Strategy Review

The Vice President has requested that the Space Council undertake
interagency reviews to develop space launch and commercial space
The approved Terms of Reference (TOR) are attached.
Two Working Groups of the National Space Council’s Policy and
Implementation Review Committee will perform these reviews., The
working group chairman for the commercial review will be Courtney
Stadd, and for the launch review, James Beale.

strategies.
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I request that each agency identify a primary and an alternate
working group representative for each review and provide those
names to Cynthia Chase at 395-6175 by March 14, 1990.

%RK/ . ALBRECHT

Executive Secretary
Attachments

TAB A: Launch Review TOR
TAR B: Commercial Review TOR
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: March 7, 1990
‘ TERMS_OF REFERENCE
NATIONAL SPACE LAUNCH STRATEGY REVIEW.

: To review implementation of the space launch provisions
of United States National $pace Policy and develop a
comprehensive national space launch strategy for Space Council
consideration, -

BACKGROUND: The National Space Policy identifies access to
space, sufficient to achieve all United States space goals as a
key element of national gpace policy. It states that United
States space transportation systems must provide & balanced,
robust, and flexible capability with sufflcient resiliency to
allow continued operations despite failures in any single system.
Tt further identifies the goals of United States space
transportation policy as: (1) to achieve and maintain safe and
reliable access to, transportation in, and return from, space;

(2) to exploit the unique attributes of manned and unmanned
launch and recovery systems; (3) to encourage to the maximum
extent feasible, the development and use of United States private
sector space transportation capabilities; and (4) to reduce the
costs of space transportation and related services.

PE: This strategy review will comprehensively address all
aspects of United States civil, commercial and national security
space launch activities and the facilities and infrastructure
which supports them. It will be coordinated with a parallel
National Space Council review of commercial space strategy.

METHODOLOGY: The review will be conducted in three phases.
P?ase 1 will focus on defining the current launch situation. It
will:

- Describe current and planned launch capabilities (e.gq.
performance, capacity, adegquacy of infrastructure support,
resilience to launch failure, etc.)

- Identify space launch needs, separating: 1) firm
requirements associated with continued operation of existing
space programs and other funded programs, 2) projected
needs for programs or missions which are under consideration
but have not yet been approved / funded, 3) Commercial
1augch)needs (as provided by the commercial space strategy
review).
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= Compare current and planned space launch capabilities
with these space launch needs and identify mismatches, if
any.

- Assess the extent to which space launch capabilities
sized to provide assured access to space for all currently
defined launch needs will result in a robust national
infrastructure capable of providing affordable and available
access to space., Determine if- any additional capabilities
should be provided in order to enable new, currently
unplanned, applications and, if so, what capabilities and
heow should they be financed?

Phase 2 will identify and analyze alternative actions available
to the USG to resolve mismatches and meet U.S. space launch
objectives. These may include, but not be limited to:

- Additional policy guidance, if needed.

- Development and acquisition of new systems or
infrastructure,

- Investments in research and technology including the
government’s role, if any, in development of technology for
commercial application,

- Investments in advanced ("leapfrog") technolegies which
offer the potential of large improvements in cost,
performance or reliability.

- Modifications to procedures which might reduce launch
costs or increase launch capacity.

Phase 3 will assess various combinations of policy, procedure and
investment actions, including, if appropriate, revisions to
management structures or changes in the current assignment of
space launch roles and missions, to meet U.S. space launch
objectives. Results will be incorporated in comprehensive space
launch strategy alternatives for Space Council consideration.

The review will be conducted under the guidance of the
National Space Council’s Policy Implementation Review Committee
(PIRC), by an Ad Hoc interagency working group, chaired by a
member of the Council staff. Sub-groups or task teams may be
established, as required, by the working group chairman. The
review will be coordinated with, and will support, & parallel
National Space Council review of Commerclal Space Strategy.

SCHEDULE: The review will be conducted in accordance with the
following schedule:
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March 1990, Begin review.
June 1990, Council review of phase 1
September 1990, Council review of phase 2

October 1980, Council review of phase 3

20245623978 6
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MARCH 7. 1990

TERMS OF REFERENCE
COMMERCIAL SPACE POLICY
HVfPLEh/IENTATTON STRATEGY REVIEW

BURPOSE:

To assess the status of the commercial space market, review the
implementation of the commercial space provisions of U.S.
National Space Policy and develop a comprehensive commercial
space strategy for National Space Council consideration.

