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Foreword

I am pleased to introduce the OTA assessment of Civilian Space Stations and the
U.S. Future in Space. This study was requested by the Senate Committee on Commerce,
Science, and Transportation and the House Committee on Science and Technology,
and the request was endorsed by the Senate Committee on Appropriations and the
House Committee on the Budget.

The study was designed to cover not only the essential technical issues surround-
ing the selection and acquisition of infrastructure in space, but to enable Congress to
look beyond these matters to the larger context; the direction of our efforts. Given
the vast capability and promise available to the country and the world because of the
sophisticated space technology we now possess, equally sophisticated and thoughtful
decisions must be made about where the U.S. space program is going, and for what
purposes.

The Advisory Panel for this study played a role of unusual importance in helping
to generate a set of possible space goals and objectives that demonstrate the diverse
opportunities open to us at this time, and OTA thanks them for their productive com-
mitment of time and energy. Their participation does not necessarily constitute con-
sensus or endorsement of the content of the report, for which OTA bears sole respon-
sibility.

It often happens that information generated during the course of an OTA study
can be used as legislation moves through Congress. A number of statements presented
in Senate and House hearings by OTA and a technical memorandum drawn from the
analysis have already contributed to the course of the debate. This report, the culmina-
tion of the OTA process, is now a resource for both Congress and the National Com-
mission on Space, which Congress has created in order to give full and fundamental
review to the basic questions of charting our course. It is OTA’S hope that the publica-
tion of the study will also expand the circle of those who can effectively engage in
the debate and contribute to the decision process.

JOHN H. GIBBONS
Director



Civilian Space Stations and the U.S. Future in Space

Advisory Panel

Harvey Brooks

Benjamin Peirce Professor of Technology and

Public Policy
Harvard University

Peter O. Crisp
President
Venrock, Inc.

Freeman Dyson
Professor
Institute for Advanced Studies

James B. Farley
Chairman of the Board
Booz-Allen & Hamilton, Inc.

Charles E. Fraser
Chairman
Sea Pines Co.

Andrew J. Goodpaster
President
Institute for Defense Analyses

Charles Hitch

Professor

The Lawrence-Berkeley Laboratory
University of California, Berkeley

Bernard M. W. Knox
Director
Center for Hellenic Studies

Robert A. Charpie Chairman
President, Cabot Corp.

Moya Lear
Chairman of the Board
Lear Avia Corp.

George E. Mueller, Jr. *
President and Chief Executive Officer
System Development Corp.

Carl Sagan

Director of the Laboratories for Planetary
Studies

Cornell University

Eugene Skolnikoff

Director

Center for International Studies
Massachusetts Institute of Technology

James Spilker
President
Stanford Telecommunications Inc.

Frank Stanton
President Emeritus
CBS Inc.

James A. Van Allen
Head, Physics and Astronomy Department
University of lowa

OTA appreciates the valuable assistance and thoughtful comments provided by ad-
visory panel members at many points during the assessment. OTA, however, accepts
sole responsibility for the views expressed in this report.

*Retired.



OTA Civilian Space Stations and the U.S. Future in Space Project Staff

John Andelin, Assistant Director, OTA
Science, Information, and Natural Resources Division

William F. Mills* and Nancy Naismith, ** Science, Transportation, and Innovation Program Manager

Thomas F. Rogers, Project Director

Philip P. Chandler, Deputy Project Director

R. James Arenz, Senior Analyst
Randolph H. Ware, Congressional/ Fellow
Paula Walden, Research Assistant
Marsha Fenn, Administrative Assistant
R. Bryan Harrison, Office Automation Systems Analyst

Betty Jo Tatum, Secretary

Contractors
Lewis White Beck Courtland Lewis
Charles G. Bell Charles Mathews
Hubert Bortzmeyer Peter Ognibene
Eva Brann Nicholas Rescher
Wiliam Capron Alex Roland
Computer Sciences Corp. Satellite Systems Engineering
Wiliam Schneider, Principal linvestigator Wilbur Pritchard, Principal linvestigator
Arthur Danto Kenneth Sayre
Leonard David Science & Technology Consultants
Eagle Engineering Russell Drew, Principal linvestigator
Hubert Davis, Sr., Principal linvestigator Jerome Simonoff
Marc Giget Eugene Skolnikoff
Jerry Grey Teledyne Brown Engineering
JML, Inc. James E. Wilson

John Logdson, Principal /investigator

*Through September 1983.
* *After September 1983.



Contributors

James Arnold, University of California/
California Space Institute

James M. Beggs, National Aeronautics and
Space Administration

William Bumgarner, Computer Sciences Corp.

Ashton Carter, Massachusetts Institute of
Technology

William F. Cockburn, Embassy of Canada

Anthony Cox, Embassy of the United
Kingdom

David Criswell, University of California/
California Space Institute

Troy Crites, Aerospace Corp.

Philip Culbertson, National Aeronautics and
Space Administration

Richard Dal Belle, Office of Technology
Assessment

Maxime Faget, Space Industries

James Fletcher, University of Pittsburgh (Member
of Technology Assessment Advisory
Council)

Robert F. Freitag, National Aeronautics and
Space Administration

Robert Frosch, General Motors Corp.

Karl Harr, Aerospace Industries Association

John Barrington, Communication Satellite
Corp.

Allen Hill, Boeing Aerospace Corp.

John Hedge, National Aeronautics and Space
Administrate ion

* Retired

Vi

Saunders Kramer, U.S. Department of Energy

Louis Laidet, Embassy of France

Gordon Law, Office of Technology
Assessment

Robert Lottmann, National Aeronautics and
Space Administration

John McElroy, National Oceanic and
Atmospheric Administration

Wilfred Mellors, European Space Agency,
Washington Office*

Wiliam Perry, Hambrecht & Quist (Member
of Technology Assessment Advisory
Council)

Irving Pikus, National Science Foundation

Udo Pollvogt, MBB/Erno

Luther Powell, National Aeronautics and
Space Administration

lan Pryke, European Space Agency

Eberhardt Rechtin, Aerospace Corp.

James Rose, McDonnell Douglas

Joseph E. Rowe, Library of Congress

Hans Traumann, Embassy of the Federal
Republic of Germany

Ernesto Valierani, Aeritalia

Charles Vick, Consultant

David C. Wensley, McDonnell Douglas

Ray Wiliamson, Office of Technology
Assessment

Gordon Woodcock, Boeing Aerospace Corp.



Participants in U.S.S.R. Workshop, Dec. 13, 1982

Craig Covault
Aviation Week & Space Technology

Philip E. Culbertson
Associate Deputy Administrator
NASA Headquarters

Merton Davies
The Rand Corp.

Ed Ezell
National Museum of American History
Smithsonian Institution

John R. Hilliard
airForce Systems Command Headquarters
Andrews Air Force Base

Nicholas Johnson
Principal Technologist
Teledyne Brown Engineering

Saunders Kramer
Consultant

Participants in Skylab Workshop, Jan. 25,

Leland Belew
Consultant

David Compton

Contractor

History Office
NASA/Johnson Space Center

John Disher
Consultant

Herbert Friedman

Chairman

Commission on Physical Sciences, Mathematics
and Resources

National Academy of Sciences

Owen Garriott
Astronaut
NASA/Johnson Space Center

Roger Hoffer

Professor

Department of Forestry and Natural Resources
Purdue University

Courtland Lewis
Biotechnology, Inc.

James E. Oberg
Consultant

Kenneth S. Pederson
Director

International Affairs Division
NASA Headquarters

Geoffrey Perry
Consultant

Paul Rambaut
NASA Headquarters

p. Diane Rausch
NASA Headquarters

Marcia Smith

Specialist in Aerospace and Energy Systems
Science Policy Research Division

Library of Congress

1983

Kenneth Kleinknecht

Manager

Procurement, Manufacturing and Tests for
Spacecraft Systems

Martin Marietta Corp.

Charles Mathews
Consultant

Edmond Reeves

Chief

Astrophysics Payload Branch
Spacelab Flight Division
NASA Headquarters

Wiliam Schneider

Vice President

Control Systems Activity
Computer Sciences Corp.

Robert Snyder
Chief, Separation Processes Branch
NASA/Marshall Space Flight Center

Jesco H. Von Puttkamer
Technical Engineer
Operations Management
NASA Headquarters

Vi



Participants in Low-Cost Alternatives to a Space Station, Apr. 4, 1983

Jacques Collet

Head of Long-Term Program
European Space Agency
Paris Office

Wilbur Eskite

Deputy Chief

Systems Planning and Development

National Environmental Satellite, Data, and
Information Service

National Oceanic & Atmospheric Administration

Edmund J. Habib
Vice President for Engineering
Satellite Systems Engineering

Tadahico Inada

Washington Representative for NASA
National Space Development Agency of Japan
Scientific Section

Embassy of Japan

Akihiko lwahashi

Representative

Science and Technology Agency
Government of Japan

Norbert Kiehne
DFVLR (Deutsche Forschungs- und Versuchsanstalt
fur Luft- und Raumfahrt e. V.)

Participants in Low-Cost Alternatives

Kazuo Matsumoto
Representative
National Space Development Agency of Japan

Wilfred Mellors
Head (currently retired)
European Space Agency

Robert Noblitt
Senior Systems Analyst
Teledyne Brown Engineering

Alain Perard
Long-Term Study Manager
CNES Paris

Udo Pollvogt
President
ERNO-USA, Inc.

Hans Traumann

Attache

Scientific and Technological Affairs
Embassy, Federal Republic of Germany

H. J. Weigand
Consultant
MBB, Space Division

to a Space Station Workshop, Apr. 27-28, 1983

Hubert Bortzmeyer
Consultant

Joseph Carroll
California Space Institute
University of California, San Diego

Jacques Collet

Head of Long-Term Program
European Space Agency
Paris Office

David Criswell
California Space Institute
University of California, San Diego

Troy A. Crites
The Aerospace Corp.

Hubert P. Davis
Vice President
Eagle Engineering, Inc.

viii

Russell C. Drew
President
Science and Technology Consultants

Jean-Pierre Fouquet
Scientific Attache for Space Affairs
Embassy of France

George F. Fraser

Chief Engineer, Advanced Engineering
Shuttle Orbiter Division

Rockwell International

Allen Hill

MESA Program Manager
Space Systems Division
Boeing Aerospace Corp.

Tadahico Inada

Washington Representative for NASA

National Space Development Agency of Japan
Scientific Section

Embassy of Japan



Wiliam A. Johnston
Vice-President for Engineering
Fairchild Space Co.

Charles Mathews
Consultant

Rudy Meiner
European Space Agency
Paris Office

Wilfred Mellors

Head (currently retired)
European Space Agency
Washington Office

Robert Mory
European Space Agency
Paris Office

Udo Polivogt
President
ERNO-USA, Inc.

Wilbur L. Pritchard
president
Satellite Systems Engineering

Anthony Sharpe
Manager of Space Station Program
Teledyne Brown Engineering

Thomas C. Taylor
President
Taylor & Associates, Inc.

Hans Traumann

Attache

Scientific and Technological Affairs
Embassy, Federal Republic of Germany

Participants in Unit Cost Workshop, Oct. 18-19, 1983

James Albus
Chief of Industrial Systems Division
National Bureau of Standards

William D. Bumgarner
Senior Member of the Executive Staff
Computer Sciences Corp.

Esker K. Davis
Pickering Research Corp.

Fred Esch

Executive Director
Spacecraft Technology
COMSAT Laboratory

James Graham
Senior Research Associate
John Deere & Co. Technical Center

Jack Barrington

Senior Vice President
Research and Development
COMSAT Laboratory

Walter Kapryan
Director and Senior Technical Advisor
Lockheed Corp.

Donald H. Novak
Project Manager
Computer Sciences Corp.

William Perkins

Director

Strategic Business Management
Rockwell International

Donald K. Slay-ton
President
Space Services Inc.

William C. Schneider
Vice President

Control Systems Activity
Computer Sciences Corp.

Albert A. Sorenson
TRW

William C. Stone
Research Structural Engineer
National Bureau of Standards

David Wensley

Chief Program Engineer

Space Stations

McDonnell Douglas Astronautics Co.

James E. Wilson
Consultant



Participants in Automation Workshop, Mar. 12, 1984

David Akin

Professor, Department of Aeronautics and
Astronautics

Massachusetts Institute of Technology

James Albus

Chief

Industrial Systems Division
National Bureau of Standards

Michael Arbib
Graduate Research Center
University of Massachusetts

Ruzena Bajcsy

Professor

Department of Computer and Information
Sciences

Moore School of Electrical Engineering

University of Pennsylvania

Michael Brady

Professor

Artificial Inteligence Laboratory
Massachusetts Institute of Technology

Rodney Brooks

Professor

Department of Computer Sciences
Stanford University

Margaret Eastwood
Vice President of Engineering
GCA Corp.

Charles Fraser
Chairman
Sea Pines Co.

William isler

Program Manager

Systems Science Division

Defense Advanced Research Projects Agency

Steven Jacobson

Professor

Department of Mechanical Engineering
University of Utah

Henry Lum

Acting Manager

Office of Computer Science and Electronics
NASA Headquarters

David Nitzan
Director

Robotics Department
SRI International

Marc Raibert

Professor

Department of Computer Science
Carnegie-Mellon University

Carl Ruoff
Jet Propulsion Laboratory

Roger Schapell

Manager, Advanced Automation Technology
Denver Aerospace

Martin Marietta Corp.

Thomas Sheridan

Professor

Department of Mechanical Engineering
Massachusetts Institute of Technology

Russell Taylor

Manager of Robot System Technology
T. J. Watson Research Center

IBM

James A. Van Allen
Chairman

Department of Physics
University of lowa



Contents

Chapter
1. EXecCutive SUMMAIY . . . .. .. e e

2. Issues and FiNdiNgS . ... ..o
3. Space Infrastructure .. ... ...
4. A Buyer’s Guide to Space Infrastructure . ... ...... .. .. .. .. oo
5. Broadening the Debate . . . . . . . . .. . ... e
6. Toward a Goal-Oriented Civilian Program . . . . . . . . . . ... ... . ... .

Postscript: Report of the Second Advisory Panel Meeting . . . . . . ... ... ......

Appendix
A. Results of Principal NASA Studies on Space Station Uses
and Functional Requirements . . . . . . . . ..

B. The Evolution of Civilian In-Space Infrastructure, I. E., “Space Station, ”
Conceptsinthe United States . . .. ....... .. ... . . . ..
C. International Involvement in a Civilian “Space Station” Program . . . ... ..

D. Synopsis of the OTA Workshop on Cost Containment of Civilian Space
Infrastructure (Civiian “Space Stations”) Elements . . .. ................

E. Title I-National Commission on Space (Public Law 98-361) . . ... ... .. ..
F. Financing Considerations and Federal Budget Impacts. . .. ..............

G Glossary of Acronyms, Abbreviations and Terms. . .. ..................

Page

103
113
133

Page



Chapter 1
EXECUTIVE SUMMARY



Contents

Introduction: Relation of a “Space Station” (i.e., Space Infrastructure)

tothe US. Future in Space . .. ......... ... .. . . . . . . . .
Rationale for Space infrastructure . . . .. ... .. ... .. .. .. ... . . . .. ...

Infrastructure OPLiONS. . . . . . . .
Technology Options . . . ... ... .. . e e
Procurement Options . . . . . ... ... .
Funding Rate OpLioNS.. . . . . . . ..

Need for Goals and Objectives . . . . ........ .. ... .. . . . ...
Some Possible Goals and Objectives . . .. .......... ... ... .......

Infrastructure Required by the Proposed Goals and Objectives . . . . ... ..
Technology . . ... ..

Shape of the Space Future . . ... ... . . .. . . . . .
International. . . ................... s e e e e
Private Sector . . . .. .. .. oo oo oo o 8, o
New Role for NASA . . . . . e

LIST OF TABLES

Table No.
1. Comparison of Some Options for Low-Earth-Orbit independently

Operating Infrastructure . . ... ... ... ...

2. Space Infrastructure Platforms That Could Be Serviced by Shuttle

or an Orbital Maneuvering Vehicle . . .. ....... ... ... ... ......

3. Some lllustrative Space Infrastructure Acquisitions Possible

at Various Annual Average Federal FundingRates . . .. ............
4. Possible Goals and Objectives . . . ......... . ... . .. . .

5. Cost and Schedule to Satisfy Objectives Suggested

fOr DISCUSSION . . . o ot e e e e e e e e e e



Chapter 1
EXECUTIVE SUMMARY

INTRODUCTION: RELATION OF A “SPACE STATION”
(I. E., SPACE INFRASTRUCTURE) TO THE U.S. FUTURE IN SPACE

Atter the expenditure of some $200 billion
(1984%) since the launch of its first spacecraft in
early 1958, the United States has obtained the
scientific knowledge and developed the techno-
logical capability and professional expertise to
succeed i n virtually any theoretically possible ci-
vilian space venture that it may choose to under-
take, But America’s second quarter-century of
space activities promises to differ markedly from
the first, aimost wholly exploratory, era. If space
is to be successfully developed in roughly the
same fashion as have other, more familiar natu-
rall resources and environments, the next stage
will be characterized by establishing and secu r-
ing the capabilities to support routine, operational
activities there. | n this report, OTA refers to the

range of in-space facilities and services that would
support such activities as “infrastructure. ”

Important steps in the considered development
of space have already been taken. By any stand-
ard, the satellite communications industry is a
great success; its revenues have reached the mul-
tibillion-dollar per year level and are growing at
an annual rate of 15 percent. Massive launch fa-
cilities, expendable launch vehicles, and the
space Shuttle now provide routine access to
much of near-Earth space; used in conjunction
with a global communications network and sur-
face data processing facilities, they provide a so-
phisticated, though limited, range of services to
their users.

Photo credit: National Aeronautics and Space Administration

A large, inhabited “space station” in low-Earth-orbit is one approach to the establishment of a long-term infrastructure

in space. The concept shown here (being visited by the space Shuttle)

isaNASA designed and built model used for

illustration throughout early 1984.
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Another sign of strength is the maturity of the
U.S. aerospace industry. This sector is now be-
ginning to position itself to provide space assets
and services independently, and now anticipates
conducting some in-space investigations and
commercial-industrial activities, privately fi-
nanced, either on its own or in combination with
other business concerns. And other countries
now have capabilities to do many things in space—
capabilities that continue to grow rapidly.

For years, leaders of the U.S. civiian space
community have advanced the view that the next
major logical step in space should be the acqui-
sition of specific, permanent in-space infrastruc-
ture: a civilian “space station. ”

In this context, Congress, in July of 1982, asked
OTA to undertake an assessment of “Civilian
Space Stations”; this report is the product of that
request. The OTA assessment was requested orig-
inally by the Senate Committee on Commerce,
Science, and Transportation, later (in October
1982) by the House Committee on Science and
Technology. The assessment was endorsed in
August 1982 by the House Committee on the
Budget and the Senate Committee on Appropria-
tions. The various committee interests were stated
as follows:

. Senate Committee on Commerce, Science,
and Transportation: assess the need for a per-
manent orbiting facility; examine the major
technological alternatives and their related
costs and benefits; focus on the different
space station designs and orbits, the range
of feasible applications for the project, the
benefits and drawbacks of utilizing existing
concepts, the estimated costs for potential
missions and design options, and prospec-
tive private sector and international in-
volvement.

Z House Committee on Science and Technol-
ogy: undertake an independent, rigorous,
balanced study of the need for a space sta-

tion; address “the hard questions”; not only
look at what a station can do that cannot be
done better some other way, but also eval-
uate alternatives to a space station. “In short,
the assessment should address and docu-
ment the real forces driving us to build a
space station. ”

* House Committee on the Budget: estimate
the effect of a space station’s cost on the
NASA budget and the overall Federal bud-
get; and consider the roles of the Department
of Defense, the international community,
and the private sector in the development,
production, and operation of an inhabitable
space station.

* Senate Committee on Appropriations: esti-
mate the relative merits-of in-habitable and
u nonhabitable space platforms; estimate the
role automation/robotics can be expected to
play in the construction and eventual use of
space platforms; and estimate the costs asso-
ciated with the range of design options.

This assessment has attempted to be responsive
to the entire range of congressional interest, with
the exception of the interest of the House Com-
mittee on the Budget in the role of the Depart-
ment of Defense.

The report has examined the range of technol-
ogy required of permanent space infrastructure
as well as the broader policy questions arising
from NASA’s proposal of a particular constella-
tion of infrastructure elements. Overall, the con-
sidered development of space through the paced
acquisition of appropriate elements of space in-
frastructure is a key to maintaining America’s
leadership in space. However, because the Nation
does not have clearly formulated long-range goals
and objectives for its civilian space activities, pro-
ceeding to realize the present NASA “space sta-
tion” concept is not likely to result in the facility
most appropriate for advancing U.S. interests into
the second quarter-century of the Space Age.

RATIONALE FOR SPACE INFRASTRUCTURE

Several countries are competent in the conduct
of space investigations and the development and
use of space technology. These countries are how

providing growing economic competition for the
United States through development, acquisition,
and operation of their own elements of infrastruc-
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ture. The Soviet Union has made a commitment
to the permanent occupancy of space, has oper-
ated orbital stations with human work crews for
over a decade, and is showing interest in provid-
ing competitive space services. Thus, if the United
States is to continue as the leader in civilian space
activities, Congress must give serious thought to
the kind of space infrastructure to be developed,
the long-term goals that that infrastructure is to
serve, and the public-private and international ar-
rangements that will take best advantage of it.

Future development of more sophisticated
space science and applications capabilities—e.g.,
staging of planetary exploration missions or as-
sembly of large communications platforms—
would be markedly facilitated by the existence
of appropriate elements of space infrastructure.
It is assumed in this report that, whatever deci-
sions are made regarding space infrastructure,
publicly supported space science and space ap-
plications will continue at roughly their present
level of appropriations (over $1 billion per year,
as measured in constant dollars).

Although the United States already has ac-
quired some initial elements of space infrastruc-
ture, these are insufficient to undertake a hum-
ber of desirable activities in an efficient and
effective manner. The acquisition of some addi-
tional permanent in-space infrastructure elements
wou Id :

. allow sophisticated experiments in life and
materials sciences to be conducted,;

. permit fuel to be stored and supplies to be
warehoused in low-Earth-orbit;

. initiate more efficient staging of voyages to
high orbits, the Moon, planets, and asteroids;

. allow the initial trial of new instruments, ac-
tivities, and procedures; and

. allow the repair and maintenance of increas-
ingly complex and specialized satellites and
common carrier platforms.

The ability to undertake these activities, all of
which would support space science and applica-
tions, constitutes a persuasive rationale for acquir-
ing appropriate elements of permanent space in-
frastructure. At present, the more appropriate
would be those which allowed the satisfactory
conduct of: 1) life and materials sciences experi-

lnmally in low-Earth-
ase e mems would provide in-

mperature),
docking ‘and rr»lqck capabslmes, Iocalf'
, (gec !

s expected to be sophisti-
iokls of W 5everal decadgs, .

ments, and 2) satellite servicing. However, by the
same token, sufficient resources to ensure that
these science and applications activities actually
are undertaken must be assured; otherwise, the
rationale for the infrastructure vanishes.

A persuasive case can also be made for seeing
that some of these permanent infrastructure ele-
ments allow an on-board human work force. This
case rests on the fact that automated facilities,
whether relatively autonomous or teleoperated,
capable of supporting all of the activities listed
above will not be available before 2000, even if
a large automation R&D program is begun im-
mediately. (This does not argue against such an
R&D program. Indeed, there is good reason to
expect that sophisticated automation wil be nec-
essary for the future development of space as well
as for non-space-related Earth applications. It
might well be appropriate, therefore, to initiate
such a program now. Later, with the results of
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this program in hand, informed judgments could
be made about the most sophisticated mix of
human and machine workers.)

As the Shuttle development program comes to
a close, thousands of in-house engineers and
technical support staff and, in principle, as much
as $2 billion (1984$) per year in contract funds
under its present $7 billion (1984%) “budget en-
velope” will be freed up to be applied to one or
more new programs. If NASA is to maintain its
current size—a size that NASA leaders judge to
be acceptable to the general public-the com-
bination of people and funds that could soon be-

come available suggests, strongly, that any new
programs must include development and acqui-
sition of a great deal of new technology, prefer-
ably related to having people in space; large num-
bers of technologists would be gainfully
employed both in NASA and in the space indus-
try under contract to NASA.

In addition, many believe that NASA might not
long survive in its present form without a single,
large, “people-in-space” program upon which
a majority of its energies are focused. If a num-
ber of smaller programs were initiated instead,
each of them, it is thought, could be terminated
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without widespread objections arising i n the po-
litical process.

Finally, NASA may have thought it prudent to
propose a ‘“‘space station’ program rather than
some other large endeavor(s) (e. g., a return of
Americans to the Moon, or sending people on
an expedition to Matrs, etc.), both because the
former had been carefully studied over the years,
representing, i n NASA’s view, a natural comple-
ment to the Shuttle, and because alternative large
programs seemed too grandiose, have not recent-
ly been discussed with the general public, and,
therefore, were less likely to enlist the required
support, both with in and without the adminis-
t ration.

All of these considerations, taken together, are
clear incentives for the space technology lead-
ers, both Government and industry, to opt for a
combination of a Shuttle-like “methods and
means’ activity, rather than to accept the posi -

t ion of a much smaller Federal agency or to fight
for approval of one or more large, new space
“end” programs.

But while the case to be made for acquiring
some long-term, inhabitable infrastructure in low-
Earth-orbit is persuasive, OTA concludes that there
is no compelling, objective, external case either
for obtaining all of the particular array of elements
that NASA now describes under the rubric of “ The
Space Station, ” or for obtaining this or any other
array in the general manner that NASA is now ex-
pected to pursue, or for paying the particular pub-
lic cost that NASA now estimates is required. As
the infrastructure would be of a broadly general-
purpose nature, to be used to support over 100
conceptual uses (few of which have been sharply
defined or have gained wide acceptance as impor-
tant objectives of the space program), there is no
necessity for obtaining all of this particular array
soon.

INFRASTRUCTURE OPTIONS

The fact that the United! States has already de-
veloped a wide variety of space capabi lities
means that it has genuine «choices-both of what
infrastructure elements it places in orbit and of
how these elements are to be acquired and used.
It is around these choices that the difficult issues
lie; by andi large, the technology is either in hand
or can be readily developed.

Technology Options

It must be emphasized that the particular con-
stellation of space infrastructure elements that
NASA currently aspires to develop, construct,
deploy, and operate is only one alternative in
a wide range of options. Simply put, there is no
such thing as “the space station. ” What is under
discussion is a variety of sets of infrastructure
elements, ranging from modest extensions of
current capabilities to more sophisticated, ca-
pable, and costly ensembles than NASA is now
suggesting.

As one way of presenting the variety of tech-
no logy options available, OTA has prepared
tables 1 and 2}

There is one fundamental infrastructure option
that requires particular mention: should the ele-
ments be wholly automated or shou Id they house
‘] human crew? Conceptually, useful space infra-
structure could be designed either to include a
human work crew or to depend on sophisticated
machines unattended in space or operated via
communication links with the surface. Despite
the fact that the relative efficiency and/or effec-
tiveness of these two quite different approaches
have been extensively debated for years, no gen-
eral consensus has emerged. However, if sophis-
ticated new space activities are to be supported
by in-space infracstructure as soon as the early
1990s, there willl have to be a human presence.

'Ch. 3 of this report discusses infrastructure options in detail.
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Table .—Comparison of Some Options’ for Low-Earth-Orbit Independently Operating Infrastructure

Free-flying fasa Infrastructure
Extended Extended spacelab aspirations
Duration Duration (developed Initial Mature,
Shuttle Orbiter: Orbiter: as permanent operational fully
Orbiter Phase | Phase Il infrastructure) capability developed
Date available
(assuming start in 1985) Now 1988 1990 1990 1992 1996-2000
COoST
(billions of fiscal year 1984 dollars) None 0.2 0.5 2-3 8 20
Characteristics
Power to users (kW) 7 7 20 6 80 200
Pressurized volume (m°) 60 60 100 100 200 300
(with Spacelab
habitat)
Nominal crew size 6 5 5 3 8 20
Miscellaneous Can accept No new New technology = Modest crew Orbital Reusable
Spacelab technology required; accommodations maneuvering orbital
modest vehicle plus transfer
laboratory two free-flying vehicle plus
space unpressurized several more
platforms platforms
Capabilities *
Time on Orbit 10 days 20 days 50 days Unlimited Unlimited Unlimited
(60-90 day (90 day (90 day
resupply) resupply) resupply)
Laboratories for:
Life sciences Moderate Moderate Considerable Extensive Extensive Extensive
Space science/applications Modest Modest Modest Modest Extensive Extensive
Materials science Some Some Moderate Moderate Extensive Extensive
Technology development Modest Modest Some Moderate Extensive Extensive
Observatories No Modest Modest Modest Extensive Extensive
Data/communication node No No No No Considerable Extensive
Servicing of satellites Modest Modest Modest Modest Considerable Extensive
Manufacturing facility (materials No No Modest Modest Considerable Extensive
processing)
Large structure assembly No No No Modest Moderate Extensive
Transportation node No No No No Moderate Extensive’
Fuel and supply depot No No No No No Considerable
Response to reasons advanced for
space infrastructure
Maintain U.S. space leadership and No Modest Modest Modest Considerable Extensive
technology capability
Respond to U.S.S.R. space activities No Modest Modest Modest Considerable Extensive
Enable long-term human presence No Modest Modest Considerable Extensive Extensive
in space
Attention-getting heroic public No Modest Modest Modest Modest Modest
spectacle
Extended international cooperation Modest Modest Moderate Moderate Moderate Moderate
Promote U.S. commercialization of Modest Modest Modest Considerable Considerable Considerable
space
Maintain vigorous NASA No No No Modest Extensive Extensive
engineering capability
Enhance national security, broadly No No No Modest Unclear Unclear
defined
Space travel for non-technicians Modest Modest Modest Modest Considerable Considerable

a jsteq OPtions are illustrative examples; the Tist is not exhaustive.

bcosts include d€Sign, development, and production;launch and operational costs are not included. Some costs are estimatedbythe Office Of Technology ~Assess.

ment; others were provided to OTA.
CRlaarly indgmental

tal.
Including launch to the Moon, Mars, and some asta:otis.
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Table 2.—Space Infrastructure Platforms®That Could Be Serviced by Shuttle or an Orbital Maneuvering Vehicle

Unpressurized coorbiting platforms

(serviced by means of extravehicular activity)

Pressurized platforms
(serviced internally while docked)

Space European
Industries’ Modified
SPAS MESA LEAS ECRAFT EURECA Platform Spacelab
Date available
(now, or approximate, assuming Now Now 1986 1987 Late 1980's 1989
start in 1985)
Cost’
(billions of fiscal year 1984 dollars) 0.005 0.01 0.2 0.2 0.3 0.6
Characteristics
Power to users (kw) 0.6 0.1 6 2 20 6
Pressurized volume (f?) None None None None 2,500 3,000
Nominal crew size None None None None 1-3 only 3
when
docked
Miscellaneous 3,000 Ib 200 Ib 20,000 Ib 2,000 Ib 25,000 Ib 20,000 Ib
Payload Payload Payload Payload Payload Payload
Capabilitiesc
Time on orbit 10 days 8 months Unlimited 6 months 3-6 months Unlimited
Laboratories for:
Life sciences No No Modest Modest Modest Moderate
Space science/applications Modest Modest Modest Modest No Moderate
Materials science Modest No Modest Modest Moderate Moderate
Technology development No No Modest Modest Moderate Modest
Observatories No No Modest Modest Modest Moderate
Data/communication node No No No No No No
Servicing of satellites No No No No No No
Manufacturing facility (materials No No Considerable Modest Extensive Considerable
processing)
Large structure assembly No No No No No No
Transportation node (assembly, No No No No No No
checkout, and launch)
Fuel and supply depot No No No No No No
Response to reasons advanced for
space infrastructure
Maintain U.S. space leadership No No Modest No Modest No
and technology capability
Respond to U.S.S.R. space activities No No Modest No Modest Modest
Enable long-term human presence No No No No No No
in space
Attention-getting heroic public No No No No No No
spectacle
Extended international cooperation Yes No No Yes No Unclear
Promote U.S. commercialization of Unclear Modest Considerable No Considerable No
space
Maintain vigorous NASA No No No No No No
engineering capability
Enhance national security, broadly No No No No No No
defined
Space travel for non-technicians No No No No No No

a isteg Platforms are illustrative examples; the listis not exhaustive.

beosts include design, development, and production; launch and operational costs are not included. Some costs are estimated by the Office of Technology Assess-
ment; others were provided to OTA.

cCIearly judgmental.
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Procurement Options

Inasmuch as there is an affirmative answer
to the question of whether to acquire some long-
term, in-space infrastructure, the decision of
how it is to be acquired must be faced. In many
respects, this second decision is just as impor-
tant as the first. The mode of acquiring new,
long-term, in-space assets and services should
be influenced by a clear understanding of the
context in which space activities are expected
to be carried on. And the decision as to how to
acquire these assets and services will have a sig-
nificant impact on future space activities.

