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THE FUTURE OF THE SPACE PROGRAM: WHY AND HOW?

Jeremy Stone: This is the first session of the Federation of
American Scientists hearings on science and public policy—a
series of hearings featuring scientists not only as witnesscs but
also as interrogators. We hope and expect to continue this
scrics on diverse topics, subject to the vagaries of funding.
Our moderator, Dr. Alton Frye, is famous in Washington
and several important world capitals for these four things:
First, the high quality of analysis he has provided in many
papers and in many conferences; second, the very broad
spectrum of issucs that he has been able to address; third, his
very professional abilities at moderating conferences; and
above all, Alton is known for the civility of the dialogue he
maintains with all concerned, no matter how hot the issue.

Alten Frye: We do not presume that scientists hold the final
truth on issues of high policy. The ambition here is a more
modest one. We believe that scientists interrogating scientists
can add precision and clarity to the cvidence and arguments
which all citizens must weigh in setting the course for a
democratic nation.

I also want to cxpress the appreciation of all participants
for the assistance of Senator Albert Gore in making this
hearing room available. As chairman of the subcommittec on
Science, Technology and Space, Senator Gore is a valued
bridge between the worlds of science and policy.

Essues to Address

The tendency to think twice about next steps in space has
been compounded by recent accidents and errors: the Shuttie
tragedy, the repeated delays in Shuttle missions, the foul-up
that hobbled the Hubble Telescope, the scrious underestima-
tion of costs and maintenance requirements for the proposed
space station.

SCIENTISTS’ HEARINGS ON SCIENCE
AND PUBLIC POLICY

FAS js inaugurating a series of Scientists’ Hearings
on Science and Public Policy. These hearings are
much like Congressional hearings with the main dif-
ference being that the expert witnesses are grilled by
other experts rather than by Congressmen.

It is anticipated that, as a result, the transcripts
will, on the whole, penetrate more deeply into the
scientific issues. FAS circulates the transcripts to in-
terested parties, including especiaily the relevant
Congressional Committees. And cther means of dis-
tribution, including their publication in the FAS Pub-
lic Interest Report, are being explored. -

Yet there remains wide agreement that a commitment to
both national and international ventures beyond the Earth is
worthwhile, and indeed, vital. There are sccond thoughts
about what the United States is doing in outer space, but they
assume an important activity to be refined, not a dubious onc
to be killed.

Panelists

The members of today’s panel arc Dr. Richard Garwin of
the IBM Thomas J. Watson Rescarch Center, a physicist
who is one of the most prolific commentators on science and
technology policy.

Dr. Burt Edelson, former associate administrator of
NASA and currently at the Foreign Policy Institute of the
Johns Hopkins University,

And Dr. Stanley Rosen, a widely experienced acrospace
professional who is Vice President for Public Policy of the
American Institute of Aeronautics and Astronautics.

The Interrogators for this scssion are Professor Robert
Park of the University of Maryland who serves as Executive
Director for public affairs of the American Physical Society,
and Mr. John Pike, the Space Policy Director of the Federa-
tion of American Scientists.

Good Ideas and Bad Ideas in Space

Richard Garwin: What can and what should we do in
space?

You can categorize space activitics as spacc oriented,
Earth oriented, or other oriented. And we have to ask what
is better done from space, not only what can be done. Better
done include those things that can only be done in space and
those things that can be done cheaper and/or fuster. In some
cases, this changes with time.

For instance, a communication satcllite can handle a few
local telephone calls together with its intercontinental or
transcontinental load, but if the local demand grew, it would
be served better by a local system.

The larger the program cost, the more important it is (o
scrutinize both sides of the ledger—costs as well as benefits.
A program like the National Aerospace Plane, NASP, is
consurming the relatively modest sum of $100 million per
vear. But that would fund several hundred small groups’
grants in science.

A $40 billion space station amounts to 400 years cven of
the current NASP program expenditure, and if the Moon
Mars initiative would cost $500 bitlion over a period of 3()
years, it would be an ¢xpenditure rate ten times that of the
entirc National Science Foundation over the same period, or
for that matter, ten times the annual NASA expenditure on
mansed space activities.

Buy-Down Proposal - Page 18; FAS Activities - Page 19; Other FAS Hearings - Page 20
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Dr. Richard L. Garwin

Manned versus Unmanned

Manned versus unmanncd. Should the paticnt prefer the
daring surgeon to provide an exploratory view of the brain or
liver or should he prefer “unmannced”™ magnetic resonance
imaging? At one time every clevator had a human operator.
Now that is a rarity and the job is done betier and more
cheaply by automation.

It is casy enough to point to cases in which human presence
would be valuable in space or indeed, has been. But one can
also point to cases in which the mission has been aborted
because of people. People have also been killed.

The decision between manned and unmanned flight
should be made on the basis of expected value, timeliness
and the like.

Some ask: What about when something uncxpected hap-
pens that can be mterpreted only by the eye and brain of a
skilled experimenter? If there is no redundancy and no con-
trol from the remote operator, the experiment will fail, as
many do. But if it is important, the experiment will be done
agaim.

Indeed, I have missed resuits right in front of me because
my apparatus was made of brass instead of glass so I could
not see inside, even though I was right there. When one truly
wants to sce, one need not be there; one uses a television
sensor and a dozen people can watch simultancously and
individually from their offices. labs or libraries.

The cost of having people involved is the requirement to
lift their weight and that of the support equipment. It is also
much greater than that.

The space shuttle must be put into orbit—a dead mass of
orbiter and support cquipment some seven times the maxi-
mum payload east out of Cape Canaveral, and 15 times the
maximum payload it could nsert into polar orbit,

For these reasons, I am firmly persuaded that people in
space have a much smaller future role than they have played
in the past—at least if we are going to bencfit from the
exploration and exploitation of space.

It is not true that payloads can be retrieved from orbit only
if accompanied by people. In fact, from the very beginnings
of the space program, containers of animals, film and the hike
have been retrieved cffectively at an increasc in mass of
something like ten percent for the addition of a thermal
reentry shield. Nowadays one could guide the payload to an
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accuracy of a few meters onto an air bag or into a pond.
There is one essential need for people in spacc and that is

to study human beings in space. We should get on with that

job, which we have not donc well for many, many years.

NASP, Shuttle, and Future Launch Systems

But we should only do in space activities that are worth-
while doing. Now, for projects and programs. The National
Aecrospace Planc, a small program now, was originally de-

fined as a vehicle that would take off from an ordinary air

field and, without rocket propulsion, enter and return from
low Earth orbit. It can’t, it won’t and it doesn’t make any
sense to demand that it shouid.

In fact, the efficicncy of utilization of rocket fuel to put a
payload into low Earth orbit is about 50 percent. Fifty per-
cent of the thermal energy of the rocket ends up in the kinetic
energy of the payload, even if the payload is only a few
percent of the initial launch mass. No way can you do better
with a jet engine or any other kind of motor.

NASP should be cancelied immediately, but it might be
redirected, keeping the name, to something that could in-
deed be called a NASP.

There are competino ideas for substantial reductions in the
cost of launch. One of them is to go to expendable rockets
which might take off from airficids in order to minimize the
standing army which runs up the cost of space taunch.

Another approach would be to attempt a reuscable un-
manned launch system. Rather than a single stage to orbit,
which can be viewed alternatively as either cxtremcly stress-
ing of technology or as a high risk approach. one would
choose a two stage system. Both stages would have to return
to their airfield or launch site.

As for the space shuttie, the continuing expenditure to
maintain this system in being is too great a tax on our ability
to exploit space. The space shuttic system ought to be retired
just as soon as the Titan I'V launch vehicle is mature.

Space Station and Mars

Space station Freedom is an easier call. The only clear
mission for a manned space station is a sound program to
understand how and why humans respond to zero-G, also
animals and plants. But if that is the mission, we are going at
it in a very inefficient and ineffective way.

In preparation for a manned component to the Moon Mars
initiative, we will have to understand long-term responsc to

lunar and to martian gravity. We need a space station which
will house humans in small cansules which will rotate at the

will house humans in small capsules which otate at
¢nd of a boom or tether to provide planetary gravity, At the
center it should have a de-spun zero-G capsule.

We should start with putting U.S. astronauts on the Soviet
space station Mir—which would benefit both of us.

Space Science and Expioration—SEl

So finally, in connection with space science to be done with
the space exploration initiative, I would object to burdening
science with responsibility for any appreciable fraction of
those funds. If science can clearly be done at lower cost in
conjunction with the SEI than independently in space or on
Earth, then yes, it should be done that way. But if even a

mere ten percent of that $500 billion for SEI, or $50 billion, is
meoney Congress and the people think thcy have spent for
science, they will be deluded,

I would rather have scicnce make its own proposals, and
gct its own money, than to live off a “tax” of the large
manned space program.

What’s Wrong with NASA?

Burt Edelson: I was called the other day by a reporter with
the question: Burt, what’s wrong with NASA?

My reply is that there arc indeed things wrong with
NASA. But NASA is the best technology management
agency we have. NASA is more compctent, and has a betier
record than, in my opinion, the Army, Navy, Air Force,
Strategic Defense Initiative Organization, Department of
Encrgy and the nuclear development program. the Depart-
ment of Transportation and so on.

It has been my privilege to be associated with all of those
organizations and to see their management, and I maintain
that NASA is the best of all of those.

So let me rephrase the question: What's wrong with the
way the Federal Government manages projects and pro-

motes science and technology. That’s the question we are
really lrlrlrr’-c.uno today

FALELEE RNy LAY,

Shuttie Problems

In 1980, NASA was planning to launch 50 shuttles a year,
one a week. The cost of cach shuttle was approximately $15
or $20 million.

At that time they were planning a large number of space
labs. Astro, which is on the pad now as we speak, was onc of
those. There was a series of Astro payloads, a sct of ultravio-

Former NASA Associate Administrator Burt Edelson
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let telescopes, and we were to launch five or six of those.

The cost of Astro was something over $100 million. [ sce it
is now estimated at $150 million to build those telescopes.
That appeared reasonable because it was worth $150 million
to fly that set of instrumcnts five or six times, cach flight
costing $20 million.