BACKGROUND :

In the National Space Policy, the overall commercial space goal
is to encourage continuing U.S. private sector investment in
space and related activities in accordance with the following
principles: (1) The U.S. shall encourage and not preclude the
commercial use and exploitation of space technologiles for
national economic benefit, These commercial activities must be
consistent with national security interests, and international
and domestic legal obligations; (2) the U.S. will, as a matter of
policy, pursue its commercial space objectives without the use of
direct Federal subsidies; and (3) the U.S. shall encourage other
countries to engage in free and fair trade in commercial space
goods and services,

The policy directive also states that the U.S. government: (1)
shall not preclude or deter the continuing development of a
separate non-government Commercilal Space Sector; (2) shall not
conduct activities with potential commercial applications that
preclude or deter Commercial Space Sector activities except for
naticnal security or public safety reasons; (3) supervise and
regulate commercial space sector activities only to the extent
required by law, national security, international obligations and
public safety; (4) shall purchase commercially available goods
and services to the fullest extent feasible; (5) encourage, to
the maximum extent feasible, the development and use of U.S.
private sector space capabilities, including space
transportation; and (6) encourage the development of commercial
systems which image from space, competitive with or superior to,
foreign operated civil or commercial systems.

The National Space Policy has implementing guidance on the
several areas including, definition and utilization of
commercially available goods and services, cooperative agreements
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with the private sector that protect the commercial value of
intellectual property, pricing of government-provided goods and
services, access and reimbursement for use of government

- facilities, and identification or elimination of laws and
regulations that unnecessarily impede commercial space
activities.

ISSUES:

There are a broad range of key concerns associated with the
emergence of the non-Governmental Commercial Space Sector. These
concerns include, but are not limited to:

0 The nature and scope of international competitioen in
commercial space and development of an appropriate
response to foreign government assistance to their
commercial space activities.

o Free and fair trade in international commercial goods
and services, particularly with regard to the entry of
goods and services from non-market or centrally-
contreolled economies.

o Interpretation of the policy definition of "commercial
goods and services."

o} Government practices that inhibit the commercial
development ¢f space -- such as procurement and risk
management .

(o] Private sector role, investment, involvement, and risk

sharing in agency programs such as Space Station,
Mission to Planet Earth, and the Space Exploration
Initiative, as well as in USG planning for future
national space infrastructure and transportation needs.

SCOPE:

This strategy review is intended to assess the status of the
commercial space market and develop a long-term comprehensive
strategy to encourage continuing U.$. private sector investment
in space and related activities consistent with the provisions of
the National Space Policy. In cases where current implementation
does not meet those objectives, alternative implementation
strategies will be developed and evaluated for National Space
Council consideration. This review will be coordinated with a
parallel National Space Council review of National Space Launch
Strategy.

METHODOLOGY :
The strategy review will be conducted in three phases,
2
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Phase One - Characterize the Commercial Development of Space

o Develop an operational definition of commercial space
activities.
o Characterize the markets for commercial space goods and

services in terms of: size of markets, amount of private
investment, current and emerging space activities, barriers
to entry, interaction with Government, and competitive
environment -- including the role ¢f governments in
supporting their respective space industries.

0 Describe the U.S. Government implementation of National
Space Policy to facilitate the commercial development of
space,

-~ Agencies will identify and describe specific activities,
including inter-sector coordination, that implement or are
aimed at future implementation of the National Space Policy.
Relevant programs include, but are not limited to =~
research and development, regulatory, procurement practices,
international trade agreements, risk management, use of
Government facilities.

o} Identify mismatches between the commercial space provisions
of the National Space Policy and agency implementation of
those provisions. This assessment will include, but not be
limited to review of the following:

0 Agency implementation of free and fair trade policy
objectives including the status of international
COnsqltations on launch services (PRC, Europe).

o} Procurement and regulatory policy and practices,
including commercial space transportation,

(e} Commercial access to government resources including
transportation, facilities, intellectual property,
research and development, and reimbursement.

o] Private sector participation in agency programs and
plans for the future.

Phase Two - Identify and analyze alternative actions available to
the USG to resolve the identified mismatches and to facilitate
commercial development of space,

Phase Three - Develop and compare various combinations of actions
ldentified in Phase Two and provide comprehensive strategy
alternatives for National Space Council consideration.