There are four main factors that could heavily
influence procurement choices:

® Several foreign countries are now capable
of producing and operating substantial ele-
ments of space infrastructure.

® Using its own resources, the U.S. private sec-
tor is now capable of producing much of the
infrastructure currently envisioned and of-
fering it for sale or lease to the Government
or the private sector.

®* NASA would prefer to acquire the infrastruc-
ture under its own aegis and in the same gen-
eral way that it has acquired other large
space systems (except for Spacelab).

® Other large and sophisticated civilian space
programs-can be easily imagined that would
require professional skills and funds of the
kind and magnitude now envisioned for a
“space station. ”

Congress and the President have approved
NASA’s request to initiate a “space station” pro-
gram, and NASA appears to be moving to acquire
such infrastructure in much the same fashion that
it acquired the Shuttle:

* A great deal of new technology would be de-
veloped, acquired, and used, essentially all
of which would be publicly funded.

* NASA would arrive at and issue detailed en-
gineering specifications for, and exercise
close management control over, the technol-
ogy to be acquired.

+ This infrastructure would be procured by
NASA with Federal funds. The U.S. private
sector would not be prompted to use its own

resources to provide a substantial portion of
the infrastructure.

* The international role would be limited.
NASA would not seek the kind of close col-
laboration that would result in shared author-
ity, even if doing so might result in substan-
tial capital cost reduction for the United
States.

A significantly different acquisition approach-
another option—would have the following
elements:

* As much as is reasonably possible, already
developed, tested, and paid-for technology
would be used to achieve an adequate ini-
tial operating capability, with development
of new technology undertaken only where
demonstrably required to lower overall cost
of ownership.

+ NASA would prompt our private commer-
cial-industrial-financial sectors to develop
and produce, with their own resources and
on a genuinely competitive basis, as many
of the Government-required civilian “space
stat ion’ assets and services as they can;
NASA would facilitate their efforts to do so;
and they could be offered to NASA on a sale,
lease or payment-for-service basis.

+ NASA, in obtaining the elements not pro-
vided by the private sector, would empha-
size management methods specifically de-
signed to take the best advantage of the now
quite sophisticated U.S. space industry.

+ NASA would negotiate collaborative agree-
ments with other cooperating countries that
would see all partners share in the benefits
of such an initial operating capability at a re-
duced acquisition cost to the U.S. Govern-
ment for its share.

This second approach would imply that NASA
would hand off much (perhaps most) of the more
mundane “space station” work by paying the pri-
vate sector to do it, thereby conserving its skills
and resources so that they could be focused on
more challenging space goals and objectives, in-
cluding development of the very advanced tech-
nology (e. g., bipropellant engines, a reusable or-
bital transfer vehicle, etc.) required to address
them—an activity which, for the most part, the
private sector cannot justify.
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These two options are at opposite ends of a
spectrum of approaches to the acquisition of
long-term space infrastructure. In determining
which approaches from this spectrum are most
likely to influence the evolution of space activi-
ties in a desirable direction, Congress may wish
to consider the following questions:

+ Should the Government be allocating its pro-
fessional skills and experience to the devel-
opment of (a) incremental or (b) fundamen-
tal advances in technology?

¢ Which approach is most likely to stimulate
the “commercialization of space?”

* What level of international collaboration is
really desirable?

® What other large and important space ends
should be addressed in the next decade in
addition to the acquisition of in-space infra-
structure methods and means?

Congress may also wish to keep in mind that
the choice of approach to infrastructure acquisi-
tion will also affect its eventual cost to the tax-
payer. Beyond the observation that, in some gen-
eral fashion, the cost wil increase with the
capability and sophistication of the infrastructure,
accurate cost estimates are very difficult to make.’
However, the following are important cost
factors:

1. the total capability acquired-which, as sug-
gested by the examples listed in the tables
of infrastructure options, can encompass a
considerable range;

2. the extent to which already developed,
tested, and paid-for technology is used, v.
a focus on new technology with its higher
development cost and greater risk of cost
overruns;

3. the substitution, where feasible, of auto-
mated systems for the accomplishment of
tasks previously undertaken only by human
beings;

4. the manner by which the infrastructure is ac-
quired-i.e., the extent to which NASA puts
the engineering challenge on the space in-
dustry by issuing performance specifications,
rather than continuing to issue detailed engi-

2See ch. 4 of this report for a discussion of cost estimation con-
siderations.

neeri ng specifications and managing the ac-
quisition process in detail;

5. the effectiveness of NASA’s efforts to per-
suade our private sector to develop infra-
structure assets and services “on their own, ”
and to provide them to the Government at
purchase, lease, or payment-for-service
prices lower than those achievable by the
Government;

6. the effectiveness of NASA’s efforts to effect
eventual private sector operation of the in-
frastructure and its related activities;

7. the extent to which large and rapid expan-
sion of military space research, develop-
ment, test, and evaluation (RDT&E) activi-
ties increases costs in the civiian space
sector also;’

8 the extent to which any “Christmas-tree ef-
fect” takes place within NASA, whereby the
infrastructure acquisition management is
persuaded by the NASA Centers to allow the
cost of desirable but nonessential RDT&E
activities to be included in the acquisition
program; and

9. the effectiveness of NASA’s efforts to arrive
at large-scale collaboration and related cost-
sharing arrangements with other countries.

These points address only the initial capital cost
of this infrastructure—to this cost must be added
its ongoing operation and maintenance costs; the
cost of instruments and equipment needed for
scientific experimentation in association with its
use; and the interest cost of any money borrowed
to fund the acquisition program. And it must be
remembered, too, that the infrastructure wiill
eventually become obsolete or wear out.

It is clear that there are many opportunities to
reduce infrastructure net cost that could be
grasped by a vigorous, imaginative, and deter-
mined NASA management.*

These considerations suggest that, over the next
year or two, at least as much attention should be
given to identifying the best ways by which the
country should set about the permanent develop-
ment of space as there is given to any technologi-

Classified material w as not usedi n preparnngthis report.

4Costred u ct 10 nmeasures are disc u ssedin app. Dof t h i< report
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cal advances and operational capabilities that are
to be obtained.

Funding Rate Options

Another way of thinking about space infra-
structure is to estimate how much of it could
be obtained if different annual funding rates
were established. Thus, to provide an independ-
ent basis of comparison with the civilian “space
station” program now apparently favored by
NASA, OTA has estimated what new space ca-
pabilities could be provided, by when, for various
annual average Government funding rates. No
changes to present NASA acquisition procedures
or NASA anticipated acquisition costs are as-
sumed. Arbitrary annual average funding levels
of $0.1, $0.3, $1, and $3 billion per year (1984%)
were chosen to illustrate the number and kind
of space infrastructure elements that could be ac-
quired over periods of 5, 10, or 15 years.

The results of these 12 funding scenarios are
given in table 3, which shows the funding rate,
number of years, total expenditure, and kinds of
infrastructure elements acquired. s The elements
are divided into those that can operate indepen-
dently (e.g., the Shuttle Orbiter and a “space sta-
tion” central base) and those that depend on be-
ing serviced or maintained from one of the
independent elements (i.e., by an orbital maneu-
vering vehicle, a local in-space transportation sys-
tem operated from a “space station” central ele-
ment, or directly by the Shuttle).

Table 3 lists the following (among other) ele-
ments of space infrastructure that could be ac-
quired over various acquisition intervals:

1. At $0.1 billion per year: probably no “per-
manently manned” facility could be ob-

sAdditional discussion of funding rate options can be found in
ch. 4 of this report.

Table 3.—Some lllustrative Space infrastructure Acquisitions Possibie at Various Annuai Average Federai
Funding Rates (all amounts in billions of1984dollars)

Space acquisition~

Dependent elements

Funding Number Total Unpres- Pressur-  Space-based Beyond geostationary
rate of expenditures Independent infrastructure surized ized plat- transport orbit spacecraft
($&r) years 9) element+ platforms form# vehicles elements
0.1° 5 05 EDO I'(20 days, 5 crew) 2 - - —

10 1 EDO Il (50 days, 6 crew) 3 — — -

15 15 EDO Il (50 days, 6 crew) 3 1 - -

0.3 5 15 EDO Il (50 days, 6 crew) 3 1 - -

10 3 Free-flying Spaceiab modules’ 1 1 oMV -
(permanent, 3 crew)

15 45 2 free-flying Spacelab modules in both 2 1 oMV -
28 degree and polar orbits (3 crew each)

5 5 Space transportation center (4 crew) — - OMV; ROTV -

10 10 NASA initial operating capability 2 1 OMV; ROTV -
“space station”g (8 crew)

15 15 NASA growth “space station”g (12 crew) 3 1 OMV;ROTV -

5 15 NASA growth “space station”g (12 crew) 3 1 OMV; ROTV -

10 30 NASA mature “space statlon”g (16 crew) 3 2 OMV;ROTV Lunar capable ROTV;
Shuttle-Derived Cargo Vehicle (SDV) staffed Lunar facility

15 45 NASA mature “space station”g 5 3 OMV; ROTV Lunar capable ROTV;

(18 crew, SDV) staffed Lunar facility;

Mars voyage

8Tatles 1and 2 present characteristics and capabilities of Infrastructure elements in detail.
Extended Duration Orbiters (EDO) are limited in their stays on orbit; other Independent elements are long-term.
Cplatforms Of the LEASECRAFT/EURECA type. o
dpjatforms of the modm?d tree-flying SPacelab/Space Industries type win their ownelectricalpower and pressurization systems.
051 30 bitllonlyr,nolong-te! .shf“o? Infrastructure elements are possible.
f EDO | (Extended Duration Orbliter, Phase |) and the Spacelab modules have limited electrical power (about T kW).

OThe NASA “space station” elements are expected to operate as transportation and servicing centers as well as laboratories. They would have sufficient power for

extensive materlals processing. ) .
hp significant part of Ft)ﬁe cost oPa human visit to Mara could be provided in this case.
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tained even by the year 2000. Further exten-
sion of capabilities of the Shuttle system and
unpressurized platform developments could
be obtained. The acquisitions could be: a de-
velopment of the Extended Duration Orbiter
(EDO) Phase 1, for 20-day orbit stays, over
a 5-year period; or EDO Phase Il, for 50-day
orbit stays, over 10 years or longer, plus two
or three free-flying unpressurized platforms
such as EURECA, LEASECRAFT, and/or the
Space Industries’ platform (assuming that the
Government would make an outright pur-
chase of such platforms).

2 At $0.3 bilion per year: within 5 years, the
acquisitions could be an EDO Il plus several
(perhaps pressurized) platforms. Over 10
years, there could be acquired: 1) the first
permanently orbiting, Spacelab-derived hab-
itable modules in 28.5° LEO that could sup-
port three people; 2) an orbital maneuver-
ing vehicle (OMV) (enabling servicing of
nearby satellites); and 3) a few free-flying
platforms. in 15 years, there could be ob-
tained either: 1) two free-flying Spacelabs,
one in polar orbit, one at 28.5° LEO; or 2)
much more capable permanent infrastruc-
ture at 28.5° than that which could be ac-
quired in 10 years.

3 For $1 billion per year: within 5 years, there
could be acquired: 1) a permanent LEO fa-
cility operating as a transportation node; 2)
an OMV; and 3) a reusable orbit transfer ve-
hicle capable of transporting spacecraft to
and from higher, including geostationary, or-
bit. In 10 years the initial operating capabil-
ity (IOC) infrastructure now favored by
NASA could be acquired. In 15 years, nearly

all of the infrastructure now seriously con-
sidered by NASA could be acquired.

4. At $3 billion per year (assuming that only
funds, not technology or other factors,
would be the pacing program factor):
NASA’s fully developed “space station”
could become available in somewhat more
than 5 years. In 10 years, this infrastructure
plus a geostationary platform, plus a Shuttle-
derived cargo vehicle for lower cost fuel and
cargo transfer to LEO, plus a lunar facility
ready for occupancy and continuing oper-
ation would become possible. In 15 years,
NASA’s complete infrastructure aspirations
and a lunar settlement could be in hand and,
perhaps also, plans for seeing a human crew
travel to the vicinity of Mars and back could
be well advanced.

These projections are for infrastructure acqui-
sition only; operational costs are not included.
Also, there is a basic difference between the costs
associated with Shuttle-type vehicles and perma-
nently orbiting facilities. The use of an EDO to
conduct extended science or development activ-
ities with a crew would involve launch costs each
time it went into orbit; use of a permanent facil-
ity would require resupply several times per year,
but the cost for each flight could be shared with
other payloads. For example, if 12 dedicated 30-
day EDO flights were conducted per year, about
$1 bilion (1984%) in annual transportation costs
would be involved; in comparison, the cost of
4 partial-load Shuttle launches per year to resup-
ply a permanent facility would total $100 million
to $400 million (1 984$%).

NEED FOR GOALS AND OBJECTIVES

In view of the variety of possible ensembles of
infrastructure, the different methods of acquiring
them, and the range of funding rates at which
they could be acquired, how are the choices to
be made? In general, these choices should not be
made without prior agreement on the future direc-
tion of the civilian space activities of the United
States; however, the infrastructure elements for

which identifiable, serious users have “hard” re-
quirements might well be acquired within the next
decade. In the meantime, the most effective way
to determine our direction in space would be a
national discussion of, and eventual agreement
on, a set of long-range goals which the United
States expects its civilian space activities to
address.
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Photo credit” MNatioral Aeronautics and Space Administration

One alternative to the development of new technology is to use the space Shuttle for many advanced operations in
low-Earth-orbit. Shown here: (A) servicing satellite in April 1984; (B) assembly of a large structure in orbit—
here simulated in water; and (C) a deployable antenna.
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Today, unfortunately, there is general agree-
ment neither on such a set of long-range goals
nor on a set of specific objectives which, as they
are addressed, would serve as milestones of prog-
ress toward those goals. If future civilian space-
related goals and objectives are to be effective
i n providing direction to U.S. space efforts, they
should be such as to command widespread at-
tention; have inherent humanitarian and scien-
tific interest; foster development of new technol-
ogy; have relevance to global issues; prompt
international cooperation; and involve major par-
ticipation of our private sector.

Such a set of goals and objectives would allow
a clear determination of the basic characteristics
of the infrastructure elements actually needed,
and of the means and rate whereby these ele-
ments should be acquired. In the absence of such
goals and objectives, and with the great uncertain-
ties in the estimate of any infrastructure cost to
the public, OTA concludes that it is impossible to
judge, objectively, whether or not most of the in-
frastructure elements proposed to date—and, in
particular, many of the set currently proposed by
NASA—are truly appropriate and worth their sub-
stantial cost.

SOME POSSIBLE GOALS AND OBJECTIVES

I n order to prompt the formulation and subse-
guent discussion of future space goals and ob-
jectives, OTA has prepared a list of possible long-
range goals and a set of nearer-term objectives
designed to address those goals. Although OTA
does not recommend either this particular set of
goals or its supporting family of objectives, they
are intended to exemplify the kind of goals and
objectives around which consensus might well
be formed so as to provide sensible guidance for
the Nation’s future space activities. The Advisory
Panel of this assessment has taken an unusually
active role in helping to formulate these goals and
objectives. It is the panel’s judgment that the
goals and objectives proposed for discussion are
reasonable and important.

The national goals proposed for discussion are
as follows:

+ to increase the efficiency of space activities
and reduce their net cost to the general
public;

+ to involve the public directly in space activ-
ities, both on Earth and in space;

+ to derive scientific, economic, social, and
political benefits;

+ to increase international cooperation and
collaboration in and regarding space;

+ to study and explore the Earth, the solar sys-
tem, and the greater physical universe; and

+ to spread life, in a responsible fashion,
throughout the solar system.

OTA has also formulated, as milestones to mark
progress toward these goals, the following family
of 10 objectives. Table 4 relates these objectives
to the six goals. Some of the objectives are readily
achievable; others may not be, but still represent
legitimate targets.They are not rank-ordered.

1. A space-related, global system/service
could be established to provide timely and
useful information regarding potentially
hazardous natural circumstances found in
the Earth’s space and atmosphere, and at
and below its surface.

2 A transportation service could be estab-
lished to and from the Earth’s Moon, and
a modest human presence established
there, for scientific and other cultural and
€COoNnomiC purposes.

3. Space probes could be used to obtain the
information and experience specifically re-
quired to plan for further exploration of the
planet Mars and some asteroids.

4. Medical studies of direct interest to the gen-
eral public, including study of the human
aging process, could be conducted through
scientific experiments that compare phys-
iological, emotional, and social experience
in the absence of gravity with experience
gained in the conduct of related surface
stud ies.

A full discussion of the objectiv es appearsinch.6 of this report.
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Table 4.—Possible Goals and Objectives

Goals
Increase Derive
space activities’ Involve the scientific, Increase Study and Bring life
efficiency; general Derive political, inter- explore the to the
reduce their public economic and social national physical physical
net cost directly benefits benefits cooperation universe universe
Obijectives:
1. Establish a global information system/ N N P Y Y N N
service re natural hazards
2. Establish lower cost reusable Y P P Y Y Y Y
transportation service to the Moon and
establish human presence there
3. Use space probes to obtain information N N N Y Y Y N
re Mars and some asteroids prior to
early human exploration
4. Conduct medical research of direct N N P Y P N N
interest to the general public
5. Bring at least hundreds of the general N Y Y Y Y N Y
public per year into space for short
Visits
6. Establish a global, direct, audio broad- N P P Y Y N N
casting, common-user system/sewice
7. Make essentially all data generated by N Y P Y Y N N
civilian satellites and spacecraft
directly available to the general public
8. Exploit radio/optical free space N N Y P Y N N
electromagnetic propagation for long-
distance energy distribution
9. Reduce the unit cost of space transpor- Y N Y Y N N N
tation and space activities
10. Increase space-related private sector Y N Y N N N N
sale&

8This would advance the prospects of successfully addressing all other “‘goals.”

Y: Yes; N: No; P: Perhaps; depends on how carried out.

5. At least hundreds of members of the gen-
eral public per year, from the United States
and abroad, could be selected on an equi-
table basis and brought into space for short
visits there.

6. A direct audio broadcasting, common-user
system/service could be established that
would be available to all of the countries
of the world on an economical and equi-
table basis.

7. In general, all of the nonclassified and non-
private communications from, and non-
proprietary data generated by, all Govern-
ment-supported spacecraft and satellites
could be made widely available to the gen-
eral public and our educational institutions
in near-real-time and at modest cost.

8. Radio and optical free-space electromag-
netic propagation techniques could be ex-
ploited in an attempt to allow reliable and
economic long-distance transmission of
large amounts of electrical energy, both
into space for use there, and from space,

lunar, and remote Earth locations for dis-
tribution throughout the world.

9. The unit cost of space transportation, for
people and equipment, between the
Earth’s surface and low-, geosynchronous-,
and lunar-Earth orbit could be sharply
reduced.

10. Space-related commercial-industrial sales
in our private sector could be stimulated
to increase at a rate comparable to that of
other high-technology sectors, and our
public expenditures on civilian space assets
and activities could reflect this revenue
growth.

Congress and the President have now agreed on
legislation that will establish a National Commis-
sion on Space. This commission will be well-posi-
tioned to initiate and sponsor a national debate
on the future direction of U.S. space activities. The
goals and objectives suggested here may provide
a substantial starting point for further discussion.
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INFRASTRUCTURE REQUIRED BY THE PROPOSED GOALS
AND OBJECTIVES

Technology

Some of these objectives, if they are to be
achieved, will require certain elements of in-
space infrastructure; others, depending on how
they would be carried out, may or may not re-
quire such elements; still others will require none.
The manner in which the United States obtains
any of this infrastructure should reflect, as much
as possible, our already great investment in space
technology and operations; whenever reasonably
possible, it should be obtained at the lowest cap-
ital, and operations and maintenance, cost to the
public purse.

If the Government’s large capital costs for de-
velopment and production are to be minimized
and the private sector strengthened, then serious
consideration might well be given to encourag-
ing the private sector to provide infrastructure ele-
ments that meet Government performance spe-
cifications, rather than detailed engineering spe-
cifications. These elements could be provided to
others as well as to the Government through sale,
long-term leases, or on the basis of charges for
actual service use.

The main elements of longer term space infra-
structure called for in pursuing the family of 10
objectives are”’

a. an LEO capability to assemble and check
out the large and sophisticated satellites and
space structures needed to provide both the
hazard-prevention and the direct audio
broadcast global system/service [objectives
(1) and (6)];

b. an LEO human residential and working
space to be used for medical research [ob-
jective (4)], and possibly for space visits [ob-
jective (5)];

c. a transport staging facility to support effi-
cient travel to geostationary orbit, the
Moon, and beyond, using reusable orbital
transfer vehicles or other vehicles. [this

'No additional space infrastructure elements are needed to
achieve objective (7).

would address objectives (1), (2), (3), (6), (9),
and possibly (8)]; and

d. a storage facility in LEO would allow use of
full Shuttle loads, helping objective (9), and
staffed LEO laboratory facilities could pro-
mote (1 O).

Of course, if such infrastructure elements were
available for the specific purposes that justify their
acquisition, they could be used for additional pur-
poses also.

Note that, in essence, provision of the infra-
structure needed to pursue two of the larger-scale
objectives [(2) and (4)] could accommodate most
of the needs of all of the other eight. In what fol-
lows, therefore, the cost of this infrastructure is
included under these two objectives.

And note that no Government development of
free-flying platform infrastructure elements is
called for; these elements (e.g., MESA, SPAS,
EURECA, LEASECRAFT, the Space Industries plat-
form, etc.) could and probably would be de-
signed, developed, and installed by our private

Photo credit: National Aeronautics and Space Administration

Free-flying platforms such as the one depicted in this
artist’'s concept offer one option for relatively low-cost
space infrastructure elements.
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sector, and/or other countries, and offered to the
civiian space community—both Government
and private interests—under appropriate sale or
lease arrangements, where they could be used
for remote sensing, the conduct of scientific re-
search, or the production of various materials
under microgravity conditions.

Finally, note that very large amounts of very
costly electrical power in LEO (with an initial cap-
ital cost of as much as $10,000 per watt) are not
called for; some 20 kilowatts would appear to be
sufficient. Larger amounts appear to be needed
only for any eventual commercial-industrial ma-
terials processing, and could then be provided
and financed by the private sector in anticipation
that such processing will prove to be profitable.

cost

Attaining all of the proposed objectives would,
overall, cost a great deal of money. In the accom-
panying table s, rough estimates are made for the
cost of each of them, and the length of time over
which each would be pursued to completion. It
is a fundamental assumption that maximum use
wil be made of: 1) already developed and paid-
for technology, 2) the most truly competitive pro-
curement methods, and 3) the most modern and
least burdensome acquisition strategies and pro-
cedures.

A first rough estimate of the total cost’of at-
taining all 10 of the proposed objectives is no less

8App. F of this report discusses costs in detail.

Table 5.—Cost and Schedule to Satisfy Objectives Suggested for Discussion

Total cost® Duration
Objectives (billions, 1984 dollars) (years)
1. Establish a global information system/service 2 10
re natural hazards
2. Establish lower cost reusable transportation 20 15, 25
service to the Moon and establish human
presence ther#
3. Use space probes to obtain information re 2 15
Mars and some asteroids prior to early human
exploration
4. Conduct medical research of direct interest to 6 5,25
the general public
5. Bring at least hundreds of the general 0.5 5,25
public per year into space for short visits’
6. Establish a global, direct, audio broadcasting, 2 10
common-user system/service
7. Make essentially all data generated by 0 25
civilian satellites and spacecraft directly
available to the general public
8. Exploit radio/optical free-space electro- 0.5 10
magnetic propagation for long-distance
energy distribution
9. Reduce the unit cost of space transportation 5 15
and space activities®"
10. Increase space-related private sector sales” 0.5 25

-$401

8costs are for development and acquisition. Operations and maintenance costs are not included, except for some launch and

operations cos}s noted for objectives 2, 3, al

b.years {- @8tab
13 years.

€0On the average, One probe every 3 yeara and $0.4 pillion each.

,and 4.
ishthe settlement, and 3 Visits/year at $0.1 billion each (plus basic Shuttle launch costs) over the following

dg billion over 5 Yearn t. establish a life sciences laboratory in LEO, and $0.2 billion/year thereafter to operate it. This

laboratory could also be used for materials science and other research.
e,years t. establish a LEQ "lodge-habitat,” and its continuing use thereafter.

f $0.05 billion/year in addition to DOD expenditures.

Ogn 3 billionlyear for a 15-year technology development effort to reduce space transportation Unit costs.

i"‘l_'ma would also help efforts hdlléﬁcted to a[d the oth%roﬁ%

€ gctual COst could pg as as $60 billion (1984

tives. S
%, |fecosts exceed initial predictions by 50%.
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than $40 billion and perhaps considerably more
(as much as $60 billion [1 984%]) over the next 25
years. Table 5 itemizes the estimated costs for all
the objectives. Given that these estimates are
made at an early stage, there cannot be great con-
fidence in their detailed accuracy, but such ac-
curacy is unnecessary for the illustrative purposes
being served here.

If work were to commence on all of them now,
the bulk of the cost would occur over the next
15 years.

Space transportation costs are not included in
these estimates, except for an additional $0.1 bil-
lion (1984%) or so for each flight from low-
Earth-orbit to lunar orbit. Rather, it is assumed
that some 10 Shuttle surface-LEO flights per year
at an average cost of about $0.1 billion (1 984%)
each by early in the next decade would be bud-
geted for all Government-sponsored civilian R&D
purposes, including those considered here.

Financing

There are many matters that must be given
careful consideration before a national commit-
ment to undertake such large, lengthy, and costly
public activities could be made. Certainly among
the most important are the sources and magni-
tude of funds that can be reasonably expected
to be available.

If the funding previously spent on Shuttle de-
velopment (approximately $2 billion per year) is
continued but reallocated towards the initial ob-
jectives, and if the NASA appropriation (approx-
imately $7 billion per year) is augmented by a
real growth of 1 percent per year, and if truly col-
laborative cost-sharing international agreements
could be reached whereby other friendly coun-
tries would contribute, say, an additional amount

equal to one-third of this subtotal, we could look
forward to approximately the following amounts
being available for the initial 10 objectives:

Reprogramming of the Shuttle
development effort fund level
of $2 bilion per year for 25

years - $ 50 billion
1 percent per year “real
growth” over 25 years applied
to these objectives - $ 25 billion

Cost-sharing by other countries — $ 25 billion
Total — $100 bilion

Amounts spent for related space research, devel-
opment, test, and evaluation by the U.S. private
sector would be added to this total.

As these figures are considered, it should be
kept in mind that space is a high-technology do-
main. Increasing private sector interest in exploit-
ing the economic potential of space invites com-
parison of growth rates in other high-technology
sectors. If private sector space-related sales con-
tinue at a rate of 10 percent per year (a conserv-
ative estimate for high-technology sectors), the
tax revenues derived therefrom would, over the
next quarter-century, be quite substantial. And
to the extent that public funding of Government
space activities is understood as “offset” by these
tax revenues (as they sometimes are in the aero-
nautics area) the net cost to the public for such
space activities would be substantially reduced. g

Clearly, under such circumstances, funding lim-
itations would not prevent the United States from
undertaking an ambitious publicly supported ci-
vilian space program throughout the next quar-
ter of a century.

9App.F of this report discusses these prospects at length.

SHAPE OF THE SPACE FUTURE

There are important changes under way in how
space activities are carried on. The number of im-
portant players is increasing as space expertise
and experience spreads, economic considera-
tions are becoming more important, and secu-

rity considerations are already the subject of
widespread debate. If the United States is to
maintain its leadership role in civilian space activ-
ities, it must be prepared to make fundamental
shifts i n policy and practice.
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Communications
can provide continuous coverage of large

satellites in geosynchronous orbit (such as Webster VI,
portions of the Earth's surface for relay of radio,

Photo credit: Mational Aeronautics and Space Administration

shown here)

television, and telephone signals.

International

International space activities will continue to
expand, both in numbers of countries involved
and in absolute magnitude of their capabillities.
There is every reason to expect that the spacefar-
ing nations of the world will find it in their inter-
est to participate in the considered development
of near-Earth space, and perhaps all countries
would like to engage in civilian space activities
to some extent. The OTA report on International
Cooperation and Competition in Civilian Space
Activities” addresses a wide range of issues aris-
ing in this area, and appendix C of this report dis-
cusses the variety of ways in which the United

9international Cooperation and Competition in Civilian Space

Activities, Office of Technology Assessment, U.S. Congress, OTA-
I1SC-239, in press.

States and other friendly countries might, in con-
cert, develop, operate, and use long-term in-orbit
infrastructure.

Private Sector

To date, private sector interest in space has
been confined primarily to the successful satel-
lite communications business and the support of
Government activities. However, there is tangi-
ble evidence that a number of private concerns
will soon begin to offer assets and services on a
fee-for-service or lease basis, both to the Govern-
ment and to other private interests. The projected
needs of space science and space applications,
for example, constitute a ready market for pro-
viders of various future infrastructure system/
services.
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New Role for NASA

In view of the significant changes in the way
that space activities will be carried on in the fu-
ture, NASA may well have to make certain funda-
mental shifts of attitude and operation. in the
past, it has been NASA’s responsibility to meet
any given national space objective by itself; in
the future, it should be NASA’s responsibility to
see that the objective is met. That is, NASA should
now aspire to the much broader role of seeing
that others in our private sector and throughout
the world do much more of what it does today.

In the simplest of terms: if NASA is to rise suc-
cessfully to the challenges now emerging in the
national and international space arena, it should
place relatively less emphasis on accomplishing
by itself those things that our private sector or
other friendly nations can satisfactorily do, either
alone or with NASA assistance. It can succeed
in this only by continuing to cooperate with both,
and by broadening this cooperation so as to
prompt and assist both to extend their space-re-

38-798 0-84-3:0QL 3

lated capacities, confidence, and commitment.
And it could emphasize such cooperation in the
acquisition of in-space infrastructure—i. e., a
“space station .“

Released from its present relatively near-term
focus, NASA could concentrate more of its own
professional activities on the most important and
exciting of everything else in and concerning
space, the things that no one else can or will do:
the very best of space-related science; the cutting
edge of space-related technology development;
the boldest of space-related explorations and de-
velopments.

Finally, NASA and other space-related offices
i n the executive branch should see that their ac-
tivities continue to be conducted, and the results
thereof continue to be used, not only to increase
knowledge and to address important social and
political goals, but now also to enable our pri-
vate space sector to increase its hon-Government
sales—the sales that generate the taxes that help
to pay for Government space activities.
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Chapter 2
ISSUES AND FINDINGS

GENERAL

public, here and abroad, and serves the impor-
tant national objective of projecting the civil-
ian technological prowess of the United States
on the world stage.

NASA’s Circumstances

A general and most important conclusion of
this assessment, one that touches on all its other
findings, is that any serious discussion of the
Nation’s future civilian space aspirations and
activities, both publicly funded and privately
sponsored, must be carried on with a full appre-

From the viewpoint of the technologists who
make up most of the continuing leadership of the
U.S. publicly funded space effort, these major
NASA programs serve several important objectives:

ciation of the present and near-term circum-
stances of the National Aeronautics and Space
Administration (NASA).

Since soon after NASA's inception, its space
programs have had two major components: 1)
a core of continuing space science and space ex-
ploration activities, later joined by space appli-
cations activities, and the development of that
technology specifically required to conduct
them; and 2) singular major technological for-
ays, centering on people in space. |t is worth
noting that while the core science and explora-
tion activities were mandated in NASA’s founding
charter, the National Aeronautics and Space Act
of 1958, as amended, the succession of big pro-
grams seems to continue as a matter of tradition-
with the explicit approval of the President and
Congress.

Such major undertakings as Mercury, Gemini,
Apollo, Skylab, and Shuttle take years, even a
decade, to complete, involve a large fraction of
NASA’s engineering staff, and cost billions or tens
of billions of dollars. Because the magnitude of
NASA’s commitment to these undertakings is so
complete, other, smaller programs—including the
core science and exploration activities—are al-
ways at some risk of seeing part of their funding
delayed or transferred to cover overruns in the
big programs. A small percentage overrun in a
major program component can represent the
whole of a smaller, but perhaps equally impor-
tant science or application program.

For the most part, it is this spectacular kind
of activity that takes most of NASA’s attention
and resources, is of most interest to the general

they keep NASA in the public eye in a par-
ticularly gratifying fashion;

they attract the services and loyalty of out-
standing space engineers both within NASA
and the closely related sections of the U.S.
private space industry;

- they allow the development of a great deal
of new technology otherwise difficult to
justify on a piecemeal basis-technology that
allows further space advances subsequently;

- they are more difficult to interrupt or cancel
than smaller and/or less generally appreci-
ated space activities;

« once approved, they require relatively little
further engagement by engineers in “politi-
cal justification” activities for some time; and

+ they provide perhaps the most visible and
apparently effective civilian response to the
widely publicized in-space activities of So-
viet cosmonauts.