Today, 1990, a shuttle launch costs $460 million or there-
abouts. Only the first Astro remains. The Astro2.3, 4, and §
flights have been cancelled because they can’t be fitted into
the manifest.

Astro V’s original mission was to be the U.S. contribution
to the worldwide cooperative observation of Comet Halley in
March 1986. So here we are more than four years later
launching a $150 million payload on a $400 million shuttle
launch. Aside from the difficulty of getting it off the ground.
our expericnce with these space labs is that out of five or six
days in orbit, it takes three or four days to check them out,
line them up, and go through a difficult acquisition process.
So you get one, two days performance.

What Is the Space Program For?

What is the purpose of our space program? I recall that we
went to a blackboard under the chairmanship of the late
George Lowe, and we listed the purposcs of the civil space
program.

Up at the top of the board we put national image and we
talked about that in terms of prestige among other nations,
pride of Americans in accomplishments of their country, and
arace with the Russians. I think it can be said clearly that the
original purpose of the space program—which sustained it
for at least two decades—was a race with the Soviet Union.
This was a symbol of the comparison of the Soviet way of
doing business and supporting technology and capability,
with the American way of doing those things.

Then we listed seven other purposes. We took No. 1,
which was national image, and we put a line under it and said
that was obviously the top priority. 1t was the main purpose
of the space program.

Then we listed underncath that, and we really couldn’t
agree, but we listed the following words: Exploration, sci-
ence, applications-—which means communication satellites,
weather satellites and so on-—technology, spin-offs, and so-
cictal benefits-——education, medicine, foreign relations, com-
merce, employment and so on.

Today, clearly, the race with the Russians is a thing of the
past. We can no longer sustain a space program as a race, but
it is still a question of pridc and prestige.

So I will end with the idea of pointing out that we must now
decide why we are going into space today, what our goals are,
which projects to pursue, how 1o organize them.

Realities Faced by NASA

Stanley Rosen: The recent discussions about the difficultics
of NASA do not reflect an understanding of the engincering
realities of how major programs are conducted. cspecially
those promoted by the Federal Government,

I am reminded of a neighbor who has a very precocious
teenager. When the teenager is doing well the parent is
extremely happy, extremely proud and boastful. But when

Dr. Stanley Rosen

that teenager shps, the parents go catatonic. What in the
world is wrong with Johnnie?

Well, there is nothing much wrong with Johnnie. The
relationship says something about the parents as much as it
says about Johnnie,

As we watch the relationship between the American pub-
fic and the civil space program, | come to some of the same
conclusions.

Overview of United States Space Program

The civil space program in this country is aimed at main-
taining the United States as the world’s premier space seek-
ing nation, but as noted in the National Aeronautics and
Space Act, we do this for the bencefit of all mankind.

A program to meet those nceds ncludes the systematic
exploration of the Earth, the Moon and the solar system and
the rest of the universe, and the use of space-based scrvices
for the betterment of lifc on Earth.

These, in general terms, arc the goals of our spacc pro-
gram. When we talk about the civilian space program, how-
cver, we have to remember that is more than just NASA.
Civilian activities in space include those of NASA, those of
other federal agencies now involved in space such as the
Department of Commerce, the National Science Founda-
tion, etc.—even the Department of Transportation—and
the other component of civilian space activities in the United
States, the private scctor space program, which sells goods
and services both to the Government and to private custom-
IS,

To achieve the goals that [ have talked about, the space
program has included scientific programs to study the space
environment, the planets, the Moon, and to study the effects
of space on materials and processes including, as Dr. Garwin
mentioned, human and other biology.
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We have also developed as part of that civil space pro-
gram, extensive capability to travel and operate in space with
both remote and on-site crews.

In the process, our space program has stimulated the de-
velopment of United States scientific and engineering capa-
bilities. [ think we often forget that we hope our youngsters
learn not only the beauties and the joys of science, but also
the importance of engineering—which is a quite different sct
of skills.

The exploration part of our objectives comprises a set of
long-term goals which, in my view, should be conducted on a
consistent steady level as resources permit. The President has
set forward a long-term vision for this country to explore the
solar system and beyond.

The past decade has seen the emergence of many practical
applications of space systems to improve national and global
security and well-being. Today it is the usefulness of the
space program in addressing national needs which, 1 believe,
keeps space operations high on the list of national priorities.

In fact, space operations have the potential to significantly
bolster our national economy, to monitor and improve con-
trol over the environment, to strengthen law enforcement, to
improve the use of our natural resources, and to make other
major contributions, possibly including new options in ener-
gy generation, access to critical minerals and disposal of
especially hazardous waste.

In short, although space activities today make a very signif-
icant contribution to our nation, their potential is only now
beginning to be realized.

Future Role of NASA: Applications Over Exploration

When we look at these objectives we realize that many of
the initiatives after Apollo could have been conducted by
other governmental agencies.

We didn’t need NASA, especially if the ability of the
Defense Department to conduct space exploration and de-
velopment had not been as politically constrained as it has
been.

President Bush has recognized this and has directed that
the miilitary, as well as the Department of Energy, be in-
volved in the space exploration initiative,

But the Department of Defense already has a mission of
providing for the security of the country. To foster the capa-
bilities I've talked about which address urgent national needs
to which space can now be applied, we do need a dedicated
organization and NASA appears to be that organization. For
that reason, I believe that the primary task of NASA should
be the development of new products and services, using
space to promote national well-being and economic competi-
tiveness.

This role is entirely consistent with previous federal initia-
tives which opened other frontier areas to the American
mainstream, such as the opening of the American West and
the support of the fledgling aviation industry.

Clearly, if the United States Government chooses not to
take this role, other governments will. They have shown their
willingness and understanding of the potential of space to
contribute towards their national well-being and to global
well-being.

So for this reason I believe that fostering these emerging
space capabilities and applications, satellite communications,
remote sensing, positioning, locating, or mere speculative
concepts such as materials processing and development,
should be given a higher priority within our civil space pro-
gram than space science and exploration.

I want to point out that I am not talking about necessarily
an industrial policy in which the Government has to pick the
competitive winners in an otherwise open marketplace.
Rather, the Government takes those steps which make it
easier for the private sector or for government agencies
which have operational missions, such as the Department of
Commerce, the Department of Defense, to find and to de-
velop the best uses of space.

We talked abour the shuttle having had the cbjective of
reducing the cost of access to space. It has not accomplished
that mission. There are many ideas on the drawing boards
which ¢an, and we probably ought to get back to that.

The role of the space station too, and manned operators in
space, can be reassessed in light of these priorities, and in my
paper I talk a little bit more about the role of men and women
and crews in conducting these types of operations.

So, to summarize, | think that the structure of NASA
should be one which permits the development of these capa-
bilities which I've talked about, and which continues long-
term space science and exploration at a steady level.

State of U.S. Launch Capabilities

Robert Park: In July of this year, President Bush reversed a
long-standing order by allowing U.S. commercial satellites to
be launched by the Soviets.

Even China is now launching U.S. satellites. In view of
your statement that the primary purpose should be the devel-
opment of new products and services for the benefit of the
people and for competitive purposes, why do we need to
have the Soviets launch our satellites? The United States is
pretty much out of the launch business. What went wrong?

Rosen: Dr. Park, I think you understand, the United States
is not out of the launch business. We have a very vigorous
launch capability, not only the space shuttle but the Atlas
family, the Delta family and the Titan family which is pro-
moting government operations but which is also available
commercially.

Other existing small launch vehicles, and a large number of
vehicles on the horizon which are being offered commercially
for small satellite launches, such as Pegasus, are available.

Robert Park, Alton Frye, and John Pike question the panelists.
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So no, we are not out of the launch business. In fact, we
have a very aggressive program not only to lower the cost of
what we're already doing, but to offer improved launch capa-
bilities.

You have rightly pointed out, though, that there arc
emerging opportunities to get access to space through other
means and through other countries, just as we have interna-
tional competition in air transport, in shipping, and in many
other transportation systems.

it is going to be important for the United States to carefully
consider what it should do to be competitive in this area and
to maintain the position where not only we can support our
own launch needs, but we can compete as appropriate on the
world market.

Economics of Space Activities Questioned

John Pike: You suggested or ran through a fairly long list of
ways in which you say space is helping the economy, but it
seems to me that communication satellites are really about
the only place where one can show a net economic benefit.
And the communication satcllite industry has been in serious
trouble recently because of competition with fiber optics.

The Landsat commercialization expericnce has been an
mcreasingly bothersome example of the difference between
profit-seeking and profit-making activity, and 1 think the
prospects for commercial material processing are probably
morc remote today than they have been at any time in the
iast generation or so.

What basis is there for claiming that the space undertaking
is, in fact, benefiting the American economy? It seems to me
that quite to the contrary, the communications satellite in-
dustry is the exception that proves that rule that it is not.

Rosen: Let’s be clear about the distinction I tried to make
carlier between a commercial activity’s ability to make a
profit and its having beneficial applications to the U.S. pri-
vate sector, or to the U.S. economy, or to U.S. well-being
overall.

For example, the civil weather satellite program, along
with the military weather satellite programs, contribute to
U.S. well-being. But they are not in private hands, so the fact
that they haven’t been commercialized or privatized docsn’t

o m ok

mearn iney are not successful and docsa’t mean that tnCV are

Dr. Burt Edelson presents his case,

not making contributions.

in the communications area, it is casy to lump cverything
together and just say communication satellites are contribut-
ing to the United States. But in the area of communication
satellites, we have a tremendous number of different applica-
tions we're talking about: tclephony, data transfer, transmis-
sion of data from remotely placed sensors, geo-location and
radio navigation, communications with remote terminals,
and potentially with hand-held cellular telephones in systcms
such as are proposed rccently.

So in that one burgeoning area, we sce many potential
ways that space and space operations can contribute to the
United States and global well-being.

I have no doubt that the others that I mentioned are afso
equally likely to make such contributions, and many others
on the horizon. If the cost, for example. of space launch were
lowered significantly, 1 think you would see a number of
applications of space systems that you hadn’t heretofore
tmagined.

Now, whether they would be commercially viable or not,
the marketplace will have to decide. For example, you heard
about the idea to launch cremated remains in space. 1 don't
know whether that’s a good idea or not, but there arc many
innovative ideas waiting to be developed, if given the proper
support.