3
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ERQCESS:

The review will be conducted, under the guidance of the National
Space Council’s Policy Implementation Review Committee (PIRC), by
an interagency working group, chaired by a member of the Council
staff, Sub-groups or task teams may be established, as required,
by the working group chairman. In conjunction with the working
group, the chairman will determine the format of the various
analyses generated by the working group’s activities. The review
will be coordinated with a parallel National Space Launch
Strategy review,

SCHEDULE:

The review will be conducted in accordance with the following
schedule:

March 1990, Réview begins,

April 1990, Council review of Phase I

June 19290, Council review of Phase II
September 1990, Council review of Phase III
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MEMORANDUM FOR

SUBJECT:

NATIONAL SPACE COUNCIL

EXECUTIVE OFFICE OF THE PRESIDENT
WASHINGTON, D.C. 20500

20245623978 2

February 21, 1990

MR. J. STAPLETON ROY
Executive Secretary
Department of State

MS. EMILY L, WALKER
Executive Secretary
Department of Treasury

COL GEORGE P. COLE, JR.

Executive Secretary
Department of Defense

MR, THOMAS MURRIN
Deputy Secretary
Department of Commerce

M$, RUTH KNOUSE

Director, Executive
Secretariat

Department of
Transportation

GOV. JOHN H. SUNUNU
Chief of Staff
to the President

MR, ROBERT MATHIAS
Executive Assistant
to the Secretary
Department of Energy

MR. G. PHILIP HUGHES
Executive Secretary
National Security Council

MR. FRANK HODSOLL

Associate Director

Office of Management
and Budget

DR. ALLAN BROMLEY

Director

Office of Scilence and
Technology Policy

BRIG GEN THOMAS WHITE

Executive Assistant
to the Chairman

Joint Chiefs of Staff

MS. JESSIE HARRIS

Executive Officer

National Aercnautics and
Space Administration

MR, H. LAWRENCE SANDALL

Executive Secretary

Central Intelligence
Agency

Presidential Decision on the Space Exploration

Initiative

The President has approved the following policy for the Space
Exploration Initiative program:

o The Initiative will include both Lunar and Mars program

eleneants.

o The early program will focus on technology development with
a search for new/innovative approaches and taechnology.
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o The program will include investment in high leverage
innovative tachnologies with potential to make a major
impact on cost, schedule, and/or parformance.

o The program will take at least several years defining two or
more significantly different human space exploration
reference architectures, while daveloping and demonstrating
technology broad enough to support all; selection of a
baseline program architecture will occur after that time.

(- The program will perform mission, concept, and system
analysis studies in parallel with taechnology devalopment.

o The program will include robotic sclaence missions.

o By spurring research and daevelopment in high technology
fields, the space program will help promote American
economic leadership.

© The program will require the efforts of several agencies.
NASA will be the principal implementing agency. Tha
Department of Defense and the Department of Energy will also
have major roles in the conduct of technology development
and concept definition. The National Space Council will
coordinate the development of an implementation strategy for
the Exploration Initiative by the three agencies. To
facilitate coordination, the Department of Energy will be
added as a formal member of the National Space Council,

. RECHT
. ecutive Sacretary




NATIONAL SPACE COUNCIL

EXECUTIVE OFFICE OF THE PRESIDENT
WASHINGTON, D.C. 20500

February 20, 1990

MEMORANDUM FOR GOVERNOR

FROM: MARK J. ALB

SUBJECT: Dinner at the Vice President’s Residence, February 7,
1990

1. The Vice President has asked me to provide you with a brief

summary of the dinner meeting regarding U.S. space policy
held at his residence on February 7, 1990. In addition to
the Vice President and Mrs. Quayle, Dick Darman and Bill
Kristol, there were six prominent space experts in
attendance:

Dr. Bruce Murray, former director of the Jet Propulsion
Laboratory

Dr. Fred Seitz

Dr. Gerald O’Neil of the Space Studies Institute of
Princeton

LtGen (ret) Bernard Schriever, former head of Air Force
Systems Command and first project manager of the US
ballistic missile program

Dr. Lou Lanzerotti, Chairman of the Space Studies Board of
the National Research Council

Dr. Allan Puckett, former CEO of the Hughes Aircraft Corp

2. The Vice President provided a brief overview of the goals
and objectives of the President’s space program, an
assessment of the role of the National Space Council in the
formulation and execution of national space policy, and its
role in the development of specific implementation
strategies and general oversight of space programs. He
invited comments from the outside experts.

3s Although each participant provided his own assessment of the
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