And to date, it is this kind of activity that has
obtained the most attention, and approval, of the
president and Congress. But these large programs
also have another, rather troubling set of char-
acteristics. Because they are primarily technologi-
cal in nature, they are inherently difficult to ex-
plain satisfactorily to those who are not
professionals or not particularly interested. They
are initiated by Government technologists and
their supporters who are convinced of their value,
rather than being initiated in response to large
segments of the general public’s specifically call-
ing on NASA to provide them. ’ Perhaps most im-

‘The implication here is not that there is no public support for
the civilian space program in general or the big technological spec-

25
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Photo credit: National Aeronautics and Space Administration

Dramatic manned space missions such as the Apollo 11 lunar landing have generated public support for NASA,

portant, the completion of any one of the large,
high-technology, “manned” programs faces
NASA’s management either with making a fun-
damental move toward a more equal distribu-
tion of agency funds among all its R&D pro-
grams, or with creating and securing support for
another program of the same general charac-
ter and size.

Thus, the first successful flight of a Shuttle or-
biter in early 1981 found the NASA management

taculars in particular, but that this support might be broadened if
wide public discussion were encouraged. One need only compare
the extent to which the public, to date, interests itself in space issues
with the extent to which it interests itself in education, health serv-

ices delivery, housing, defense, transportation, etc.

confronting this problem again. Within a rela-
tively few years thereafter, either another large
new program would have to begin, or a number
of relatively small existing programs would have
to be considerably enlarged (or new ones initi-
ated)—or else as many as one-quarter of NASA’s
professional staff and approximately $2 bilion per
year would be lost.

Without an internal or external mandate to
achieve a more nearly equal distribution of funds
among all its R&D programs, NASA leaders opted
to pursue another large, high-technology,
“manned” program. The particular program
chosen has been the subject of study and dis-
cussion within the civilian space community for
decades: “the space station” program. After
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detailed engineering study, the public acquisition
of in-space infrastructure under this program
would proceed for several years at an average
rate of some $2 billion per year. It would involve
the development of high technology, much of
which would address the problems attendant on
seeing people reside and work in space in a per-
manent fashion under safe and sanitary condi-
tions. Its buildup could be phased to match the
reduction in the Shuttle development program
so that, overall, NASA’s present and anticipated
“budget envelope” could be maintained, and the
Shuttle program’s professional skill mix could be
satisfactorily reassigned.

Given, first, its institutional end of maintain-
ing its current size and, second, its choice of a
space infrastructure program as means to attain
that end, NASA has been somewhat reluctant
to consider new modes of acquiring the infra-
structure envisioned. For example, NASA could
choose to employ a great deal of already devel-

oped, space-qualified, and already paid-for tech-
nology. It could prompt the U.S. private space
industry to come forward with proposals to pro-
vide major infrastructure elements to NASA in an
economical fashion, elements that the private
sector, using its own resources (including private
funds), would design to the Government’s per-
formance specifications (rather than to detailed
design specifications under contract). It could
seek international collaborative arrangements
under which foreign partners would bear a sub-
stantial fraction of the present $8 billion estimate,’
thereby significantly reducing the cost to U.S. tax-
payers. However, with the two givens, these new
approaches could result in an insufficient pro-
gram base to maintain the agency’s present size
and, perhaps, even its present character as an in-
dependent, civilian, national resource.

In view of NASA’s internal circumstances and
the many other external desiderata which its re-
sources could alternatively address, the question
arises: is a “space station” program the best way
for NASA to spend the foreseeably available $2
bilion per year'to serve the needs of the Na-
tion—and the world? The President and Congress
have just approved a “space station” program
in principle, and allocated $150 million to com-
mence engineering studies—studies now ex-
pected to take 2 years. Decisions as to the char-
acter, magnitude, and pace of this program
would be made after the completion of these
studies, and any others that Congress might
request.

If: 1) NASA’'S basic decision not to move
toward a more nearly equal distribution of funds
among all its R&D programs remains unchanged,
2) its overall aspirations for its “space station”
program are not realized, and 3) no adequate
substitutes appear and are approved within the
next 2 years, then the basic character of the
present U.S. publicly funded civilian space pro-

24t is important to appreciate that this $8 billion figure covers only
the initial capital outlay, not the continuing operations and main-
tenance costs or subsequent capital outlays to acquire additional
capabilities.

3The $2 billion per year figure is predicated upon two projec-
tions: that NASA’'s overall budget will remain level in constant
(1984$) dollars at somewhat over $7 billion per year, and that the
roughly $2 billion per year currently spent for Shuttle development
will be made available for space infrastructure acquisition.
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gram itself could be placed in question. If
NASA’s professionals were convinced that they
could not see a reasonable future for the exer-
cise of the skills they so successfully displayed in
the Shuttle program, they would soon begin to
explore employment alternatives—and the more
accomplished, more imaginative, and more inde-
pendent employees, which any outstanding R&D
organization simply must retain, would be the
ones most likely to do so. One of the clear alter-
natives would be to work on what now appears
to be another rapidly growing high-technology
space program area—that of the space elements
of the new military Strategic Defense Initiative
(SDI), a program now headed by a former asso-
ciate administrator of NASA who was responsi-
ble for the Shuttle development program.

If large numbers of professionals left NASA, and
if their leaving the civilian space R&D area were
accompanied by similar departures from that part
of the private space industry long associated with
NASA, an already significant and increasing im-
balance between our military and civilian pub-
licly funded space programs would be magnified.
A vigorous, independent NASA has served the
Nation well; any trend toward reducing it to mere
adjunct status cannot be viewed, in the overall
national security context, without concern.

Thus, the NASA management may have “bet
the company” on the successful outcome of a
campaign to obtain approval for one more large,
new, high-technology, publicly funded civilian
space program. Unfortunately, even if approval
is received, such a program could foreclose, per-
haps for 5to 10 years, the possibility of NASA’s
undertaking other, more desirable options or its
effecting any fundamental changes either in its
major program mix or in the way it acquires
space technology. Yet, in OTA’S judgment, seri-
ous consideration must be given, now, to pre-
serving these options and making these changes,
if NASA is to maintain U.S. space leadership.
For fundamental shifts in other national and in-
ternational circumstances that will importantly
affect the conduct of future space activities are
already under way.

Just as unfortunately, because the Shuttle de-
velopment program is expected to be essentially
complete within 2 years, any moves to effect large

and desirable changes in the NASA program mix
and/or acquisition processes and/or international
collaboration policies must also be made within
that time. Making such moves effectively would
call for a high degree of institutional imagination
and political statesmanship by both branches,
and NASA particularly.

Whatever else the executive branch and Con-
gress decide to do at this decision point, they
should resolve that they will not be required to
face such circumstances again. The publicly
funded civilian space program of the United
States is too important, and the scientists and
technologists heading the program too compe-
tent and responsible, to continue to be treated
with the form of “benign neglect” that has been
the rule since the successful completion of the
grand Apollo program.

Transitions

Transitions are under way. And they are so
fundamental, and moving so rapidly, that we
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should not be surprised to see them have sig-
nificant, although presently unpredictable in
detail, impacts on any “space station” program,
even in the next few years. The key institutional
guestion is this: will U.S. leaders see to it that
NASA meets these transitions head-on and
moves out smartly to “lead the parade” by or-
chestrating the growing and increasingly varied
foreign and domestic space interests?

For nearly a quarter of a century, the United
States and the Soviet Union were the only ma-
jor players in the civilian space arena.‘Except for
satellite communications, all of the U.S. civilian
space activities were formally conceived, funded,
and managed by the Federal Government, pri-
mavily NASA.

Similarly, during this interval, NASA, the Na-
tional Oceanic and Atmospheric Administration
(NOAA), and the National Weather Service de-
cided, with regard to the weather and climate
area, what space-related scientific, technology-
development, and infrastructure-acquisition pro-
grams should be conducted; developed their
characteristics in some detail; mounted almost
always successful campaigns with the President
and Congress to receive direction, legal permis-
sion, and Federal funds for their conduct; and
then conducted them using large numbers of in-
house scientists and engineers and contracting
with their counterparts in universities and the
space industry.

NASA has frequently been willing to consider
international cooperation in science with other
countries, and has reached cooperative agree-
ments with many countries—agreements that saw
other countries spend significant amounts of
money to support their space professionals and
to provide them with equipment in order to ef-
fect such cooperation. But there has yet to be any
major cooperative agreement reached that would
see truly significant equipment jointly designed
and produced by the United States and one or
more other countries that would result either in

‘Since the adoption of the 1958 National Aeronautics and Space
Act, the United States has maintained identifiably separate civilian
and military space programs, though there has always been coop-
eration between the two. The extent to which one can make a simi-
lar distinction with respect to Soviet space activities remains a vexing
question.

important technology sharing, in U.S. program
risk sharing, or in large savings to the public
purses The Department of Defense (DOD) often
does so within NATO and elsewhere, as do ma-
jor aerospace companies in order to reduce their
own financial, technological, and market risk ex-
posure in large complex programs. NASA officials
are making overtures to other countries regard-
ing their participation in any “space station” pro-
gram, but it remains to be seen whether these
overtures will result in the kind of collaboration
that would realize major cost savings to the
United States.

With a single recent exception,”there has been
no important instance in which our private sec-
tor has set out to develop major items of space-
related technology of acknowledged central im-
portance to NASA programs on its own, using its
own resources—including financing—to do so.
All such critical elements are still procured by the
Government, with Government funds and some
considerable Government oversight in the process.

However, over the past few years, international
civiian space circumstances, the circumstances
of our own space-related private sector, and the
attitude of our Government toward the civilian
space area have begun to undergo fundamental
shifts-shifts that, in the next few years, cannot
but have great impact on what our publicly
funded civilian space program does and how it
doesiit.

As a result of the sustained and generous assist-
ance of the United States, and by working in close
concert with NASA and the U.S. space industry
over the past few years, several other countries
have conceived of, developed, produced, in-
stalled, and used substantial space and space-
related equipment. Such equipment, some of it
designed primatrily for scientific research, some

sSpacelab is the exception that proves the rule.NOAA, on the
other hand, is moving to obtain further contributions of space-
related technology through the Economic Summit process, and is
pursuing the development of international polar-orbiting meteoro-
logical satellites; both of these initiatives could result in important
cost savings to the U.S. public program.

$The exception is the agreement, on an ‘upper stage, between
NASA and the Orbital Science Corp. of Vienna, VA. McDonnell
Douglas upgraded the Delta and developed the Payload Assist
Module (PAM) using its own funds, and other private groups are
now developing expendable boosters of various kinds.
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primarily for commercial applications, is of a so-
phistication that often matches that of U.S. equip-
ment, and of a sales magnitude that, in some in-
stances, now clearly offers serious competition
to the generally acknowledged preeminence of
the United States (cf. Spacelab; Ariane; the Cana-
dian Remote Manipulator System; DBS space-
craft; etc.).”These countries now have sufficient
confidence in their own skills and experience to
encourage them to ask for a much closer kind
of cooperation with the United States. It will not
be long before they can and probably will insist
on it, for they will have the ability and the motiva-
tion to “go it alone” if they cannot see that their
basic interests would be adequately served by the
kind of cooperation extended to them by the
United States.

Similarly, one of NASA’s outstanding successes
(shared with DOD) has been that of shepherding
the aircraft, electronics, chemical, and other high-
technology areas of our private sector into the
civilian space business. This is now a very sophis-
ticated and confident part of our overall national
commercial-industrial capability. But significant
segments of the private space sector are increas-
ingly restless with the prospect of having to pro-
duce high-technology space items under what
they perceive to be the no-longer-necessary, and
wasteful, “close control” of NASA managers.’

Also, the past few years have seen a growing
number of entrepreneurs beginning to enter the
civiian space area. These “newcomers” are not
limited to those who would use the assets and
services that NASA expects to acquire; some
would provide such assets and services to both
the Government and others in the private sec-
tor on what they believe to be inviting financial
terms. Both the President and Congress are clear-
ly determined to see that the private sector plays
a much more prominent role in the civilian space
area generally, that it is encouraged to make ma-
jor investments therein, and that the country

'For a thorough discussion of this issue, see the OTA report In-
ternational Cooperation and Competition in Civilian Space Activi-
ties, in press,

8Atleast some in the private sector believe that they can do as
good work on space hardware generally as they do on commer-
cial air transportation and communications satellites, and they are
willing to assume the financial responsibility of doing so and to risk
grave financial penalties if they fail.

finally begin to reap the large and direct eco-
nomic benefits so long hoped for by civilian space
leaders.

Finally, the great, persistent, and projected def-
icits in our Federal budget now require Congress
to take an even more careful look at deferrable
expenditures, especially “new starts. ” Indeed,
the central issue of the President’s request for
congressional approval of the first phase of a
“space station” program is that of its capital cost,
even though NASA now estimates the size of the
initial portion of the program (in constant 1984
dollars) to be less than one-half that of the Shut-
tle program, and not much more than 10 percent
of the Apollo program, and its acquisition sched-
ule would seemingly not require NASA’s budget
to be increased over today’s amount.’

These new national and international circum-
stances have begun to command the attention
of the executive branch, and important first
steps toward addressing them have been taken.
However, although many of the leaders of the
U.S. publicly funded space program are con-
vinced of the importance of these circum-
stances, few of them have the professional and
business experience required to ensure an ef-
fective response. Furthermore, it appears that
most of those beneath the top management lev-
els as yet have little enthusiasm for making in-
dicated changes. And, indeed, it is not clear that
leaders of the executive branch have thought
out, clearly, just how far they are willing to see
innovative arrangements arrived at that would
carry NASA and NOAA into much closer col-
laboration with other countries and with our
own private sector.

National Commission on Space

In July 1984, Congress enacted, and the Presi-
dent signed into law,”the National Aeronautics
and Space Act of 1985. Title Il of this Act estab-

SHowever, consider the following: “In recent decades the aver-

age overrun on major programs, in constant dollars and constant
quantities, has been slightly over 50 percent. The average schedule
milestone has been missed by a third of the time initially projected.
The average time to develop new systems has, until recently, been
increasing at the rate of 3 months per year . . . each year. " Nor-
man R. Augustine, “The Aerospace Professional . . . and High-Tech

Management,” Aerospace America, March 1984, p. 5.
10Pyblic Law 98-36I.
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lished a National Commission on Space. The de-
liberations of the National Commission can be
expected to have a fundamental impact on the
entire civilian space future, including the future
course of any civilian “space station” program.
This conclusion is based on the assumption that
the Commission will provide an appropriate mix
of prestige, broad concern for the national inter-
est, technical expertise, and diverse outlook.

There are great opportunities now perceptible
in the civilian space area, but the rapidly chang-
ing circumstances that make their achievement
possible have raised difficult issues and created
institutional inconsistencies. If the new oppor-
tunities are to be realized, these issues must be
faced and the inconsistencies resolved. OTA has
earlier expressed the view that many of these
issues and inconsistencies cannot now be dealt
with adequately by the annual authorization
process and that, therefore, some more funda-
mental mechanism, such as a Presidential Com-
mission, should be created. The newly authorized
Commission is the first opportunity in a genera-
tion for Congress—and the Nation—to set a truly
fresh course in space. It is critically important to
the Nation generally, and to a successful U.S.
future in civilian space activities specifically, that
the Commission be successful.

NASA now plans to spend the next 2 years
making studies of a fairly specific low-Earth-orbit
(LEO) infrastructure complex that it would ac-
quire, operate, and use in a manner similar to
the Shuttle. This plan was set in motion some
years ago. Over the next year and a half, the
deliberations and eventual findings of the Na-
tional Commission could offer NASA, and
others seriously interested in the space future,
the opportunity to develop new program op-
tions, and to compare these new options, new
methods, and new attitudes with the civilian
“space station” program as currently defined.

Afresh, basic and uninhibited review of policy
issues might well result in a fundamental change
of NASA views on the following matters:

+ the appropriate character of the “space sta-
tion” program;

+ the character and mix of its various large,
long-range programs;

+ the ways in which it might orchestrate the ci-
vilian space interests of all friendly countries;
and

+ the ways in which it could act to prompt
greatly increased private sector investment in
space.

CIVILIAN “SPACE STATIONS”

The Case for Infrastructure in
Low-Earth-Orbit

on balance, a persuasive case can be made
for acquiring some long-term infrastructure in
near-Earth space, some of which would allow
a human work force to be retained there for ex-
tended periods.” This case rests primarily on
tangible rather than intangible considerations.

The persuasive tangible reasons are that the
United States would then be able to explore the
possibility of more efficient transport staging be-

i'ltis of course assumed that the character and location of the
infrastructure elements would be chosen to meet the specific, im-
portant expressed needs of those expected to use the services that
these elements would be expected to provide—i.e., not chosen by
the technologists who would design, produce, and install them.

tween LEO and geostationary orbit (GEO), the
Moon, and beyond; to commence certain impor-
tant life science”and materials science experi-
ments early in the next decade, the conduct of
which would otherwise border on the impossi-
ble; to warehouse space assets and consumables,
so as to improve the efficiency of very costly
surface-LEO transportation; to aspire to much
more ambitious and dependable servicing of ever
larger and more sophisticated, and therefore
more costly and complex, space assets, there-
by containing their total life-cycle costs and in-
creasing their effectiveness; and to undertake new

12| ife science research could include studies of long-term response
to in-space conditions (in preparation for possible staffed expedi-
tions to the Moon, Mars, or the asteroids) as well as studies rele-
vant to the general human population on Earth.
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and innovative space activities with confident
freedom.

These reasons reflect not only the many years
of conceptual studies of infrastructure arrays that
could support space activities but, as well, a gen-
eral consensus as to the value of space infrastruc-
ture elements gained with actual experience in
Skylab, the Shuttle Orbiter, the Soviet Salyut,
Soyuz, and Progress, the Tracking and Data Relay
Satellite System (TDRSS), Spacelab, the Manned
Maneuvering Unit (MMU), the West German
SPAS platform, the Canadian Remote Manipu-
lator System (RMS), etc.

Indeed, it seems likely that, in retrospect-some
two decades hence—at least a large portion, per-
haps all, of the space infrastructure capabilities
now advanced by NASA as necessary will be seen
to have been so. But this eventuality gives no
guidance as to how and when the various ele-
ments should be acquired.

Another reason advanced is that, eventually,
there may be important economic payoffs from
materials processing in space that would require
the use of space infrastructure. What is now re-
quired is a great deal of imaginative and sound
in-space basic and applied research in the ma-
terials science area.

The intangible reasons for acquiring such infra-
structure—reasons of maintaining space leader-
ship generally, of creating further heroic role
models, of exhibiting our capacity for high-
technology development, of enhancing national
security, of maintaining a strong NASA, etc.—
are much less compelling. “Space buffs” and per-
haps some in the private sector (those who have
called for a long-term Government commitment
to provide R&D facilities in space before they
would consider investing there themselves) argue
that general-purpose space infrastructure (i.e., a
“space station”) would address such great and
intangible purposes. But there is no evidence that
large segments of the general public agree with
this assessment, and they have not been offered
the opportunity to express their views on other
major space ventures that might more forcefully
address such intangibles. A number of alterna-
tive intangible goals have already been put forth;

undoubtedly, more will be articulated in the
future.

The Concerns About Low-Earth-Orbit
Infrastructure

But while the case to be made for acquiring
some long-term, habitable, LEO infrastructure is
persuasive, there is no compelling, objective, ex-
ternal case either for obtaining all of the par-
ticular array of elements that NASA now de-
scribes under the rubric of “the space station,”
or for obtaining this or any other array in the
general manner that NASA is now expected to
pursue, nor for paying the particular public cost
that it now estimates is required to do so.”(The
important internal case for proceeding with a
large, early “space station” program is discussed
above.) As the infrastructure would be of a very
general-purpose nature, to be used to support
myriads of conceptual uses, few of which have
been sharply defined or have gained wide accept-
ance as important objectives of our publicly
funded space program, there is no necessity for
obtaining all of it soon. And, under these circum-
stances its value to the space program is quite
difficult to estimate objectively.

Three groups are particularly concerned about
a nearly $10 billion (1984%) commitment to a
“space station” program:

+ those, particularly space scientists, who fear
that such a relatively large commitment
would represent a hazard to their own space
interests;

+ those space professionals who would prefer
NASA to take a more measured, evolving,
learn-as-we-go approach; and

1135ome coOntendthat the substantial and growing U.S.S.R. space
infrastructure (including Salyut,Soyuz, Progress, and Cosmos 1443-
class modules) constitutes a valid, and important, justification for
the United States to mount a comparable, if not more capable, pro-
gram. This report does not address this contention. However, even
if keeping up with the Soviets or beating them at their own game
were to become the motivation for a major civilian space infrastruc-
ture acquisition program, it does not follow that such a program
would resemble that which NASA has described. Indeed, it might
be quite different. See the OTA Technical Memorandum, Salyut:
Soviet Steps Toward Permanent Human Presence in Space, OTA-
TM-STI-14, December 1983.
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. those particularly concerned with the com-
mencement of any new and costly Federal
initiative who are sensitive to its impact on
the Federal budget even if it falls within
NASA’s present, and hoped-for, “budget
envelope” of some $7 billion per year.

Of course, if the projected capital cost were
well less than the near $10 billion (1 984%) now
estimated for the initial operating capability (IOC)
(i.e., the initial phase of the infrastructure acqui-
sition program that NASA has in mind; the full
cost of the program would approximate $20 bil-
lion [1984%] by the year 2000), the concerns of
these groups would be significantly lessened.

The Cost of Low-Earth-Orbit
Infrastructure

The eventual cost of any in-space infrastructure
depends on the chosen size, capability, degree
of new technology involved, and method of ac-
quisition. It is not now possible to make another
estimate of the IOC cost that is significantly dif-
ferent from that made by NASA for what it de-
scribes as “the space station” in which one would
have greater confidence. There simply are too
many large potential “cost drivers, ” the signifi-
cance of which cannot be judged under today’s
rapidly changing circumstances.

All of the experience with the acquisition,
over a relatively long time, of large amounts of
space technology, much of it to be newly devel-
oped, suggests that the $8 billion (1984%) fig-
ure will eventually be seen to have been afloor,
not a ceiling, on cost. In spite of, or rather be-
cause of, this experience, NASA is determined
that it will not be repeated.”

There are several options available relating to
acquisition practices, international collaboration,
and the more imaginative use of the U.S. private
sector that, if effectively grasped, could reduce
the cost impact on the Federal budget. Acquisi-
tion of in-space infrastructure is inherently dif-
ferent from the acquisition of a Shuttle or a com-
mitment to develop and deploy those resources
required to send a person on a safe round-trip
to the Moon. To use NASA’s own earlier, cor-

14See Augustine, op. Cit.

rect, and quite illuminating expression, space in-
frastructure can be bought “by the yard.”™

One thing is clear: NASA, if it wished, or were
persuaded, could opt for obtaining now a
“core” fraction of the total infrastructure ca-
pability that it believes that the country will need
over the long term—a core fraction that would
allow many useful scientific studies to be made
and infrastructure support operations to be ex-
plored and evaluated, at a net U.S. capital cost
of one-quarter to one-third of the $8 billion that
it now seeks. To this core fraction other ele-
ments could be added incrementally as experi-
ence is gained in its use and as requirements be-
come sufficiently persuasive.

The technological and programmatic options
exist for doing so. There is clearly a great variety
of U. S., other Government, and private in-space
infrastructure (some already in hand, some in de-
velopment, some that is receiving detailed study)
from which selections could be made to provide
various kinds and amounts of in-space assets and
support services—assets and services that would
be expected to allow some new activities to be
undertaken, and to increase the efficiency and
effectiveness of others.

Properly encouraged by NASA, private sector
firms are almost certain to come forward in the
next few years with proposals that would provide
some of the desired infrastructure elements and/
or support services now thought to require Gov-
ernment development and acquisition. Some
such developments are already under way.*

Alternatives

Some large sophisticated civilian space ven-
tures such as the Space Telescope are pushing
at the frontiers of technology. This is not (or, at
least, need not be) the case for in-space infrastruc-
ture. Indeed, there is little doubt that, with appro-

'5‘“Space stations are the kind of development that you can buy
by the yard.” James Beggs, NASA Administrator; Committee Re-
port of Hearings before the Subcommittee on Science, Technol-
ogy, and Space (Senator Gorton, Chairman) of the Senate Com-
mittee on Commerce, Science, and Transportation, Mar. 8, 9, and
15, 1983, p. 51.

16These developments are discussed in some detail in ch.3 of
this report.
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priate congressional approval and funding, the
Nation could see the capabilities described by
NASA in place and operating satisfactorily well
before the middle of the next decade. Because,
in OTA’S view, technology development for
space infrastructure envisioned in the near-term
should present no significant problem, it has not
been given central attention in this assessment.
However, some general observations on technol-
ogy matters may be useful here.

= Three basic kinds of in-space infrastructure
elements are worthy of separate, but related,
attention:

1. one or more relatively large central com-
plexes, with work crews as required—
complexes where the bulk of the relatively
innovative work could be carried on;

2. normally unattended “free-flying” plat-
forms, nearby or remote from such com-
plexes, where various equipment could
carry on activities precluded by the orbi-
tal locations, micro-gravitational circum-
stances, or effluents associated with a cen-
tral complex; and

3 .transportation between the surface and
such a complex, and between the com-
plex and the platforms, and between the
complex and much higher orbits or even
out to solar system distances.

. OTA is not persuaded that all of the particu-
lar capabilities now being emphasized by
NASA, when measured against alternatives,
are the ones that have the greatest value to
the Nation’s publicly funded civilian space
program. NASA’s present selection of the ini-
tial set of infrastructure elements and their
location in space would provide many of the
desired support capabilities. But they would
not serve the interests of those attempting
to service remote-sensing platforms of impor-
tance to weather and climate from low, near-
polar orbits, or from geostationary orbits, nor
the interests of those in the private sector
whose communications, and perhaps navi-
gation/position-fixing, satellites are located
in much higher, including geostationary, or-
bits, nor the interests of those who would
like to see less costly transportation provided
between the Earth and GEO, and the Moon,
Mars, and asteroids.

. Providing safe, sanitary, and suitable in-

frastructure elements ‘for long stays by
human crews will be costly. But however
much some may be interested in exploiting
unattended sophisticated machinery in LEO,
the state of the art is not yet capable of pro-
viding the wide range of functions and con-
fidence that human workers can provide un-
til well after the early 1990s. However, given
the substantial emphasis that, to date, NASA
has placed on human work crews in space,
it would be the prudent course, now, to raise
the level of support for the development of
in-space automation and remote operation
from Earth. Emphasis on R&D for space-
related automation and remote operation
could also be expected to have a salutary in-
fluence on automation R&D for applications
here on Earth, U.S. industrial competitive-
ness, and its introduction into commercial-
industrial activities.

There are two quite different reasons that can
be advanced for the development of new
technology to be employed in space infra-
structure. One reason is to provide capabil-
ities there that present technology cannot;
the other is to reduce the life-cycle costs of
its ownership—i.e., to reduce O&M costs
and extend its useful lifetime. Both are
laudable objectives. But they must be
balanced against the simple fact that “there
is no such thing as enough money,” and any
decision to provide anything more (or less)
than the vitally needed capabilities, and to
do so at an earlier than necessary date, and
any decision to try to predict the far future
so as to provide for all possible uses of such
capabilities, will simply result in at least the
unwarranted, and perhaps wasteful, use of
funds. OTA is not convinced that a good
enough balance has been struck between
the competing demands for funds for infra-
structure and funds for other space activities.
Diligent and imaginative exploitation of the
Shuttle fleet, along with use of free-flying
platforms and local in-space transportation
systems for individuals (all already under
way), could provide much useful informa-
tion and experience that would be of great
value in making later decisions about the
characteristics and operational employment
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of long-term in-space infrastructure. Over
time, this broadening experience will in-
crease the confidence with which eventual
infrastructure selection decisions are made.
. Significant extensions of the time that an Or-
biter could remain usefully on-orbit (to, say,
double or triple today’s 7 to 10 days) would
provide many of the capabilities desired for
work crews in permanent infrastructure, and
provide them sooner and at relatively mod-
est cost, thereby relaxing the cost and sched-
ule requirements associated with the latter.

. Space lab’s operational characteristics also
could be amplified at relatively modest cost,
with the same helpful consequences.

. Private sector development of large in-space
electrical power supplies, occasionally at-
tended platforms, and other infrastructure
elements could be successfully completed
before the end of the decade. If done with
imagination and economy they could offer
attractive alternatives to Government devel-
opment and acquisition of these capabilities.

OUR FUTURE IN SPACE

Long-Term Space Goals and
Objectives

The United States can now make major strides
in the civilian space area, but it is not adequately
prepared to do so.

We need to “re-visit” the substance of the
1958 Space Act, reaffirm those of its policy prin-
ciples that are judged to be still valid, add others
as appropriate, and lay out a set of new goals
that are responsive to contemporary and fore-
seeable circumstances, interests and values. An
initial family of end objectives also should be
identified that would address those goals over
the next years and decades.

U.S. civilian space activities should be designed
to protect, ease, challenge, and improve the hu-
man condition, In addressing its long-term goals,
the Nation should strive to move its space inter-
ests and activities closer to the mainstream of
public interests and concerns, maintain space
leadership, enhance national security, and posi-
tion its civilian space activities to respond to find-
ing the unexpected in the cosmos.

For the purpose of prompting public discussion,
OTA has developed an initial set of such goals,
and a family of initial objectives to address these
goals. Chapter 6 of the assessment treats these
in some detail. The objectives are suggested for
consideration as additions to, not substitutes for,
the continuing “core” programs of space science
and exploration, space applications, and the de-

velopment of the technology needed to conduct
all three. The family was generated to encourage
much greater and more direct involvement of in-
terested segments of the general public in civil-
ian space activities, and to strive for economic,
political, and cultural ends in addition to the sci-
entific, exploration, and technology-development
ends of today. And the family contains some ele-
ments that are simply “bold. ”

The national goals OTA proposes for discussion
are:

+ to increase the efficiency of space activities
and reduce their net cost to the general
public;

+ to involve the general public directly in space
activities, both on Earth and in space;

+ to derive scientific, economic, social, and
political benefits;

+ to increase international cooperation and
collaboration in and for space;

+ to study and explore the Earth, the solar sys-
tem, and the greater physical universe; and

+ to spread life, in a responsible fashion,
throughout the solar system.

Brief descriptions of the national objectives sug-
gested to prompt public discussion follow; they
are not rank-ordered.

+ A space-related, global system/service could
be established to provide timely and useful
information regarding all potentially haz-
ardous natural circumstances found in the
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Earth’s space and atmosphere, as well as at
and below its surface.

+ A transportation service could be established
to and from the Earth’s Moon, and a mod-
est human presence established there, for
scientific and other cultural and economic
purposes.

* Space probes could be used to obtain the
information and experience specifically re-
quired to plan for further exploration of the
planet Mars and some asteroids.

+ Medical studies of direct interest to the gen-
eral public, including study of the human
aging process, could be conducted through
scientific experiments that compare physio-
logical, emotional, and social experience in
the absence of gravity with experience
gained in the conduct of related surface
studies.

+ At least hundreds of members of the general
public per year, from the United States and
abroad, could be selected on an equitable
basis and brought into space for short visits
there.

+ A direct audio broadcasting, common-user
system/service could be established that
would be available to all of the countries of
the world on an economical and equitable
basis.

+ In general, all of the nonclassified and non-
private communications from, and nonpro-
prietary data generated by, all Government-
supported spacecraft and satellites could be
made widely available to the general pub-
lic and our educational institutions in near-
real-time and at modest cost.

+ Radio and optical free-space electromagnetic
propagation techniques could be exploited
in an attempt to allow reliable and economic
long-distance transmission of large amounts
of electrical energy, both into space for use
there, and from space, lunar and remote
Earth locations for distribution throughout
the world.

+ The unit cost of space transportation, for
people and equipment, between the Earth’s
surface and low-, geosynchronous-, and
lunar-Earth orbit could be sharply reduced.

+ Space-related commercial-industrial sales in

our private sector could be stimulated to in-
crease at a rate comparable to that of other
high-technology sectors, and our public ex-
penditures on civilian space assets and activ-
ities could reflect this revenue growth.

Under present circumstances, the infrastructure
that NASA would acquire in its “space station”
program is best described as general-purpose,
i.e., designed to support well over 100 in-space
activities. As a consequence, it must contain a
large number of sophisticated and costly ele-
ments, and there is considerable difficulty in set-
ting objective acquisition priorities among them
and acquisition schedules for all of them.

Were a specific family of space end objectives
established, it would then be much less diffi-
cult to establish which are the more important
in-space support assets and services that are re-
quired, and the time by which they would need
to become available.

A rough estimate of the cost of meeting this
family of objectives over the next quarter of a cen-
tury amounts to some $40 billion to $60 billion.