Benefits of “Cheap™® Launch Systems Questioned

Pike: We've heard an awful lot about “if we could just get
down the cost of access to space,” that somehow or another
this would open up broad new vistas.

In reality, what we have scen over the last 30 years is
that—apart from the fact that big rockets are cheaper than

small rockcts—therc has been essentially no improvement in

the cost of access to space. And when you look at most space
operations, launch costs constitute only a very small portion
of the overall project.

This suggests that halving the launch cost of a space opera-
tion, from 20 percent of the cost of the project to 10 percent,
would be a major achievement in terms of lowering launch
costs but would have essentially no impact on the cost of the
project as a whole.

Rosen: Yes, I think your analysis is right but [ don't agree
with your conclusions.

The reason that most of the space programs today are such
that launch costs are a relatively small portion of the total
programmatic costs is because those are the programs that
have been able to afford the Kinds of launches we have today.

If launch costs were reduced, programs which could be
done less cxpensively, and for which there are financial re-
sources avatlable out there, could then go forward.

Pike: Are you aware of a study identifying markets that
would benefit from a reduction in launch costs?

Rosen: Well, for cxample, the Iridium program [satellite-
based cellular telephone]| that we've talked about will be
made, or will fail, depending on whether or not they can
show the right cash flow at the right time, Launch costs will

be significant portion of the cost of initially establishing a 77
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Alton Frye clarifies a point as Robert Park looks on.

satellite consteliation and maintaining that constellation.

Pike: It seems to be an implicit article of faith across the
spectrum that semehow or another the big bottleneck on
space is a reduction of launch costs. Given the amount of
policy that i1s being made on that assumption, | think that we
should want to see 150 pages with footnotes and tables show-
ing demand versus launch costs before we went much further
in investing in things like aerospace planc or Pegasus or

whatever.

YYILALOY

Rosen: Two points. First of all, vou asked earlier about why
we hadn’t been able to reduce the cost of space launch atier
so much work. We are still fairly young in this industry.

Pike: Right.

Reosen: And we have learned a lot. The space shuttle was a
good testing ground for how to make a low-cost space trans-
portation system and we learned a great deal, just as wec
learned from the DC-1. You've heard that analogy too.

So we have a long way to go. We can reduce the cost of
space transportation if we want to, and your question is
should we? It is a good question. I don’t know whether it is
possible to prove analytically that there are many applica-
tions out there which will be developed if the cost of launch is
reduced.

What we can fairly well show though is that there are
potentials out therc to do things which we cannot now do,

P s T 1] nfFad to A F2 PO B r e vrgenfarl
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Space Development Policy as Industrial Policy

Pike: At the end of the day, doesn’t all of this, despite your
carlier assertion, constitute the dreaded word industrial poli-
cy, in the sense that we are picking winners and losers: that
we are subsidizing the development of space-based commu-
nications through satellites in a way that we are not subsidiz-
ing the development of terrestrial communications through

fher nntire' that we are cuheidizine the develanment of re-
HIUCT UPULS, Wldl Wi gl SUsIMLLL S Wi uuvuxul.uu\.un. UioAv

scurce monitoring and remote sensing using satellites in a
way that we are not encouraging the development of a similar
industry, which alrcady exists and is already profitable, using
airplanes.

Aren’t we, in a sense, in the worst of both possible worlds
from the standpoint of industrial policy? Arcn't we pursuing
an industrial policy, with all of the risks of politicizing the
process that the Bush administration refers to? And yct
doing this without any of the benefits which the advocates of
industrial policy point to—that is, bcing able to make an
analytical casc for why we should back one of these industries
rather than the other.

Roesen: Your point is again well-taken and 1 think if we were
to try to pick winners and losers among industrics or among
applications, to pick specific ideas from somebody who came
in and tatked to the Government as one would talk a venture
capitalist, it would be a mistake in my view.

But consistent with the Space Act of °58, what we arc
doing is not trying to promotc onc industry, but promote the
development of an entire new region of human activity, and
to enable the technology base to allow those industries to
come out. Space transportation won’t only help the commu-
nication satellitc industry, it will help an entire new process of
development, as we have talked about many times, that has
many applications, most cf which wc can’t cven imagine
today.

Pike: But in fact, haven’t we done that by our decision to
promote the development of small expendable launch vehi-
cles? Isn’t the White House currently faced with a decision on
whether to continue to subsidize the development of that
industry by precluding the use of surplus military boosters for
small sateliite launches?

I think Orbital Sciences is a great company and Pegasus is a
neat rocket and everything, but we are clearly in the industri-
al policy business of deciding that we are going to promotce a
small satcllite launch industry. The amount of money that we
have spent in pursuing that policy totally dwarfs the amount
of money that we have spent trying to figure out whether that
is a good policy in the first place.

I am prepared to be convinced that it 1s a good policy, but
in the case of these small satellite faunch vehicles, we are very
exphicitly functioning in the capacity of a venture capitalist
deciding that we are going to start up this industry where
none previously existed without the benefit of a Government
business plan to decide that we ought to do that,

Rosen: Maybe we ought to have such a plan. What we have
done in this case, as in other cases, is use defense needs—in
this case., the Pegasus was underwritten partially, although
not totally, by DARPA, to develop technologies for defense
needs, which then have civilian applications.

I think with regard to the small satellites that you are
talking about, and the launch capabilities, policy will be
madc with defense needs in mind as well.

.S, Use of Foreign Launch Services

Frye: Are the constraints on American applications for using
alternative launch services about the right balance today, or
are they too severe? Should more Amecrican applications
have access to other countries’ launch services? Were they to
be liberated to use those alternate launch services, would
they do so more extensively than they do today?

There are some relaxations of those rules taking place. But
if the relaxation were general—if it was strictly a cost calcula-
tion for the user to decide which launch service to use—what
wouid bc the implication for devcloping the Amcrican
launch capability?

Would it be death to the American industry?

Rosen: [ don’t know. I do know that we do have a significant
number of examples of American satellites flying on foreign
launchers. We {ly on Ariane, we fly on the Long March. We
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have not yet flown American satellites on Soviet launchers,
but we have flown American experiments on them.

So the policy environment is such that there aren’t a lot of
constraints today, with the exception of the Soviets, on what
taunch vehicles American payloads can usc.

And that policy, as you know, is evolving in respect to the
Chinese and it seems to be fairly liberal in terms of looking at
both the balance of interest between those who want to
maintain the launch capability, and the satellitc manufactur-
ers and developcrs who want to have the choice of launchers,

So 1 think our policy seems to be fairly well-baianced and
going in the right direction.

Now, to the sccond part of your question—What would
happen if we removed all constraints and whether or not the
United States would still be competitive? I really can’t say.

I have a hunch we would be competitive, but I wili tell you
frankly, there are those who believe that there is not enough
business in that whole market to justify trying to get in dnd
fight it out. There are those who believe that if the Chinese
want to play in that market, let them have it. It is not worth

competing from a business standpomt.
So that is something that the market would decide.

Frye: The high tech cquivalent of the textile industry. I
wonder.
Uses for the Space Station

Park: In the early justification of the space station, this was
portrayed as sort of a micro-gravity research and develop-
ment operation. Is that gone completely?

Garwin: [ hope so. We had all those years of the perfectly
spherical ball bearings promised from space. Of course, there
never was one and there never will be because you have very
large forces from surface tension, crystalline surfaces, inho-
mogenecity and all that.

In fact, as we learn more and more, we find less and less
that seems valuable to do in a space station. Now. if we go to
some other planet—and there aren’t very many that are
reasonable candidates, but maybe planetary moons—maybe
we will find something, but that is not the purpose of the
space station.

So alot of these proclaimed benefits do not exist and never

would bave existed under analysis. They were looked at only
too bricfiy and the investigations stopped when it looked
positive.

Arguments for improving electrophoretic separation, for
instance, never looked into what one could do on Earth with
an appropriately designed system, and of course that ap-
proach to protein production is now overtaken by genetic
engineering,

The arguments for the space station really hav e changed
cnormously. The space station proeram must chan nge cror-

ALV ADINILASE S SROLEVRL pAJELdlll lllU‘)L vl
mously. NASA has analyzed the maintenance requirements
and found that it will be too costly to maintain by cxtra-
vehicular activity as was planned, and so something must be
done about it.

Well, what should be done—if T could pick up one of the
other points—starts with more international collaboration.
Mir is there and we ought to put people on Mir with our
cquipment, and get information right away which will help us
to build a bio-medically oricnted space station soonest.

This will also help the Russians and all the rest of space-
faring mankind and I think that’s only to the good. ] am not
in favor of having the United States the foremost space-
taring nation in the world, if by cmphdsvmo foremost we do
not advance as rapidly as we would have if we had ¢mpha-
sized cooperation.

Why Study Space Effects on Man?

Park: In referring to the decline of the manned future in
space, why do you want to study the effects on human beings
in space if, as your carlier remarks seem to imply, there is no
real purpose for man in space.

Garwin: If the American people want to spend a lot of their
money for the entertainment of sending people off to explore
Mars, that’s their right. In order to do it at rcasonable cost
and safcty, we ought to know more about people in space.

In tact, the NASA analysis has always had as the baseline
for sending people to Mars, a zcro-G voyage, with absolutely
no guarantee that peopte would be functionat when they got
there.

I think that if onc wanted to have a commitment to putting
people on Mars, before we have the available information or
the requisite bio-medical miracle—which is what we're
counting on right now to negatc the cffect of zero-G—then
we ought to plan to have onc of these two-compartment
space ships with slow rotation to provide one-G.

But if we are seriously interested in exploration, we will get
the results sooner if we do it without people.

Soviet Experience in Zere Gravity

Park: In the zero-G category, the Soviets do have a lot of
information. They have had peopic in zero-G for record
periods of time. They do find serious declines in the ability of
people to function after long periods in a weightless environ-
ment.

Garwin: Well, they have a lot of experience. They don’t

have a lot of good information by our standards, but we don’t
have that information either.
The NASA bio-medical effort has been very poor in quali-
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ty, in my opimion, compared with the physical and astronomi-
cal space sciences.

Zero-G Study as Rationale for U.S. Space Station

Park: Would that then be your idea of the principal focus for
a space station, were we to build one?

Garwin: Yes. I think that should be the principal focus for a
small special purpose space station, which would not pre-
clude having another onc later.

Pike: It seems to mc that the space station has becn a
capability in scarch of mission ever since the 1930s. Original
thinking during that period for how to get to the Moon
assumed that a lunar expedition was going to require a medi-
um-sized mountain of fucl. Von Braun’s early ideas envi-
sioned several dozen people in a lunar spacccraft because
you were going to need several people to navigate the space-
craft, and a couple of people to change the vacuum tubes
from the radio and so forth.

By the time people actually went to the Moon, it turned
out that, through lunar orbit rendezvous, you only needed a
single rocket, and as a result, a space station was bypasscd
completely

My impression is that the mass penalty for stmply spinning
up the Mars vehicle is something like ten pcrccnt of the dry
mass of the spacecraft—which 1s basically going to be struc-
tural kevlar or structural aluminum—so we arc going to need
a little more propellant to support that additional mass.

So 1t seems that the additional cost, both in terms of risk
and schedule, of finding out whether we can lcave these guys
bouncing around inside the spacecraft for six months or nine
months, is so high that maybe it makes more sense to simply
decide thrs morning that we are going to spin up the Mars
vehicle.

In that case, as with the lunar expeditions in the 1950s and
19605, maybe we can simply bypass the space station alto-
gether.

Garwin: Well, T certainly agree with that. 1 think that the
conservative and the quickest way to get to Mars with peo-
ple, if that’s what you want to do, would be a one-G trip with
a spinnincI pair of spacecraft.

i youdre preparing fora pcrmancnt CG}.O 13 on Mars or the

Moon, then you really have to look i he fractional G
activity and therefore—

&

The panelists respond to guestions.

Pike: But of course, that’s something we have done. We
have examined the micro-gravity environment in low Earth
orbit by actually being there. So couldn’t we examine what
the long-term cffects of the one-sixth gravity on the Moon arc
by scnding somc people there and experimenting as the
Soviets have on Mir?

Garwin: Espccially on the Moon, where vou can bring peo-
ple back quickly if vou want to.

Garwin Responds on Launch Costs

I would like to argue with you about reduciag the cost of
launch. but I can’t because you're right. I think your skepti-
cism is entirely justified. There have been many times in the
past when we have had big programs to produce new hoost-
ers which have actually been produced, which in fact, when
they came into being, did not have an adequate market to
justify the expenditures in producing them.

So from the very beginning, we have not had major reduc-
tion in launch costs when one includes the development cost
of those new programs.

So when [ talk about reducing launch costs. I mean pro-
grams that arc cconomically justifiable in reducing launch
costs. That does not mean that onc commits a big program
without—and makes the expenditure without-—some guar-
antee that the market will be there, a big enough market so
that you’ll make moncey on the reduced launch costs com-
pared with what you had.

So T want a lot of thinking about these airfield based
expendable rockets, 1 want a lot of thinking about airfieid
based reuseable rockets. 1 want a lot of open discussion, and
1 think this is a very uscful discussion that we’re having here.

Now, the problem with doing this in NASA is the same as
the nrnhlf‘m of hrmumﬂ up small a‘rrd[cmr submarines in the
U.S. Navy—which has told its contractors you can either
build us submarines or think about submarines, but not both.
[Laughter.]

Shuttie Failure to Provide Low-Cost Launch

That's the trouble with NASA too. NASA itself knew
pretty well in the 1970s—or if they didn’t, there was some-
thing morc scriously wrong with NASA then-—what the
prospects for the shuttle would be.

But their response was to kill the Defense Department
market for expendable boosters by a Presidential fiat. And
now the problem of creating additional competitive lower-
cost launch capabllxt:cs in an organization that is trymt7 dcs-

nerately tn been anine with an oneratine qugtem whi
prialcly v Ry SULLE WL dll Uplidiilly s¥osdil vl

high cost. is insuperable.

Pike: Wasn't that completely explicit in the original thinking
behind the shuttle, that lowering launch cost depends on
having a fairly large traffic model, and the only way to have
SO mL‘lLl’l traflic for the shuttle was by capturing dll of the
market that was available, certainly including the defense
market?

Garwin: Well, initially it was to be captured by market
mechanisms—that is, by providimg a launch vehicle which
wis so cheap that there would be no question that anybody
would use anything elsc.
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But two things happened. First, it was not so cheap, espe-
cialiy in small numbers, and second, the military missions did
not materialize.

The replacement of vacuum tube by transistors and inte-
grated circuits and the extension of life of spacecraft from
weeks to years really did cut into the market. Also, some
early studies were oriented towards showing that if launch
costs were reduced, then people could build satellites more
heavily, and they would be a lot cheaper. That didn’t materi-
alize either.

Lower Cost of Unmanned Missions Questioned

Pike: ] would like to take issue with your comments on the
relative cost of manned versus unmanned missions, When
one Iooks at the hundred ton dry weight of an orbiter, and
the amount of that dry weight that is attributable to the fact
that one has people on board, versus the amount that is
attributable to all of the other performance characteristics of
the shuttle, one sces that the burden of having the people in
the front of the shuttle is relatively small compared to the
burden of being able to return very large payloads.

In fact, the one place where I have been able to find a
direct apples-to-apples comparison between the cost of
manned versus unmanned flight—the comparison between
the Apollo program bringing back lunar samples, and the
Soviet unmanned lunar program bringing back lunar sam-
ples—it turns out that Apolio was just as cost-cffective as the
unmanned sample return program, and certainly in terms of
the scientific payback, was much more productive.

Just as 1 am concerned about the lack of documented,
systematic analysts of whether there is @ demand elasticity for
lowering launch costs, T also feel it is gencrally taken as an
article of faith that manned missions are much more expen-
sive than unmanned missions. But, again, it seems to me that
this is largely based on anecdotal evidence that doesn’t neces-
sarily hold together too well.

Garwin: If we had wanted to do sample return from the
Moon without people, we would have donc it that way, and
much more cheaply than the way we did it.

Pike: Program costs but not cost per gram.

Garwin: Well, if we had insisted on bringing back as much
we brought back, which we haven’t analyzed anyhow, we
could have done it much more cheaply than with a manned
program.

That’s' an assertion. [ believe it will be borne out.

You don’t save much by operating the shuttle without
people. But wherc you make the major saving is by not
having to bring back an orbiter. You wouldn't need the
orbiter to do the things that you're doing if you didn’t have to
bring the people back. You would bring back the payload
only when it needed to be brought back, and you would bring
it back by a re-entry vehicle of its own that was sent up with
it, if it was planned for return, rather than sending an orbiter,

An orbiter, if it is one of these reuscable next generation
unmanned systems, would look nothing like the orbiter looks
now. It would not have a payload bay. {t would be the short,
stubby propulsion unit, which would have now very cheap
guidance systems.

Dr. Alton Frye of the Council on Foreign Relutions

That’s one thing which has changed. In the past, the cost of
large rockets per pound of payload was indecd considerably
less than the cost of the small rockets. There was a lot of
inflexibility and one of the things we need to preserve in the
future is a whole range of payload masses in our rocket fleet,
rather than sending up a shuttle no matter how smail the
satclite is that you want to put into LEO.

I do believe that we should make available the surphus
rockets for civil and scientific use. That's part of the market
system, to recycle, and the costs of this recycling will be
rcasonable.

Space Activities Should Compete with
Earthbound Equivalents

Pike: The implication of your opening statement was that we
should regard space as being a place rather than a mission,
and that the scientific activity that we conduct in space should
be peer reviewed in competition with the scientific activity
that we conduct here on the ground.

The NSF budget for astronomy these days is about $100
million a year and declining. That’s for ground-based astron-
omy, depending on how you want to aggrcgate it. The
NASA budget for space-based astronomy, you could proba-
bly round off in the vicinity of about a billion dollars a vear.

Under your proposed system. do you think that peer re-
viewing spacc-based astronomy against ground-based astron-
omy would result in a significantly different allocation of
funding?

Garwin:  absolutely favor that. I think that space should be
used when it is desirable. 20 years ago 1 told people that
satellites for the most part were a passing thing for civil
communications, except for mobile communications, simply
because fiber optics would take over.

But absolutely, we should do that science which is justifi-
able and competitive. I hope that if the NASA budget per s¢
is much reduced, that the science budget of the National
Science Foundation, or whatever is funding science, will be
ncreased because there arc things that you can do from orbit
that you can’t do from the ground, and that we should do
anyhow, even if they are fairly cxpensive,

NASA is the wrong organization to de many of these
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things that we are calling on it to do. It is organizationally
wrong, its motivation is wrong, and it has some of the wrong
people. We need more competition. Hughes as a satellite
manufacturer has done a lot toward the improvement of
satellite technology. Intelsat as a satellite operator has done a
lot toward sponsoring of new technology.

How Can NASP Be Such a Bad Idea?

Frye: You were particularly emphatic in describing the cred-
indeed by saying that its mission [lower cost than rockets|
could not be done.

The question I have for you is this: If it is such a clear-cut
call, why in the world has the case prevailed to date for
cranking some hundreds of miilions of dollars into the Na-
tional Aerospace plane. Is there not more to that program
than your rationale suggested?

Garwin: [ don’t think so. It was put into the NASA budget
by the White House, so far as I can see. Somebody likes it.

Now, we’ve had many cases in the past where such things
have happened, and NASA, I believe, are being good sol-
diers. They are managing it. They hope that some technol-
ogy, maybe structural technology., will come out of it, be-
cause if a National Acrospace planc would have half a chance
of fulfilling its mission, it would have marvelous structural
technology which could be used to advantage elsewhere.

Butif that’s what we want, that’s what we ought to concen-
trate on developing, rather than this fiction.

The NASP mission or flight profile could be redesigned so
that it is feasible. In fact, I think one of the future promising
options is a rocket which will take up from an airfield, fly by
rocket propulsion into orbit and maybe even return. You
may ask how that is different from NASP.

Well, it surc is different from what was promised initially,
and if we would have a free-ranging view of that program. we
would probably decide that we could reduce the budget
considerably for the next couple of years while we got reori-
ented. We could still call it a NASP and it would have a
fighting chance of doing something usetul.