To put this cost into perspective, it should be
noted that:

+ completion of the Shuttle development pro-
gram would reduce NASA expenditures by
$2 billion per year, or $50 billion over this
interval;

- if the 1 percent per year “real-growth” prin-
ciple is accepted and is extended indefinite-
ly, another $25 bilion would thereby be
provided;

+ collaboration with other countries could pro-
vide the equivalent of perhaps another $25
billion; and

+ the private sector should be able to reduce
costs and make direct space R&D invest-
ments that, together, could amount to the
equivalent of billions of dollars.

Clearly, under such circumstances, funding
limitations would not prevent the United States
from undertaking an ambitious publicly sup-
ported civilian space program throughout the
next quarter of a century.
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Long-Term Space Strategies

If Congress and the President together re-
establish a formal set of basic civilian space
goals, they—and the general public—could turn
their attention to identifying a family of specific
objectives to address them. Then, on a year-to-
year basis, as these plans were completed to the
satisfaction of both branches, Congress could
decide which one(s), if any, to pursue as tech-
nological, financial, political, and other circum-
stances suggest and allow.

In the case of each objective, detailed program
plans could be laid out for attaining it. Such plans
could:

® identify required technological develop-
ments and space infrastructure support ca-
pabilities;

¢ identify operational and/or political con-
cerns;

® reflect circumstances in the civilian space
area generally, both here and abroad,;

® estimate the schedules and costs to accom-
plish each;

® judge who would be expected to be the ma-
jor participants in their conduct;

® judge what the most likely end results of their
successful completion would be;

® identify who would benefit from their suc-
cessful completion, and what sources of
funds should be looked to to meet both ini-
tial capital costs and any ongoing O&M costs;
and

® suggest who would have the responsibility
for any long-term ownership, operation,
maintenance, and use of assets produced in
the program.

Every 5 years or so, a review of the progress
of programs addressing the initial list of objec-
tives could be conducted as at the outset, and
a new family established. In this fashion, Congress
would always have before it well-thought-out ci-
vilian space activity and investment options—op-
tions to which a great deal of professional study
and general discussion had already been given
before any decisions to proceed were required.

In this general fashion the two vital questions
of “can we do it?” and “should we do it?” would
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be separated, and the latter could be taken up
by our political process in a more paced, thought-
ful, and confident manner.

It is helpful to remember that broad, public,
national debates on other important and com-
plex issues—on housing policy, for instance, and
defense policy-take place regularly. While it is
true that, historically, there has been little or no
national debate on civilian space issues, that is
because the Nation’s space capabilities are only
now coming of age—in the sense that after 25
years real options, worthy of discussion, finally
exist.

Cost Reduction

However else the publicly funded space activ-
ities of the United States might be described,
they certainly would have to be characterized
as being very, very costly. Today, the kind and
number of space activities is no longer hindered
by ignorance of the physical characteristics of
the Earth’s space domain, by concern about the
reliable in-space lifetime of well engineered and
tested equipment, or by fear that men and wom-
en going into and remaining in space for as long
as weeks at a time would be harmed. The unit
cost of these activities is the greatest inhibition
to our development and use of space. If these
costs were lowered by 10 to 100 times, many
individuals and organizations would be at-
tracted to doing things in and concerning space
that today are not seriously considered or even
thought of.

Consequently, if space is ever to be widely
used, a fundamental thrust must be to reduce
these unit costs sharply and across the board—
and particularly the cost of space transportation.
The Shuttle is an outstanding technological and
operational success, but achieving the objective
of a much lower dollar per pound cost for pas-
senger and cargo transportation between the
Earth’s surface and LEO, GEO, and beyond still
remains to be accomplished.

Some elements of space infrastructure now
under consideration by NASA for the first (IOC)
and second (full-capability) phases of its “space
station” program could improve the efficiency
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of Shuttle use and offer the promise of lowering
the unit cost of LEO/G EO/Lunar trips, and these
elements should be singled out for early and spe-
cific attention. But cost reduction is such a fun-
damental matter that it should receive major sup-
port by NASA, and by the Department of
Transportation, and by our private sector gener-
ally, and this support should call out for techno-
logical, operational, and institutional innovation,
and the objective, tough-minded, pursuit of any
such innovations that show significant promise.

There are many opportunities open to NASA
for reducing unit costs in its own acquisition proc-
esses, and these are spoken to in some detail in
appendix D.

The Private Sector

Both the President and Congress have ex-
pressed their determination to see the private
sector play a much more prominent role in our
civilian space area, and NASA and NOAA must
pay this determination particular heed. But it
is OTA’S view that, as yet, this serious matter
is not receiving all the attention within the ex-
ecutive branch that it warrants, except perhaps
at the highest levels. ” This lack of attention
seems to result from the fact that most of the
space engineers and scientists in the Government
simply do not have the professional and business
experience required to work closely and imagi-
natively with the private sector. Perhaps even
more important, their long-term experience with-
in the Government “space club” has not pro-
vided them with the perspective to appreciate
how important it is to the future of the publicly
funded space program that the private sector
assume this more prominent role.

In general, most NASA and NOAA scientists
and engineers can appreciate that successful pri-
vate sector investment in the civilian space area
(as well as any other area, for that matter) wiill
result in increased employment opportunities, the
production of needed and desired capital goods
and commercial services, the strengthening of our
economy generally and our international trade

7The July 20, 1984, issuance by the White House of a “National
Policy on the Commercial Use of Space” fact sheet is an encourag-
ing development.

position particularly, etc., and do express the gen-
eral sense that these are laudable national objec-
tives. Yet almost all are still more interested in
addressing their own internal science and engi-
neering agendas.

There is another aspect of the successful inter-
jection of large-scale private sector activity into
the civilian space area that is perhaps most im-
portant to the long-term prospects of the publicly
funded portion of these activities: they could in-
crease the tax base and increase tax revenues.

Today, U.S. private sector space sales amount
to some $2 billion per year, are increasing at an
average annual rate of some 15 percent per year,
compounded, and are probably generating a total
of some $% billion in taxes of all kinds. It appears
to be a reasonable conclusion that such an aver-
age annual rate of increase could well be main-
tained for at least the next decade or two.

Such a rate of commercial and industrial space-
related sales- and tax-revenue increase could fig-
ure most importantly in the future of the publicly
funded civilian space program. Already, today,
while the Federal outlays for this program cost
some $7 bilion per year, private sector space
sales return some $1/2 billion annually in the form
of taxes. Were the 15 percent per year, com-
pounded, rate to continue throughout the end
of this century (and setting aside consideration
of any negative impact that this growth could
have on other segments of our economy), the re-
sulting tax revenues could approach half of our
public cost for supporting a civilian space pro-
gram of today’s magnitude. indeed, in 20 years
these growing tax revenues could equal the cost
of such a public program. And, by then, private
sector space-related R&D activities also could be
funded at a level of billions of dollars per year.

The funds now being spent on NASA and NOAA
programs are “discretionary” not “entitlement”
funds. At some time in the future, our national
financial circumstances could prompt serious
questions to be raised about the continuance of
such large, deferrable, expenditures. Of course,
there are arguments that can be, have been, and
would be advanced for not reducing the present
level of such public expenditures, but these levels
have been sharply curtailed in the past. To the
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extent that objective evidence of the direct im-
portance of the R&D and other activities of NASA
and NOAA to this kind of economic growth is
in hand, it is an argument for the continuation
of these activities.

OTA concludes that two important, perhaps
the most important, activities that NASA could
undertake today, and for the indefinite future,
would be to reduce the unit cost to the private
sector of their conducting activities in space, and
to be of assistance to them in their making pro-
ductive investments in space.

Developing methods of truly useful and accept-
able assistance could well be a thorny matter,
inasmuch as in many commercial-industrial-
financial areas there is a somewhat adversarial
relationship between the Government and the
private sector. And for some time the Govern-
ment will continue to be the largest purchaser
of any private sector space goods and services.
Consequently, just as in, say, the supercomputer
and nuclear energy areas, the space area will
have to see the appropriate roles of the Govern-
ment and the private sector sorted out to ensure
that the interests and responsibilities of each are
clear, so as to best serve both—and the Nation.

Finally, it can be anticipated that the private
sector’s particular concern for cost reduction will
eventually result in lowered costs in public space
activities also.

International Space Cooperation

For most of the space age, there has been con-
siderable cooperation in space activities be-
tween the United States (by NASA, NOAA and
DOD) and several other friendly countries—ef-
fective and useful cooperation. The changing
circumstances of the civilian space area call for
a reappraisal of the kind and magnitude of
cooperation that now should be sought.

The OTA report International/ Cooperation
and Competition in Civilian Space Activities,
studies this area in some considerable detail;
here we will confine our conclusions to two:

1. The European Space Agency (ESA), several
of its major member countries, Japan, and
Canada have evidenced interest in working

closely with the United States on a “space
station” program. Now may be the time to
inquire as to whether our best interests, and
the interests of at least some of these coun-
tries, would be best served by moving
beyond yesterday’s and today’s kind of
cooperation, and to attempt more direct col-
laboration or even joint venturing with them
on any such program.

As yet, NASA appears to be giving insuffi-
cient thought to establishing the kind of mul-
ti-national, interleaved, development and
production program of the type often en-
tered into by the Department of Defense in
NATO and elsewhere, and by some of our
large private sector organizations and their
analogs in other countries.

In the DOD case, considerations of mili-
tary security, the additional complexity of
working on programs involving other coun-
tries, the hazards of undue technology trans-
fer, and eventual commercial “spinoffs,”
have oftentimes been resolved, to mutual
advantage, in favor of sharing costs and im-
portant professional skills. There may be, in-
deed, similar, legitimate concerns about
technology transfer arising in any future in-
ternational civilian infrastructure develop-
ment program. However, the technology de-
veloped in such a civilian program would,
in the main, be general-purpose, and the
cost-sharing incentives would remain.

The general economic circumstances of
many of these countries are basically sound;
they desire to work with us on civilian space
matters in general, and any “space station”
program in particular; they have exhibited
technological prowess in Spacelab, the Ca-
nadian Remote Manipulator System, Ariane,
and various communications satellites pro-
vided to INTELSAT. They were wiling to
trust the good offices of the United States
and NASA in going ahead with the $1 bil-
lion European Spacelab program-a pro-
gram that could be rendered valueless at any
time that the United States were to withdraw
the opportunity of their employing it with
the Shuttle.

Given all of these circumstances, it is not
beyond imagination that a major internation-
al collaborative civilian “space station” pro-
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gram could be negotiated that, among its
other virtues, could lighten the total burden
on our public purse perhaps by as much as
$2 bilion to $3 billion. This is not the ap-
proach to dealing with other countries on
any “space station” program that is now be-
ing taken by NASA. The present approach
is one of asking other countries to add funds
to the United States’ estimated and antici-
pated $8 bilion commitment. The alterna-
tive approach has not been debated in the
United States outside of NASA.

The alternative approach is being explored
by NOAA: NOAA is soliciting important
cost-sharing, perhaps as much as one-half,
on the part of other countries who share the
U.S. interest in maintaining, and improving,
weather-related space sensing systems. This
alternative approach to working on a “space
station” program with other countries is
worthy of careful consideration by Congress.
For no reasonable way of reducing the Fed-
eral debt burden by billions of dollars should
be passed by unless Congress convinces
itself that it is not in the Nation’s interest to
do so.

2. Except, perhaps, for the smallest and poorest
countries, all of the countries in the world
must have at least some interest in space:
the devices and people that orbit above
them, the activities that go on there, and
how they all could affect their own interests.
But only about one-tenth of the world’s
countries play an active role in space today.

Here is an extraordinary opportunity for
the United States!

Our determination to exhibit “space lead-
ership” need not and probably should not
be confined to dealing with the richest and/
or most technologically advanced countries.
We could broaden our approach to “inter-
national cooperation” by taking as an expli-
cit goal the incorporation of the space inter-
ests and activities of any other country in the
world into our program, if that country
would be at all inclined to participate in
space ventures along with us, Of course,
such an initiative would require hard work,
patience, imagination, and generosity on the
part of the United States. But these charac-

teristics are not usually in short supply in the
United States generally, and certainly not
among the professionals in NASA and the
Department of State. Indeed, it was the com-
bination of just these national characteris-
tics in the U.S. approach to working with a
few countries in the past that enabled them
to begin to work in space.

Recall that INTELSAT now has over 100
member countries, joined in a common in-
terest to see space used to improve commu-
nications. The United States could now
begin to use any in-space infrastructure pro-
gram to start orchestrating the interests of all
of the countries in the world that would be
willing to work with us in reasonable ways
to see space developed and used for any and
all peacefu | purposes “for the benefit of all
man kind.”

Space as an Arena of
Peaceful Cooperation

Even now, when discourse between the United
States and the Soviet Union is modest in the ex-
treme, and the practical possibilities of effecting
cooperative space-related activities between the
superpowers are severely limited,”many cannot
but hope that the two countries will find ways
to initiate important cooperative civilian space
endeavors in the future.

To date, most visions of such cooperation form
around scientific activities. They are important,
and they should continue to be given serious and
thoughtful attention.

Together, the United States and the Soviet
Union have some 600 million people and a gross
national product of some $5 trillion between
them, and both have global interests and power.
Therefore, possible joint cooperative space
activities need not be confined to science; in-
deed, a broad range of space-related activity

181 S.-U.S.S.R. cooperation in space-related activities has not en-

tirely vanished. The SARSAT search-and-rescue program, a joint
U.S.-Canadian-French undertaking, continues to interoperate suc-
cessfully with the parallel Soviet COSPAS system. Both the United
States and the Soviet Union are members of INMARSAT, the
maritime equivalent of INTELSAT, and both are cooperating, along
with Europe and Japan, in the International Halley Watch program.
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NASA has had agreements with more than 100 countries for cooperation in space activities. The pinnacle of international

cooperation in space to date was the

Apollo-Soyuz Test Project (ASTP), in 1975 (shown here), in which a U.S. Apollo

spacecraft docked with a Soviet Soyuz spacecraft for several days of joint manned operations. However, no international

cooperative agreement (including

areas might well be explored, imaginatively and
determinedly.

OTA plans to report on some of the issues in
this area in the fall of 1984.

NASA’S Changing Role

Until a few years ago, and except for the satel-
lite communications area, NASA has, since its in-
ception, organized, staffed, and managed itself

ASTP) has yet involved significant sharing of technology or saving of costs.

to see that it, and its contractors, did essentially
all that was done in the civilian space area.

Throughout most of this time, and probably
without conscious reflection on NASA’s part, or
the part of anyone else, it has simply been as-
sumed that once our country decided that some-
thing was to be done in or for civilian space,
NASA was to do it. That is, the responsibility for
seeing that something got done in the civilian
space area was equated with NASA’s doing it
itself.
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But the changing circumstances of the past few
years now clearly suggest a fundamental reap-
praisal of NASA’s responsibilities and role in the
development and further study, exploration, and
use of space.

Although this study of civilian “space stations”
and the U.S. “future in space” has brought these
changing circumstances into clear, at times pain-
fully clear, focus, it has not attempted to search
out what NASA’s new role should be in detail.
It is to be noted, however, that the Nation’s in-
terests now are becoming much broader than
those of NASA and, indeed, in some instances,
may lead to conflicts with what NASA may per-
ceive to be its own interests.

NASA could and, in OTA’S view, might well
now give increased attention to making some
fundamental shifts of attitude and operation.
In the past, it has been NASA’S responsibility
to meet any given national space objective; in
the future, it could be NASA’s responsibility to
see that the objective is met. That is, NASA could
now aspire to the much broader role of encour-
aging others in the private sector and through-
out the world to do much more of what it does
today.

If NASA is to rise successfully to the challenges
now emerging in the national and international
space arena, it must place relatively less empha-
sis on accomplishing by itself those things that
our private sector or other friendly nations can
satisfactorily do, either alone or with NASA assist-
ance. it can succeed in this only by continuing
to cooperate with both, and by broadening this
cooperation so as to prompt and assist both to
extend their space-related capacities, confidence,
and commitment. And it could emphasize such
cooperation in the acquisition of in-space infra-
structure, i.e., a “space station. ”

Released from its relatively near-term focus,
NASA could concentrate more of its own profes-
sional activities on the most important and ex-
citing of questions regarding space, the things that
no one else can or will do: the very best of space-
related science; the cutting edge of space-related
technology development; the boldest of space-
related explorations and developments.

Finally, NASA could see that its activities con-
tinue to be conducted, and the results continue
to be used, not only to increase knowledge and
to address important social and political goals,
but also to enable our private space sector to in-
crease its non-Government sales—the sales that
generate the taxes that help to pay for NASA’s
activities.

Non-Government Policy Studies

I't is inherently difficult for the Government
to make some kinds of policy studies and, in-
deed, it is potentially hazardous to have all such
studies made by the Government in areas of im-
portant national concern.

Particularly in areas where Federal programs
take a long time to develop and carry out (say,
a decade: cf. Apollo, Shuttle, Landsat, “space
station”) vested interests are naturally created
within the Government and closely related sec-
tions of the private aerospace industry. Later
these interests can present serious problems
of resource re-allocation on the program’s ap-
proaching completion unless new avenues for
their employment have been carefully explored
and publicly agreed on beforehand.

Our free, and increasingly educated, mobile,
diverse, rich society is bound to generate ideas,
desires, value judgments, and activities about
which the Government simply has difficulty in
keeping well informed, particularly if the ideas
are quite different from those with which the
Government has been dealing for some time and
are generated and pursued by persons and orga-
nizations that are “new to the scene. ”

Civilian space activities continue to be of im-
portance to the United States in many intangi-
ble ways, and they are now beginning to be
appreciated as offering tangible and growing pri-
vate sector economic prospects as well. “Space
commercialization” has become a popular topic.
But in the absence of a “bottom line” and com-
petitive economic forces, the Government has
a more difficult time than does our private sec-
tor in sharply reducing unit costs. And Govern-
ment offices only rarely, by themselves, originate
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large innovative and challenging programs and
carry them out to satisfactory completion.

In the area of the physical sciences, for in-
stance, U.S. leaders can look to several policy
study centers for independent guidance on issues
of broad national concern, In the space area,
however, there are only a few dedicated individ-
uals who can provide similar guidance.

In view of the increasing importance of civil-
ian space activities to the American public gen-
erally, it might well be desirable to establish one
or more independent space policy centers whose

professional staff would not be required to re-
spond to the contemporary institutional con-
cerns of the space community. Such centers
would control their research agendas and
allocate resources as they believed best, rather
than simply responding to directives. An exam-
ple of this type would be a university-based in-
stitute with several funding sources. The con-
tinuing study efforts of such centers could
provide the American public a better opportu-
nity to consider, and to help initiate, space activ-
ities that would address important cultural, eco-
nomic, social, and political ends.

POSSIBLE LEGISLATIVE INITIATIVES

In the context of the circumstances and issues
discussed in this assessment and the conclusions
reached therein, Congress could now give con-
sideration to taking a number of initiatives.

Some of these suggested initiatives are directly
related to “the civilian space stations” area;
others are related to broader areas that are of gen-
eral importance to “our future in space. ”

Strategies for Acquiring Any New
In-Space Civilian Infrastructure

The response of Congress to the President’s for-
mal request for the commencement of a “space
station” program should take account of the gen-
eral circumstances discussed in this study and the
existence of options beyond those proposed by
NASA. Given these general circumstances and
the variety of options, Congress could adopt one
of four positions:

1. decide that it is premature and/or inadvisable
to set out, soon, to obtain any large amount
of new long-term in-space infrastructure, and
refuse to accede to an executive branch re-
guest to do so a year or two hence; or

2. at least by implication simply agree, in prin-
ciple, to provide the kind and number of in-
space assets and services that NASA judges
to be necessary and, accepting its $8 billion
cost and 7 to 8-year schedule estimate as
working numbers, be prepared to approve

a year or two hence the acquisition of the
general kind of infrastructure elements that
NASA is now focusing on; or

3. specifically identify any major space services
to be provided, ask NASA to present various
estimates of costs, schedules, and procure-
ment strategies that would be involved in
providing them and, subsequently, select
from these estimates the elements and strat-
egies to be approved; or

Photo credit: National Aeronautics and Space Administration

Free-flying platforms such as the one depicted in this
artist’'s concept offer one option for relatively low-cost
space infrastructure elements.
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4. for the acquisition of any in-space infrastruc-
ture, simply approve an average annual ex-
penditure rate for its acquisition and allow
NASA to select the elements, acquisition
schedules, and procurement strategies in the
light of NASA’s judgment regarding their rel-
ative cost and value.

Congress need not imagine that it is required
to commit itself to accepting any of these posi-
tions at this time, inasmuch as the President’s
fiscal year 1985 request was restricted to the first
year of a 2-year study activity that would cost a
relatively modest amount (some 5 percent of the
projected total acquisition cost) for such a ma-
jor implied space activity. But there is a suffi-
ciently persuasive case for our obtaining some
additional space infrastructure so that thoughtful
and comprehensive study of what it should be
and how it should be obtained is now warranted.
Therefore (setting aside the very important mat-
ter of our Federal budget’s present and projected
circumstances and the implications thereof for
any deferrable “new starts”) Congress could use
the next year and a half to become better in-
formed about the options available to it and the
implications of selecting particular ones from
among them. And it could task the executive
branch to make additional, broader, studies than
it now has in mind—studies that could assist Con-
gress in arriving at its crucial judgments a year
or so hence.

The House Committee on Science and Tech-
nology has taken an important step in the direc-
tion of raising such broader issues in requesting
a study by NASA that will look into “space sta-
tion” program management and procurement
matters.* A report of this study, to be provided
by NASA to the committee by December 15,
1984, is expected to speak to both “ . . . [the]
Space Station development management plan
and procurement strategies with a description of
the alternatives available and the basis for the
[NASA] choices taken.”

Similarly, Congress could request the executive
branch to inform it regarding:*

19See Committee report of Mar. 21, 1984.

20)¢ should be noted that this assessment makes the assumption
that NASA’s overall funding level will remain relatively constant
as it has in recent years.

+ The priorities it places on the various serv-
ices and assets that it sees as generally de-
sirable. That is, if Congress were to allocate
more or less than the $2 bilion per year now
being discussed for the acquisition of IOC
elements of space infrastructure, what are
the most important services to be made avail-
able and elements to be selected?

+ The ways that are available to keep the U.S.
public cost to a minimum, and the bases for
the executive branch’s pursuit or rejection
of them. That is, there are two important op-
portunities for reducing the public cost of
any space infrastructure, but it is not clear
that NASA—uwith its institutional interest in
retaining present personnel force and appro-
priation levels—has incentives to pursue
either with sufficient imagination and vigor.
These opportunities are:

1, Other countries could collaborate closely
with the United States so as to produce
any agreed infrastructure in a fashion that
would see their financial contributions re-
duce the demands on our public purse to
well below the $8 billion figure, rather
than simply producing additional, perhaps
essentially duplicative, infrastructure ele-
ments at no savings to the United States.

2. Our private sector could be encouraged
to use its own resources to develop, pro-
duce, and install as much of any agreed
infrastructure as would meet the Govern-
ment’s performance specifications at a
cost lower than the Government’s present
procurement practices allow, rather than
have Government funds used to purchase
all of it and Government personnel used
to manage the process in detail.

+ Other important space initiatives that NASA
could undertake. That is, if Congress were
to decide that the acquisition of any in-
frastructure should proceed at an average
annual public expenditure rate appreciably
less than $2 bilion per year, what other im-
portant programs could be mounted with the
remaining professional staff and the differ-
ence in dollars?*

2 bid.
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. Conceptual programs of cooperation with
the Soviet Union in civilian space activities.
That is, while a case can be made for mount-
ing large and continuing, technologically
challenging, U.S.-U.S.S.R. cooperative civil-
ian space programs, essentially nothing of
this nature is now being seriously considered
because of the low state of political accom-
modation. In anticipation that today’s ten-
sions may abate someday, it is important that
conceptual programs now be identified and
described that would: 1 ) be of little inherent
political sensitivity, 2) offer little prospect of
significant technology transfer, 3) allow for
important involvement of other space-expe-
rienced countries as well, and 4) offer the
promise of important cost savings to any
country that, otherwise, would pursue any
of them alone. The conduct of some such
programs could well require some related
elements of in-space infrastructure.

These broader studies would be carried on
at the same time, and for a small fraction of
the cost of, the “space-station” engineering
studies that NASA is now beginning to con-
duct, and the conclusions of their satisfac-
tory completion would clearly be of impor-
tance to Congress 1 % years hence.

Civilian Space Policies, Goals,
Objectives, and Strategies

Except for a few changes in the basic space law,
Congress has been satisfied to deal with evolv-
ing circumstances through specific year-to-year
changes in NASA’s authorization bills. But these
circumstances are now so greatly changed, and
our space assets and experience are now so great,
that it has become clear that Congress could re-
assess our civilian space laws’ goals, objectives,
institutions, policies, and plans with great profit.

For instance, Congress and the general public
should not find themselves in the position of hav-
ing to decide on large, complex, and very costly
items of space infrastructure such as a “space sta-
tion” without having a much clearer understand-
ing of what these items will all be used for over
the long term, and without being confident that
their character, the uses to which they wil be put,

how they are to be acquired, owned, operated,
and paid for, have all been carefully considered
and conclusions reached that most would accept
as reflecting our broadest national interests—not
primarily the interests of the space community.

Congress is now moving to effect some impor-
tant changes in space law and policy. Legislation
has already been enacted in 1984 by Congress
and accepted by the President that makes an im-
portant change in the Space Act.”The act now
declares “ . . . that [NASA should] seek and en-
courage, to the maximum extent possible, the
fullest commercial use of space.”

Although a sufficient, and sufficiently broad,
base of thought, analysis, and discussion of fun-
damental considerations is not yet in hand to
allow Congress to proceed to make other funda-
mental changes in our national civilian space pos-
ture with great confidence, the National Com-
mission on Space authorized for in Title | | of this
year’s legislation,” and its subsequent activities,
could go far toward calling widespread attention
to our civilian space problems and opportunities.
The Commission is expected to give the first
broad consideration to our national space inter-
ests in a generation—consideration that would
encompass interests in addition to those of sci-
ence and technology that receive by far most of
the attention today. It is the kind of considera-
tion that would guard against our continuing to
be caught up in either fascination with or the de-
tails of exotic space technology, and would focus
instead on sensible and generally acceptable
methods whereby we can proceed with the de-
velopment of space, meet human needs in so do-
ing, and fashion new ways of paying for it as we
go. And it could identify new policies, goals, ob-
jectives, and strategies, and structural changes
that, put in place, would increase the likelihood
that the great promises of the next quarter-cen-
tury of the space age would, in fact, be realized.

All of those within and without the Govern-
ment who are truly and seriously interested in
furthering our prospects in space should be pre-
pared to assist this Commission.

22Pyblic Law 98-361.
B bid.
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The Creation of Space Policy
Study Centers

The number of professionals engaged in space
policy analysis is extremely small. The President’s
science adyvisor spoke to this lack of independ-
ent expertise in testifying before a House subcom-
mittee in February 1984.

And in March the House Committee on Sci-
ence and Technology*spoke to “ . . . the chang-
ing character of national and international space
activity [that] translates into issues and policy con-
siderations of increasing breadth and complex-
ity, ” and went on to say that “[d]uring the next

245ee Committee report Of Mar. 21,1984

year the Committee intends to look in greater
depth at the elements and character of the cur-
rent institutional apparatus for setting space pol-
icy [and] examining the process by which deci-
sions and policies are reached on civil space
issues. ”

In these circumstances, Congress could con-
sider prompting the establishment of one or more
modestly sized, policy-related, study centers out-
side of the Government. Provided with sufficient-
ly broad charters, and funded in such a fashion
as to assure both independence in, and long-term
support of, truly challenging studies, professionals
would be attracted to conduct the kinds of broad
inquiry and analysis that the civilian space area
now so badly needs.
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SPACE

Chapter 3
INFRASTRUCTURE

SUMMARY

Since 1957 various spacefaring nations have
launched hundreds of spacecraft, many of which
remain today in Earth orbit or on itineraries within
the solar system or beyond. Many of these space-
craft, and some of those to be launched in the
future including any “space station” elements
and associated launch and transportation sys-
tems, are elements of space infrastructure, enabl-
ing humans at the surface and in space to carry
out activities outside of Earth’s atmosphere. This
chapter begins with a discussion of the space
environment, orbits, and the technical aspects of
space infrastructure. NASA’s specific aspirations
for a “space station” and the functions that NASA
expects it to provide are listed in detail. The pro-
jected uses of such a facility are summarized,
taken from the response of a number of major
aerospace contractors to NASA’s Mission Anal-
ysis Studies. The reaction of the National Re-
search Council’s Space Science Board and the

Space Applications Board to NASA’s “space sta-
tion” aspirations are then discussed. The re-
mainder of chapter 3 lists and describes alterna-
tives to NASA’s aspirations for space infrastructure,
including a number of currently existing platforms
and other infrastructure elements, and some that
are under development or in the planning stage. *
A “USA Salyut” concept is presented as an op-
tion that could provide in-space infrastructure
that is roughly comparable to the Soviet Union’s
current Salyut 7.

'Among the sources for the material presented in this chapter
are background repcrts prepared for OTA by Dr. Jerry Grey,
aerospace consultant (on space systems and transportation) and
by Teledyne-Brown Engineering on alternatives to wholly new tech-
nology in-space infrastructure. Additional material on existing or
proposed space platforms and spacecraft was furnished by indi-
vidual aerospace companies. Also available were results of an OTA
workshop on lower cost alternatives to a space station; workshop
participants included aerospace industry and international repre-
sentatives.

INTRODUCTION

The United States is currently pursuing a wide
variety of civilian space activities. The argument
is being forcefully advanced that additional in-
space infrastructure would permit scientific, tech-
nology-development and commercial activities
to be performed more easily or economically
than at present, and might allow new types of
activities in space. Plans for a civilian “space sta-
tion, ” i.e., space infrastructure, were included
in the ambitious U.S. publicly supported space
effort which commenced immediately after the
launch of the first Sputnik over a quarter century
ago. NASA undertook preliminary designs for

such “space stations” in the early sixties.’In the
early seventies, astronauts were successfully sup-
ported for long durations aboard Skylab, the first
U.S. space laboratory. Now, at the beginning of
the second-quarter century of the space age, U.S.
space infrastructure that would support long-du-
ration human activities in space is again under
consideration.

‘The first realistic design initiative for a space station appears to

have been taken prior to the NASA efforts by the Lockheed Corp.
Missiles and Space Division in the late 1950s (S. B. Kramer and R.
A. Byers, “Assembly of a Multi-Manned Satellite, ” LMSD Report
No. 48347, December 1958).

49
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CONSIDERATIONS FOR ANY SPACE INFRASTRUCTURE

The space environment is quite different from
that on and near the Earth’s surface. There are
a number of orbital, environmental, and techni-
cal factors that must be considered to ensure safe
and successful operations in space.

Orbits

Infrastructure elements could be located in
one, or several, of a wide range of orbits. Most
communications satellites and some meteorologi-
cal and Earth observation satellites utilize loca-
tions in geostationary orbits, 35,800 km above
the Equator, as fixed vantage points from which
to transmit and receive signals or to observe the
Earth’s surface and its atmosphere. It has been
frequently suggested that on-orbit servicing of
geostationary satellites, their orbital transfer pro-
pulsion systems, and inter-orbit transportation
vehicles, could be done more efficiently from in-
frastructure located in low-Earth-orbit (LEO) with
a low inclination relative to the Equator. An or-
bital inclination of 28.5° (see fig. 1) would be rea-
sonable for this infrastructure, because launches
over the Atlantic Ocean from Cape Canaveral
into orbits of this inclination consume the least
energy.

These two functions-servicing geostationary
satellites and launching into the lowest energy
orbit from Cape Canaveral—are reasonably com-
patible, because the additional energy needed
per unit mass at great altitudes to transfer a
payload into geostationary orbit from 28.5° is
relatively small.

However, full repetitive coverage of the Earth
for low-altitude meteorological and other Earth-
viewing satellites requires near-polar orbits (such
as the near-900 inclination illustrated in fig. 1).
Such satellites are therefore launched from the
Vandenberg Air Force Base in California, which
offers a safe launch trajectory to the south, over
the Pacific Ocean. A Sun-synchronous near-polar
orbit that follows the dawn-dusk line is possible;
it avoids Earth shadowing of solar-powered or
solar-viewing instruments, but does not accom-
modate Earth-viewing instruments that require il-
lumination of the Earth’s surface by the Sun.

Figure 1.—Orbital Inclinations and
Representative Uses
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When repetitive but not full coverage of the
Earth is essential, a lower inclination can be used;
an orbit inclination of 57°is favored because it
is the maximum practical inclination obtainable
with a Cape Canaveral launch. It may be desir-
able to use infrastructure elements in several or-
bital planes, or perhaps to develop and employ
a reusable orbital transfer vehicle (ROTV) for
transportation between orbits having various in-
clinations, although this would be expensive.