Cost-Effectiveness of Space Program
as U.S. “Image Enhancer”

Park: Dr. Edelson, in your comments, vou stressed the
importance of national image as one of the objectives of the
space program, and [ happen to agree.

1 don’t know how to put a dollar sign on that. It s useful, I

National Aerospace Plane

think, to look at some comparisons. For example, the in-
creasc requested for the FY 1991 budget for the space station
alone is equal to the entire budget of the National Science
Foundation for one year. That is just the increases in the
space station budget requested and that’s before we even
have a plan for the space station that’s agreed on.

But it scems to me also that the national image is a two-
edged sword, as the publicity that is going on right now in the
press would certainly seem to indicate. Don't we run a terri-
ble risk when we basc our national image on projects that in
all honesty have not, in recent months at tcast, done a great
deal for the national image?

‘Edelson: Yes.

Park: I just wonder if we've considered the risks and how do

we measure the cost-cffectiveness when we get into that?

Edelson: Let me avoid the question of cost-effectivencss,
but point out how significant the national image was in the
Apollo program. If there is any single accompiishment that
America made in this century that 1s going to last in future
decades and centuries, it is that.

That’s why national image goes at the top. Likewise, let
me point out what the Sovict launch of Sputnik and their
follow-on successes with the Gagarin manned space flight
and their first trip to the Moon--—they actually got there
before we did, unmanned-—did for the Soviet image.

Remember the shock that went through our country,
through our educational system and our industrial communi-
ty and so on.

International Cooperation
is the Future of Space Exploration

Now, the national image was associated with a race for 20
or so years. That clearly is not sustainable today. I belicve
that international cooperation is the sustaining element of
futurce space exploration.

Why did we go to the Moon? Why might we wish to go to
Mars? Not for science. There is no way that science could
have justificd the Apollo program, and no way science can
begin to justify & manned space flight program to the Moon,
or even an unmanned cxploratory Mars program.

What is sustainable is an international venture of cxplora-
tion, and if you desire, manned cxploration. That is a noble
goal and the U.S. image will be increased immeasurably if we
can lead such an international cooperative venture; but it has
to be international and it has to be truly coopcrative.

Park: But if it is truly cooperative, it is not clear to me that
we are necessarily recognized as the lcaders.

Edelson: That’s a very good point and | agree with that. Our
image will be sustained and improved if we can provide an
impetus to get it going—some degree of leadership in orga-
nizing and supporting such a program—and if the United
States acts as a truc international partner, willing to share its
capabilitics with other nations, and equally willing to take
advantage of the often supcrior capabilities of other coun-
tries.

Europe, Japan, and indeed the Soviet Umon have in many
areas superior technology, and [ personally think we arc
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losing ground and tarnishing our image by pursuing pro-
grams in which we haven't the technology or the financial
capability 1o sct clear goals, provide the necessary resources
and accomplish them.

Frye: Which programs do you have in mind when vou say we
should not be pursuing programs for which we have inade-
quate technology or not the prospect of satisfactory re-
sources?

Edelson: I would say that the space station program and the
spacc exploration mitiative should be pursucd in a truly inter-
national cooperative fashion, or not at all.

Is the Space Age Over?

Pike: If we go back and look at your observation on why it is
that we have done space—that we are doing it for national
prestige and doing it in competition with the Soviet Union—
both of those arc basically predicated on the United Statcs
having a successful program.

Fdeison: Yes.

Pike: And cven if we eliminate the Sovict competition—and
I think it 1s increasingly clear that that’s not going to be an
issue anytime soon—unavoidably, whether we likc it or not,
whether we intend for it to or not, the American space
program does reflect on our prestige around the world.

Unfortunately, over the last three or four years, rather
than reflecting positively on American prestige, it has, on the
‘v‘v’hO}\, reflected u\.émwe}y’ on American pr L,‘il.jbb lam get-
ting a little bored with reading all these articles about how the
Japanese point to America’s space program as being an indi-
cation of the fact that America is in decline, that Amcncan
technology doesn’t work, and that if the 20th century was the
American decade, the 21st century is going to be the Japa-
nese century.

We’ve run out of casy things to do in space where the
chance of succeeding is high, and we have entered an arena
where we are either going to be repeating past triumphs—
which isn’t going to get any applausc—or we are going to
embark on projects that are so challenging that the risk of
fatlure and loss of prestige is high. Maybe the space age has,
as a whole, heen an historical aberration. Perhaps it was

‘-Tpiy a umquL L,UIlIlLlL,IlLb Ul cvents—the \J()l(.l Wdr YVon
Braun, etc., etc.—that for a brief shining moment allowed
the space program to be the incarnation of American aspira-
tions. Perhaps that moment is past and we're {rying to figure
some way of gracefully concluding the space age.

Alton Frye and John Pike

Edeison: I don't disagree that our image has been tarnished,
and perhaps the space program has not helped the U.S.
image over the last fow voars.

When it comes to projects and programs that I am familiar
with, in the science and applications program, [ think that the
U.S. program is admired, respected and well-developed.

To start with, astronomy and astro-physics, thc Hubble
space telescope is the first great obscrvatory, to be followed
by the Gamma Ray Obscrvatory and the X-ray facility and
the IR facility.

Pike: But the only thing that people are going to remember
about Hubblc 1s that the mirror was perfectly wrong,

Edelsen: Wc are admired and respected for undcertaking

nroiects of that tvne.
projects o that iype

The planctary exploration program has been a huge suc-
cess with image. The Vovager program with its Jupiter, Sat-
urn, Uranus and Neptune flybys and all those pictures sent
back. You could question the value of the scicnee per dollar
spent, but you can’t question the enormous prestige value,
and enhancement of the U.S. image as undertaking a mission
tfor the benefit of all mankind.

Now, this afternoon you are going to hear about Mission to
Planet Earth, an absolutcly outstanding program where we
arc indeed engaged in an truly international cooperative
endeavor to gain an understanding of our Earth—as a sys-
tem of the oceans and atmosphere and solid earth and vege-
tative cover and the interaction between them and the nutri-
ent cycles and so on, which is going to lcad to the continued
biological productivity of the planet on which we live.

Pike: But in terms of those first achievements that are rela-
tively understandable to the pubtic, first pictures of Jupiter,
first pictures of Neptune, first man on the Moon, etc., it
seems that we arc starting to get very close to the bottom of
the list of achicvements whose novelty or visual impact or

conceptual clarity—

Pike: —arc going to make them readily communicabie to
the public. In the process, we arc embarking on missions of
increasing complexity, increasing technical risk where we

have unavoidablyv. T think TR
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get into a situation that we've gotten into—that we are in
right now on the shuttle—where we can’t stop the hydrogen
from leaking.

You've got Hubble trouble, you've got GOES wocs. |
haven't yet figured out a thyme for Magellan, fortunately.

It seems that the space program is starting to run out of
pretty pictures on one hand, and on the other hand we are
starling to get into terrain where the answer seems to be that
these projects have a negative impact on American prestige,
And it seems to me that the American public will support a
successtul space program but not an unsuccessful program,
particularly if it can’t figure out what the space program is
doing.
Edelson: I think you have a basically good underlying point,

but you are getting carried away with your alliteration and
references. [Laughter.] In fact, 1 think you are guilty of the
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typical type of NASA bashing where you are lumping a lot of
things together.

Let me make just twe quick points. I mentioned the great
observatories, but [ would assert that although it is much
more difficult to understand what the product of AXAF
[Advanced X-ray Astrophysics Facility] or GRO [Gamma-
Ray Observatory] will be, they will be accepted and admired
in the world’s scientific community and the U.S. prestige will
be increased thereby.

In fact, on the Hubble telescope, it is unfortunate that the
cameras that make pictures are going to be out of focus. The
spectrometers are not badly damaged. The photometer is not
badly hurt, and the astrometric instruments, the fine guid-
ance sensors are working fine. It is unfortunate that the
public will not be intcrested in the scientific data that they
produce.

Pike: You are saying good science but bad entertainment.

Edelson: That’s right, I mean, the public wants pictures, and
yet I know NASA is striving now to release data from these
other instruments to show that the Hubble telescope is not a
total failure.

Prosaic Operations, Utilitarian Benefits

Frye: John has levied a comprehensive challenge and I think
both Dr. Roscn and Dr. Garwin could comment usefully on it.

Have we reached a stage where the triumphs may continuc
but yield less psychological support for the program? More
importantly, have we reached a stage where the potential
triumphs of the space endeavor are not commensurate with
the costs and risks that are involved in the present shape of
our space program?

Rosen: To the point that the space spectaculars are going 1o
be harder to accomplish, I absolutely agree, but we don’t
need spectaculars at this point to demonstrate the real utility
and the real benefit of being a space-faring nation. We are
beyond that point.

The applications of space operations are not well-known
by the public, but they are very wcll known by those who
conduct them and extremely useful in pursuit of American
policies and goals. That’s where we see most of our space
program, I believe, going in the future, for practical applica-
tions, useful payback, responsible day-to-day operations.

The spectaculars are going to be hard to deliver, I believe,
in a low-cost way. But the utility of space has never been
greater. There 1s no question in my mind that we arc at the
beginning of the space age, certainly not at the decline and
not at the middle, and the American public are just now
beginming to understand that,

Garwin: 1 think the benefits will continue to increase. The
benefits of aircraft accrue really to the users, not so much to
the operators, as you can see from the problems the airlines
are having, and even less to the manufacturers. So it will be
with space. It will be a lot less romantic and a lot more
beneficial.

I fully support Dr. Rosen’s position that now we are sceing
the emergence of many practical systems high on the list of
national priorities, and these will make, and arc making,

Stan Rosen, Robert Park, and Alton Frye

major conttributions to safety, compctitiveness, wealth and
all that.

Communications satellites arc an early and quite profit-
able system that is beneficial to the user. Now, that doesn’t
mean that the people who make them or run them arc going
to get rich. They will make, if everything goes right, normal
profit. That’s what the competitive system docs.

Now, in that dircction, we are now just at the beginning of
a universal navigation system, the Global Positioning Sys-
tem, that will fully replace Transit, with much better per-
formance, and will be ubiquitous in automobiles, in camping
cquipment, in aircraft.