Orbital altitudes are also related to several phys-
ical characteristics of space. One of these is the
“solar wind,” a radiation flux of high-energy par-
ticles from the Sun, that can present a threat to
human beings and equipment. However, the re-
gion from 200 to 600 km in altitude (LEO) is
shielded by the Earth’s magnetosphere and the
radiation there is almost negligible compared with
the radiation in and beyond the Van Allen belts,
which extend to 50,000 km in altitude. The mag-
netic field is less effective in shielding against ra-
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Diagram showing Earth’s magnetosphere and other near-Earth phenomena.

diation approaching the Earth near its magnetic
poles, including that associated with solar flares.
Thus, high-altitude orbits and near-polar orbits
are much less hospitable than low-Earth-orbits of
low inclination.

Orbit altitude also affects the amount of global
Earth coverage available to viewing instruments.
If a sensor is required to provide daily global cov-
erage, for example, the physical limitations on
the angular swath width impose a minimum sat-
ellite altitude much higher than 500 km.

Aerodynamic drag becomes an important con-
sideration for lower altitude orbits. Aerodynamic
drag decreases for higher orbits; at 400 km, the
drag is two orders of magnitude less than at 200
km. The minimum economical, long-term alti-
tude for large semipermanent infrastructure ele-
ments that would be serviced using the Shuttle
ordinarily would be above 300 km, and it will
likely be below 600 km because of the rapid de-
crease in Shuttle payload capacity with greater
altitude.

Since locations in LEO are above most of the
atmosphere, astronomical observations of all sorts
are favored there. As well, one revolution around
the Earth in a typical circular LEO takes 90 min-
utes, allowing vast areas of Earth’s surface to be
observed in continuous succession and on a fre-
qguently repeated basis. However, higher orbits
provide a broader field of view for remote sens-
ing of Earth.

Another consideration is the energy that must
be expended to take material to a sufficient alti-
tude to obtain a relatively low drag, long-life or-
bit. To reach LEO requires more than half of the
energy required either to reach geostationary or-
bit or to escape the Earth’s gravitational field
altogether. This is the physical basis for some of
the projected cost savings of a permanently orbit-
ing infrastructure base: large launch costs would
be paid only once when infrastructure compo-
nents are carried into orbit and left there, avoid-
ing additional, repetitive, launch costs for heavy
equipment that would be frequently used in
space. Of course, resupply launches would still
be needed and would offset some of this cost sav-

ing.’?
Low-Earth-Orbit Environment

Four characteristics of the LEO physical envi-
ronment are of particular interest: microgravity,
high vacuum, periodic high-intensity sunlight,
and the combination of solar exposure and shad-
owing that makes thermal control possible. For
any infrastructure elements located beyond the
Van Allen belts, a fifth environmental parameter
is high-energy radiation,

‘The number of resupply launches required would depend on
the types and levels of activities carried out, the presence or absense
of people, etc.
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Above the minimum practical orbital altitude
of a permanent space facility, the presence of
microgravity and vacuum are essentially inde-
pendent of orbital inclination and altitude. In par-
ticular, the exploitation of microgravity or near
“weightlessness, ” which occurs when gravita-
tional and orbital acceleration counteract one
another, shows promise for the processing of ma-
terials under such unique conditions. Energy gen-
eration depends on radiation from the Sun, and
thermal control depends on radiating waste heat
out into deep space. For most orbits, the Sun is
eclipsed nearly half of the time by the Earth, but
this effect can be tolerated if energy storage sys-
tems are used; batteries charged from solar pho-
tovoltaic arrays can be used to supply electric
power during times that sunlight is blocked by
the Earth.

Of course, for many human beings, simply be-
ing in orbit, and being able to view the Earth and
heavens from this perspective, are the outstand-
ing characteristics of space.

Technical Considerations

The design of infrastructure components and
systems will depend heavily on a number of
technical considerations. While a considerable
amount of workable “space station” technology
exists, as demonstrated by the success of Skylab,
SPAS, MESA, and the Shuttle itself, the develop-
ment of new technology may be desirable to ob-
tain a long, and particularly useful and efficient
lifetime for space infrastructure.

Data Management.—Space infrastructure ele-
ments would use an extensive data handling net-
work both on-board and on the ground. The net-
work would serve orbiting elements including the
Shuttle, communication, navigation and remote
sensing satellites, orbital transfer vehicles, crew
members on spacewalks, tended free flyers, and
support staff and scientific researchers on Earth.
Cost, program control, and reliability prompt con-
sideration of a wide variety of hardware and soft-
ware technologies just now coming into being.
For example, faster processors, laser disk storage,
and flat display terminals will provide large in-
creases in capacity at lower unit cost and weight.

Communications.—A number of communica-
tion links would be desirable using frequencies
throughout the electromagnetic spectrum and en-
compassing a wide variety of distances, informa-
tion content, and line-of-sight propagation direc-
tions. Space communications must be designed
to avoid interference with established ground-
based systems and to take privacy, cost, capac-
ity, and reliability into account. Another consid-
eration is the location of communications and
data processing nodes. The various space infra-
structure elements could require a large number
of antennas and lenses (the Shuttle has 23) that,
altogether, would cover a wide field of view.
Phased-array antennas, whose radiation patterns
can be “pointed” electronically rather than me-
chanically, could be widely used.

Systems for locating and tracking natural and
manmade debris, loose tools, and approaching
spacecraft is also necessary. System concepts for
this purpose include radar with beacons or pas-
sive reflectors, radio transponders, interferometry,
the Global Positioning System, ground-based ra-
dar, or lidar (laser radar),

Although space communications can rely ini-
tially on current technology, milimeter and op-
tical wavelengths may be desirable for use in
space. The development of systems in these parts
of the spectrum would offer significant techno-
logical challenge.

Electromagnetic Interference (EMI).—This is
a significant problem that can occur in space, par-
ticularly when high-power microwave sources
and sensitive detectors are involved. It is difficult
to protect some electronic circuits from this “pick-
up” problem. In some cases EM | could force the
use of a constellation of individual platforms sep-
arated rather widely from each other rather than
a single large structure.

Attitude Control and Stabilization .—Although
space infrastructure elements do not have to con-
tend with gravity, wind, earthquakes, precipita-
tion, and other problems encountered on Earth,
they must deal with quite different problems such
as the absence of both a “firm footing” and the
“stiffening” influence of gravity. Of particular
concern is the control and stabilization of large,
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flexible, evolving, structural assemblies and mod-
ules. Elaborate control systems for each module
(sensors, actuators, computers, , . .) that are co-
ordinated by a single “supervisory” controller
may have to be employed.

Power.-Solar photovoltaic power generators
with nickel-cadmium battery storage are com-
monly used in space. Systems employing them
today cost at least several thousands of dollars
per watt and have useful lifetimes of 10 years or
less in orbit. One alternative is a nuclear power
reactor, perhaps of the type now being explored
in the Space Power Advanced Reactor program,
but development time and hazards to human be-
ings (and perhaps cost) may well preclude the
use of nuclear reactors for inhabited infrastruc-
ture in the near future.

Significant cost reduction in photovoltaic arrays
has been achieved using optical focusing devices
that concentrate sunlight on the photocells, but
considerable effort would be needed to develop
and demonstrate practical arrays of this type for
use in space. Coupled with this technique could
be the use of more efficient solar cells, such as
gallium-arsenide, in place of silicon cells. Efforts
to increase the lifetime and reduce the mass of
batteries could also lead to cost reduction. One
promising replacement for present nickel-cad-
mium devices is the nickel-hydrogen battery.
Another, at an earlier stage of development, is
the regenerative fuel cell/electrolysis method, in
which a fuel cell produces electricity and water
when in the Earth’s shadow and splits water into
hydrogen and oxygen when in sunlight.

Thermal Energy Management.—For infrastruc-
ture composed of connected modules, it may not
be practical to use individual thermal control sys-
tems for each module. Although individual sys-
tems would offer maximum flexibility, such an
approach would prevent heat thrown off from
one module from being used by another, and
each module’s radiator, which is by far the big-
gest and most exposed component of the ther-
mal system, would impose its own orientation
and location constraints on the overall structure.
Hence, a centralized, automated system may be
needed both to minimize total mass and to op-
timize radiator orientation (i.e., edge to Sun).
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However, such a system would require both a
large, massive single radiator and considerable
transfer of energy among the various modules via
a heat-transport medium. Therefore, the trade-
offs between centralized and modular thermal re-
jection systems need to be examined in detail.
The centralized system might utilize a gimbaled
radiator maintained in an edge-to-Sun orienta-
tion, not only maximizing heat dissipation and
thereby requiring perhaps a 60-percent smaller
area than a fixed radiator, but also minimizing
solar-wind degradation of its thermal coating.

A conventional separate-tube radiator, similar
to that used in the Shuttle, would be extremely
complex and massive because of the need for
redundant piping, valving, and other plumbing
components. For a typical 100-kW heat rejection
system, a Shuttle-type radiator would require
almost 6,000 meters (almost 4 miles) of tubing
in over 1,500 individual pumped fluid tubes,
more than 50 fluid manifolds, and more than 75
isolation valves, fluid swivels or flexible line
segments. Hence, a heat pipe radiator may be
a better choice. Heat pipes transfer heat by boil-
ing a fluid such as ammonia at one end of a
sealed tube and condensing it at the other. The
liquid is then returned to the hot end by capillary
(surface-tension) forces in a specially designed
wick which forms part of the tube. The heat pipe
has no moving parts, and each pipe is self-con-
tained. Single pipes have demonstrated heat re-
jection rates up to 2 kW; hence, as few as 50
could handle 100 kW of power in space, While
the technology is relatively well known, consid-
erable development is called for to evolve a prac-
tical, reliable, long-life, heat pipe radiator at this
power level.

Another technological challenge would be an
inter-module system that transfers thermal energy
to a radiator. Shuttle-type pumped-loop systems
using Freon 21 would consume large amounts
of power (up to 5 kW for a 100-kW system), and
would also require the development of large,
costly, space-rated pumps and their attendant re-
pair and maintenance. A two-phase heat trans-
port system using the same principle as the heat
pipe would consume only about one-tenth as
much power. Hence, it may be worth the cost
of its development.



54 . Civilian Space Stations and the U.S. Future in Space

The use of passive cryogenic coolers for electro-
optical detectors will present a difficult techni-
cal challenge. Active cryogenic systems are prob-
ably not satisfactory for long-term operation. Pas-
sive coolers require exposure to dark space and
an environment that is free from effluents that
would condense on the cooler’s cold patch.

Propulsion.— Infrastructure elements require
propulsion systems for attitude control, orbit
change, station-keeping, and acceleration con-
trol. Propulsion systems currently use storable lig-
uid mono- and bi-propellant pressure-fed thrust-
ers. Near-future plans include cryogenic oxygen/
hydrogen propulsion systems. Longer term pros-
pects are electromagnetic thrusters including ion
rocket (ions can be accelerated to much higher
exhaust velocities than those provided by chem-
ical rockets) and mass drivers (“buckets” of heavy
materials can be accelerated, very rapidly by elec-
trical motors rather than by conventional chem-
ical combustion).

A principal challenge will be the creation of a
storage and transfer system for handling liquid
fuels in space. Specific needs are leak-proof fluid
couplings and leak-detection techniques, fluid-
quantity gauges that operate with acceptable ac-
curacy in microgravity where conventional liquid-
level sensors are not suitable, reusable, low-mass,
nontoxic, long-life insulation for cryogenic stor-
age and transport, and the liquefaction and refrig-
eration systems needed for long-term cryogenic
storage. Improvements in cryogenic refueling
procedures now used on the surface for Shuttle
operations would be necessary—preferably pro-
cedures that would use automation—to obviate
the need for a large technical staff that would be
very expensive to accommodate in space.

Life Support Systems.—Some of the materials
necessary for the support of humans in space
would be supplied from Earth, others would be
recovered in orbit from metabolic byproducts.
With the exception of food, recovery technology
demonstrated since 1967 can provide for oxygen,
carbon dioxide scrubbing, and water for both
drinking and washing. Such a “partially closed”
system accommodating an eight-person crew,
each drinking about 3.5 kg of water and using
about a liter of wash water per day, would have

to be resupplied every 90 days and would have
a 30-day contingency supply. Compared with the
Shuttle system, which does not use recovery,
almost 7,000 kg per resupply launch could be
saved. If reclaimed water were also used for
showers, and for washing utensils and clothes,
thereby replacing “wet wipes,” disposable clothes,
and disposable food service utensils, another
5,000 kg could be saved for each launch. There-
fore, the development cost of such a system
could be offset by associated transportation sav-
ings of over $100 million per year.

Food supply technology will also require some
development, including improvements in packag-
ing, preservation, bulk storage, reconstitution,
and on-board preparation. Proper sanitation to
reduce the incidence of debilitating illness in the
completely closed environment of a “space sta-
tion” will require waste disposal, contamination
containment, disease-prevention measures, and
heakh-maintenance facilities unique to micro-
gravity environments to be developed and used.
Some of this technology has already been devel-
oped for the long-duration Skylab project, but im-
provements are needed. Particular attention
should be given to the proper design of residen-
tial, exercise, and recreational facilities if people
are to remain in orbit for periods of much longer
than several weeks.

Space Transportation

Vehicles will be needed for transportation be-
tween Earth and LEO, between various LEO or-
bits, between LEO and higher, including geosta-
tionary, orbits, and beyond to the Moon and
perhaps to other planets and some asteroids. In
the near future, supply for a “space station” from
Earth would rely primarily on the present Shut-
tle and possibly its derivatives. Local checkout
and maintenance services requiring people work-
ing directly in space could be conducted by
tethered or free-flying spacesuited astronauts,
sometimes augmented by the existing manned
maneuvering units (MMUs). Servicing of more
distant spacecraft could be accomplished with a
planned orbital maneuvering vehicle (OMV), pos-
sibly in combination with either the Shuttle or a
planned space-based ROTV, or by an ROTV (or
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the Shuttle) carrying an astronaut equipped with
an MMU.

Launching spacecraft into higher orbits or on
Earth-escape trajectories requires the use of an
upper stage rocket, which could be automatic,
teleoperated, or used with a crew, plus kick
stages or planetary landing stages, depending on
the project. ROTVS, either teleoperated or em-
ploying crews, could be used to service satellites
in orbits of significantly different altitude and
somewhat different inclination.

Shuttle.-The Shuttle (fig. 2) meets most of the
current needs for transportation between the

Earth’s surface and LEO at any Inclination. The
Shuttle can deliver 30,000 kg to a 200-km (120-
mile) orbit inclined at 28.5° to the Equator. Any
increase in orbit altitude or change from this or-
bit inclination reduces the payload capacity.
However, most payloads are volume-limited by
the cargo bay’s 18-meter length and 4.6-meter
diameter rather than weight-imited. By the early
1990s, the earliest date considered practical for
obtaining a “space station,” NASA projects a total
of some 24 to 30 Shuttle flights per year, and
some 50 per year by the year 2000. The Shut-

tle’s cargo bay could be used to carry infra-
structure- elements nto orbit, and when there,

Figure 2.—Diagram of Shuttle Mission Profile
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its crew of up to seven persons could be used
to assist with any assembly and checkout. The
Shuttle could also resupply expendable, ferry
personnel, and serve for emergency rescue.

Manned Maneuvering Unit (MMU).-The
MMU is a backpack equipped with a computer-
operated propulsion system that permits an astro-
naut to “free fly, ” thereby projecting his senses,
his strength and dexterity, and his judgment be-
yond the confines of the Shuttle or other habit-
able infrastructure out to a few hundred meters.
It is a general-purpose device that can be used
for inspection, servicing and deployment or re-
trieval of equipment, for construction and assem-
bly operations, for crew rescue, for emergency
repairs, etc. A Shuttle-based MMU was success-
fully demonstrated on two flights in early 1984.

Orbital Maneuvering Vehicle (OMV).-Local
transportation in LEO would be provided by the
OMV. It would be operated remotely from the
Shuttle, other space infrastructure, or possibly
from Earth. It would be designed to have a six-
degree of freedom propulsion system that would
allow satellite or platform servicing operations at
distances well beyond the MMU’S few-hundred-
meter limit. One version of the OMV would be
able to make altitude changes of 1,000 km or
more above its initial LEO and orbit plane changes
of up to 8°, depending on payload weight.

Basic OMV equipment includes propulsion
units and propellent tanks; television cameras and
lights for inspection and operator guidance; com-
munications; control systems for remote opera-
tions; electric power; thermal control; and various
manipulators and docking attachments. Current
NASA plans are to have such a new-technology
vehicle developed and operating in time to be
useful in the deployment and assembly of a
“space station.”

Expendable Launch Vehicle (ELV)-Up to No-
vember 1982, all payloads launched into space
were carried there by ELVS. There are now three
basic U.S. families of ELVS: the Delta, Atlas-Cen-
taur, and Titan lll. The European Space Agency
has its Ariane family of boosters, Japan has its
N-2 (derived from the U.S. Delta) and is devel-
oping others, the People’s Republic of China has
launched a geostationary satellite using its FB-3

“Long March” rocket, and the Soviet Union is
offering to make its Proton launcher commercial-
ly available. In addition, several private corpora-
tions in the United States and Germany have an-
nounced plans to develop ELVS. Many of these
vehicles and possibly others may be available
commercially throughout the next decade. How-
ever, it is not likely that they will be suitable for
launching spacecraft that carry people, although
they could launch supply spacecraft as the Sovi-
et Proton boosts the Progress into orbit.

Expendable launch vehicles that can launch to
high orbits, or to Earth-escape trajectories, use
either their own upper stages or uniquely com-
patible orbital transfer vehicles (OTVS). The pay-
load itself carries the “kick stage” or other pro-
pulsion needed to move from high, inclined,
elliptical orbits to geostationary orbits.

Reusable Orbital Transfer Vehicle (ROTV).-A
reusable, high-performance, liquid propellant
“space tug” could provide transportation be-
tween LEO and geostationary and lunar orbits,
or between Earth orbits of various inclination and
altitude. Reusabilty and space-basing give prom-
ise of economic benefit for the use of an ROTV
in launching and servicing communications and
other satellites that utilize the geostationary or-
bit. An ROTV could be piloted by a crew or re-
motely operated.

Development of an “Advanced Space Engine”
suitable to power an ROTV has yet to be started.
Space-basing implies reusability, of course, as
well as flexibility of thrust and duration of rocket
burn, and the ability to refuel and perform main-
tenance in space. Thus, space-basing requires
some form of orbital logistics system, including
tanks, pumps, controls, and other equipment for
refueling, people or teleoperator devices to check
out the ROTV, refurbish it as needed, and reset
its operating systems for each new trip, and per-
haps crew quarters.

Space-basing also requires docking, servicing,
and storage facilities in space to make ROTV op-
eration possible. Moreover, as fuel for the ROTV
must always be brought from the surface to LEO,
alternative ways of transporting it are under con-
sideration. More efficient delivery systems than
the Shuttle, such as a Shuttle-derived tanker vehi-



Ch. 3—Space Infrastructure « 57

anjanas Buisiaes syjeles pue ‘senpo Aiojeioqe om)
‘s|npop s2)3s1607 ‘eINpow 1831QeH ‘ABlY Jemod 1ejeg B Buiajoau; uopels
soeds Ayjiqede) jeuopeiedo [eliu] S, ¥SYN 404 uonesnByuo) ejqissod ¥—-¢ einb)y



58 7 Civilian Space Stations and the U.S. Future in Space

cle, are being looked at. Scavenging left-over fuel
from the Shuttle external tank is being given con-
sideration. Considerable development time and
expense would be involved in any of these efforts.

A prospect which offers an opportunity for con-
siderable propellant savings is to dissipate the
ROTV’S excess kinetic energy, on return from
high altitudes to LEO, by allowing it to dip into
the upper reaches of the Earth’s atmosphere, a
maneuver called “aerobraking.” The return flight
would consist of a brief de-orbit burn that would
place the ROTV into an elliptical transfer orbit

NASA'S APPROACH TO
“Mission Analysis Studies” Summary

In 1982, as part of NASA’s planning to acquire
long-term inhabited infrastructure, i.e., a civilian
“space station, ” the agency authorized “mission
analysis studies” in the United States, and reached
an agreement with foreign countries for parallel
studies, of the desires or needs for, and charac-
teristics of, such infrastructure. The results of
these studies appear in appendix A.

The “mission analysis studies” started with the
supposition that the United States would build
a civilian “space station, ” and did not require the
potential user to address either justification of the
basic “space station” concept or its funding. The
studies were simply to identify uses that either
would require or would materially benefit from
the availability of a “space station” and to sug-
gest some of its fundamental characteristics.

Of the several hundred potential activities in
science, commercialization, and technology de-
velopment identified by the U.S. companies (pri-
marrily aerospace) conducting the studies, the
selection was narrowed by NASA to a set of about
100 time-phased missions for the first 10 years
of “station” operation, 70 percent of which could
be accomplished from a central base facility lo-
cated in a 28,5° inclination in LEO. Free-flying
platforms, either co-orbiting or in polar orbit,
could accommodate most of the others.

that intersects the top of the atmosphere. If the
ROTV could dissipate enough energy to decrease
its velocity by 2,400 meters per second, it would
have just enough energy left to raise it to a “space
station’s” (typical) 300-km orbit. There, it could
deliver its return payload (if any) and refuel for
its next trip. This aerobraking concept promises
a saving of over half of the propellant needed
(compared to an all-propulsive ROTV) for a re-
turn trip with payload from geostationary Earth
orbit.

SPACE INFRASTRUCTURE

The contractors viewed activities such as equip-
ment servicing, research (especially in the life
sciences and materials processing), and assembly
and modification of large space systems as areas
in which presence of a human crew would be
particularly beneficial. They recommended archi-
tectural concepts involving several types of mod-
ules for the initial central complex: a command/
habitability module with accommodations for a
crew of four; an electrical power system provid-
ing about 25 kW to the users; logistics modules
for periodic resupply; airlocks, docking ports, and
pallets to enable mounting of equipment and lab-
oratory modules. Subsequent development and
growth of the facility over a 10-year period and
incorporation of an ROTV and several free-flying
platforms were anticipated.

Estimation of acquisition costs ranged from ap-
proximately $4 bilion to $5 bilion (1984%) for
the initial facility, to about $12 bilion for an
evolved complex envisioned as being completed
6 to 8 years after the system first became opera-
tional. Other than the performance and social
benefits of such a “space station,” they estimated
that economic benefits from servicing satellites
in orbit, transfer of satellites to higher orbits by
an ROTV, and human-tended long-term research
activities would be considerable. The increased
ability to launch planetary probes, establish a
lunar settlement, and undertake human explora-
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tion of Mars was considered of great significance
in terms of long-range goals.

The foreign mission analysis studies paralleled
those of the U.S. contractors and defined a simi-
lar set of space activities appropriate for infrastruc-
ture use. All participating agencies from Europe,
Canada, and Japan expressed great interest in tak-
ing part both in providing elements of space in-
frastructure and in actively participating as part-
ners in its use. Many of them look upon it as
fundamental to their future role in space and
therefore want long-term understandings and
agreements with the United States on partici-
pation.

NASA assembled the United States and foreign
mission analysis reports and held a workshop in
May 1983 to synthesize the results. The workshop
established a minimum time-phased “mission
set” (for the initial decade of use) of 107 specific
space activities, plus four generic commercial-

industrial service activities (e. g., satellite servic-
ing). Of the total set, 48 were categorized under
science and applications, 28 under commercial,
and 31 under technology-development.

In parallel with the contractor studies, NASA
hired two consulting firms to communicate with
a variety of non-aerospace companies to iden-
tify and encourage interest in the use of in-space
facilities for commercial purposes. The consult-
ants discussed prospects with approximately sO
companies, and more than 30 expressed active
interest in using a “space station” if it were avail-
able. Most of the companies moving toward
agreements with NASA to become active in space
are well-known U.S. industrial firms (one with an
announced agreement is the 3M Co.), but sev-
eral are from the small business sector or Europe.
Interest is concentrated on the possible produc-
tion of particular chemicals, metals, glass, com-
munications, and crystals. Among the half dozen
companies now actively investigating the possi-

80X D.-NASA's Current Aspirations

The workshop recommendations led NASA to draw up, during the summer of 1983, a ““first cut,”
both of the initial operational capability (I0C) and of a pQSSible Iater MGNSIon, of NASA's desires for

in-space infrastructure as follows
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bility of sponsoring space experiments, most are
more interested in crew-tended operations rather
than automated procedures. Further details of the
consulting firms” studies are discussed in the final
section of appendix A.

Infrastructure Functions

The NASA planning process has depended
heavily on the “Mission Analysis Studies” of U.S.
and foreign aerospace contractors and foreign
space agencies. From the views assembled there-
in, functions were identified for any space in-
frastructure (“space station”) that could provide
efficient and effective assets and services to sup-
port the projected space activities.

NASA’s aspirations for a “space station” were
most recently presented to the Senate Commit-
tee on Appropriations in March 1984. The in-
frastructure envisioned in their plans would pro-
vide the following:

1. an on-orbit laboratory supporting research
on a wide range of life, materials, and other
science topics, and the development of new
technology (e.g., studies of biology, cosmic
rays, processing methods for pharmaceuti-
cals and semiconductors, testing of space
materials, and advanced communications
technology);

2. permanent observatories for astronomy and
Earth remote sensing (e.g., a solar optical tel-
escope to examine the surface of the Sun,
a starlab to study the structure of galaxies,
and lidar equipment to probe the at-
mosphere);

3. a facility for microgravity materials process-
ing and manufacture of products (e.g., phar-
maceuticals, semiconductors, glasses, and
metals);

4. servicing of satellites and platforms (e.g., the
maintenance or replacement of compo-
nents, replenishment of consumables, and
exchange of equipment);

5. a transportation hub to assemble, check out,

and launch vehicles (e.g., those carrying
communications satellites) to geostationary
or other high orbits, and as automated in-
terplanetary probes (e.g., a Mars orbiter or
an asteroid rendezvous vehicle;

6. an assembly facility for large space structures
(e.g., antennas for advanced satellite com-
munications systems);

7. a storage depot for spare parts, fuel, and sup-
plies for use as needed by satellites, plat-
forms, vehicles, and people; and

8. a staging base for more ambitious future
projects-and travel (e.g., a lunar settlement
or a human voyage to Mars).

Questions such as the following must be asked
relative to the corresponding functions listed
above:

1. How much of an investment do these (and
other) capabilities warrant?

2. Is use of a “space station” the optimum way
to accomplish these missions?

3. When will the need for a microgravity pro-
duction facility be demonstrated, and how
much of its cost should its users pay for?

4. What kinds of satellites will be repaired,
why, and who will bear the cost?

5. When will the transportation hub be ready
and why is it needed then?

6. What is the purpose of the assembly facility
for the large space structures—and of the
large space structures themselves?

7. What is the justification for a storage depot
in space?

8. When will a staging base be required for a
lunar settlement or a manned Mars expe-
dition?

And, underlying all of these specific questions
is the hazard that too great a commitment to the
acquisition of in-space infrastructure, and the re-
sulting long-term operations and management ex-
penditures, might preempt the adequate support
of other important civilian space activities.
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REACTIONS OF NATIONAL RESEARCH COUNCIL BOARDS

Other science and engineering organizations
have participated in the study of space infrastruc-
ture acquisition. NASA invited the National Re-
search Council (NRC) to review its possible utili-
zation for space science and applications. (The
NRC is a private organization of distinguished
scientists and engineers operating within the char-
ter of the National Academy of Sciences to act
as an advisor to the U.S. Government (and others)
on science and technology issues. It works
through its committees, boards, and institutes,
two of which, the Space Science Board (SSB) and
the Space Applications Board (SAB), studied these
issues in workshops during the summer of 1982.)

The Space Science Board concluded that al-
most all of the space science research projects
forecast for the next 20 years (a forecast made
without giving great attention to the possible use
of sophisticated in-space infrastructure) could be
carried out without the use of a “space station”
as then characterized by NASA. These projects
could be carried out by using Shuttle/Spacelab,
satellites, interplanetary probes launched with ex-
pendable launch vehicles, or contemplated up-
per stages compatible with the Shuttle. The SSB
stated it was not opposed to a “space station, ”
that a decision on it should be made for reasons
beyond science uses, and that some science in-
terests would make use of it if it were available.
But the SSB expressed concern that any delays
in launching science payloads that might be im-
posed as a consequence of waiting for comple-
tion of any “space station” could harm science
programs unnecessarily, as the SSB believes hap-
pened during the development of the Shuttle
(when several programs used up funds for em-
ployee salaries and other program costs during
such delays),

The Space Applications Board expressed guarded
support for use of a “space station .“ It indicated
interest in applications made possible, or made
more efficient, through use of appropriate infra-
structure, such as servicing of free-flying plat-
forms, launching of geostationary satellites, repair-
ing LEO satellites, and serving as a materials
processing laboratory. Communications experi-

mentation, especially for large antennas, was
another likely use in their estimation. The pres-
ence of a human crew was deemed desirable,
particularly for materials science experiments and
for modification and repair of instruments. The
SAB also concluded that a platform in near-polar
orbit would be an important infrastructure com-
ponent, to be used for Earth remote sensing of
resources, Earth environmental studies, and
ocean observations. The capability of the plat-
form to merge and process a variety of data prior
to transmission to the ground would be an advan-
tage compared to independent, unprocessed
transmissions from individual satellites. The SAB
cautioned that sufficient resources must be made
available to develop instruments and payloads for
use on any “space station. ”

Another body examining the role of expanded
space infrastructure was the NASA Solar System
Exploration Committee (SSEC). The SSEC is a
group of the Nation’s outstanding planetary scien-
tists directly advising NASA on planetary research.
The SSEC, which spent 2 years defining a new
U.S. planetary space strategy, looked at the
usefulness of any new infrastructure for planetary
exploration. It concluded that, in the near term,
the facility could be used beneficially as an
assembly and launch base for deep space probes
with potentially important advantages for plane-
tary spacecraft requiring large internal propulsion
systems. In the longer term, this could greatly fa-
cilitate the return of samples from Mars by pro-
viding a fully loaded booster such as a Centaur
rocket. A “space station” could also serve as a
holding facility for returned samples to alleviate
concerns of their possible contamination of the
Earth.

In January 1984, NASA created a 15-member
advisory panel of academic space scientists that,
over a 2-year interval, is expected to give NASA
advice on suitable research projects for long-term,
habitable, space infrastructure.

Of related interest to NASA programs, the NRC’s
Aeronautics and Space Engineering Board (ASEB)
conducted a workshop during 1983 on NASA'’s
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Space Research and Technology Program. While
not directly addressing “space station” issues,
their report noted the high payoff uses of space
in the communications and meteorology fields,
the present speculative nature of manufacturing
in space, the high cost of space transportation
and systems as an inhibiting factor in the com-
mercial use of space, and that, in the face of
foreign competition, the United States should
continue to explore and stimulate potential uses
of space.

ALTERNATIVE

Because of the large public costs associated
with the NASA plans for acquiring in-space in-
frastructure, and considering the view of the
Space Science Board (and others) regarding the
NASA plans, it is important to explore alterna-
tive approaches for providing the desired capa-
bilities of such infrastructure. OTA has identified
several alternatives that could provide various ca-
pabilities, at various times, and at various initial
costs to the Government. These alternatives in-
clude system components that currently exist or
are currently under development. OTA has also
considered a gradual approach to infrastructure
acquisition with various average annual funding
rates; lower cost alternatives could be used as
early steps in an evolutionary development lead-
ing to increasingly sophisticated and capable ar-
rays of infrastructure. Each of these approaches
has different implications for initial Government
cost, life-cycle costs, pace of commercial devel-
opment, and the pace for carrying out human
activities in space.

Uninhabitable Platforms

Regardless of the outcome of the debate over
the need for infrastructure that includes and/or
supports a long-term human presence in space,
there is a significant community of users who
would benefit from having uninhabited space fa-
cilities and services available to them. A number
of so-called free-flying automated platform alter-
natives now exist, are in development, or have
been conceived, that could take advantage of the

The ASEB urged NASA to provide access to
space for experimental purposes as a natural ex-
tension of national aerospace facilities on the
Earth’s surface. Overall, the report recommended
that NASA devote a significant portion of its ef-
forts to develop technology that would reduce
the cost of spacecraft subsystems, payloads, trans-
portation, and operations.

INFRASTRUCTURE

Shuttle or expendable vehicles for launch and
service.

The Shuttle can be used to launch to, and re-
turn equipment or other materials from, LEO. This
ability allows for the use of space platforms of-
fering electric power, heat rejection, communi-
cations, attitude control, and other services to a
number of users. Some time after insertion into
orbit (typically several months to a year), the Shut-
tle or an ROTV would rendezvous with such a
platform, and servicing intervals for platform-
mounted instruments would be coordinated with
the rendezvous schedule, keeping costs in mind.
Payloads could be exchanged, attitude control,
fuel and other expendable replenished, batteries
charged, or the platforms could be returned to
an LEO base or to Earth. Platforms could avoid
contamination and stability problems associated
with inhabited infrastructure. The cost of the
common platform facilities could be amortized
over a long lifetime and a large number of ac-
tivities.

Fairchild LEASECRAFT.-The Fairchild LEASE-
CRAFT (fig. 4) is designed to support equipment
that can be exchanged on orbit. This design ap-
proach anticipates that the costs (special equip-
ment, crew training, etc.) and risks associated
with performing maintenance and payload modi-
fications and substitutions on orbit are outweighed
by the saving in transportation cost and improve-
ment in spacecraft utilization, which avoids fre-
quent launch and return of the platform.
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Figure 4.—An Artist's Conception of a LEASECRAFT Enroute to Orbital Altitude With Payload Attached

LEASECRAFT was inspired by the Multimission
Modular Spacecraft (MMS) system on which the
Landsat D and Solar Maximum Mission spacecraft
are based. It can provide up to 6 kW of power
and other services to user payloads, and is in-
tended to serve LEO space projects that include
data acquisition/transmission and materials proc-
essing.

Data acquisition activities generally require fine
pointing and high data rates but relatively mod-
est power levels. Materials processing projects,
on the other hand, require high power but low
data rates and relatively coarse pointing. The
LEASECRAFT could be converted from one con-
figuration to the other on orbit from the Shuttle
or from other inhabited infrastructure.

The LEASECRAFT design includes a centrally
mounted propulsion module that contains 2,700
kg of hydrazine for transfer from the standard
Shuttle orbit of about 300 km to an operating

N — N
N

E

altitude of 480 km. Later it can be returned to
the Shuttle orbit for rendezvous. The total weight
of the LEASECRAFT bus is expected to be 6,400
kg (including the initial charge of propellant).

The power and other services provided by the
LEASECRAFT are dependent on the number and
type of its modules. Details of how module and
payload changes will be handled will depend on
lessons learned from the Solar Max repair. Pos-
sibilities include the manipulation of tools by the
Remote Manipulator System (RMS), spacewalk-
ing outside the Shuttle cargo bay by payload
specialists, and retrieval of the LEASECRAFT by
the RMS to a position in the cargo bay where
payload specialists would perform the work
needed.

An automated electrophoresis payload being
developed by McDonnell Douglas is frequently
mentioned in conjunction with the LEASECRAFT.
It will consist of an electrophoretic processing fa-
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cility and a separate supply module having a com-
bined weight of some 10,000 kg. The process-
ing unit will use 3.5 kW of power and will require
an acceleration environment of less than 0.1 per-
cent of gravity on Earth.

Another prospective payload for the LEASE-
CRAFT system is NASA’s Advanced X-Ray Astron-
omy Facility (AXAF). AXAF is a 9,000-kg telescope
that will operate in a 500-km orbit, require 1.2
kW of power, and periodic change of imaging
and spectrographic instruments.

The LEASECRAFT’s ability to accommodate
specific payloads is very similar to that of the high
power version of EURECA (see below), with one
important exception: the higher data handling
ability of LEASECRAFT would allow it to accom-
modate most science and applications instru-
ments. It would not accommodate some instru-
ment projects that are very large, or those that
require human involvement.

The initial LEASECRAFT reportedly will cost at
least $150 million (1984%) apiece to purchase.
Users may also purchase partial services of
LEASECRAFT or lease an entire platform from
Fairchild for $20 million to $40 million (1984%)
per year. Transportation costs will include initial
launch of the LEASECRAFT and its payload and
other payloads that, subsequently, are taken to
it for exchange.

Boeing MESA.—-The Modular Experimental
Platform for Science and Applications (MESA) is
a low-cost satellite system designed by Boeing for
launch on the Ariane. The MESA design follows
from Boeing small spacecraft designs and produc-
tion of the last decade. This includes three space-
craft known as S-3 for the Department of De-
fense, two Applications Explorer Modules (AEMs)
for NASA, and the Viking Spacecraft being pro-
duced today for the Swedish Space Corp.

The MESA program utilizes existing hardware
and previous experience to achieve a low-cost
platform for modest payloads that do not require
recovery, and for special cases that do require
recovery.

An interesting feature of the MESA system in
its Viking configuration is that it duplicates the

Ariane structural interface on its top side, which
enables it to share a launch by fitting between
the Ariane and the primary payload. This use of
residual launch capacity can reduce the cost of
transportation to orbit.

The total mass of the MESA/Viking platform is
some 500 kg. The design of the platform provides
for attitude control and propulsion. Once the Vik-
ing separates from the main satellite after launch,
the propulsion unit can boost the Viking into its
operational orbit. The spacecratft is spin stabilized
at 3 rpm, and Earth/Sun sensors and magnetic
torquers are elements of the attitude control sys-
tem. A combination of solar arrays and a battery
provide 60 W of average power with a peak pow-
er of 120 W.

Limited changes can be made in solar array size
and power output. The overall diameter of the
MESA with payload cannot exceed the 2.95-me-
ter internal diameter of the Ariane’s payload com-
partment. The central core of the platform is de-
signed to accommodate both platform (420 kg)
and payload weights (0o kg for the design refer-
ence) and up to nearly 2,000 kg of host satellite
weight during Ariane launch. The available vol-
ume for the payload is 1.6 cubic meters (m J).
Should the solid-propellant rocket motor not be
required, an additional internal volume of ap-
proximately 0.6 m*would be available for pay-
load use.

MESA is limited in its applicability because of
its small size, limited resources, the use of spin
stabilization, and the intention to have the pay-
load integrated within the structure. This makes
it best suited to small, scanning or nonviewing,
dedicated activities. While suited for some space
plasma physics or cosmic ray investigations, the
spin stabilization is not appropriate for micrograv-
ity activities. MESA will accommodate only a
small fraction of the science and applications
projects identified in NASA’s Mission Analysis
Studies.

MESA is reported to cost $10 million (1984$).
Transportation charges on the Ariane are uncer-
tain since it can share a launch with another pay-
load. If it is carried in the Shuttle, it should qualify
for the minimum charge of $12.5 milion (1984%).
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The Boeing MESA spacecraft undergoing ground processing.
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Shuttle Payload Support Structure (SPSS).—
An example of a structure supporting payloads
that remain attached within the Shuttle cargo bay
is the SPSS that has been developed for NASA.
Teledyne Brown expects to commercialize SPSS
during 1985. It will provide a mount, electrical
power, data handling, and environmental con-
trol for payloads weighing up to 1,400 kg.

Long Duration Exposure Facility (LDEF).-A
platform housing 57 experiments, many of them
seeking to record how manmade materials hold
up in the LEO environment, was released from
the Shuttle in April 1984. The 10,000 kg-satellite,
called the Long Duration Exposure Facility (LDEF),
will be retrieved by the Shuttle in 1985. The LDEF,
basically a free-flying support structure for scien-
tific experiments, cost $14 million (1 984%), not
including launch and retrieval.

Pleiades Concept.—A concept to expand the
use of platforms for space science research has
been proposed by students in a 1983 systems en-
gineering course at Stanford University. In this
concept (called “pleiades”), a platform located
in the Shuttle cargo bay would provide data proc-
essing and other support for several co-orbiting
free flyers equipped for long-term astrophysics
research. Periodic servicing would be feasible
from the Shuttle. If developed, it might become
a permanent space infrastructure element.

Space Industries’ Platform.-A free-flying per-
manent industrial space facility (ISF), designed pri-
marily for materials processing, has been pro-
posed by a new commercial space company,
Space Industries, Inc. (fig. 5). An automated plat-
form suited for production purposes, it could be
placed in LEO by the Shuttle and serviced sev-
eral times a year by it and/or any eventual long-
term space infrastructure. The ISF would include
a pressurized volume where equipment could be
serviced by a crew during resupply periods; the
facility, however, would provide no life support
functions when occupied other than a suitable
atmosphere compatible with the Shuttle or ROTV,
to which it is expected to be attached during
these periods.

Assuming successful financing, the facility could
be placed in operation in the late 1980s. No cost
figures have been made public, but some indus-

try sources estimate that it would cost some hun-
dreds of millions of dollars to develop and con-
struct.

MBB SPAS.-The concept of a Shuttle-tended
platform was tested, to a limited degree, with the
Space Pallet Satellite (SPAS) payloads during two
Shuttle flights. SPAS was developed at the initia-
tive of the German company Messerschmitt-Bol-
kow-Blohm (MBB). Its structure is constructed out
of graphite epoxy tubes to form a modular truss
bridge that spans the Shuttle cargo bay in width
and fits that length dimension for which a mini-
mum launch charge is made by NASA. The struc-
ture provides mounting points for subsystem and
experiment hardware and includes a grapple fix-
ture for handling by the Remote Manipulator Sys-
tem, i.e., the Shuttle arm. The SPAS is designhed
to operate in either a Shuttle-attached mode or
as a free-flying platform, and it was released dur-
ing the seventh Shuttle flight to operate in the lat-
ter mode for about 10 hours before retrieval. In
that operation it provided the first opportunity
to demonstrate the Shuttle’s ability both to de-
ploy and retrieve a satellite. The SPAS payload
remained in the cargo bay during the 10th Shut-
tle flight, where it successfully handled equip-
ment for several commercial users.

Having only battery power and compressed gas
thrusters, the initial SPAS is designed for short-
lifetime projects (7 to 15 days), but subsequent
versions could undoubtedly extend the lifetime
by incorporating solar photovoltaic arrays and
propellant-type thrusters, and maybe even a kick
motor to achieve a wider range of orbits and/or
to be able to return to a Shuttle-compatible or-
bit for rendezvous. In its present form, SPAS will
only accommodate relatively small, low-power
instruments used for short periods of time.

The basic SPAS platforms costs less than $1 mil-
lion (1984%); subsystem equipment required by
specific payloads is not included. SPAS is de-
signed to qualify for the minimum Shuttle launch
charge of $12.5 million (1984%) but, with a large
payload, it may exceed this qualification.

EURECA.-The European Space Agency (ESA)
is developing a small unmanned platform carrier
that would be released from the Shuttle and re-
trieved after free flights in space of 6 to 9 months.
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Figure 5.—A Free-Flying Permanent Industrial Space Facility

Initial Operating Configuration

Two ISF Module Configuration

Four ISF Module Configuration

ISF Docked to NASA" Space Station’
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Shuttle. The abillity to fly from the Shuttle to a
useful orbit and back for rendezvous with the
Shuttle is typical of most space platform concepts.

The EURECA will have a payload capacity of
about 1,100 kg with the combined carrier and
payload weighing approximately 3,500 kg. The
total length of the carrier/platform, plus its
payloads, in the Shuttle’s cargo bay will be 2.3
meters, with an option for a shorter length of 1.6
meters if desired.

Energy for EURECA will be provided by deploy-
able and retractable solar arrays that will initially
deliver 5.4 kW of power at 28 volts. Of this out-
put, 1 kKW will be available to the payload on a
continuous basis, while much of the balance wiill
be required to charge the batteries that supply
power when sunlight is not available.'The power
supply for EURECA and its payload will be cooled
using a fluid loop connected to a radiator.

EURECA payload and housekeeping data will
be relayed to Europe via circuits employing the
L-Sat communications satellite as a test. The
telemetry system will normally use ground sta-
tions in Europe, but it will also be compatible with
the Shuttle. The maximum data rate that can be
processed on the ground by the proposed sys-
tem is 2.5 kbps, although the on board system will
be capable of transmitting up to 1 Mbps.

Size, mass, capacity, and data handling ability
are the most stringent EURECA design constraints.
If the data rate is restricted to 2.5 kbps, only film
cameras can be accommodated. But if the full
1 Mbps data rate can be utilized, many science
and applications instruments can be accommo-
dated. However, large, high power, or high data
rate payloads, such as telescopes, radars, lidars,
multispectral scanners, or a combination of these
or other instrument payloads cannot be accom-
modated. Increasing the available power level
alone does not significantly improve the ability
to accommodate such payloads, since science
and applications instruments that require high
power (e.g., remote sensing radars) also tend to
have high data rate requirements (tens to hun-
dreds of Mbps).

“More power would be available for payload use if it proves pos-
sible to operate the platform in a Sun-synchronous dawn-dusk or-
bit where it does not enter the Earth’s shadow.
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The cost of EURECA has not been clearly stated,
although ESA has referred to a program cost of
$170 million (1984%) that appears to include some

payload costs.

Plans are also being developed for EURECA 11,
an advanced version having increased power and
payload capacity. The new design will allow
space-basing and equipment exchange on-orbit,
using the Shuttle or a yet-to-be-developed Ariane
automatic docking system.

SOLARIS.-This French concept includes pre-
liminary designs for an automated platform. It
would be unmanned, located in LEO, and would
use furnaces, a robot manipulator arm, solar
power, and other subsystems. Ariane 4 would
launch a transfer and supply stage, and a ballistic
reentry capsule will bring processed materials
back to Earth.

The first generation facility would have the fol-
lowing major elements:

. The Orbital Service Module (OSM), which
is a user-shared platform with docking ports
for payloads and transport vehicles.

. An in-orbit Transport Modular Vehicle (TMV)
for resupply, transport, and servicing of
space payloads.

.A Data Relay Satellite Communications
System for control and high data rate trans-
missions.

. The Ariane 4 launcher.

The intent is to fly the OSM in a circular “Sun-
synchronous” orbit following a path over the twi-
light line, thus avoiding the Earth’s shadow and
thereby achieving a relatively high 10 kW of con-
tinuous power output for its users. Activities such
as materials processing, microwave Earth obser-
vation, and assembly and check-out of large ve-
hicles in orbit are envisioned. The orbit altitude
could be adjusted from 600 to 1,000 km. Two
docking ports would be available for TMV berth-
ing, with five ports for payloads. Data transmis-
sion rates would not exceed 400 Mbps. The en-
tire OSM weight would be 4,500 kg (excluding
propellant).

The function of the TMV is to provide transpor-
tation service between the Ariane delivery orbit
and the OSM, and to permit the return of a lim-
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ited amount of equipment and products to Earth.
The TMV will consist of an expendable module
with propulsion, attitude and trajectory control,
and the ability to rendezvous and dock.

The TMV can be used in either one-way or
round-trip service. For one-way service the pay-
load would be attached directly to the TMV mod-
ule, and both would be placed inside the fairing
of the Ariane 4 for launch. A 5,000-kg payload
could be accommodated in this manner.

Round-trip service requires the use of a reen-
try vehicle similar to the Apollo reentry module.
The TMV module is attached to the reentry body
for launch in a manner similar to the arrangement
for a one-way payload, and the two are separated
during reentry. About 2,500 kg and 15 m’of pay-
load could be accommodated within the reen-
try vehicle; it could touch down on either land
or water and is designed for reuse.

The first generation SOLARIS concept is func-
tionally similar to the science and applications
space platform studied by NASA, except that
SOLARIS specifies a dawn-dusk Sun-synchronous
orbit. This orbit restricts its usefulness for many
Earth-viewing projects that require lighting from
the Sun. However, radars, lidars, and some mi-
crowave instruments can “see” in the dark and
would not be affected, while solar-viewing in-
struments would gain the advantage of continu-
ous visibility of the Sun. The ability of SOLARIS
to support large, multiple instrument facilities
should allow for accommodation of most of the
solar physics payloads. However, a continuous
full Sun orbit would be a problem for many celes-
tial-viewing instruments that depend on Earth
shadow to eliminate scattered light from the Sun.
All automated life science activities and all
materials processing, except for those requiring
human presence, could be accommodated.

The orbit of SOLARIS is not suited to launch,
retrieval, or servicing of low inclination satellites
(including geostationary satellites), since a large
orbit plane change is required. And, since most
Sun-synchronous satellites are not in dawn-dusk
orbits, a “latitude drift” would be required to
service them. Some studies consider satellite
assembly and service to be a major role for a

“space station”; SOLARIS would be able to ac-
commodate only a small fraction of this market.

Costs of the evolutionary SOLARIS program
have not been defined, but they likely would be
several billions of dollars (1984$) if the entire con-
cept is developed.

Habitable Infrastructure

Although uninhabited platforms can be used
to support many experiments and commercial
processes that do not require human presence,
and some activities require a stability that would
be difficult to achieve if humans were present,
other activities require or can be greatly aided
by human presence. These include life science
studies of humans in space, which are necessary
to prepare for long duration human travel in
space, and interactive experimentation in mate-
rials processing (e.g., pharmaceuticals, semicon-
ductors, crystals), which is required in order to
explore the commercial potential of materials
processing.

A number of infrastructure elements other than
the proposed NASA “space station” are available
that can support humans in space.

Extended Duration Orbiter (EDO).—A major
constraint on the duration of the on-orbit time
for the Shuttle is the availability of electrical
power. The current Shuttle power system uses
three fuel cell powerplants fed by cryogenically
stored hydrogen and oxygen, and delivers 21 kW
on a continuous basis, of which 14 kW is allo-
cated to the Shuttle itself and 7 kW is available
for payloads. The fuel cells are fed from tank sets
(one hydrogen and one oxygen tank in each set)
located under the floor lining in the Shuttle cargo
bay. Three tank sets are considered standard
equipment. Two additional sets (for a total of five)
can be installed with no volume penalty to pay-
loads, but with a combined weight penalty (fully
fueled) of 1,500 kg. The full complement of five
tanks will provide a stay time of 8 days if the full
7-kW payload allocation is drawn upon continu-
ously. Where little payload power is drawn, as
might be the case for satellite repair or remote
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sensing activities, the stay time could be as much
as 12 days.

One obvious approach to extending the stay
time is to add more tank sets. One such concept
results in a stay time of 15 to 22 days, again
depending on power consumption, by loading
a four-tank-set carrier into the cargo bay. Such
a carrier would shorten the usable length of the
cargo bay by some 2 meters out of 18, and re-
sult in a 3,700-kg decrease in payload capacity.
Extension of this approach to even longer dura-
tions has a practical limit because of the volume
and weight capacity lost, and the limited storage
lifetime of cryogens.

A 20-day stay time with 7 kW of power con-
sumed by the payload, or up to 26 days if less
power is consumed, can be achieved by using
a solar array in conjunction with the five stand-
ard cryogenic tank sets. In one concept, the solar
array would deliver 18 kW in sunlight, and the
fuel cells would deliver 3 kW makeup power for
a total 21 kW. During orbital eclipse of the solar
array, the fuel cells would supply the full 21 kw.
The RMS could deploy the array underneath the
Shuttle, to avoid interference with the power sys-
tem heat radiator and the field of view from the
cargo bay. A previously proposed Power Exten-
sion Package (PEP) was identical in concept but
was sized to provide 15 kw, instead of the nor-
mal 7 kw to payloads. The payload weight pen-
alty for these concepts, including tank sets, is esti-
mated at 2,300 to 2,700 kg. The cost to modify
one Shuttle was estimated to be $100 million to
$200 million (1984%). Spacelab would have been
the principal beneficiary of the PEP, but the
planned flights of Spacelab were judged to be not
frequent enough to justify the expenditure.

To achieve stay times well beyond 20 days re-
quires some radical changes in the power system,
but the Shuttle could be designed for essentially
limitless duration as far as power is concerned.
Batteries would be used for power during Shut-
tle eclipse, and operation of the existing fuel cells
would be limited to launch, reentry, or emergen-
cies. The fuel cell reactants would be stored at
ambient temperature and high pressure, thereby
eliminating the storage lifetime constraint asso-
ciated with cryogens. A 48-kW solar array would

be required to provide power to recharge the bat-
teries in sunlight; this power would be in addition
to the basic 21 kW needed for Shuttle and pay-
load power. The weight penalty for such a power
subsystem is estimated to be about 3,200 kg.

Modifications are required in other areas as
well. Flash evaporators that are currently used
to supplement radiator heat rejection require
large amounts of water in some attitudes, and to
minimize reliance on them it would be neces-
sary to increase the capacity of the radiators. With
regard to habitability, water tanks must be added
to compensate for water that is no longer gener-
ated by fuel cells and a regenerative CO,system
would be required. Furthermore, for 15- to 30-
day durations, the Shuttle habitable volume is
only adequate to marginal for a crew of four. A
reconfiguration of the mid-deck, recommended
for 30- to 60-day durations on orbit, includes
moving the airlock to the cargo bay. A Spacelab
module would also be added to provide such
crew amenities as a shower and an exercise and
off-duty area as well as increased work area.

Among the activities which an EDO would be
expected to support is satellite servicing. The
Shuttle can reach a wide range of orbit inclina-
tions and LEO altitudes, and the cargo bay, with
its RMS and space for supplies and other support
equipment, seems well suited for this type of ac-
tivity. The technical feasibility of repairing satel-
lites from the Shuttle was demonstrated on the
Solar Maximum Mission Satellite in April 1984,
With the Shuttle launch charges alone projected
to be as much as $100 million for a dedicated
fight before the end of the decade, the prospect
of sharing a launch for this purpose along with
other payloads and/or activities is a significant fac-
tor in the economic viability of such an operation.

In theory, with on-orbit infrastructure serving
as an operations and distribution center, a Shut-
tle destined for it could carry not only supplies
and equipment for the operation at hand but
could be loaded with payloads and supplies to
be left in space. Subsequent transfers to free-
flyers, for instance, could then be accomplished
with a lighter, more energy-efficient proximity-
operations vehicle in contrast to the relatively
massive Shuttle. The premise is that the saving
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to be realized by utilizing the launch capacity of
the Shuttle more effectively would, over time,
more than offset the cost of the on-orbit infra-
structure specifically designed to handle equip-
ment and supplies. It is not clear to what extent
the on-orbit infrastructure operations costs (both
on-orbit and ground-support) are included in
analyses of such operations. It is also not clear
how total costs (facilities and operations) would
be allocated among all users of a shared “space
station” to establish the economic viability of any
particular activity such as satellite repair and
servicing.

Finally, an EDO could function as an observa-
tory and a laboratory. There are adequate accom-
modations in the aft fight deck to control and
monitor an observing payload such as one con-
taining a large telescope. The Shuttle has no pro-
vision for laboratory operations beyond the ac-
commodations available in the mid-deck lockers
and, on some early flights, the main galley area.
However, a Spacelab module, discussed in the
following section, could be added to provide a
shirt-sleeve working environment in the cargo
bay. One drawback is that Spacelab consumes
nearly half of the available 7 kW of payload pow-
er. Thus, electrical power for experiments would
require careful management, and a more capa-
ble power system would be desirable for an EDO.

An EDO is estimated to cost about $2 billion
(1984$%) for the basic Shuttle, $300 million (1984$%)
for an upgraded habitation module similar to
Spacelab, and $200 million (1984$) for the PEP.
The full Shuttle launch cost would be incurred
for each flight.

Spacelab.—The Shuttle carried Spacelab into
orbit for its maiden flight in November 1983.
Spacelab is a set of hardware that converts the
cargo bay into a general-purpose laboratory for
conducting science, applications, and technol-
ogy investigations. It was financed and built
jointly by ESA in close cooperation with NASA,
providing a convenient means for working with
a collection of experiments in a shirt-sleeve LEO
laboratory environment. It augments the Shuttle
services for powering, pointing, cooling, and con-

trolling experiment hardware and for data handl-
ing and transmission to Earth.

Spaceiab is composed of two primary building
blocks: modules and pallets. The module is a can-
like pressure vessel approximately 4 meters in
diameter that provides a shirt-sleeve working
environment for the crew and rack accommoda-
tions for experiment hardware. The module con-
sists of two end cones and one or two center sec-
tions (each 2.7 meters long). It may be used in
either its long form (7.0 meters) or short form (4.3
meters) and may be flown alone or in combina-
tion with one or more pallets. The pallets are U-
shaped structures 3 meters long that span the car-
go bay and provide mounting for instruments that
are to be exposed to the space environment. pal-
lets may be flown individually or tied together
in trains. For pallet-only projects, the computers
and other subsystem elements normally carried
in the module are housed in an “igloo” that can
be attached to the forward pallet, The Spacelab
hardware set also includes an Instrument Point-
ing Subsystem (IPS) capable of high-accuracy
pointing for clusters of small instruments or a
large telescope.

While both pallets and modules can be consid-
ered for use as independent space infrastructure,
in its present form Spacelab is totally dependent
on the Shuttle for its resources. Specifically, the
Shuttle provides 7 to 12 kW of electrical power,
8 to 12 kW of cooling, data handling and data
communication at rates of up to 50 megabits per
second. Further, the Shuttle provides oxygen re-
plenishment, and serves as both a crew residence
and a safe haven under emergency conditions.
Spacelab depends on these resources to provide
a safe, stable laboratory environment.

Several stages in the evolution of the Space-
lab module beyond the current generation have
been studied, moving from complete depend-
ence on, and attachment to, outside support ele-
ments, to relatively independent operation as a
free-flyer that is resupplied every 6 months or so
by the Shuttle or an OMV.

Spacelab With an EDO.—One version of the
Spacelab that would be carried by an EDO uti-
lizing a PEP, was studied by ESA in collaboration
with NASA, The electrical and heat rejection sys-
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Figure 6.—Major Spacelab Elements
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terns would be modified to handle increased
power, and the command and data management
system would be modernized. Since two Space-
lab modules are now owned by NASA, additional
costs would involve only the modifications and
launch costs.

Spacelab as an Attached Module.-Another
version would see the Spacelab used as a labora-
tory component of a “space station.” The module
would be lengthened to provide a greater shirt-
sleeve volume for more experiments and people,
but in this case other connected infrastructure
elements would replace the Shuttle as a support
system. Either an existing NASA Spacelab module
could be used for this purpose, or an additional
module could be provided at a cost of $300 mil-
lion (1984%).

Spacelab as a Free-Flyer.—A third version is
that of Spacelab as an inhabited free-flyer. This
would require the development of a dedicated
service module that would provide the types of
resources currently provided by the Shuttle.

AIRLOCK

PALLET SEGMENT

ORBITER ATTACH
FITTINGS

J

For attitude control, there are a number of pos-
sible candidate systems which could be adopted.
In Europe, for example, there is the ESA Modular
Attitude Control (MAC) system, which is designed
for general satellite application. This subsystem
is in prototype form, and hardware tests are u rider
way at present. Electrical power and cooling pro-
visions would be required, as part of the dedi-
cated services module, in the form of solar ar-
rays, batteries, and a heat radiator with a cooling
fluid loop. It is possible that the increased-capac-
ity (12 kW) solar arrays under development by
ESA, together with the ESA radiator, would be
suitable. Command and data handling could be
satisfied by commercial computer technology.
Oxygen supply for the free-flying Spacelab could
be handled by using the nitrogen tanks that are
already available in Spacelab. However, for long
durations on orbit, additional provision for ox-
ygen supply would be necessary, which might
possibly take the form of a water electrolysis sys-
tem (as yet undeveloped). For crew habitation,
the developed Spacelab free-flying module would
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Figure 7.-Shuttle-Spacelab Flight Profile
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need to be based on a two-segment-long module
as a minimum (7.0 meters), or preferably a three-
segment-long module (1 O meters), in order to
provide the necessary volume for sleeping, food
preparation and consumption, waste disposal, ex-
ercise and recreational equipment, and commod-
ity stowage. Crew-supported experiment and lab-
oratory activities could be accommodated in a
Spacelab-derived two-segment module, con-
nected to the habitation module by an airlock;
it would contain the necessary laboratory equip-
ment and Spacelab-derived racks. The use of two
modules connected via an airlock would provide
the basis for a necessary safe haven in the event
of a major failure in, or of, either module.

The use of two Spacelab-derived modules,
combined with the associated dedicated service
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TAPE, FILM, SAMPLES, ET¢c
y |

module, could provide long-duration infrastruc-
ture for human and automatic operations in
space. An intermediate step in this direction
would be the development of a two-segment
Spacelab-derived module, coupled with a dedi-
cated service module. The cost of such a devel-
opment (designed for Shuttle resupply every 90
days) could be some $400 million (1984%). The
two-module development costs would be consid-
erably greater than for a one-module configura-
tion, perhaps approaching $800 milion (1984%).

To put the size of a Spacelab-derived free-flyer
into perspective, it is interesting to compare the
facilities described above to the Skylab facility
which was orbited 10 years ago. A three-segment
Spacelab module has roughly the same external
dimensions as the Apollo Command and Serv-
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ice Module’s propulsion/resource system plus
reentry vehicle, that part of the Apollo transpor-
tation system that rendezvoused with Skylab. The
Skylab Orbital Workshop (OWS) provided pri-
mary habitation and work space 6.7 meters in di-
ameter by 8.2 meters long or about 280 m’of
volume. Thus, the volumes enclosed by the two-
and three-segment-long modules contain 25 and
40 percent, respectively, of the habitable volume
of the OWS, and together would total just 70 per-
cent of the OWS volume. In addition to the OWS,
some Skylab control and utility functions were
housed in the airlock module and the Multiple
Docking Adapter. Because of the dimensions of
the Shuttle cargo bay, a number of Shuttle
Launches would be required to build up a Space-
lab-based infrastructure on a scale equal to
Skylab.

The free-flying Spacelab could accommodate
any payload currently envisaged for the Space lab
module on the Shuttle. Some life science facility
concepts now being studied use a dedicated
Spacelab module as their basic structure. All life
sciences studies could probably be performed;
high-temperature furnaces for material process-
ing may require higher power and cooling that
could, if necessary, be provided by additional
power modules. Commercial production facilities
are not yet clearly defined, but if such produc-
tion proves to be desirable, additional power and
Spacelab modules could be added, if necessary,
to accommodate it. A small fraction of the Earth
or celestial-viewing instruments could utilize the
scientific airlock or window of Spacelab, but this
is @ cumbersome way to handle such instruments.
The only advantage of the Spacelab window or
scientific airlock over a permanent external mount-
ing position is easier access to the instrument,
while the disadvantages include limited space,
restricted field of view, and the necessity to han-
dle the instrument whenever it is installed. How-
ever, viewing instruments could be installed and
operated on one or more co-orbiting platforms.

Spacelab could serve as an operations control
center for other space activities. Properly equipped,
it could accommodate 100 percent of this func-
tion, although, depending on the number of
activities conducted, more than one Spacelab
module might be needed. The characteristics of,

and the problems associated with, exchanging
equipment in the Spacelab module indicate that
its best use might be as a dedicated life and/or
materials science laboratory, or as an in-space
control center.

The idea of developing and using. existing
Spacelab hardware for long duration human
activities in space remains attractive in view of
the maturity of the system building blocks. Limita-
tions of the free-flying Spacelab concept, how-
ever, may be significant. As an example, it would
be difficult to develop an efficient closed-loop life
support system.

Spacelab as free-flyer, including a utilities
module based on EURECA, has been estimated
to cost $1 billion (1984%). Transportation costs
would include an initial full Shuttle launch and
subsequent supply and transport services via the
Shuttle. An automatic docking service could be
developed for resupply by expendable launch
vehicles, but the cost of such a development is
uncertain.

Columbus.—The Germans and Italians have
proposed to ESA that the Columbus project, using
Spacelab modules as components of a more ex-
tensive infrastructure, should become the ESA
contribution to the U.S. “space station” program.

The plan, including three steps or phases, be-
gins with a Spacelab module attached to a U.S.
“space station, ” providing laboratory workspace
and deriving life support, power, attitude con-
trol, and other services from the parent “station. ”
A second step (fig. 8) is an independent free-flying
Spacelab with power, attitude control, and mod-
est life support supplied by a service module fash-
ioned after the EURECA platform. It would re-
quire direct resupply by the Shuttle or an OMV,
provide laboratory workspace, and allow tending
by a crew for up to 8 hours at a time. A third step
would add another Spacelab one-segment mod-
ule, with propulsion, to be used as a crew trans-
port and servicing vehicle which might also be
able to accommodate a small crew for short peri-
ods at the laboratory. By servicing the free-flyer,
it would enable the Columbus module to oper-
ate autonomously for a few months at a time. This
last phase is projected in Columbus program liter-
ature for possible implementation near the end
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Figure 8.—An Artist's Conception of a Free-Flying Pressurized Module With
an Attached Resource Module (second phase of Columbus concept)
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of this century. Cost estimates for a Columbus
project are not yet available.

NASA Minimum Cost “Space Station. "-A
study regarding a “space station” that would min-
imize costs by using Spacelab modules was per-
formed at the NASA Marshall Space Center and
was reported in 1982. It would provide sound
and useful infrastructure, but would be of rela-
tively modest dimensions in comparison with
NASA’s present aspirations. It would include a
habitat module, a separate safe haven for emer-
gencies, and a support systems module. It would
be launched by the Shuttle and would have 1 kw
of power and a scientific workspace. Later,
another support system module and a docking
adaptor would be attached, providing for the
long-term support of three persons, an experi-
ment module, pressurized and unpressurized ex-
periment ports, gyroscopic attitude control, com-
munications and data handling, and 6 kw of
nominal user power. According to the NASA
study, the cost of this facility would be $2 billion
to $2.5 bilion (1984%), assuming the use of an
existing Spacelab module already in the in-
ventory.