We have not yet defined the system that will use satellites
properly for control of the tens of thousands of aircraft in the
U.S. national airspace, let alone the rest of the world, and yet
such a system can be built. I chaired a panel in 1971, for the
President’s scicnce advisory committee, to provide commu-
nication, surveillance and navigation to these aireraft. It can
be dong. It should be donc. It is not a NASA job. The
Government, the users, the Congress ought to be awarc that
we should be starting on such a system now.

So I ihink the challenges arc there. They arc just of a
different type. I think NASA is too big to do the job that is
left for it to do. And it is unsuited to develop competition
internally to the things that it is already doing or is committed
to do. That’s just not possible in any single organization.
That’s no criticism of NASA.

But if we’re going to have things done differently, we nced
organizations that will succeed by doing these things differ-
cntly, and by overwhelming and making uscless the systems
that are in being. It is too much to expect an organization to
do that to itsclf.

Does NASA Need to Change Direction?

Frye: I hear today a lack of enthusiasm for concentrating
major resources on an expanded role for man in space, in the
near future at lcast, not abandoning it, but not emphasizing it.

I hear a general flow of testimony which strikes me as
saying there is in the present mix a premature tendency to
look toward manned expeditions to Mars, perhaps a prema-
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ture emphasis on early deployment of the kind of space
station that has been discussed.

So I come to the bottom line that I think would be pressed
upon you by an ordinary citizen. We have heard numbers
which illustrate that over a decade, launch costs for a shutile
went from $20 million to $400 million a shot. That does not
breed confidence.

So the natural question becomes: Are the cost we are
seeing today, and the program configuration, out of align-
ment? Is this a program that citizens should be sympathetic to
and support, or should there be now a demand that the $15 to
$16 billion annual program plan for NASA be trimmed sig-
nificantly and redirected toward the kinds of missions that all
of you seem to favor, emphasizing identifiable applications in
near Earth orbit, of benefit to Earth-based users.

Rosen: Dr. Frye, I agree with a great deal of what you just
said. Let me focus on what 1 had trouble with.

In terms of exploration, we don’t have a price tag for going
to Mars because we don’t know how we're going to do it,
how long it is going to take—we don’t know a lot of things.

What we have is a long-range commitment to keep our
vision on the horizon and to keep moving, and that is exactly
the kind of commitment and long-range vision I think we
should have.

Putting a price tag on it is going to be have to be done in a
much more rigorous way and I think within budgetary con-
straints that are politically realistic.

So I am not saying: Don't do the ¢ xploration pro
Let'sdoitina flscally responsive way.

We don’t know a tremendous amount about what we will
do on the space station today. The space station is going to be
alaboratory in many respects, much as have been Skylab and
Spacelab and Mir, and in fact, I think we should be doing
everything we can to learn from the experiences the Soviets
have gained from Mir, so we don’t have to pay to repeat
those experiences again.

What we really need is more experience as to how man and
crews, men and women, behave and operate in space and
what they contribute. We're going to learn a tremendous
amount from the space station if it is properly structured that
way,

Finally, I don't believe that
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ment, our fiscal commitment t
you suggested.

I think.if anything, the civil space program is a bit under-
funded for the objective it has been given, and for the poten-
tiais which it can realize for the American people. 1 think that
additional resources would be absolutely appropriate to do
the kind of things we have talked about today, inchuding new
advances in space transportation.

O 5

Edelson: I believe that all space exploration, but particularly
manned space flight, 1s done primarily for national prestige.
This means the shuttle, the space station and the Space
Exploration Initiative. We ought to have an evaluation of
each of those programs in light of the fact that its real purpose
is national prestige,

It should be supported to the extent it enhances our pres-
tige, our image, our relations with other countries and the

Participants confer hefore start of hearing.

pride of our citizens—that’s what I mean by image—or
modified or even cancelled to the extent that it tarnishes or

s PR
diminishes our national image.

The other objectives of the space program should be eval-
uated on their own merits—the science program and the
applications program. Whether we provide an array of space
telescopes in different parts of the electro-magnetic spee-
trum, whether we study spacc physics and the solar terrestrial
interface, whether we go ahead with the Mission to Planet
Earth, should depend upon whether they are cvaluated as
good and effective and worthwhile and cost-effective science.

In my own opinion the answer to all of those questions is
yes, let’s go ahead with the science program.

On applications, I think—and it is not obvious—1 think
that we have had no policy and very little action over the last
few years. There are many commercial potentialq m satellite
commiunications—mohile cominunications, broadcast com-
munications. We are not doing that.

What we've done with the EOSAT program is truly
shameful. Tt was just a terrible decision by the government in
which the Congress and the administration and several gov-
crmment agencies, NASA and NOAA all were involved. It
couldn’t have been worse, and therefore we are losing out on
it.

The same goes for the weather satellite program. We have
just handled that terribly poorly over the years and those
application programs arc easily amcndble to analysis in terms
of dollars and capabilities and so on.

While I am at it, let me mention the search and rescue
satellite system which has saved thousands of lives. It is an
meffective system. It has saved over 1,000 lives, but it is an
ineffective system. We are spending on the order of $1 or $2
million & year on it, and its false alarm rate is still something
like 95 percent.

We have just, foclishly, not taken advantage of the tech-
nology we have to come up with ways to take advantage of
these great dividends of our space program.

Garwin: 1 see a lot of new applications, some of which will
be commercially valuable. Others, like the scarch and rescue
satellite, will have to be provided by public funds becausc the
overall benefit is so diffusc that.it could not be captured by
the market.

But in my opinion national prestige—the more important
nrirt of 1t—1s how vou think ahout vourself The rest of tha
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worid 1s too sophisticated to buy things from us because of
our image. They buy things because the services or goods arc
reliable and of good value,
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I am not happy when I see arguments made to the public
that we should support space programs because they forward
education, foreign relations, national competitiveness or
whatever—not a single one of these claims is supported by
any study that I know of, and mostly the opposite could be
said just as well, except that nobody in particular bencefits by
saying it.

I think NASA has done a pretty good job of managing
technical programs, an outstanding job on the planetary sci-
ence programs, on some of the thmgs that were done through
JPL and other contractors.

The problem comes more in the formulation and the scll-
ing of these programs—where I think the activitics of NASA
have been negative as often as positive, as in the case with the
space shuttle.

NASA is too big a continuing in-house organization by at
least a factor two or three. But that doesn’t mean that you
should save the money that [ would take out of the NASA
budget. You might even keep the pcople. A lot of them are
very good people who might work effectively on alternative
programs.

So this requires a major analysis and restructuring. I think
the Norm Augustine panel is up to it, but that is what we
critically need now if we are going to think well of ourselves
and benefit from our experience and investments in space.

Military vs. Civilian and International Programs

Van Praet: Connie VanPract, with the Institute for Security
and Cooperation in Outer Space. 1t seems that when we look
at the space program, we see distinctive parts that are coop-
erating but also in competition. You have a military space
program about two or three times the size of the civilian.

So I think that the challenge before us, and particularly in
the United States, is to view how the military and the civilian
space program can work tcgether

Also, where is the leadership in the United States to really
take this question of international cooperation to task? The
militaries could compete without weapons, using space to
create a new kind of international security system.

Frye: Is there a redefinition of the military/civilian balance in
the American space program that is called for at this time?
Does any member of the panel wish to address that?

Garwin: The military program is almost exclusively con-
cerned with things other than putting weapons in spacc. |
have had a lot to do with the military program and am totally
opposed to putting any weapons in space or to having pro-
grams for anti-satellite tests or such. Qur military program is
observation, navigation, communication and that is the sort
of thing it should remain.

The military or national security enterprise has not fully
reflected vet the newly cooperative world with the Sovict
Union where there will have to be some changes, beneficial
changes, in the large systems that we have continued to
operate over the years.

President Johnson said that satellite pictures alone arc
worth the entire cost of the space program. Well, that’s a
long time ago and we have spent a lot of money since then.
We still get valuable information, but we should rethink how

we do this on our own and in cooperation.
Military-Civilian Interactions in the Hubble Program

Erye: An aspect of the relationship between the military and
civilian space programs that has recently been identified as
causing trouble relates to the Hubble telescope. There are
allcgations that the Air Force offered assurances that its
contractor had the capability to assure the perfection of the
mirror and that these assurances, in & sense, encouraged
NASA admmustrators to let their guard down.

At the same time, therc arc suggestions that some of the
testing procedures that might have been conducted under
military auspices were not conducted because NASA would
not accept the DOD/Air Force demand that there be security
clearances for all of the individuals in the NASA programm
associated with Hubble.

Have we seen impediments to an effective civil space pro-
gram becausc of the constraints on some contractors operat-
ing under military auspices?

Edelson: | would answer yes to that. NASA procurement at
Lockheed and Perkin-Elmer for a spacecraft and an optical
tclescope assembly, respectively, were going on at the same
two contractors that were building highly classified recon-
naissance satelhites for the Air Force and the intelligence
community. and everything had to be protected so there was
very little communication back and forth and all kinds of
restrictions and limitations on the number of people who
couid attend and so on.

NASA should have been smart cnough so that the mistake
didn’t happen, but the chances of it happening are much
greater with that kind of a barrier existing.

Lack of Civilian-Military Cooperation;
Milstar and ACTS

There is precious little cooperation or coordination be-
tween the military and civil space systems. Often security is
given as an cxcusc for that, but they arc two completely
different worlds. And even where they should be in many
areas cooperative, like in the development of communication
satellites and weather satellites, they are not.

As one example, the ACTS program which { was responsi-
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communications satellites. The total ACTS program, devel-
opment, launch and everything, is $500 million and it is
roughly on schedule, on price, and quite successful. The
Milstar program has been a complete disaster. It is several
vears late and the satellites are getting up over a billion
dollars apiece and I understand even higher than that, and
the whole program is in difficulty.

The point | will make is there was no communication
between the two organizations which are developing roughly
the same kind of satellite, the same size, even similar {re-
quency bands.

Any attempt to have communications between the two
organizations is fraught with all kinds of problems. There is
no incentive on either side, neither on the NASA side nor on
the military side, to cooperate.