Shuttle as permanent Infrastructure. -In the
discussion of the EDO, it was shown how rela-
tively modest changes to the existing Shuttle vehi-
cle could result in 20- to 25-day on-orbit stay
times while more extensive modifications could
make 30- to 60-day stay times attainable. A con-
cept has been proposed by one Mission Analy-
sis Study contractor group that would have ma-
jor Shuttle and its external tank assemblies carried
into orbit together to form permanent infrastruc-
ture. The basic Shuttle would be stretched to add
30 feet to the cargo bay and would be utilized
without the wings, tail, and thermal protection
subsystem. The main engines and the OMS engines
would remain in place. The crew compartment
would be stripped to make room for a control
module. A command module would be located
in the cargo bay. Major external tank modifica-
tions would include a power module with solar
arrays which would mount on the nose, and a
wraparound radiator for thermal control.

The Shuttle and its external tank also would use
the Shuttle solid rocket boosters for launching as
is the case for the conventional Shuttle. Upon its
reaching orbit, the solar arrays would be de-
ployed, the cargo bay doors would be opened,
and the command module would be rotated into
an upright position, thereby freeing the cargo bay
for use in servicing and staging operations. A
subsequent Shuttle launch could deliver a habit-
ability module, logistics module, and crew.

The use of a basic Shuttle in this fashion would
allow the very rapid acquisition of infrastructure
able to serve as a habitable “space station” for
a relatively low development cost.

Shuttle External Tank (ET) .-Application of the
ET as an infrastructure element is intriguing be-
cause of its large size, because it achieves a near-
orbital velocity during normal Shuttle launch
operations, and because it “comes free of extra
cost” to orbit. As a result, several aerospace com-
panies have studied the ET for possible use on
orbit.

The ET has an interior pressurized volume of
some 2,000 m’in the form of two separate
tanks—one for hydrogen, the other for oxygen.

In present Shuttle launch operations, the ET
separates from the Shuttle and reenters the atmos-
phere after main engine cutoff. On average, at
separation from the Shuttle, the ET still contains
about 4,500 kg of liquid O,and H,. The chal-
lenge is to identify practical methods of salvag-
ing the tank and scavenging these residual pro-
pellants.

The ET in orbit, initially viewed as a construc-
tion shed and distribution center, might serve as
a mounting structure for telescopes, large anten-
nas, large solar power collectors, and experiment
pallets, or it could be used as a component of
inhabited infrastructure, in which case it would
need windows and entry hatches. The most ob-
vious use for the ET is for on-orbit fuel storage.
This requires the least on-orbit modification,
but assumes that the techniques and equipment
needed to scavenge leftover fuel from the Shut-
tle and to store it for long periods in space are
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The addition of a free-flying SPAS platform, at a cost of $0.005 bﬁfqn (1984$) would increase the
sciencelapplications uses by three. Other platforms such as MESA, LEASECRAFT or EURECA could also
be added. For example, the use of three EURECAs, which could be purchased at a cost of $0.6 billion
(1984$) or leased annually at a fraction of this cost, would increase science/applications uses by 10.
(In addition, while the system as described here would fot serve as an assembly/launch platform, 9
out of 10 projected solar system probes could be designed to be launched with upper stages from the
Shuttle.) o

In summary, a “USA Salyut” that approximates the, Saviet Salyut 7 could be assembled usingessen-
tially existing or currently under-development technology, i.e., Spacelab modules and a service module
composed of EURECA or LEASECRAFT-type power and attitgde controls. With the added cost of sever-
al free-flying platforms, it could support most of the fs’éienéé;ahd applications experiments and about
one-third of the commercial and technology development activities now described by NASA as requir-
ing long-term space infrastructure. Among the sciencé a@@@ it could not support are what NASA
describes as the Large Deployable Reflector, Mars Sample: Return, Earth Sciences Research Platform,
and Experimental Geosynchronous Communications Plati Operationally, the size, power, and port
capabilities of the infrastructure would mean the pace@ resdarch and development work would neces-
sarily be less than half as rapid as with the NASA-proposed: IOC space infrastructure. If started in 1985,

it could be operational by about 1990 at a cost of rough
Of course, any design aimed specifically toward cg:r

ghly $2 billion (1984%).
rdﬁéﬁ equivalence with the Salyut 7 may

miss the mark by the time it becomes operational, bécause Soviet space infrastructure could be quite
different by 1990. However, the general comparison of capability and cost is illuminating.

‘Described in detail in the OTA Technical Memorandum Salyut—Soviet Stepi Towani Permanent Human Presence in Space, December 1983,

developed. Use as an uninhabited warehouse or
unpressurized, sheltered workshop in space only
requires that the tank be purged of residual fuel,
since several access openings (larger than 1 me-
ter diameter) already exist.

A concept to use ETs as components of habita-
ble infrastructure has been developed by the
Hughes Aircraft Co. In this concept, four ETs
would be taken separately into orbit and then
joined to form the spokes of a large wheel-like
structure. Solar panels would be mounted on a
rim connected to the outer ends of the ET spokes,
providing 150 kW of power. The wheel would
rotate, and a “despun*“ module at the hub of the
wheel would provide zero gravity workspace.
The basic feasibility of this “dual-spin” system has
been demonstrated on a much smaller scale in
over 100 successful communications satellites
built by Hughes. Modules attached to the outer
ends of the ETs, carried into space as aft cargo

caurriers, would be available for habitation and
pressurized workspace. Rotation of the wheel
would provide artificial gravity in the spinning
part of the facility and gyroscopic action for at-
titude control.

This innovative concept has several obvious ad-
vantages. There is no doubt that many human
activities, such as eating, drinking, food prepara-
tion, showering, and dealing with human waste,
would be much easier to carry on in the artifi-
cial gravity environment provided by this system.
And possible health problems associated with
long-term living in microgravity, such as decalci-
fication of bones and atrophy of muscle and con-
nective tissue, could be avoided. In general, the
presence of spin and a choice of gravity regimes,
ranging from microgravity to artificial gravity
simulating what we are used to on Earth, should
prove to be useful in solving a number of human,
scientific, and engineering problems.
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Figure 9.—External Tank Structure
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Figure 10.—Possible Uses of External Tank
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Figure 11 .—Concept of Infrastructure Utilizing Four External Tanks
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Chapter 4

A BUYER'S GUIDE TO SPACE INFRASTRUCTURE

SUMMARY

If the United States decides to acquire a sub-
stantial amount of long-term space infrastructure,
there are various ways to proceed that should be
carefully considered, including the degree to
which new technology would be used, whether
NASA should set design or performance speci-
fications, and the roles of the private sector and
international partners. The costs and capabilities
of a number of possible infrastructure options are
compared in a table format. The cost drivers asso-
ciated with the listed options and OTA’s ap-
proach to cost estimation are discussed. The next
section examines a number of tradeoffs that
should be considered regarding the use of auto-
mation and people in a “space station. ” Buyers

may reasonably decide to acquire space infra-
structure using an average annual funding rate
rather than a “lump sum” approach. Possible in-
frastructure that could be obtained using aver-
age annual funding rates of $0.1, $0.3, $1, and
$3 billion (1 984%) are presented. The functions
that NASA intends to provide in a “space station”
are listed, and alternative infrastructures that
could provide those functions are indicated. ’

"In addition to the two OTA workshops mentioned specifically
in the following text, sources of information for ch. 4 include the
same references noted in ch. 3 for possible infrastructure elements
and their estimated acquisition costs.

PROCUREMENT OPTIONS

If there is an affirmative answer to the ques-
tions of whether to acquire long-term in-space
infrastructure (and, if so, how much, of what
kind, and when), there yet remains the decision
of how it is to be acquired. In many respects, this
second decision is just as important as the first.
The mode of acquiring new, long-term, in-space
assets and services should be influenced by a
clear understanding of the contemporary context
in which space activities are carried on. And the
decision as to how to acquire these assets and
services will have a significant impact on the
future of space activities.

The pioneering, generous, and effective efforts
of the U.S. Government, and of NASA in particu-
lar, have resulted in the spread of civilian space
capabilities and expertise throughout much of the
world, to the point where they are now essen-
tially beyond the power of the United States to
control even if it is of a mind to do so. Many of
the nations of Europe, and Japan, Canada, India,
Brazil, and the People’s Republic of China as well,
are increasingly positioning themselves to pur-
sue their own interests in space, independent of
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what the United States might desire. Other coun-
tries’ evident success with Spacelab, with Ariane
and its launch complex, and in the field of satel-
lite communications has given them great con-
fidence in their abilities to work in full collabora-
tion with the United States on major space programs
and, before long, to undertake such programs
without the United States, should they then deem
that to be appropriate.

The U.S. private space industry is also fully ca-
pable of developing all or most of the ensemble
of low-Earth-orbit (LEO) infrastructure elements
needed to provide a more-than-adequate initial
operating capability (IOC) of the type now be-
ing studied by NASA. With the important excep-
tion of satellite communications, our industry in
the past has undertaken work exclusively under
contract to the Government. However, the past
several years has seen the beginning of impor-
tant space activities undertaken wholly on pri-
vate initiative.

Some of these private sector activities and some
of those undertaken by other countries will be

85
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in direct competition with what many in NASA
now perceive to be their own important institu-
tional interests.

With the completion of the Shuttle develop-
ment program now in sight, the United States
faces a major decision as to whether-and, if so,
how-to redeploy a large fraction of NASA’s
resources. Under present circumstances, NASA,
as in the past, would prefer to undertake another
large technological program, similar to the Shut-
tle, to serve as the major agency focus, rather
than to spread its efforts over a number of activ-
ities that could be more demanding and more
useful. Of the various candidate activities, NASA
has chosen to concentrate on the acquisition of
a great deal of long-term, habitable LEO infra-
structure.

Congress and the President have approved
NASA’s request to initiate a “space station” pro-
gram, and NASA appears to be moving to acquire
such infrastructure in much the same fashion that
it acquired the Shuttle:

« A great deal of new technology would be de-
veloped, acquired, and used, essentially all
of which would be publicly funded.

+ NASA would arrive at and issue detailed
engineering specifications for, and exercise
close management control over, the technol-
ogy to be acquired.

+ This infrastructure would be procured by
NASA with Federal funds. The U.S. private
sector would not be prompted to use its own
resources to provide a substantial portion of
the infrastructure.

+ The international role would be Ilimited.
NASA would not seek the kind of close col-
laboration that would result in shared author-
ity, even if it might provide substantial capi-
tal cost reduction for the United States.

A significantly different acquisition approach
would have the following elements:

. As far as is reasonably possible, already de-
veloped, tested, and paid-for technology
would be used to achieve an adequate I0C,
with development of new technology under-

taken only where demonstrably required to
lower overall cost of ownership.

+ NASA would prompt our private commer-
cial-industrial-financial sectors to develop
and produce, with their own resources and
on a genuinely competitive basis, as many
of the Government-required civilian “space
station” assets and services as they can;
NASA would facilitate their efforts to do so;
and they could be offered to NASA on a sale,
lease, or payment-for-service-provided basis.

+ NASA, in obtaining the elements not pro-
vided by the private sector, would empha-
size management methods specifically de-
signed to take the best advantage of the now
quite sophisticated U.S. space industry (see
app. D, “Synopsis of the OTA Workshop on
Cost Containment of Civilian Space infra-
structure [Civilian “Space Station”] Elements).

+ NASA would negotiate collaborative agree-
ments with other cooperating countries that
would see all partners share in the benefits
of such an IOC at a reduced acquisition cost
to the U.S. Government for its share.

This second approach would imply that NASA
would hand off much (perhaps most) of the more
mundane “space station” work by paying the pri-
vate sector to do it, thereby conserving its skills
and resources so that they could be focused on
more challenging space goals and objectives, in-
cluding the development of the very advanced
technology (e.g., bipropellant engines, a reusable
orbital transfer vehicle, . . ) required, an activ-
ity which, for the most part, the private sector
cannot justify.

These two options are at opposite ends of a
spectrum of approaches to the acquisition of
long-term space infrastructure. in determining
which approaches from this spectrum are most
likely to influence the evolution of space activi-
ties in a desirable direction, Congress may wish
to consider the following questions:

. Should the Government be allocating its pro-
fessional skills and experience to the devel-
opment of: 1) incremental or 2) fundamen-
tal advances in technology?
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. Which approach is most likely to stimulate
the “commercialization of space”?

. What level of international collaboration is
really desirable?

= What other large and important space ends

should be addressed in the next decade or
two in addition to the acquisition of in-space
infrastructure methods and means?

A CATALOG OF SPACE

The fact that the United States has already de-
veloped a wide variety of space capabilities
means that it has genuine choices—both of what
infrastructure elements it places in orbit and of
how these elements are to be acquired and used.
It is around these choices that the difficult issues
lie; by and large, the technology is either in hand
or can be readily developed.

It must be emphasized that the particular
constellation of space infrastructure elements
which NASA currently aspires to develop, con-
struct, deploy, and operate is only one alterna-
tive in a wide range of options. Simply put, there
is no such thing as “the space station. ” What is
under discussion is a variety of sets of infrastruc-
ture elements, ranging from modest extensions
of current capabilities to vastly more sophisti-
cated, capable, and costly ensembles than NASA
is now suggesting.

As one way of presenting the variety of tech-
nology options available, OTA has prepared
tables 6 and 7.?

2These tables were prepared in response to the congressional
committees which requested this assessment, Ch. 3 discusses in-
frastructure options in detail.

Photo credit: Natlonal Aeronautics and Space Administration

One option for modestly increased length of stay in
space is a Shuttle Orbiter modified for extended
flight—the Extended Duration Orbiter, or EDO. Such
a configuration might involve large solar panels for
extended electrical power, as shown here.
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Table 6.—Comparison of Some Options®*for "Low Earth” Orbit Independently Operating Infrastructure

Free-flying NASA infrastructure
Extended Extended spacelab aspirations
Duration Duration (developed Initial Mature,
Shuttle Orbiter: Orbiter: as permanent operational fully
Orbiter Phase | Phase Il infrastructure) capability developed
Date available
(assuming start in 1985) Now 1988 1990 1990 1992 1996-2000
Cost?
(billions of fiscal year 1984 dollars) None 0.2 0.5 2-3 8 20
Characteristics
Power to users (kW) 7 20 6 60 200
Pressurized volume (m°®) 60 100 200 300
(with spacelab
habitat)
Nominal crew size 6 5 5 3 8 20
Miscellaneous Can accept No new New technology = Modest crew Orbital Reusable
Spacelab technology required; accommodations maneuvering orbital
modest vehicle plus transfer
laboratory two free-flying vehicle plus
space unpressurized several more
platforms platforms
Capabilities *
Time on Orbit 10 days 20 days 50 days Unlimited Unlimited Unlimited
(60-90 day (90 day (90 day
resupply) resupply) resupply)
Laboratories for:
Life sciences Moderate Moderate Considerable Extensive Extensive Extensive
Space science/applications Modest Modest Modest Modest Extensive Extensive
Materials science Some Some Moderate Moderate Extensive Extensive
Technology development Modest Modest Some Moderate Extensive Extensive
Observatories No Modest Modest Modest Extensive Extensive
Data/communication node No No No No Considerable Extensive
Servicing of satellites Modest Modest Modest Modest Considerable Extensive
Manufacturing facility (materials No No Modest Modest Considerable Extensive
processing)
Large structure assembly No No No Modest Moderate Extensive
Transportation node No No No No Moderate Extensive
Fuel and supply depot No No No No No Considerable
Response to reasons advanced for
space infrastructure
Maintain U.S. space leadership and No Modest Modest Modest Considerable Extensive
technology capability
Respond to U.S.S.R. space activities No Modest Modest Modest Considerable Extensive
Enable long-term human presence No Modest Modest Considerable Extensive Extensive
in space
Attention-getting heroic public No Modest Modest Modest Modest Modest
spectacle
Extended international cooperation Modest Modest Moderate Moderate Moderate Moderate
Promote U.S. commercialization of Modest Modest Modest Considerable Considerable Considerable
space
Maintain vigorous NASA No No No Modest Extensive Extensive
engineering capability
Enhance national security, broadly No No No Modest Unclear Unclear
defined
Space travel for non-technicians Modest Modest Modest Modest Considerable Considerable

8L isted Options are illustrative examples; the listis not exhaustive.

beosts include design, development, and production; launch and operational costs are not included. Some costs are estimated by the Office of Technology Assess-

ment; others were provided to OTA.

Cruaarly judgmental.
Including launchto the Moon, Mars, and aome asteroids.

Examples of habitable infrastructure are shown
in table 1. First, the present Shuttle Orbiter and
its possible modifications for somewhat extended
(but not permanent) stays on orbit (i.e., a so-
called Extended Duration Orbiter—EDQO) are

listed, followed by one version of Space lab de-
veloped into a free-flying inhabited facility.
Finally, the present NASA-envisioned space sta-
tion” concept is given, including both the I0C
version with an estimated completion in 1992,
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Table 7.—Space Infrastructure Platforms®That Could Be Semiced by Shuttle or an Orbital Maneuvering Vehicle

Unpressurized coorbiting platforms

(serviced by means of extravehicular activity)

Pressurized platforms
(serviced internally while docked)

Space European
Industries’ Modified
SPAS MESA LEASECRAFT EURECA Platform Spacelab
Date available
(now, or approximate, assuming Now Now 1986 1987 Late 1980’s 1989
start in 1985)
cod’
(billions of fiscal year 1984 dollars) 0.005 0.01 0.2 0.2 0.3 0.6
Characteristics
Power to users (kW) 0.6 0.1 6 2 20 6
Pressurized volume (ft%) None None None None 2,500 3,000
Nominal crew size None None None None 1-3 only 3
when
docked
Miscellaneous 3,000 Ib 200 Ib 20,000 Ib 2,000 Ib 25,000 Ib 20,000 1b
Payload Payload Payload Payload Payload Payload
Capabilities °
Time on orbit 10 days 8 months Unlimited 6 months 3-6 months Unlimited
Laboratories for:
Life sciences No No Modest Modest Modest Moderate
Space science/applications Modest Modest Modest Modest No Moderate
Materials science Modest No Modest Modest Moderate Moderate
Technology development No No Modest Modest Moderate Modest
Observatories No No Modest Modest Modest Moderate
Data/communication node No No No No No No
Servicing of satellites No No No No No No
Manufacturing facility (materials No No Considerable Modest Extensive Considerable
processing)
Large structure assembly No No No No No No
Transportation node (assembly, No No No No No No
checkout, and launch)
Fuel and supply depot No No No No No No
Response to reasons advanced for
space infrastructure
Maintain U.S. space leadership No No Modest No Modest No
and technology capability
Respond to U.S.S.R. space activities No No Modest No Modest Modest
Enable long-term human presence No No No No No No
in space
Attention-getting heroic public No No No No No No
spectacle
Extended international cooperation Yes No No Yes No Unclear
Promote U.S. commercialization of Unclear Modest Considerable No Considerable No
space
Maintain vigorous NASA No No No No No No
engineering capability
Enhance national security, broadly No No No No No No
defined
Space travel for non-technicians No No No No No No

8| isted platforms are illustrative examples; the list18 not exhaustive.

beosts include design, development, and Production; launch and operational costs are not included. Some costs are estimated by the Otfice of Technology Assess-

ment; others were provided to OTA.
CClearly judgmental.

and a mature, fully developed facility (1996-
2000).

The parameters for each option that may be
used for rough comparative purposes are:

. Approximate date of availability—assuming
that an acquisition (in contrast to a study)
“go-ahead” were included in the fiscal year
1987 budget.

+ Cost (in fiscal year 1984 dollars)-to produce
the capabilities shown. The estimates are
based on sources such as industry reviews,
company publications and meeting presen-
tations, aerospace periodicals, and NASA in-
formation releases. Inasmuch as some op-
tions utilize existing hardware, the costs do
not reflect similar proportions of develop-
ment and production efforts for the various
options.
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* Characteristics—several design parameters
and sizing factors that provide the bases for
infrastructure capabillities.

+ Capabilities—the types of functional activi-
ties that the listed infrastructure could sup-
port, and the degree to which these activi-
ties might be accomplished.

+ Responsiveness of a given infrastructure-to
the various reasons put forward for having
a civiliann “space station, ” including any
long-term presence of human beings in
space .

If great and long-range space activities (for in-
stance, the establishment of a lunar human settle-
ment or the return of materials from the asteroids
or Mars) come under consideration, they would
appear to be achievable using a sophisticated
reusable orbit transfer vehicle (ROTV) coupled
with on-orbit assembly, check-out, launch, and
recovery. The one option listed in table 1that
could provide these capabilities is the NASA fully
developed infrastructure.

Examples of uninhabitable “free-flying’ space
platforms are shown in table 2. These platforms,
or others, could be used in conjunction with, and

serviced by, any of the options listed in table 1.
In this way, additional capabilities could be added
to the infrastructures given in table 1, SPAS and
MESA are currently existihng commercial platforms
that were financecj and developed by the private
sector. LEAS ECRAFT is also a private venture now
under development.

Some cautions should be noted in the interpre-
tation of this information. General descriptions
of the various options are given, an estimates
of their capabilities. These capabilities can be ex-
pected to change in some cases. Most of the ca-
pabilities have been described by qualitative ad-
jectives. Quantitative estimates are rounded off
to one figure. In the fifth section of the tables,
“Response to the Reasons Advanced for Space
Infrastructure, ” the comparisons clearly must be
qualitative and judgmental in nature and are pre-
sented simply to bring these factors to the atten-
tion of the reader. For instance, as a particular
item the Spacelab option of table 2 is only one
of several that have been put forward; one by
European Space Agency (ESA) countries could
definitely augment international cooperation if
it were implemented.
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COST DRIVERS

Beyond the observation that, in some general
fashion, the cost will increase with the capabil-
ity and sophistication of the infrastructure ac-
quired, it is difficult to estimate the eventual cost
of this capability to the Government. At least all
of the following factors could have an important
influence on this cost:

1. the total capability acquired-which, as sug-
gested by the examples listed in the tables
of infrastructure options, can encompass a
considerable range;

2. the extent to which already developed,
tested, and paid-for technology is used, v.
a focus on new technology with its higher
development cost and greater risk of cost
overruns;

3. the substitution, where feasible, of auto-
mated systems for the accomplishment of
tasks previously undertaken only by human
beings;

4. the manner by which the infrastructure is ac-
quired, i.e., the extent to which NASA puts
the engineering challenge on the space in-
dustry by issuing performance specifications,
rather than continuing to issue detailed engi-
neering specifications and managing the ac-
quisition process in detail;

5. the effectiveness of NASA’s efforts to per-
suade our private sector to develop infra-
structure assets and services “on their own, ”
and to provide them to the Government at
purchase, lease, or service-payment prices
lower than those achievable by the Gov-
ernment;

6. the effectiveness of NASA’s efforts to effect
eventual private sector operation of the in-
frastructure and its related activities;

7. the extent to which large and rapid expan-
sion of military space research, develop-

ment, test, and evaluation (RDT&E) activi-
ties increases costs in the civilian space
sector also;’

8. the extent to which any “Christmas-tree ef-
fect” takes place within NASA, whereby the
infrastructure acquisition management is
persuaded by the NASA Centers to allow the
cost of desirable but nonessential RDT&E
activities to be included in the acquisition;
and

9. the effectiveness of NASA’s efforts to arrive
at large-scale collaboration and related cost-
sharing arrangements with other countries.

These points address only the initial capital cost
of this infrastructure—to this cost must be added
its ongoing operation and maintenance costs; the
cost of instruments, furnaces, etc., needed for
scientific experimentation in association with its
use; and the interest cost of any money borrowed
to fund the acquisition program. And it must be
remembered, too, that the infrastructure will
eventually become obsolete or wear out.

It is clear that there are many opportunities to
reduce infrastructure net cost that could be
grasped by a vigorous, imaginative, and deter-
mined NASA management.’

These considerations suggest that, over the next
year or two, at least as much attention should be
given to identifying the best ways by which the
country should set about the permanent devel-
opment of space as there is given to any techno-
logical advances and operational capabilities that
are to be obtained.

3Classified material was not used in preparing this report.

“Cost reduction measures are discussed i n app.D of this report.
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AND ALITONRMN
ANU AUV IV

One of the most important, and vexing, infra- he OTA conclusions are as follows:
structure issues is that of the proper mix of so-
phisticated people and sophisticated machines

(automation) to be employed in work activities

= -

If specifically designed to do so, any civil-
ian “space station” program could effec-
tively serve as a high-visibility focus for pro-

in spaces : i
P moting research and development in all
sIn arriving at judgments on various “man/machine” issues OTA, disciplines in the field of automation. im-
in close concert with senior congressional staff members, designed portant advances in terrestrial applications
and convened a workshop which brought together many of the of automation could be expected to follow

Nation’s experts in “smart machine” development from the Gov- . .
ernment, industry, and academic communities with OTA and con- from a vigorous space automation program.

gressional staff professionals. 2. However, there is a firm consensus among
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scientists and engineers in the various auto-
mation disciplines that current automated
equipment could not accomplish many of
the functions envisioned by NASA for an
early 1990s “space station. ” This situation
results, in part, because NASA has invested
relatively few resources to develop auto-
mated capabilities specifically for general-
purpose infrastructure-support (in contrast
with special-purpose scientific) space activ-
ities. In addition, the academic and indus-
trial advanced automation research commu-
nity numbers only a few hundred.

. Therefore, if the kind of overall operational
“space station” now envisioned by NASA
is to be functioning by the early 1990s, it
will have to include people. Conversely, if
it is to be wholly or mostly automated, it
could not become operational until 5to 10
years thereafter, even with a major automa-
tion R&D effort. However, if any of the
aspirations of those now conducting re-
search and development in the space materi-
als processing area are realized, and one or
more processes are found suitable for long-
term production, then elements of the infra-
structure that would be devoted to such pro-
duction, such as platforms co-orbiting near
any central complex, could be singled out
for early, specific, sophisticated-machine
R&D focus.

. Conceptually, space infrastructure could be
designed either to include a human work
crew or to depend on unattended sophis-
ticated machines. Despite the fact that the
relative efficiency and/or effectiveness of
these two quite different approaches have
been extensively debated for years, no con-
sensus has emerged. This absence of con-
sensus results from a number of factors: the
state-of-the-art for sophisticated machines;
the amount of experience we have had to
date in the actual conduct of space support
operations is quite small; and, in such oper-
ations, NASA has placed more emphasis on
human beings than on machines;

For the foreseeable future, therefore,
only a general continuum of conclusions
can be outlined:
®* machines generally will be unable to an-

ticipate and deal with genuinely unknown

circumstances and surprises;

® people will need the assistance of ma-
chines to gain speed, strength, and mem-
ory; to improve their sensory capabilities
and their mobility; and to provide them
with artificial senses via radar, lidar, radi-
ation detection, etc,;

® machines employed for ongoing R&D and
commercial-industrial operations will re-
quire human oversight and assistance; and

® machines, maintained by people or not,
as circumstances suggest,” should do all
hazardous and very-long-term repetitive
work.

. In the matter of relative cost of automated

and space facilities including people, the
expense of developing and providing safe,
sanitary, and suitable living and working fa-
cilities for human beings has to be weighed
against the costs of providing analogous
automated capabilities. The former will cer-
tainly be relatively expensive; the latter may
well cost more than some advocates im-
agine, especially if as much capability is ex-
pected of the machines as of a professional
human work crew. With respect to doing
useful work in space, human beings rep-
resent in-hand technology. Cost alone does
not provide sufficient ground for choosing
between automated and manned facilities.

. However, there are three reasons advanced

for having men and women in space, only
one of which is to do useful work. The
other reasons are: to serve as subjects for
scientific study and to engage in any other
kind of human activity. With respect to the
second and third reasons, the question of
humans or machines does not even arise.
Only the purpose of doing useful work has
been extensively studied and, as indicated
in the preceding points, no clear and gen-
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eral present advantage for having people or
sophisticated machines there has emerged.
If the Nation decides, as a matter of policy,
to have some of its people remain away from
Earth for long periods, then staffed space fa-
cilities, allowing for the study of human

ALTERNATIVE

Chapters 5 and 6 discuss a space infrastructure
acquisition program that would involve an ini-
tial decision on the purposes of, and the objec-
tives to be achieved in, the civilian space area,
followed by the design of that infrastructure with
appropriate functional capabilities to support the
attainment of these objectives. An estimate of the
cost and schedule associated with the attainment
of these objectives, along with the acquisition of
such infrastructure, is also presented.

An alternative approach could simply establish
annual expenditure levels for in-space infrastruc-
ture acquisition. Thus, to provide an independ-
ent basis of comparison with the civilian “space
station” program now favored by NASA, OTA has
estimated what new space capabilities could be
acquired, by when, if various annual average
Government funding rates were established to do
so. No changes to present NASA acquisition pro-
cedures or NASA anticipated acquisition costs are
assumed. Arbitrary annual average funding levels
of $0,1, $0.3, $1, and $3 billion per year (1984%)
were chosen to illustrate the number and kind
of space infrastructure elements that could be ac-
quired over periods of 5, 10, or 15 years.

The results of these 12 funding scenarios are
given in table 8, which shows the funding rate,
number of years, total expenditure, and kinds of
infrastructure elements acquired. The elements
are divided into those that can operate independ-
ently (e. g., the Shuttle Orbiter and a “space sta-
tion” central base) and those that depend on be-
ing serviced or maintained from one of the
independent elements (i.e., by an orbital maneu-
vering vehicle (OMV), a local in-space transpor-
tation system operated from a “space station”
control element, or directly by the Shuttle).

physiology, psychology, and social behav-
ior, must be acquired. If, similarly, the Na-
tion decides, as a matter of policy, to enable
people to pursue in space a variety of cul-
tural activities other than work then, again,
only their presence there will suffice.

FUNDING RATES

Table 8 lists the following (among other) ele-
ments of space infrastructure that could be ac-

quired over various acquisition intervals:

+ For $0.1 billion per year: probably no “per-
manently manned” facility could be ob-
tained even by the year 2000. Further exten-
sion of capabilities of the Shuttle system and
unpressurized platform developments could
be obtained. The acquisitions could be: a de-
velopment of the EDO Phase 1, for 20-day
orbit stays, over a 5-year period; or EDO
Phase 11, for 50-day orbit stays, over 10 years
or longer, plus two or three free-flying un-
pressurized platforms such as EURECA,
LEASECRAFT, and/or the Space Industries’
platform (assuming that the Government
would make an outright purchase of such
platforms).

+ At $0.3 bilion per year: within 5 years, the
acquisitions could be an EDO | | plus several
(perhaps pressurized) platforms. Over 10
years, there could be acquired: 1) the first
permanently orbiting, Spacelab-derived hab-
itable modules in 28.5° orbit that could sup-
port three people, 2) an OMV (enabling serv-
icing of nearby satellites), and 3) a few free-
flying platforms. In 15 years, there could be
obtained either: 1 ) two free-flying Spacelabs,
one in polar orbit, one at 28.5°, or 2) much
more capable permanent infrastructure at
28.5° than that which could be acquired in
10 years.

+ For $1 billion per year: within 5 years, there
could be acquired: 1) a permanent LEO
facility operating as a transportation node
(obtained as a new design by NASA), 2) an
OMV, 3) an ROTV capable of transporting
spacecraft to and from geostationary and
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Table 8.—Some lllustrative Space Infrastructure Acquisitions Possible at Various Annual Average Federal
Funding Rates (all amounts in hillions of 1984 dollars)

Space acquisitions*®

Dependent elements

Number Unpres- Pressur-  Space-based Beyond geostationary
Funding of Total Independent infrastructure surized ized plat- transport orbit spacecraft
rate years expenditures elements® platforms form# vehicles elements
0r 5 0.5 EDO I'(20 days, 5 crew) 2 - - -
10 1 EDO Il (50 days, 6 crew) 3 - - -
15 15 EDO Il (50 days, 6 crew) 3 ! - -
0.3 5 15 EDO Il (50 days, 6 crew) 3 1 - -
10 3 Free-flying Spacelab modules’ 1 ! oMV -
(permanent, 3 crew)
15 45 2 free-flying Spacelab modules in both 2 ! oMV
28 degree and polar orbits (3 crew each
5 5 Space transportation center (4 crew) — - OMV; ROTV -
10 10 NASA initial operating capability 2 1 OMV; ROTV -
“space station”?(8 crew)
15 15 NASA growth “space station”’(12 crew) 3 | OMV;ROTV -
5 15 NASA growth “space station”g (12 crew) 3 1 OMV; ROTV -
10 30 NASA mature “space station”g (16 crew) 3 2 OMV:ROTV  Lunar capable ROTV;
Shuttle-Derived Cargo Vehicle (SDV) staffed Lunar facility
15 45 NASA mature “space station”g 5 3 OMV: ROTV  Lunar capable ROTV;

(18 crew, SDV)

staffed Lunar facility;
Mars voyage"

a-rab'”undzpresem characteristics and capabilities of infrastructure elements In detail.
bEytandad Duration Orbiters (EDQ) are limited in their stays on orbit; other independent elements are long-term.