I think that a very healthy thing to do would be to have a
properly cleared group of the type of Norm Augustine’s
committee review the military intelligence space program
with the same degree of perspicacity and pervasiveness as is
being given to the civil space program.

NASA and Military Approach to Contractors
Compared

The other thing [ would say 1s that the procurement proce-
dures, ideology and approach arc completely different.
NASA is 4 much more demanding, much more knowledge-
able, much more hands-on customer than any of the military
services.

NASA generally goes into a contractor’s plant with people
who are as competent as the contractors ecmployees, who
look at everything that’s going on, participate in inspection
and argue with the cngincers and technicians in the contrac-
tor’s plant, and argue with them about costs and everything
like that.

Military serviees, to my knowledge over quite a long peri-
od of time, have procurement separated from system pro-
gram offices and use inspectors who are simply that. They are
just peoplc that go in and sign their name to tests which they
have witnessed. They are not enginecrs, they arc not scien-
tists.

Rosen: We have better cooperation in the Air Force with
NASA than wc do with the Navy. We really don’t cooperate
with the other services very well, and so how do vou fix that
problem? It 1s not a problem between military and civil. It's a
problem, of human nature and there are many institutional
and personal obstacies that I have seen over the years that get
in the way of cooperative programs.

Garwin: I disagree rather gently with Burt Edelson. T have
been invelved with military programs. [ have visiicd some of
these contractors and it is not always the way that he says.
But the kev, as Dr. Edclson said, or impflied, is to provide the
incentive for NASA and the military programs ta communi-
cate beneficially. It takes effort.

Recent Problems with the Shuttle

Stein: Rob Stein with UPL. Could the panel briefly give me
their thoughts on what they think grounding the shuttle says
about NASA and the future of the space station?

Rasen: To me one of the issucs that we’ve raised here which
I feel very strongly about is that there is a general lack of
understanding in the public and in some ways in the govern-
ment about the difficulty of certain engineering projects.

We arc not literate in terms of what it takes to carry off a
major engincering activity, and we seem to expect magic.

I think although the Federation of American Scientists
doesn’t have the word engineering in its title, it can really
contribute to the public understanding of what a major engi-
ncering activity is all about.

Meaning of ‘“International Cooperation’’

Pryke: Ian Pryke with the Washington office of the Europe-
an Space Agency. A question for Burt Edelson: You made
the statement space exploration should be totally interna-
tional or not at all. Would you enlarge on what you mean by
truly internationai?

Edelson: Thc international partncrs participate in the plan-
ning, management including the decisionmaking on funding
and operations, and in operations.

We have several examples of that. Well, ESA is ttself an
example of countries getting together and participating.
They have a management structurc. We have that kind of
participation in the ISTP. the Intcrnational Solar Terrestrial
Physics Program where Japan, the U.S., ESA and the Soviet
Union all participated in the planning and have participated
in the operations.

S¢ it can be done. I think that is the way to do space
exploration, and particularty the SEI.

Concluding Remarks

Frye: I am going to ask each of our participants now 1o make
a concluding observation.

Space Shutile
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Jeremy J. Stone explains the purpose of the
sclentists’ hearings.

Edelson: My feeling is that the manned space flight program
and exploration should be looked at in the terms of national
prestige. Each of the programs really needs to be re-orient-
ed.

The space shuttie is obviously not cost-effective and reli-
able in terms of getting into orbit. We nced a reliable, cost-
effective launch system in this country. We should continue
the space shuttle for the sake of manned space flight for the
rest of this decade, but take all other launching away from it,

The space station has been brought out before and has to
be organized so that it is producing some useful ends, and my
suggestion is that it be internationalized. The same goes for
the SEL
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NASA’s conduct of their science program and their applica-
tions program, and the fact that | was in charge of that
program for five years really has nothing to do with my
opinion. [Laughter.]

Rosen: We are at an exciting point where we have developed
a space-faring nation and a space-faring world. We have
accomplished a great deal in the last 30 years, but we are just
at the take-off point. I think what we’ve heard today is that
there are tremendous opportunities to do more in civil spacc
activities to promote national and international well-being.

We ought to take advantage of thosc opportunities. Those
opportunities include new applications of space systems as
well as new opportunities for developing infrastructure, cspe-
cially new opportunities for space transportation, not only
launch but also orbit-to-orbit transportation.

I will tell you there are some astounding possibilities out
there.

We have just begun to touch on the opportunit

military space systems to promotc international security and
stability and that’s a subject for another discussion.

With these maturing capabilities, and these growing op-
portunitics, I think the nation will come along with proper
understanding of what the opportunitics arc and what the
costs are. If we can help the American public understand and
have realistic expectations about what can be done in spacc,
what can be done from space, and what the true cost and
difficulties of those things are, they certainly will be willing to
bear the burdens of bringing those kinds of opportunities to
fruition.

Thanks again for the opportunity to be here.

Garwin: Well, I would emphasize also the costs, the benefits
and the risks of any of these programs that are to be done in
the future, including purc science or exploration.

That means free presentation of alternatives. The public
presentation of the 90-day study on the human exploration
initiative was truly defective in not citing costs cven as they
wcre, poorly, understood at the time. Of course, everybody
wants to do something which is cost-free, and that’s how it
looks if there are no costs estimated.

I think we are certainly going in the right direction but
there is a lot of ways to go in openness and permission to
allow U.S. scientists to put their experiments on forcign
saicllites, and te allow foreign launchers for U.S. satellites
and to allow—1 am in the allowing mood—the use of surplus
military rockets for scientific and commercial purposes.

The more allowing we do, the richcer we will be, and also
the more secure.

That openness should extend, as it has been receatly, to
the revealing of problems in the program and to openness to
potential solutions.

There are all kinds of things that one can do to manage if

one doesn’t get one's preference. One might take second-
best, which altogether might make a better program.
Park: It is time now to completely rethink the basis for the
space program. [ don’t think that the initial cfforts to reexam-
ine the space program arc going nearly far enough. I am, in
fact, disturbed by the compuosition of the panels that will be
cxamining the role of NASA. | think it needs a much broader
discussion than it is going to get.

Pike: I think that the problems that have been demonstrated
with the space program over the last six months or so repre-
sent the gap of understanding between the produccers of the
civilian space program, NASA, and the consumers of the
civilian space program, the taxpayers and their representa-
tives here in Congress.

1 think that the task of the Augustine panel is to somehow
or another bridge that gap and to develop a program that is
boti deliverable by NASA and supportable by the public. 1
think that this task is going to be increasingly difficult, and 1
am afraid that in the Hmited amount of time that the Augus-
tine panel is going to have available to it, that they're proba-
ply not going to be able to make ncarly as much progress in
that direction as is needed.

I am hopeful that in some small way we are contributing to
that process here today.

Frye: A very gifted scholar named Karl D
that prestige is to power as credit is to cash, and that was an
argument that served the space program very well in its
carlier days.

We now recognize that it is no longer a sufficicnt argu-
ment, though in some degree, it carries weight even in the
altered circumstances of the 1990s,

fwant to thank all of our panelists for helping us begin this
process that necessartly will be quite protracted, of re-think-
ing what should be a sensible, forward looking space venture
for Amcricans that meets the intcrnational requirements st
forth in that first spacc act by the American Congress many
years ago. Ul
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BUY DOWN RATHER THAN BUILD UP

Moscow has somcthing to seli which Washington badly
wants: the destruction of Soviet missiles aimed at the United
States, including, for example, its $S-18 heavy missiles.

Washington could purchase such destruction with the
money it would otherwise spend—in the absence of dramatic
strategic disarmament—to modernize its own strategic
forces. Accordingly, why not, at no net cost. “buy” a speed-
up in strategic force disarmament?

For its part, the Soviet Union no longer needs a large
stratcgic armory to defend against the United Statcs. As
perestroika gives way to free-cnterprise in the Soviet Union,
there are not even any ideological grounds for the Sovict
military to fear an attack from the United Statcs. In any casc
glasnost has eroded Sovict strategic fears.

In fact, at a recent conference on intcrnational affairs, a
Sovict analyst “threatened” the West with the possibility that
Moscow would reduce unilaterally to a minimum deterrence
and leave the United States with no partner for disurmament.
Thus the Sovicts recognize that they need less in the way of
strategic arms than they now have. And the Soviet need for
foreign currency is, after all, substantial.

Or Sheuld We Wait for Soviet
Unilateral Disarmament at No Cost?

But should the U.S. government wait for the possibility
that Soviet economic difficultics, and new-thinking in the
military sphere., will produce Soviet unilateral reductions?

There are many reasons not to do so. In the first place, it
might not happen. Or, Moscow might get rid of some, but
retain other, still usable missiles. Worst of all, the present era
of friendly cooperation could change as the Soviet Union
goes through a convulsion that could produce a return to
authoritarian control, or even military control.

There is, thus, a window of opportunity for Washington to
close any putative window of vulncrability now, with a disar-
mament “sweetener” that costs nothing. After all. Washing-
ton would, presumably, prefer to forgo rail-mobile MX and
Midgetman if it could have Soviet missile fevels reduced
below START.

All things considered, Washington would be better off
providing funds to the Soviet Union in return for the destruc-
tion of its heavy missiles (or other excess weaponry) than
spending the same monies on its own weapons. Keeping
glasnost and frec-enterprise thinking alive in Moscow is de-
voutly to be wished. If Moscow necds resources to keep
renovation alive, Washington is better off providing it than
not. And the funds, presumably offered as credit against
purchases of ULS. grain, airplancs and the like, would benefit
the U.S. economy and offset the economic impact of the
strategic force modernization cutbacks.

Bilateral negotiated disarmament, one may say, was sup-
posed to do this for us. But, cicarly, the disarmament process
has slowed. And neither the U.S. nor the Soviet lcadership
are as interested in disarmament per sc as they arc in helping
the Soviet Union successfully navigate its economic transfor-
mation.

Should Washington wait until it builds rail-mobile MX
and/or Midgetman and new strategic bombers to negotiate

new disarmament treaties?

In the old days, we thought we needed to have “bargaining
chips.” But we clearly don’t need them now. And if the West
German government can pay $8 billion to the Soviets to
remove their troops, we can pay like amounts to the Sovict
Union to remove their missiles.

Amounts Tied to Costs of Specific Strategic Systems

Would we be setting a bad precedent? Might Russian
negotiators hold out from further mutual, or unilateral. dis-
armament until they were paid to disarm? They might try.
But Washington should pay for reductions only the funds it
would otherwisc have spent on its own strategic projects, it
carmnot be held at ransom and would lose nothing,

Forgoing rail-mobile MX might provide $10 billion over 15
vears. Forgoing Midgetman might provide $30 billion over
the same period. Advocates for the B-2 bomber envision
spending $40 billion for it. Our Trident submarines are being
modernized also. (Note that the word “modcrnize” has al-
ways reflected the lack of any necessity to upgrade the weap-
on systems. )

“Buy-down™ nced not be acted out in a formal negotiated
way. If such a deal would offend sensibilities on cither side,
an arrangement could be made less directly. Just as Washing-
ton saw Moscow’s cooperation in the Iraqi crisis as grounds
tor stepping up consideration of economic aid, so also couid
Soviet cooperation in a race to disarm be taken as a cue for
economic aid. Money would be saved on U.S. weapons not
built, and funds would be allocated for Soviet purchases in
the United States.

In sum, this zero-net-cost-buy-down provides the possibili-
ty of funding emergency help to the Sovict Union— just
when it needs and deserves it— while providing the United
States with greater strategic security at a unique moment in
Soviet history when Moscow may be willing to offer it.

Perhaps never has the arms race offered both parties a
better deal. —Jeremy J. Stone ]
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SOME RECENT FAS ACTIVITIES

@ On Iraq: FAS is working to secure a “Leadership Com-
mittee for National Emergencies” in each of the two congres-
sional houses. Working with consultant Scott Cohen, former
director of the Senate Foreign Relations Committee, FAS
co-authored a New York Times op-ed on August 19, drafted
a relevant bill with the help of a congressional staffer, and
stirred things up on the Hiil. On October 5, Scnator Sam
Nunn said he would be offering such a bill and Senator Brock
Adams did so earlier.

FAS wrote the director of the Arms Control and Disarma-
ment Agency to obscrve that President Carter had once
solemnly advised the United Nations that:

“The United States will not use nuclear weapons against
any non-nuclear-weapons state party to the Non-profifcra-
tion Treaty or any comparable internationally binding com-
mitment not to acquire nuclear explosive devices, except in
the case of an attack on the United States, its territories or
armed forces, or its allies, by such a state allied to a nuclear-
weapons state or associated with a nuclear-weapons statc in
carrying out or sustaining the attack.”

Would this apply to Irag? Director Ronald F. Lechman 11
responded, on August 28, that this “negative security as-
surance” was still operative and had been reaffirmed by
successive administrations. Apparently, it precludes the
use of nuclear weapons in the Iragi case even in response to
chemical attack.

® Activities of the U.S.-Soviet Disarmament Project:
Frank von Hippel testified in September before the Supreme
Soviet on underground testing and, indeed, helped them
hold the hearing by bringing with him experts from various
U.S. weapon laboratories.

His project’s book Reversing the Arms Race: How ro
Achieve and Verify Deep Reductions in Nuclear Weapons is
available to members for $15.00. See box on page 20.

@ Scientists’ Hearings on Science and Public Policy:
FAS has held three hearings on Space Policy as examples
of a general process of analyzing science and society issues
through extended interrogation of experts by experts.

@ Project on Biological and Chemical Warfare: Gordon
Burck and former Ambassador Charles Flowerce have com-
pleted their book entitled: The International Handbook on
the Global Chemical Weapons Threat.

Council Member Robert Weinberg of MIT has convened a
“working Group on Biological and Toxin Weapons Verifica-
tion” which, after mecting several times, has drafted propos-
als for the Biological Weapons Convention Review Confer-
ence next year.

® Space Policy Project: In response to the Guif crisis,
Project Director John Pike analyzed SDI technology in re-
gard to the Iraq ballistic missile threat. He described to a
congressional audience the relatively small amount of tund-
ing in the “star wars” budget aimed at the countering the
short range missiles in the Iraqi arsenal.

The project has been particularly effective during the
congressional debate on major military space issues such as
the Strategic Defense Initiative (ST or “star wars™) and
anti-satellite weapons. The project was instrumental in
facilitating Congress™ oversight and funding of “laser
brightness verification technology”—a government re-
search program aimed at providing instruments for verify-
ing a future space arms treaty.

The project has begun a review of major civilian space
initiatives such as the international Space Station Freedom
and the Mission to Planet Earth—a $30 billion system of
obscrvation satellites for monitoring changes in the envi-
ronment.

@ Project on Scientific Exchange with, and Peace in,
Indochina: The high point of this project’s success was the
shift in U.S. policy toward the Cambodian problem. The
administration began to tilt toward “stop the Khmer
Rouge™ and away from “strangle Hun Sen”. How far the
administration plans to go is unclear. But thcre was an
immediate fallout as the Chinese decided to improve their
rciations with Vietnam, and to resolve the Cambodian
problem if they could, in response. Ironically, they feared
a “U.S.-Victnamese access” that might result from the
talks that Secretary Baker announced he would hold be-
tween the U.S. and Vietnam. In cffect, the U.S. “played
the Vietnamese card™ in its China relations—probably
without knowing it.

® Project on Protecting the Space Environment: A ncw

seriecs of SDI tests, known as the Strategic Target System
(STARS) envisions the launch of some forty missiles from
Kauai, Hawaii, to the Kwajalein Atoll. In response to
numerous requests from concerned Hawaii citizens op-
posed to the program, Steven Aftergood and John Pike
provided research assistance on the military and environ-
mental issues involved and helped organize a legislative
response. This is part of an ongoing review of the environ-
mental impacts of space activities, and measures to miti-
gate them.

In response to a request from Hawaii State Senator
Andrew Levin, Aftergood helped draft legislation to re-
strict the launch of nuclear materials from Hawaitan terri-
tory. The measure was passed by both houses of the Ha-
wail Legislature.

Though Aftergood has defended the use of space nucle-
ar power beyond Earth orbit in solar system probes such as
Galileo and Ulysses, FAS has also sought to eliminate
unnecessary risks. This intermediate position is reflected in
ancw United Nations policy, adopted by subcommittecs of
the Committee on Peaccful Uses of Quter Space, that “the
use of nuclear power sources in outer spacc should bc
restricted to those space missions which cannot be operat-
cd by non-nuclear energy sources in a reasonable way.”
We had lobbied the Committee delcgations to take an cven
stronger position against nuclear power in Earth orbit, but
we consider this to be a significant and responsible step
forward. ]



Page 20

November 1990

HEARING ON MISSION TO PLANET EARTH

FAS devoted the sccond of its scientists’ hearings on public
policy to an examination of NASA’s Mission to Planet Earth.
Mission to Planet Earth is the largest, most expensive envi-
ronmental research program ever proposed. Whilc its objec-
tives enjoy broad political support, there are serious ques-
tions about its design.

Wiil Mission to Planet Earth provide the information rc-
quired for tough environmental policy decisions, or simply
delay those decisions? Should Mission to Planct Earth be
restructured to support the most urgent global change re-
search? Should NASA’s emphasis on a small number of
large, and hence vulnerable, satellites be altered? Indeed,
with finitc budget resources availabie for work on global
change, what should be the relative priority between data
collection and action?

These and related questions were explored at our second
scientists’ hearing on September 6. Qur expert panclists in-
cluded Dr. Shelby Tilford, NASA director for Earth scicnce
and appiications; Dr. D. James Baker, who recently chaired
an important National Academy of Sciences review of Mis-
sion to Planet Earth; and Dr. James Hansen, of the NASA
Goddard Institute for Space Studies. They were questioned
by John Pike of FAS and by Dr. Dan Lashof of the Natural
Resources Defense Council. Dr. Alton Frye once again
served with great insight and subtlety as the moderator.

While no final consensus could be reached, given the di-
verse views of the participants, several important concerns
emerged. Most notably, John Pike repeatedly pressed the
NASA panclists about the wisdom of basing the Earth Ob-
serving System on two series of large orbiting platforms.
With so much of the program invested in just a few plat-
forms, the loss of any one of them due to a launch accident
would be a massive blow. Breaking up the platforms into
smaller satellites, on the other hand, would vicld a more
resilient program. And to the extent that simuitancous mea-
surements by different instruments were required, it would
seem that they could be flown in formation.

The NASA representatives did not vicld on this point. But
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PRIMARY PROFESSIONAL DISCIPLINE

afew weeks later, aleading Administration space official told
us that NASA was now inclined to break ap at lcast the
second serics of large Earth Observing System platforms into
smaller satellites. And he specifically attributed this new
decision to our hearing which, he said, conveyed to NASA
the cogency of such a move!

A copy of the transcript of this hearing on Mission to
Planet Earth may be obtained for $10 from the FAS officc.
Hearing On Mission To Mars

CGur third scicntists’ hearing, also dealing with space poli-
cy, scrutinized the rattonale for a human voyage to Mars.
Outstanding advocates and critics of the President’s proposal
for a piloted mission to Mars by the year 2019 were ques-
tioned about the justification and the urgency of such a
mission. We got some straight answers from our expert pan-
clists, including Professor Carl Sagan, sociologist Dr. Amitai
Etzioni, and former Shuttle astronaut Charles Walker, They
were questioned by John Pike and by Dr. Sidney Winter,
Chicf Economist of the U.S. General Accounting Office.

The transcript of this hearing will be avaifable shortly. []

FAS-Soviet Book Pubilished;
Special Price to Members

Reversing The Arms Race—How To Achieve and
Verify Deep Reductions in Nuclear Arsenals, the book
that caps three vears of work by the FAS-CSS Joint
Research Project, is available in the paperback edi-
tion at a special members’ price. Edited by Roald
Sagdeev and Frank vor Hippel, the volume examines
the technical basis for arms-reduction agreements
that could cut the sizes of the US and Soviet nuclear
stockpiles by 90% or more. Cost to FAS members is
half the cover price, plus shipping charges—$15.00
iotal. Please make checks payable to FAS and address
your order to FAS-CSS Book, 307 Massachusetts Ave-
nue NE, Washiagton, DC 20002, L
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