Cplatforms of the LEASECRAFT /EURECA ty

dpjatforms of the modified free-flying SpaceﬂeﬁrSpaco Industries type with their own electrical power and pressurization Systems.

01801 billionar, no long-term, staffed infrastructure slementsge possible.
f EDO| (Extended Duration Orbiter,Phase ) and the Spacelab MO

Ules nave timited electrical power (about 7 kw).

OThe NASA “’space station” elements are expected to operate as transportation and servicing centers as well as laboratories. They would have sufficient power for

extensive materials processing.

A significant part of the cost of a human visit to Mars could be provided in this case.

other higher orbits, and 4) the capability to
support the kind of vehicles that could be
developed later to travel to and from the
Moon. In 10 years, the I0C infrastructure
now favored by NASA could be acquired.
In 15 years, nearly all of the infrastructure
now seriously considered by NASA could be
acquired.

e At $3 billion per year (assuming that only
funds, not technology or other factors, would
be the pacing program factor): NASA’s fully
developed “space station” could become
available in somewhat more than 5 years. In
10 years, this infrastructure plus a geosta-
tionary platform, plus a Shuttle-derived cargo
vehicle (SDV) for lower cost transfer of fuel
and cargo to LEO, plus a lunar facility ready
for occupancy and continuing operation
would become possible. In 15 years, NASA’s
complete infrastructure aspirations and a
lunar settlement could be in hand and, per-
haps also, plans for seeing a human crew

travel to the vicinity of Mars and back could
be well advanced.

These projections are for infrastructure acqui-
sition only; operational costs are not included.
In general, more extensive infrastructure would
require larger operational costs. Also, there is a
basic difference between the costs associated
with using Shuttle-type vehicles and permanently
orbiting facilities. The use of an EDO to conduct
extended science or development activities with
a crew would involve launch costs each time it
went into orbit; use of a permanent facility would
require resupply loads several times per year, but
the cost of each flight could be shared with other
payloads. For example, if 12 dedicated 30-day
EDO flights were conducted per year about $1
billion (1984%) in annual transportation costs
would be involved; in comparison, cost of four
partial-load Shuttle launches per year to resup-
ply a permanent facility would total $100 million
to $400 million (1984%), depending on the weight
of supplies carried in each flight.
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CONCLUSIONS

The general conclusion of a great deal of study
by the civilian space community (Government,
industry, and university) is that some additional
long-term in-space LEO infrastructure could be
used to improve the efficiency and effectiveness
of a number of present and anticipated space
activities. However, our space experience to
date, and science, engineering, and space oper-
ations considerations alone, are not now suffi-
cient, by themselves, to determine the charac-
ter and amount of the in-space infrastructure
to be acquired soon. And in the absence of any
objective external demand for its prompt acqui-
sition, these considerations cannot determine
the rate at which it should be acquired.

There are a wide variety of infrastructure op-
tions that could be chosen from to provide vari-
ous kinds and amounts of in-space support assets
and services. Some infrastructure options cur-
rently exist, others could be developed using cur-
rent technology, and some would require new
technology. The cost to the Government of ac-
quiring this infrastructure could be reduced, sub-
stantially, if our private sector were to offer to pro-
vide lower unit cost portions thereof, and other
portions were provided by other countries in col-
laborative programs within the United States.

it is clear that a number of important support
assets and services could be provided with in-
frastructure other than that defined as “The NASA
Space Station.” Therefore, in considering how
much of what kind of in-space infrastructure
should be provided by when, reasonable ways
for Congress to proceed might be:

. to select those specific support assets and
services that they judge to be important, ask
NASA to price them, and specify a date by
which they should become available; or

. to set an annual average funding rate for the
acquisition of in-space infrastructure, and
allow NASA to select the assets and services
to be provided and the dates of their acqui-
sition.

And Congress could decide to what extent
NASA should emphasize the acquisition of any
infrastructure by our private sector and by other

countries in order either to relieve the burden
on the Government’s budget generally, or to in-
crease the amount, or hasten the time, by which
space infrastructure would be acquired and/or
other space activities were conducted.’

Using the first approach, Congress initially
might select functions similar to those provided
by the Soviet Salyut 7 (operational since 1982).
Such a semi-permanent LEO laboratory could be
developed using Spacelab-like modules con-
nected to a power and support module patterned
after current platform designs. It would support
several crewmembers and one-third of the science,
commercial, and technology development activ-
ities that NASA now suggests would be handled
by their IOC. NASA’s estimate is some $2 billion
(19843) for such a development.

Or, in another example, the conduct of ROTV
operations might be selected as one of the main
support functions to be supplied by space infra-
structure. This would allow servicing and other
activities in virtually all orbits, including polar,
geostationary, and even lunar. In addition, such
infrastructure would support the continued ex-
ploration of the solar system, which is one of
NASA’s most important “char ters.” The cost for
an ROTV and its associated LEO infrastructure has
been estimated at $3 bilion to $4 billion (1984%).

Of course, another example of the first ap-
proach would have Congress simply select the
IOC assets and services identified by NASA and
the aerospace industry that are estimated to cost
$8 billion (1984%) (plus the cost of NASA staff);
or even to spur the infrastructure acquisition
process beyond NASA’s present aspirations, and
begin to move people beyond LEO.

Congress could consider alternative ways of
providing those assets and services in varying
degrees. For instance:

. an on-orbit laboratory supporting research
on a wide range of life, materials, and other
science topics, and new technology devel-

‘A conceptual possibility would be for NASA to provide a core
facility to which private industry could attach docking and fuel stor-
age equipment for commercial ROTV operations.
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opments (Shuttle, EDO, Spacelab, Colum-
bus, NASA minimum cost “space station,”
Space Industries platform);

permanent observatories for astronomy, and
Earth remote sensing (Shuttle, EDO, Space-
lab, Space Industries, SPAS, MESA, EURECA,
Landsat, LEASECRAFT, Space Telescope,
IRAS, 0SO satellites, Solar Max, and other
existing or planned observatories);

a facility for microgravity materials process-
ing including the manufacturing of such
products as pharmaceuticals, semiconduc-
tors, glasses, and metals (Shuttle, EDO,
Spacelab, LEASECRAFT, the Space Industries
platform, SPAS, Columbus, EURECA, MESA);
servicing of satellites and platforms, includ-
ing the maintenance or replacement of com-
ponents, replenishment of consumables, and
exchange of equipment (Shuttle, EDO, ELVSs,
as well as OMVs and ROTVs operated from
the Shuttle);

a transportation node to assemble, check
out, and launch vehicles to geosynchronous
and other high orbits, and on interplanetary
trips {Shuttle, EDO, Columbus, NASA mini-
mum-cost “space station”);

an assembly facility for large space structures
such as antennas for advanced satellite com-
munications systems (Shuttle, EDO, Colum-
bus, NASA minimum-cost “space station”);

a storage depot for spare parts, fuel, and sup-
plies for use as needed by satellites, plat-
forms, vehicles, and people (ETs, Columbus,
LEASECRAFT, the Space Industries platform,
NASA minimum-cost “space station”); and
a staging base for later, more ambitious
exploration and travel (Columbus, NASA
minimum-cost “space station”).

If Congress were to select an average annual
funding rate, some examples of the approximate
kind and amount of infrastructure that could be
obtained over a period of some 10 years (in 1984
dollars) are, for instance:

$0.1 billion per year: an EDO (20-day stay
on-orbit) plus some free-flying platforms; or
$0.3 bilion per year: an EDO (50-day stay
on-orbit), plus free-flying, pressurized infra-
structure supporting several crewmembers,
plus some free-flying platforms; or

$1 billion per year: most of the NASA 10C
plus an ROTV; or

$3 billion per year: all of the NASA I0C, plus
its extensions, plus an ROTV, plus a Shuttle-
derived cargo vehicle, plus a “geostationary
platform, plus an operating lunar settlement
program.
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Photo credit Natlonal Aeronautics and Space Administration

One alternative to the development of new technology is to use the Space Shuttle for many advanced operations in
low-Earth-orbit. Shown here are: (A) satellite servicing satellite in April 1984; (B) assembly of a large structure in orbit—
here simulated in water; and (C) a deployable antenna.
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Chapter 5

BROADENING THE DEBATE

SPACE INFRASTRUCTURE AS METHODS AND MEANS

Even the most informed ardent supporters of
a U.S. civilian “space station” program agree that
any such facility would be a means to various
ends, rather than an end in itself. The ends pro-
posed may be grouped into four categories: in-
dustrial (e.g., manufacturing materials); commer-
cial (e.g., servicing satellites); scientific (e. g.,
conducting experiments in the life sciences); and
national security (e. g., maintaining a permanent
U.S. manned presence). These ends, despite their
diversity, have in common a presumption that
space activities will in future become more rou-
tine and more clearly operational, less experi-
mental, and less tentative. This presumption in
turn derives from an important change in the way
that we are now beginning to view space.

Twenty-five years into the Space Age, we are
in a position to view near-Earth space much as
we would a vast tract of undeveloped raw land
on the Earth’s surface:

. We have identified at least some of the de-
sirable locations (particular orbits).

. We have established an initial legal frame-
work for their beneficial occupancy (the Out-
er Space Treaty).

.We have reliable transportation for people
and machinery to and from these remote
areas, from selected locations on the Earth’s
surface (via the Shuttle).

Z We can maintain reliable communications
with these remote areas (via NASA’s satel-
lite communications system).

These capabilities are prompting us to undertake
the considered development of near-Earth space—
with, therefore, the long-term implications for use
and support of any assets and people placed
there.

indeed, the terms “space station” or “space
transportation node” are most accurately under-
stood as identifying elements of long-term, per-
haps permanent, space infrastructure, concen-
trated initially, for the most part, in low-Earth
orbits. These elements would provide in-space

structure, electrical power, thermal control, ware-
housing, stability (as to location, attitude, and
temperature), communications, fuel, associated
docking and air lock capabilities, local transpor-
tation, LEO-GEO transportation, and, if staffed by
men and women, life support and residential and
working space, Because it is expected to be so-
phisticated, and useful for periods of several dec-
ades, this space infrastructure could provide a
new and qualitatively different regime of space
assets, allow the provision of new space services,
and support the conduct of space activities in a
new and presumably more efficient and effective
manner.

Four major decisions have marked the U.S. ci-
vilian space program: the establishment of NASA
in the National Aeronautics and Space Act of
1958, the initiation of the Apollo program in
1961, the establishment of COMSAT in the Com-
sat Act of 1962, and the initiation of the Shuttle
program in 1972. But, despite the growing im-
portance of the Nation’s publicly supported space
activities, the pattern of decision making over the
past 20 years has seldom proceeded in the light
of broad public discussion. Until very recently,
the discussion of whether to undertake a “space
station” program and, if so, what elements it
should contain, had also been confined princi-
pally to engineers and scientists within NASA, and
within NASA-supported university programs and
aerospace contracting firms. Consideration of the
views and interests of these communities has, to
a very great extent, determined the kind of “space
station” program now suggested by NASA.

As NASA’s Shuttle development program comes
to a close, thousands of its in-house engineers
and technical support staff and, in principle, as
much as $2 bilion per year in contract funds,
u rider its present “budget envelope, ” would be
freed up to be applied to one or more new pro-
grams. Given the agency’s natural desire not only
to maintain its current size (a size NASA leaders
judge to have the support of the general public),
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but to grow at 1 percent per year-a desire sup-
ported by the Reagan Administration-this com-
bination of people and funds that could soon be-
come available suggests, strongly, that any new
programs must include the development and ac-
quisition of a great deal of new technology,
preferably related to having people in space; large
numbers of technologists would be gainfully
employed both in NASA and in the space indus-
try under contract to NASA. NASA’s plans could
well have been further influenced by the fun-
damental political belief that the agency might
not long survive in its present form without a
single, large, “people-in-space” program upon
which a majority of its energies are focused. If
a number of smaller programs were initiated in-
stead, each of them, it is thought, could be ter-
minated without widespread objections arising
in the political process. Finally, NASA may have
thought it prudent to propose a “space station”
program rather than some other large endeavor(s)
(e.g., areturn of Americans to the Moon, send-
ing people on an expedition to Mars, etc.) both
because the former had been carefully studied
over the years, representing, in NASA’s view, a
natural complement to the Shuttle, and because
alternative large programs seemed too grandiose,
have not recently been discussed with the gen-
eral public, and, therefore, were less likely to
enlist the required support, both within and with-
out the administration.

Once the decision had been made to begin de-
fining a “space station” program to be proposed
for congressional approval, NASA began canvass-
ing possible user communities to learn what char-
acteristics they would like it to incorporate in
order to meet their needs. This process would

'NASA management has a strong commitment to its own institu-
tional future. NASA Headquarters material, NASA HQ MF 83-
2275(1 ), prepared for a presentation to its internal Policy Review
Committee in mid-1983, and subsequently presented to a Board
of the National Research Council, lists eight “Agency Goals. " The
first goal is: “Provide for our people a creative environment and
the best of facilities, support services, and management support
so they can perform with excellence NASA research, development,
mission, and operational responsibilities. ”

The second goal speaks to the space transportation system (the
Shuttle), and the third to the establishment of a permanent manned
presence in space.

App. B shows that, in previous years, this commitment has also
been strong.

ensure that the actual infrastructure, when built,
served as many constituencies as possible, and
also might moderate potential opposition from
groups who might view any large project as a
threat to the budgets of their relatively smaller
activities.

The groups canvassed included the various
NASA Centers, the National Research Council
(the Space Science Board and the Space Applica-
tions Board), the space industry, various poten-
tial foreign providers and users of space technol-
ogy (the European Space Agency, Canada, and
Japan), and, in general, any groups that had
worked on previous “space station” studies. The
essential form of NASA’s questions to these vari-
ous groups was: if there were a permanent and
permanently staffed “space station, ” what activ-
ities might it reasonably support, how would
these activities influence its design, and of what
value would those support activities be? Eight aer-
ospace groups, placed under contract to NASA
in the fall of 1982, undertook parallel “mission
analysis studies™ in order to determine a set of
activities for the first 10 years of the “space sta-
tion’s” operation, the fundamental characteris-
tics suitable for accomplishing these activities,
and the presumed value to be associated with
obtaining and using them. These contractor groups
soon formed similar judgments regarding the
amount of money that (NASA hoped) would be
made available, a desirable acquisition schedule,
and NASA’s preferences on such matters as the
employment of people in space and the use of
new v. already space-qualified technology. Also,
using standard industry cost estimating practices,
they suggested the likely acquisition costs of the
infrastructure elements to the Government,

The process by which users were canvassed
was essentially open-ended: no potential use that
either required or would materially benefit from
a “permanently manned space station” was re-
jected out of hand. Given NASA'’s internal cir-
cumstances, this open-ended character was cer-
tainly unexceptionable: the more—and the more
varied—the identified uses, the more capable, so-
phisticated, and large the supporting infrastruc-

The resu Its of these studies are summarized in app. A.
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ture would have to be. The greater the resulting
capability and sophistication, the more engineers
would be required to design, develop, and pro-
duce it-and the greater its cost. Increased costs,
in turn, would imply more Government contract-
ing—and understandably generate greater inter-
est in and support for the program by the space
industry.

In general, the greater the number of poten-
tial users and potential suppliers, the greater the
influence that could be brought to bear on Gov-
ernment decision makers to approve any “space
station” program. In any event, essentially all im-
portant space industry groups were represented
in the eight aerospace groups of companies, and
the number of potential uses recommended for
inclusion totaled well over 100.

If there were any important potential uses left
out of account, either because the supporting
technology would be too costly or could not be
obtained in time, or because NASA judged their
discussion to be inappropriate for the time be-
ing, they could still be provided for later, not in
the initial operational capability (IOC) “station,”
but in the subsequent full capability “space sta-
tion” program, which could continue to the end
of this century.

it is important to appreciate that the form in
which NASA put its original questions to the eight
aerospace groups largely determined the approach
taken to potential acquisition of a civilian “space
station.” And this approach, in turn, largely deter-
mined the result—a “Christmas-tree” proposal in
which there was something for all identifiable po-

tential users, with little attempt either to weigh
the seriousness of their intentions to use the fa-
cility, or to gauge their willingness to see funds
that they would employ otherwise used instead
to develop it. A different, and perhaps more
appropriate question, would have been: in view
of the maturing capabilities and increasing num-
bers of the spacefaring nations of the world,’what
elements of long-term, in-orbit infrastructure
would be appropriate to facilitate the considered
development of near-Earth space? This question
would not have required initial assumptions that
the facilities would be permanent and perma-
nently manned, that the size of the eventual pro-
gram would have to be geared to maintaining
NASA'’s size and form, and that all possible users
should be accommodated.

But even with the large number of uses that
were identified, little doubt remains that the
kind of “space station” which NASA prefers
cannot now be fully justified on scientific, eco-
nomic, or military grounds,’or combinations
thereof. Rather, a decision to approve it will
rest, finally, on a political judgment that will re-
flect many intangible factors as well.

3ldeally, one should add:  and in view of the goals and ob-
jectives of our civilian space program. ” However, as argued
throughout this report, there is no publicly accepted agenda of such
goals and objectives,

“It must also be noted that, since the cancellation of the Manned
Orbiting Laboratory Program in 1968, the U.S. military has been
consistent in its public position that there is no military require-
ment for a “manned space station. ” This position isstill publicly
maintai ned and remains i n force, even in the context of the Presi-
dent’s call, in March 1983, for development of advanced ballistic
missile defense systems that could see large amounts of very sophis-
ticated and costly military technology deployed in space.

NEED FOR GOALS AND OBJECTIVES

This entire panoply of relatively narrowly
focused and nearer term ends provide, in OTA’s
judgment, insufficient justification for a major,
new U.S. civilian space effort. Moreover, there
is general agreement neither on a set of long-
range goals which the U.S. civilian space program
now is expected to achieve nor on a set of spe-
cific objectives which, as they are addressed,
would serve as milestones of progress toward
those goals. And without such a set of goals and
objectives the Nation cannot make a clear deter-

mination of the basic characteristics of the infra-
structure elements actually needed, of their
acquisition schedule and cost, or of the means
whereby they should be acquired.

If future U.S. space-related goals and objectives
are to be effective in providing direction to future
U.S. space efforts, they should be such as to com-
mand widespread attention; have great inherent
humanitarian and scientific interest; foster the de-
velopment of new technology; have relevance
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to global issues; prompt international coopera-
tion; and involve major participation of our pri-

vate sector so as to advance our economic
prospects.

THE POLICY BACKGROUND

The overall end of U.S. space activities was first
stated as a preamble to the National Aeronautics
and Space (NAS) Act of 1958, as amended (sec.
102 (a)): “The congress hereby declares that it
is the policy of the United States that activities
in space should be devoted to peaceful purposes
for the benefit of all mankind.” Six policy prin-
ciples, forming the core of the NAS Act, give sub-
stance to that overall end. These six have pro-
vided the framework in accordance with which
the civilian space program has evolved to the
present day. These principles may be stated as
follows:

+ that U.S. preeminence in space science, ex-
ploration and applications be maintained;

+ that economic, political, and social benefits
be derived;

+ that knowledge be increased;

+ that civilian and military activities be sepa-
rated (though they are to be coordinated and
are not to duplicate one another unneces-
sarily);

+ that NASA, the civilian agency, be limited
largely to research; and

- that international cooperation be fostered.

Thus, the NAS Act articulated the policy prin-
ciples for overall guidance of the U.S. civilian
space program, but the act alone has not pro-
vided (and cannot be expected to provide) the
particular goals for civilian space activities. Lack-
ing such guidance, the space program has instead
been directed by political and budgetary pres-
sures not always relevant to a logically ordered
exploration, development, and use of space. At
the same time, none of the policymaking bodies
successively established in the executive branch
nor any of the committees of Congress have been
able to ensure that a long-range plan of particu-
lar policies and programs would be pursued. s

°For afu Il discussion of these policy principles and their implica-
tions, see Civilian Space Policy and Applications, OTA-STI-177
(Washington, DC: U.S. Congress, Office of Technology Assessment,
June 1982).

Over the years, a number of specific goals and
objectives have been proposed. Significantly,
however, none of them has arisen as a result of
widespread public discussion. With the maturity
of U.S. space capabilities (and the capabilities of
several other countries and our own private sec-
tor as well) on the one hand and the straitened
financial circumstances of the Government on
the other, this situation is in need of fundamen-
tal change. That is, if the United States is to main-
tain a strong commitment to a continuing civil-
ian space program, then an informed national
agreement on the goals and objectives of such
a program is most important.

At the beginning of the Nixon Administration,
the Apollo program was rapidly coming to a suc-
cessful close, but no clear definition of a post-
Apollo space program had emerged. Early plan-
ning efforts had failed to yield a consensus, and
space program budgets had decreased dramati-
cally, presenting the new administration with
growing unemployment in the aerospace indus-
try as well as a major technological agency that
did not have clear signals regarding its future. In
order to address these problems, the Presiden-
tial Space Task Group (STG) was established
under the chairmanship of the Vice President.
The STG review was the first comprehensive in-
teragency planning effort that was carried out
with respect to the civilian space program.

In its final report,°the STG recommended com-
mitment to a balanced publicly funded program
that included science, applications, and technol-
ogy-development objectives, but no immediate
commitment to expeditions to the planets. They
suggested no change in the institutional structure
nor an operations role for NASA, but did empha-
size the desirability of expanding international
cooperation. The major technological develop-
ment that the STG suggested was the reusable

*The Post-Apollo Space Program: Directions for the Future, Space
Task Group Report to the President, September 1969.
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space Shuttle system that could support an even-
tual “space station. ” The clear priority was for
Shuttle development first, with a “space station”
as a potential future development. Support for
exploratory expeditions to the planets was re-
tained as a long-range option for the Govern-
ment’s civilian space program, with a “manned
Mars mission before the end of this century as
a first target. ”

In 1976, almost two decades after the adop-
tion of the NAS Act, NASA issued its own “Out-
look for Space” report. This document addressed
the cultural goal of better scientific understand-
ing of the physical universe and the social/eco-
nomic goal of further exploration and exploita-
tion of the solar system, The report suggests four
goals reflective of basic human physical needs:

1. improving food production and distribution;

2. developing new energy sources;

3. meeting new challenges to the environment;
and

4. predicting and dealing with natural and man-
made disasters.

In October 1978, President Carter released a
space policy statement that summarized the im-
portant aspects of an administration review of
space policy and provided guidance regarding
the President’s view of national objectives in the
publicly supported civilian space program over
the next several years. This statement reaffirmed
endorsement of a balanced space program and
committed the administration to the continued
development of the space Shuttle system and its
use during the coming decade. However, the
statement made no new program commitments
and specifically rejected any major new techno-
logical development. No goals were set to pro-
vide a focus for the program and the general phi-
losophy was best characterized by the statement
that “activities will be pursued in space when it
appears that national objectives can most effi-
ciently be met through space activities. ” Over-
all, the policy statement left many questions un-
answered. It made several statements about what
the United States would not do in space, but re-
mained very general regarding the nature of what
it would do. In addition, it became clear that fiscal
constraints were likely to continue, and, as a con-

sequence, commitments to specific multiyear
Government programs would be made only with
great care. This announcement was received with
some dismay by the congressional leaders in-
volved with the space program and by the aero-
space community. This concern spawned a num-
ber of hearings and proposed legislative approaches
to a more vigorous space policy for the United
States, and led to the request for the OTA assess-
ment of Civilian Space Policy and Applications.

Then on July 4, 1982, President Reagan an-
nounced the issuance of his National Space Pol-
icy Statement “. . . to provide a general direction
for our future [space] efforts . . .,” asserting that

. our goals for space are ambitious, yet
achievable. ” This statement “. . . establishes the
basic goals of United States policy which are to:

1. strengthen the security of the United States;

2. maintain U.S. space leadership;

3. obtain economic and scientific benefits
through the exploitation of space;

4. expand U.S. private sector investment and
involvement in civil space and space-related
activities;

5. promote international cooperative activities
in the national interest; and

6. cooperate with other nations in maintaining
the freedom of space for activities which en:
hance the security and welfare of man kind.”

On June 27, 1983, the Science Adyvisor to the
President “. . . challenged] the aerospace com-
munity to do some bold thinking about the future
»:oncerning space],” and went on to observe that

... the real issue is how we can fashion a space
program that addresses today’s national aspira-
tions and needs ... and ... re-ignite[s] the spirit
of adventure that captured America in the past
...." He questioned “. . . why don’t we let the
American people share the grand vision of the
future of space?”

But the articulated goals, particularly in the ab-
sence of specific objectives designed to address
them, fall well short of what the United States,
today, might expect of its publicly supported ci-
vilian space activities.

They do not speak at all of such fundamental
matters as having human beings in space; of hav-
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ing the general public directly involved in space-
related matters; or of ameliorating the great in-
hibition that the present cost of space assets and
activities has on the development and use of
space. And there is little in these words to sug-
gest the imaginative, the exciting, the challenging
or the adventurous or, to use the Science Advi-
sor’'s word: the “bold. ”

Finally, behind all of this there are the grow-

ing accomplishments, competence, and inde-

pendence of the Western European countries and
Canada, Japan, Brazil, the People’s Republic of
China, india, and others, as well as the large and
constantly expanding U.S.S.R, space program
that, in its nonmilitary aspects, commands the at-
tention and respect of our civilian space leaders.’

See Salyut—Soviet Steps Toward Permanent Human Presence
in Space—A Technical Memorandum, OTA-TM-STI-14 (Washing-
ton, DC: U.S. Congress, Office of Technology Assessment, Decem-
ber 1983).

TODAY'S TOO NARROW DEBATE

As the important matter of defining and artic-
ulating such national goals and objectives is ad-
dressed, it should not be taken as implied here
that such definition and articulation are not now
going on. What should be understood is that, for
all practical purposes (including that of obtain-
ing any civilian “space station”), this activity is
being conducted by space-related scientists, engi-
neers, and program managers—almost all within
the Government, within university offices sup-
ported by the Government, or within the Gov-
ernment-supported aerospace industry, At best,
then, the goals and objectives that would be ex-
pected to result from this kind of consideration
might, understandably, represent viewpoints that
are narrow relative to the wide spectrum of our
national interests and opportunities in the civil-
ian space area today. It is likely that an expres-
sion of goals, and especially specific objectives,
arrived at in this fashion will reflect, perhaps un-
duly, the interests of their originators. And finally,
the U.S. political system oftentimes places as

RECENT

Recently, there have been a number of calls
to formulate a set of broadly based, contempo-
rary national goals and objectives in the civilian
space area.

For instance, Simon Ramo observes in his new
book What's Wrong With Our Technological So-
ciety and How to Fix /t (pp. 175-1 76):

After twenty-five years it is still true of the en-
tire commercial use of space in the united States

much weight on the process by which a national
decision is reached as on the substance of this
decision; therefore, the better course for the Gov-
ernment in the longer run is to encourage as
many of our citizens who are interested in space
to participate in the pre-decision debate.

It was quite appropriate that, for most of the
past quarter of a century, our national space goals
and objectives primarily reflected those of the sci-
ence and technology communities alone. These
communities have done their work well. Conse-
quently, our space activities now can, and should,
be broadened to reflect both the maturity of our
space knowledge and skills, and the general pub-
lic’s broader interests and concerns.

The matter of describing a new and clarified
set of long-term civilian space goals, and laying
out specific civilian space activity objectives, is
made more urgent by the recent increase of mil-
itary interest in space—an increase that may well
soon accelerate.

PROPOSALS

that the government and the private sector have
not yet worked out their best permanent roles.
Less forgivable is something else. With space so
clearly an arena of powerful economic and [na-
tional] security interest for the nation, we have
been approaching plans and policies about
space for well over a decade on an intermittent,
t-top-and-jump short-range political basis. NASA
has many hopes and plans, of course, but the
nation does not have a plan for the next two dec-
ades. A real plan would describe both goals and
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anticipated budgets. It would have recognition,
acceptance, and stature with all the power cen-
ters influencing advances and applications in
space, namely, the government’s Executive
Branch, Congress, industry, and the scientific
and technological fraternity. A real plan would
be one to which all these forces were committed
long-term, in the same way that at the start of
the 1960s we were committed to landing a man
on the moon before the end of the decade. . . .
[And while] the possibilities of space warfare
[and] economic constraints [must be considered]
none of these factors should prevent the United
States from having sound long-range space goals
as a guide to the government’s budgeting proc-
ess. . . . Less-than-adequate attention has been
given to setting priorities and long-range goals
and allocating missions to each sector.

in a recent report prepared by the Subcommit-
tee on Space Science and Applications and trans-
mitted to the Committee on Science and Tech-
nology of the U.S. House of Representatives,
Representative Ronnie Flippo, then Chairman of
the Subcommittee, stated that: “. . . there is a
lack of long-range goals for our space program.™
The report noted that 7 years earlier it had also
addressed “Future Space Programs” and then
emphasized that NASA should “. . . focus on an
over-arching concept [that] should represent one
or more mind-expanding endeavors which chal-
lenge the imagination and capability of the coun-
try [the] key element of [which] should be sub-

8Future Space Programs: 1981, Subcommittee on Space Science
and Applications, Committee on Science and Technology, U.S.
House of Representatives, May 1982, p. 1.

PRESIDENT REAGAN’'S CALL

In 1984, the future of the Nation’s activities in
space was placed squarely on the congressional
agenda. In his State of the Union Address, Presi-
dent Reagan spoke at considerable length about
the space area and what he judges should be the
Nation’s aspirations in regard to it. And he de-
voted his radio address during the same week to
space. He directed NASA to commence the de-
velopment of permanent, low-Earth-orbit infra-
structure that would support human beings in
space, and to obtain it within the next decade.
And he asked Congress to authorize and appro-

stantial return on past and current investments
in space through clear . . . benefits to the society
on earth in the form of greatly expanded serv-
ices and direct contributions to solution of earth-
bound problems. ™

The “NASA Advisory Council Study of the Mis-
sion of NASA” (released on Oct. 12, 1983) sug-
gests activities that, in some cases, could be con-
sidered goals or objectives: explore the solar
system, pursue scientific research in space, ex-
ploit space for public and commercial purposes,
and expand human presence in space. And
NASA awarded a near $1 million contract to a
private organization (Ecosystems) to provide it
with suggestions on “. . . long-term research
goals and the technology it should work on to
meet those goals. ”

The President’s Private-Sector Survey on Cost
Control, in commenting on the “. . . Federal
expenditure on R&D [of] about $48 bilion a year
. .. faults the major science agencies for failing
to have clearly defined goals and plans for meet-
ing them. ™ And an editorial in the Christian
Science Monitor pointedly observes that “. . . it
is most important that the U.S. develop a con-
sensus on manned-space-flight goals. None now
exists . . . Until consensus exists no specific space
station concept can be usefully approved.”™ *

°1 bid., p. 3.
'9Science,No.222, No v. 25, 1983, p. 903.
11 The Christian Science Monitor, Dec. 12, 1983, p. 23.

FOR A “SPACE STATION”

priate Federal funds to begin studies of this pro-
posed infrastructure.

Of particular relevance here is the president’s
assertion that: “[one of] our great goal[s] is to build
on America’s pioneer spirit and develop our next
frontier . . . :space.”; “America has always been
greatest when we dared to be great. . . . We can
follow our dreams to distant stars.” And in devel-
oping the infrastructure (i. e., a civilian “space sta-
tion”) he called for international participation so
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asto: “. ..
goals.”

expand freedom for all who share our

In his radio talk, he spoke to the: “. . . challenge
[of] reaching for exciting goals in space , . . ,* while
explaining that, as well, “Our space goals will chart
a path of progress toward creating a better life for
all people” [and he emphasized that]: “a, . . space
station [should be seen as] a stepping stone for [ad-
dressing] further goals.” Emphasis added.

In effect, the President’s speeches have now
prompted, and indeed his specific request for Fed-
eral law and funds for a major new initiative in the
publicly funded civilian space program essentially
requires, the conduct of a national debate over the
next year or two regarding our national interests,
goals and objectives in the civilian space area.

STEPS TOWARD BROADER PARTICIPATION

Interestingly enough, the circumstances dis-
cussed above have resulted in only one impor-
tant change to the basic 1958 Act—the explicit
emphasis on space commercialization that was
added this summer. Indeed, it was only in the
fall of 1983 that Congress began to hold hearings
that might lay a basis for such changes. Scores
of billions of public dollars have been appropri-
ated to pay for our public civilian space program
since we reached the Moon, and almost surely
scores of bilions more will be appropriated dur-
ing the next few decades, but, to date, without
the kind of thoughtful and fundamental reap-
praisal of our contemporary national interests and
activities in space that many are coming to believe
the issues now demand. Our publicly supported
civiian space area has seemed to suffer from a
form of benign neglect.

However, the debate is quickening. Congress
has taken an extraordinary step regarding the ar-
ticulation of national goals and objectives in the
civilian space area. In passing the National Aero-
nautics and Space Act of 1985, Congress, among
other things, found and declared that “. . . the
identification of long-range goals and policy op-
tions for the United States civilian space pro